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Preface

This volume introduces many of the papers presented at the Symposium on
Sustainable Development Research in Asia Pacific which was held at RMIT
University, Australia, in July 2017 under the auspices of the Inter-University
Sustainable Development Research Programme. The aim of the Inter-University
Sustainable Development Research Programme, established at the World
Symposium on Sustainable Development at Universities 2014 in Manchester, is to
provide a platform, on which member universities may undertake research on
matters related to sustainable development and to assemble interdisciplinary,
cross-faculty teams among its member universities, focusing on sustainable
development, with a keen interest to engage in bidding for national and interna-
tional sustainability research projects.

To this end, the symposium on Sustainable Development in Asia Pacific aimed
to draw links between research, practice, education for sustainability and the needs
of industry, and address the sustainable development goals (SDGs).

Under the broad umbrella of built environment, the symposium brought four
themes together:

• Education for Sustainability
• Sustainable Cities
• Sustainable Buildings
• Sustainable Infrastructure

The nature of planning, designing, building and maintaining our built environment
called for sharing knowledge, expertise and ideas more so than other sectors. This
inaugural symposium brought together industry practitioners, researchers and
educators to capture the wealth of experiences on sustainable development research
in the Asia-Pacific today.

It is anticipated that this symposium will lead to sharing of ideas and experiences
to provide a networked collaborative platform for engagement in the future. The
outcomes of this first symposium form a critical path towards the future of the built
environment.
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Sustainability in Universities
in the Asia-Pacific Region:
An Introduction

Walter Leal Filho, Usha Iyer-Raniga and Judy Rogers

Abstract In 2014, the Asia and Pacific Region had a population of 4.3 billion,
which represented 60% of the world’s total.

Keywords Sustainability � Asia-Pacific � Universities � Education

1 Introduction

In 2014, the Asia and Pacific Region had a population of 4.3 billion, which rep-
resented 60% of the world’s total. The Region is also home to ten of the world’s 15
largest cities (United Nations ESCAP and UN Habitat 2015). Between 1980 and
2010, the region’s cities grew by around one billion people and are projected to
grow by another one billion by 2040. This rapid rate of urbanisation means that half
of the region’s population will be urban by 2018 (United Nations ESCAP and UN
Habitat 2015).

The Asia-Pacific Region is also one of the most disaster prone areas in the world
(United Nations ESCAP and UN Habitat 2015). Over 40% of the 3979 disasters
that occurred globally between 2005 and 2014 occurred in the region, resulting in
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the loss of half a million people. More than 1.4 billion people were affected by these
disasters, constituting 80% of those affected globally (United Nations ESCAP and
UN Habitat 2015). There is a clear link between vulnerability to disaster and the
need for sustainable development. Without sustainable urban development and a
commitment to the Sustainable Development goals existing inequalities and vul-
nerability throughout the region will be exacerbated.

In 2015–2016 three significant events occurred: the introduction of the Sendai
Framework for Disaster Risk Reduction (2015–2030) and the transition from the
Millennium development goals to the Sustainable Development Goals. In
December 2016, the United Nations assembly adopted the New Urban Agenda
which reaffirmed a:

global commitment to sustainable urban development as a critical step for realizing sus-
tainable development in an integrated and coordinated manner at the global, regional,
national, subnational and local levels, with the participation of all relevant actors. The
implementation of the New Urban Agenda contributes to the implementation and local-
ization of the 2030 Agenda for Sustainable Development in an integrated manner, and to
the achievement of the Sustainable Development Goals and targets, including Goal 11 of
making cities and human settlements inclusive, safe, resilient and sustainable (United
Nations General Assembly 2016)

Sustainable Development holds the key to addressing many of the Region’s
vulnerabilities framed, however, as transformation not integration (United
Nations ESCAP and UN Habitat 2015). The challenge of transformation does,
however, pose many challenges for researchers and Higher Education Institutions
that are often still organised around disciplines.

The volume is structured around the four main interlinked themes. Part 1
examines Education for Sustainable Development in the Asia Pacific Region with a
particular focus on the Higher Education Sector. Part 2 focuses on cities, Part 3 on
infrastructure and Part 4 on Buildings.

2 Part I: Education for Sustainable Development

Higher Education institutions as a key centre of innovation across the region have a
key role to play. The 2014 Nagoya Declaration on Higher Education for Sustainable
Development recognised the ‘essential’ role and responsibility of higher education
institutions towards creating sustainable societies and called for transformative
learning and research. The declaration placed emphasis on ‘scaling up and main-
streaming innovative practices in learning and knowledge development, fostering
community engagement through the whole-institution approach, ensuring green
campus operations, and creating a conducive environment for supporting required
transformative processes’. The papers presented in Part I address some of these
challenges from a range of different disciplinary perspectives. In Chapter
“Researching Higher Education for Sustainable Development: Plan A, Plan B and
Moving Beyond Thought-Limiting Clichés” of the volume Shephard asks why so

2 W. Leal Filho et al.
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little has changed in higher education for sustainability. He argues that there is a lack
of research on the outcomes of education for sustainability and as a result it is unclear
what the impact is on graduates perceptions and values. An overemphasis on the
need for others to change their practices rather than a focus on the practices them-
selves is a major barrier to the transformation of sustainability education in the
Higher education sector. Shephard identifies two potential plans for education for
sustainability Plan A that focuses on persuading University teachers to adopt edu-
cation for sustainability is, for Shepherd, ‘doomed to fail’. Plan B, on the other hand,
requires a different approach where university teachers support ‘students towards
critical and independent thinking and for higher education institutions to research
their progress towards any change in student outcome that they have in mind’.

The chapter concludes with a provocation

that transmission teaching is alive and well throughout higher education and that the broad
and progressive construct of student centeredness has passed much of higher education by.
It appears to me that for as long as university teachers feel that they can fulfill their role by
simply transmitting knowledge, or values, to their students then neither plan A nor Plan B
can possibly proceed.

The chapter provides a useful framework to begin to review and interrogate the
learning and teaching approaches that follow. In Chapter “Resetting the Compass:
Principles for Responsible Urban Built Environment Education (PRUE)”
Iyer-Raniga argues that there is a need to ‘Reset the compass’ to add an additional
dimension to education for Sustainability in Higher Education that would involve
‘bringing communities, government, public and private organisations to work with
educational institutions, particularly universities to engage with the learning con-
tent for sustainable development’. In highlighting this shift she poses the question
‘What enablers need to be put in place so that responsible built environment
education is mainstreamed and implemented effectively, and what other platforms
exist for supporting partnerships, collaboration and engagement between acade-
mia, industry and research?’ Identifying a gap between intent and action the paper
proposes the development of Principles for Responsible Urban Built Environment
as a vehicle for promoting and developing dialogue between industry, community
and educational institutions around education for sustainability for built environ-
ment professions. Modelled on the successes of the Principles of Responsible
Management Education (PRME) which in 2017 has 660 business and management
related higher education institutions involved in 83 countries across the world,
PRUE would ‘ensure that the objective of developing and delivering the skills for
future city design, planning, operation and governance are skills that graduates
entering the urban professions of the future will have’.

Chapters “Achieving Both Breadth and Depth: How Sustainability Education Is
Being Integrated Across All Undergraduate Courses at La Trobe University,
Australia” and “Developing Undergraduate Foundation Courses in Sustainability”
shift focus to the institutional and school level, examining issues of implementation.
In Chapter “Achieving Both Breadth and Depth: How Sustainability Education Is
Being Integrated Across All Undergraduate Courses at La Trobe University,

Sustainability in Universities in the Asia-Pacific Region … 3
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Australia” Hocking et al. report on the implementation of sustainable thinking as a
mandated graduate attribute at La Trobe University Australia. This has depended on
defining Education for Sustainability as an educational issue, integrated with other
university education development initiatives, and taking a whole-of-institution
approach.

Chapter “Developing Undergraduate Foundation Courses in Sustainability”
provides an historical overview of the development of a first year foundation course
in Sustainability at Griffith University, Australia. In the paper Howes outlines how
the development of the course has been refined in response to student feedback
before arguing for an approach that requires ‘treating sustainability as a design
challenge that engages students in interdisciplinary problem analysis and problem
solving’. Chapter “A Comparison of Assessment Methods for Engineering
Students’ Understanding of Sustainability” by Jollands reports on some of the
challenges involved in assessing sustainability learning that requires higher order,
deep learning.

What happens, however, when students graduate and enter the workforce? How
well are they able to embed sustainability education into their everyday practice?
Chapter “The Need for the Graduate Attribute Assessment Tool (GAAT)” by Sarah
Holdsworth et al. details a research project that evaluated a graduate attribute
developed at RMIT to reflect sustainability outcomes. Based on a survey of
graduates the research found that while graduates would choose to behave in a way
that is consistent with sustainability outcomes if they had ‘their way’, specific
influences act in the workplace to moderate (if not frustrate) this intention. Chapter
“University Sustainability Course Creation in China: Experiences from the CUFE”
to Chapter “Perceptions of the Research Scholars Regarding Education for
Sustainable Development (ESD) in Pakistan” examine some of the challenges in
implementing sustainability curriculum in China, India and Pakistan respectively
while Chapter “Empowering Women and Girls Through Education: SDG’s Vision
2030” by Waseem and Almas focuses on the pivotal role sustainability education
and the SDGs can play in empowering women and girls in Pakistan. Chapters
Intercultural Dialogue Through Design (iDiDe) as a Platform for Built Environment
Education for Sustainability in Rural Developing Contexts: Building Ampara, Sri
Lanka and ‘Sustainability’ After Disaster: Confronting the Complexities of
Recovery in the Field: An Educational Experience shift focus once again to dis-
cuss curriculum development for sustainability. Chapter “Intercultural Dialogue
Through Design (iDiDe) as a Platform for Built Environment Education for
Sustainability in Rural Developing Contexts: Building Ampara, Sri Lanka”
describes a global mobility study tour model implemented at Deakin University
with structured immersive learning that focused upon sustainable rural community
development in the Eastern district of Ampara, Sri Lanka. The focus is on sus-
tainable design education, a theme that is also discussed in
Chapter “‘Sustainability’ After Disaster: Confronting the Complexities of Recovery
in the Field: An Educational Experience” that explores some of the challenges
involved in designing post disaster.

4 W. Leal Filho et al.
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3 Part II: Case Studies: Sustainable Cities

Urban economies revolve around cities as they have become the key nodes of
wealth creation and economic growth. While this is the main reason for attracting
people into cities for jobs, the down side is that there is still a huge challenge in
maintain low costs of production as it is not inclusive nor sustainable in the long
term. This leads to issues of shelter, access to potable water, sanitation and
infrastructure challenges, and inequalities particularly among women and children.
There are some key indicators of the Asia Pacific region that direct the spotlight to
cities. The rise of megacities leads to the development of urban corridors and
challenge traditional forms of governance as a result of the size and scale (United
Nations ESCAP and UN Habitat 2015).

Just as sustainability has been hard to define, however, so also there is difficulty in
defining a sustainable city. It is perhaps impossible to achieve a standard definition
for a sustainable city but there may be indicators or measures used to understand and
move towards sustainable cities. Cities may be considered to be sustainable when
they are able to meet all the needs from the three interdependent pillars constituting
sustainable development. The World Bank’s Urban and Resilience Management Unit
currently defines sustainable cities as “urban communities committed to improving
the well-being of their current and future residents, while integrating economic,
environmental, and social considerations” (cited in (Hoornweg and Freire 2013, p. 9).
A traditional engineers’ perspective of sustainability being a state of equilibrium
where inputs and outputs balance each other has now been replaced by the
Sustainable Development Goals, particularly Goal 11, ‘Make cities and human set-
tlements inclusive, safe, resilient and sustainable’ (Nations 2015, p. 14), and it
directly responds to this challenge of sustainable cities.

From a social perspective, other SDGs are equally relevant. While cities are
where most of the Asia-Pacific population resides, a fact remains that cities need the
rural hinterland to survive. Goal 1 to end poverty in all its forms everywhere; Goal
2 to end hunger, achieve food security and improved nutrition and promote sus-
tainable agriculture; Goal 3 to ensure healthy lives and promote well being for all
ages are all essential to ensure life in cities are built on social, ethical and just
foundations.

Goal 4 on ensuring healthy lives and promote well-being for all at all ages; Goal
5 on achieving gender equality and empowering all women and girls’; Goal 6 on
ensuring availability and sustainable management of water and sanitation for all’;
Goal 7 to ‘ensure access to affordable, reliable, sustainable and modern energy for
all’; Goal 8 on promoting ‘sustained, inclusive and sustainable economic growth,
full and productive employment and decent work for all’; Goal 9 to ‘build resilient
infrastructure, promote inclusive and sustainable industrialization and foster inno-
vation’; Goal 10 in reducing ‘inequality within and among countries’; Goal 12 on
ensuring sustainable consumption and production patterns’; Goal 13 on taking
‘urgent action to combat climate change and its impacts’; Goal 14 to ‘conserve and
sustainably use the oceans, seas and marine resources for sustainable development’;
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Goal 15 to ‘protect, restore and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification, and halt and reverse land
degradation and halt biodiversity loss’; Goal 16 to ‘promote peaceful and inclusive
societies for sustainable development, provide access to justice for all and build
effective, accountable and inclusive institutions at all levels’; and finally, Goal 17 to
‘strengthen the means of implementation and revitalize the Global Partnership for
Sustainable Development ‘(Nations 2015, p. 14) all occur within cities that function
every day in close partnership with the social, environmental and economic pillars
of sustainability. The elements of Goal 11 focus on housing, infrastructure, inclu-
sive and participatory settlement planning, protecting cultural and natural heritage,
preparing and protecting from disasters, reducing the environmental impact, uni-
versal access to green and public spaces for women and children; recognising the
close relationship between urban, peri-urban and rural areas, supporting the
development of integrated policies and plans for mitigation, resilience and adap-
tation for climate change, particularly for vulnerable populations and locations such
as least developed countries (United Nations 2015, pp. 21–22).

These recent SDGs are well aligned with the Melbourne Principles of Urban
Sustainability resulting from a 2002 meeting (Hoornweg and Freire 2013, p. 11)
focusing on vision, economic and society, biodiversity, ecological footprints,
modelling cities on eco systems, sense of place, empowerment, partnerships, sus-
tainable production and consumption, and governance and hope. Since many of the
Asia Pacific cities are already in existence, they need to be further developed and
governed based on principles of eco urbanism. To understand how to take cities
onto a path of sustainable development, it is essential to understand how cities
produce, consume and transform materials and energy. They need to understand
their base line so that they measure changes against these benchmarks. The prin-
ciple areas to be considered are urban planning and transport, water and biodi-
versity, energy and materials, and social-cultural features. An equitable, prosperous
and sustainable city needs to embrace renewable energy, be connected and well
planed, be smart and age friendly, safe and healthy, have a good mix of compact
and mixed use, provide opportunities for life long learning, be resource efficient and
productive, be regenerative, be resilient and walkable, low carbon and zero waste,
be green and be socially inclusive and affordable (United Nations ESCAP and UN
Habitat 2015, p. 152).

This section focuses on nine chapters. Villanueva and Horan’s paper focuses on
the diversity of eco- developments. This is followed by a focus on three case
studies, predominantly in Australia. Wright, Sharpe and Giurco discuss the role of
government in sustainability transitions. Vella and Campbell discuss creating public
value through a collaborative governance process using a case study of the Bays
Precinct in Sydney. Chappell and Campbell’s paper focus on the Housing Gap in
Sydney, Australia. They advocate the use of simple, yet effective communication
method to discuss the affordable housing problem. Following these, are two papers
focusing on the Indian context. Benchmarking sustainable smart cities in India by
Praharaj, Han and Hawkins, followed by the Role of India’s smart cities mission in
achieving Goal 11 of the SDGs by Bhatnagar, Nanda, Singh, Upadhyay, Sawhney
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and Raghu Rama Swamy. Syvla’s paper focuses on Sri Lanka and considers a
circular economic model for a sustainable city in South Asia. Yung and Yu consider
urban regeneration in Hong Kong using a case study and finally, Regidor and
Napalang discuss another critical feature of mega cities, sustainable transport in
Manila. Villanueva and Horan’s paper attempts to formulate a multi-dimensional
pathway to develop a framework to guide the diversity in eco-developments.
Sustainability assessment tools can then aligned to these frameworks in urban areas
to ensure that true sustainability outcomes may be achieved or attempts made to be
achieved. Lack of clear definitions as already identified makes it very difficult to
analyse sustainability performance. They conclude that both qualitative and quan-
titative measures of sustainability need to be considered. Wright, Sharpe and Giurco
use concepts from innovation and transitions theory in a circular economy approach
to understand the role of government in support green outcomes. Traditionally, the
private sector, rather than the public sector has the lead in innovation solutions
whereas governments tend to focus on regulatory measures. Through the use of a
particular case study, the paper highlights the that governments can play a lead role
in facilitating and leading sustainability transitions.

Vella and Campbell’s paper focuses on an urban renewal strategy for a prime
location in Sydney; The Bays Precinct. The paper identifies the difficulties with
place based leadership, governance, stakeholder engagement and public value
creation. By taking a collaborative and organic approach to place making, an
engagement approach was tested that underpinned the use of Sustainable
Development Goals. Collaborative governance process as demonstrated through the
case study showed that a co-created product emerged, leaving a lasting legacy for
such complex urban regeneration projects. Chappell and Campbell touch upon an
issue that is becoming a key challenge in the mega cities of this world. They focus
on the affordability of housing, using Sydney as a case. They discuss the need to
take simple and effective measures to fulfil the government’s commitment to
affordable housing. They support innovative approaches in the private housing
market with innovative design and ingenuity in construction, financing and gov-
ernment support in planning and regulation to support overall housing affordability
in the market.

Praharaj, Han and Hawken focus on the Indian context. Their paper on evolving
an appropriate indicator system for benchmarking sustainable smart cities in India
criticises the government lack of indicators to test the success of recent policy
launches on smart cities, urban renewal and heritage development. Their paper
focuses on closing the gap between intent and actual performance to meet local and
global standards. Their study attempts to assess the potential of 98 cities in India to
become sustainable smart cities using indicators that are suited to the Indian context
to assess and compare the performance of cities.

Bhatnagar, Nanda, Singh, Upadhyay, Sawhney and Raghu Rama Swamy’s
paper also focus on the growing trend of megacities and increased urbanisation.
Their paper explores India’s Smart City Mission with SDG 11 and the NUA. Key
factors such as affordable housing and provision of basic infrastructure, sustainable
and intelligent transport systems, clean cities and sustainable human settlements,
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resource conservation and efficiency, integrated rural-urban development approach
and a range of other factors have been considered but the primary focus of India’s
smart cities, they analyse has been on ICT, rather than the broader goals of the
SDGs including resilience, climate change and adaptation and use of local materials
particularly from a built environment perspective. These and a number of other
indicators for SDGs have not been included, demonstrating the need to take a more
holistic approach to smart cities planning, design and operation in India. Sylva’s
approach to sustainability questions the traditional approach of using overlapping
circles demonstrated in a venn diagram to a nested approach for sustainability. She
uses a Sri Lankan case study to adapt the triple bottom line pillars of sustainability
to include the circular economy approach. This allows for preservation of indige-
nous industries, development of appropriate planning mechanisms and indicators
for both feed-in and end of pipe solutions that support sustainable development.

Yung and Yu’s paper takes us to Hong Kong, where they discuss about urban
regenerative approaches. Heritage conservation is traditionally a contested issue
where stakeholders and government can often be at loggerheads with each other.
Using the case of the Nga Tsin Wai old village, they demonstrate that strong
collaboration between urban planners, conservationists and policy makers can
support and present solutions where conservation and regeneration may co exist.

The last paper in this section focuses on the Philippines. Regidor and Napalang
focus on ride sharing in Metro Manila. They focus on new and innovative models
of the use of ridesharing services through the use of Uber and GrabCar as preferred
vehicles for transportation over conventional taxis. Their study demonstrates that
these options remove congestion due to private cars and also ease the congestion on
traditional transport systems. However, regulatory intervention is needed to protect
the rights and well being of commuters.

4 Part III: Case Studies: Sustainable Infrastructure

The context for this book is continuing rapid urbanisation in the developing world.
In the Asia and Pacific region urbanisation has been taking place at a particularly
quick pace. The built environment is a product of a range of complex flows into and
out of our built forms, mostly existing in geographical boundaries as villages, towns
and cities. By 2050, the Asia Pacific is expected to house over 50% of the world’s
population (Hoornweg and Freire 2013). In addition to his, is increased urbanisa-
tion. As the United Nations ESCAP and UN Habitat (2015, p. 7) note:

The speed and scope of urbanisation in Asia and the Pacific is unprecedented. Between
1980 and 2010, the region’s cities grew by around one billion people. United Nations
projections show they will add another one billion by 2040.

By 2025, cities in Asia, such as Tokyo, Mumbai, Delhi, Dhaka, Calcutta, Shanghai and
Karachi are all expected to house populations close to 20 million and in the case of
Mumbai, well over 25 million (Hoornweg and Freire 2013, p. 5).
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In addition to rapid growth in this region, the status of the country and the
support it gets from international donors is also essential. For example, in this
region, at least 10 out of 47 countries or 21% are listed as least developed country
(United Nations Committee for Development Policy 2017). From the list of
developing countries, 19 countries are in the East and South Asian region (Nations
2012). This forms about 18% of the total number of Developing countries com-
prising the African, Asian (including West Asia), Latin American and Caribbean
countries. Asia includes East, West and South Asian regions. South and East Asia
form 59% of the total number of developing countries identified here. Therefore,
the impact of research outcomes in the region are significant.

The sustainable development goals or SDGs offer a pathway to sustainable
development in the built environment. While there are 17 goals with 169 targets,
some of these goals relate specifically to infrastructure. Goal 9: Build resilient
infrastructure, promote inclusive and sustainable industrialisation and foster inno-
vation includes the development of quality, reliable, sustainable and resilient
infrastructure. This is of particular importance in least developed countries where,
by 2030, the goal is to raise industry’s share of employment and gross domestic
product. Both developing and least developed countries are impacted by this goal.
In addition, small island developing states in the Oceania region are also going to be
impacted. At least 4 of the least developed country are in the pacific region. This
goal also includes enhancing scientific research, upgrading technological capabil-
ities of industrial sectors in all countries, encouraging innovation, and public and
private research and development spending (UN 2015, Goal 9.5 a,b,c). Information
and communications technology (ICT) is an essential part of the process to promote
inclusive and sustainable industrialisation. Goal 11 (1–7) is about making cities and
human settlements inclusive, safe, resilient and sustainable (UN 2015). This
includes housing and sustainable human settlement planning and management in all
countries. It also includes expanding public transport, protecting and safeguarding
cultural and natural heritage, reduced disasters including water related disasters by
protecting poor and people in vulnerable situations, reducing the environmental
impact of cities including the quality of air and waste management, provide uni-
versal access to safe, inclusive and accessible green and public spaces, improving
triple bottom line (TBL) links between urban, peri-urban and rural areas and
increasing the number of cities adopting and implementing integrated policies and
plans towards resource efficiency, mitigation and adaptation to climate change,
resilience and take a holistic approach to disaster management at all levels.
A special mention of least developed countries involves financial and technical
assistance in building sustainable and resilient building utilising local materials.

Goal 17 (UN 2015) comprises strengthening the means of implementation and
revitalising the global partnership for sustainable development through incorpo-
rating finance, technology, capacity building, trade and systemic issues. Finance is
about strengthening domestic resource mobilisation, including international support
from developed countries to developing and least developed countries; mobilising
financial resources from multiple sources such as multi lateral banks and imple-
menting investment promotion regimes for least developed countries. Technology
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in goal 17 focuses on cooperation at both regional and international levels and
access to science, technology, innovation and mechanisms such as diffusion to
enhance knowledge sharing. Capacity building is about implementing effective and
targeted measures to support national plans for all the SDGs. Trade promotes a
universal, rules-based, transparent systems such that exports of developing and least
developed countries increase. Systemic issues include policy and institutional
coherence, where policies for sustainable development support and respect the
establishment and implementation of the goals of sustainable development partic-
ularly, Goals 1 and 2. It also includes multi-stakeholder partnerships; data moni-
toring and accountability, where the former enhances global partnerships for
sustainable development through mobilisation, sharing of knowledge, expertise,
technology and financial resources, and encourages tri partite public, public-private
and civil society partnerships. Data monitoring and accountability build on existing
initiatives to develop measurements of progress on sustainable development
through capacity building. Capacity building foundations of high quality, timely
and reliable data with clear measures and data disaggregated to clearly understand
and provide transparency of success at national levels needs to be put in place.

This is not to say that other SDGs are not important or relevant in addressing
sustainable infrastructure world wide. Goals 1 focusing on no poverty, Goal 2 on
zero hunger, Goal 3 on good health and well being, Goal 4 on quality education,
Goal 5 on gender equality, Goal 6 on clear water and sanitation, Goal 7 of
affordable and clean energy, Goal 8 on decent work and economic growth, Goal 10
on reduced inequalities, Goal 12 on responsible consumption and production, Goal
13 on climate action, Goal 14 on life below water, Goal 15 focusing on life on land,
and Goal 16 on peace justice and strong institutions are all relevant and critical to a
collaborative approach to the making of sustainable built environments.

To deal with complex challenges in the Asian region, a number of factors that
support development in the region is clearly lacking. Rapidly growing cities need to
build smartly and efficiently, to avoid locking in inefficiencies, the impact of which
will be felt over the next 80–100 years or more.

The impacts of urban spatial forms, operations and governance of cities, resource
use and attendant waste generated, transport and other infrastructure are all
important. As Hoornweg and Freire (2013) note, cities must adopt sustainable
development policies as soon as possible as they are urbanising rapidly. Added to
this is also context based research and increased capacities. Higher education for
example, is critical as it provides high level skills and research to apply current
technologies and to assimilate, adapt and develop new technologies critical to
service the market—the two key drivers for productivity (World Bank 2012).
Therefore, these may be considered to be drivers of growth. In countries like China,
Cambodia and Vietnam quantity of higher education graduates is still too low.
Research and higher education go hand in hand. Without the quest for new
knowledge and solutions to support the goals of the SDGs, it will be very difficult to
solve our current problems with the same old approaches.

Examining the infrastructure levels of countries in 2009, a global report shows
the disparities in the low, middle and high income countries (Hoornweg and Freire
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2013, p. 8). As a percentage of the total population, high income countries were
77%, whereas in middle level countries it was 48% and in low income countries,
29%. The greenhouse gas emissions per capita, tonnes/year was 23 in high income
countries, 4 and 1 in middle and low income countries. Municipal solid waste
generation expressed as kilograms per capital per day was 0.4 in low income
countries, 1.1 in middle income and 1.6 in high income countries. Energy con-
sumption in KW-hours was 8 for high income countries, 3 for middle income and
0.9 for low income countries. Road density expressed as km per 1000 people was 2,
3.3 and 14.8 for low income, middle income and high income countries respec-
tively. While paved roads, expressed as percentage of total number of roads in high
income countries was 87%, in middle and low income it was 30 and 12%
respectively. Percentage of population with access to electricity was 100% in high
income countries, whereas in middle and low income it was 73 and 30% respec-
tively. Gross capital formation, expressed as dollar per capital was 8374 in high
income country, 1086 in middle income and only 137 in low income countries.

The question therefore, is, can infrastructure and particularly urban infrastruc-
ture: land for housing and other amenities, water, transport and energy keep up with
this growing trends of urbanisation? and what types of solutions may we seek to
find for our current complex problems on infrastructure.

This section focuses on four papers. Orlowski’s paper on land and sustainable
development and seeks to question current paradigms of sustainable and land
development. Bhatt and Negi examine the current challenges of providing solar
power projects to support India’s quest of meeting international agreements for
supporting clean power generation. Rodrigues and Horan’s paper is on the role of
biochar as a model for sustainable agriculture, due to its agronomic potential for
crop yields, organic soil carbon, carbon sequestration and climate change mitiga-
tion. Death and Horan’s paper on using composted kitchen waste for fresh food
production in correctional facilities highlights the need to operationalise closed loop
systems, and not just focus on the purely greening of correctional facilities from a
design perspective. Orlowski’s paper on snychronising sustainable development
with land development calls attention to the tensions between true sustainability and
land development. He argues there are fundamental epistemological differences
between the definitions and notions of sustainability and land development. In his
quest for identifying the possible ways in which change needs to be made in
modern western societies towards sustainable societies, he argues that an integrated
conceptual framework and multi scale perspectives are needed to truly understand
the exploration of synergies and trade offs between sustainable development and
land development to move towards an ideal sustainable land development.

Bhatt and Negi’s paper is on the use of rooftop solar photovoltaics as a means to
fast track solar power generation. They argue that this is a better option compared to
the use of large utility scale, which requires large tracts of land not easily available
in India. Policy measures at the national level need state and local government
support to improve solar roof top generation to meet the target of 100 GW by the
year 2022. Their paper demonstrates the gaps in policy and actual on ground
implementation, and a lack of harmonisation between the states in key areas such as
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consumer tariffs, market readiness, consumer awareness, lack of subsidies, and
most importantly on ground and institutional skills effect increased solar capacities
on ground.

Rodrigues and Horan’s paper focuses on bio-char, a geo-engineered bi product,
similar to charcoal. This product can be used for crop yields, as organic soil carbon,
carbon sequestration and therefore, climate change mitigation. International case
studies in the use of bio char of cocoa orchards, brussels sprouts and soy beans in
different countries and climate zones show the potential for mainstreaming these
individual cases. The use of bio char in land management practices in Australia at a
farm scale supports opportunities for soil carbon sequestration and aligns with
government initiatives such as Australia’s emissions reduction fund.

Death and Horan’s paper on closed loop food production and greening of cor-
rectional facilities highlights the use of composted kitchen waste for fresh food
production. Using case studies from the US where substantial food waste disposal
savings and further savings on fertilizers and fresh produce as a result of food waste
composting processes demonstrate benefits that may be support Australian cor-
rectional facilities too. In-house agricultural and horticultural production can sig-
nificantly decrease the prison network’s reliance on outsourcing. It can therefore
deliver significant food mile and carbon emission reductions along with triple
bottom line sustainability benefits.

5 Part IV: Case Studies: Sustainable Buildings

As already indicated previously, cities are the engines of urbanisation in the current
high growth regions of the world. Building clean and efficient cities in the devel-
oped and developing world requires increased energy efficiency and promote
cleaner sources of energy generation to run cities including transport and buildings.
Buildings constitute the largest opportunity to improve demand-side energy effi-
ciency (Hoornweg and Freire 2013, p. 28). If buildings are well built, they will
reduce operational energy during their life time, therefore reducing the impact of the
building on the environment. If older buildings are adapted for reuse, an oppor-
tunity exists in reducing the need to build new buildings. Buildings account for
approximately 40% of the world’s energy use (UNEP 2009a). If emissions as a
result of increased building activity are not arrested, by 2030, emissions from
buildings alone may reach 15.6 billion t of CO2 equivalent by 2030. By 2030, the
total emissions from buildings in developing countries in Asia Pacific are expected
to surpass the rest of the World (Hoornweg and Freire 2013, p. 43).

In some parts of the world, the life cycle of buildings is very low (United
Nations ESCAP and UN Habitat 2015). Buildings are rebuilt every 20 or 30 years
and existing heritage structures are razed to make way for huge urban buildings
such as shopping centres and the like. This has huge environmental impact as the
impact of materials used to build needs to be sourced over short spans of time. If
buildings are well designed and built, they can last for longer periods of time
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reducing their impact on the environment. The building sector has great potential to
significantly reduce green house gas emissions and estimated emissions may be cut
30–80% whilst making net profits during the building life span (Hoornweg and
Freire 2013, p. 44). Recently, the World Green Building Council reported that
buildings are currently responsible for 30% of global greenhouse gas emissions
(Council 2016) and offer one of the most cost effective ways to reduce emissions
through energy efficiency and the use of renewable energy. Therefore, they call for
advancing net zero where all buildings, new and existing are net zero emissions by
2050, meaning that buildings will no longer produce emissions. Most of these
emissions are expected to be offset through renewable energy generation on site.

To support green building initiatives, several approaches have been used. Green
building codes, particularly in the rapidly developing countries of the Asia Pacific
have been the focus. Mandatory building energy audits and use of ESCO-Energy
saving companies have been tested in various parts of the world. Appliance stan-
dards have been supported energy efficiency in personal and building use such as
computers and use of appliances in buildings such as lighting and water efficient
appliances. Use of solar hot water heaters etc. and use of photo voltaics support
energy feedback into the grid or for on site consumption, but this needs to be
backed with policies and incentives to encourage adoption. Use of appliances that
also rely on renewables such as solar cook stoves, water heaters for domestic hot
water also offer other possibilities that have been explored and need to continue to
be explored. As indicated, net zero carbon and net zero energy buildings is gath-
ering momentum worldwide.

But focusing on buildings alone is not enough. A full package of opportunities
including low carbon life styles are essential. Consumption and production patterns
of the users of the building are just as important as the shell that the building
provides. No doubt, the shell is an essential step to ensure that building users are
given the most opportunities to ensure they follow consumption patterns that
support a low carbon life style. The SDGs are all integrated and indivisible (UN
2015, p. 6). Those goals directly linked to building are: Goal 7 access to affordable,
reliable, sustainable and modern energy for all; Goal 9 on building resilient
infrastructure, promote inclusive and sustainable industrialisation and foster inno-
vation; Goal 11 on making cities and human settlements inclusive, safe, resilient
and sustainable, Goal 12 ensuring sustainable consumption and production patterns;
Goal 13 to take urgent action to combat climate change and its impacts and Goal 16
to promote peaceful and inclusive societies for sustainable development, provide
access to justice for all and build effective, accountable and inclusive institutions at
all levels. Goal 4 on ensuring inclusive and equitable quality education and promote
lifelong learning opportunities for all is perhaps one that is not directly linked to
building at first glance, but very important nevertheless as we need to bring sus-
tainability education front and centre of current educational discourse in the various
disciplines comprising the built environment: architecture, engineering, planning,
building, surveying and so on.

This section also has four papers. The first paper by Palliyaguru focuses on
extending approaches for sustainable development from urban to the rural
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context. This is followed by Liew’s paper on use of new approaches to technology
in building refurbishment in Singapore. Prayitno’s paper on green modular con-
cept of a sustainable kampong cityblock in Indonesia uses co-habitation archi-
tecture concept. Safarova et al’s paper is on the impact of sustainable subdivision
design on energy consumption of households in hot and humid tropical climate of
Darwin in Australia. The final paper in this section by Law and Dewsbury is on
understanding the unintended consequences of building regulations focusing
purely on energy efficiency and not taking a more holistic view of the implications
of tighter buildings. Law and Dewsbury’s paper discuss the implications of
focusing purely on energy efficiency as the holy grail to reduce energy use. An
unintentional consequence of this leads to unhealthy conditions within the home
as a result of moisture trapped in buildings in cool climates. Therefore, better
understanding of the impacts of tighter buildings particularly in cold climates and
better education.

References

Hoornweg, D., & Freire, M. (2013). Building sustainability in an urbanising world In Urban
development series. Washington: Urban Development; Resilience Unit World Bank.

UNEP (United Nations Environment Programme). (2009). Buildings and climate change:
Summary for decision-makers. Paris: UNEP, Sustainable Consumption and Production Branch.

United Nations. (2012). World Economic Situation and Prospects (WESP). Statistical annex.
United Nations. (2015). Sustainable development goals. In resolution adopted by the General

Assembly on 25 September 2015, A/RES/70/1. United Nations.
United Nations Committee for Development Policy, Development Policy and Analysis Division,

Department of Economic and Social Affairs. (2017). List of Least Developed Countries (as of
June 2017). In United Nations ESCAP and UN Habitat. 2015. The State of Asian and Pacific
Cities 2015: Urban transformations, Shifting from quantity to quality. New York: United
Nations Human Settlements Programme (UN-Habitat) and The United Nations Economic and
Social Commission for Asia and the Pacific (ESCAP).

United Nations ESCAP and UN Habitat. (2015). The State of Asian and Pacific Cities 2015:
Urban transformations, Shifting from quantity to quality. New York: United Nations Human
Settlements Programme (UN-Habitat) and The United Nations Economic and Social
Commission for Asia and the Pacific (ESCAP).

United Nations General Assembly. (2016). New Urban Agenda. http://habitat3.org/wp-content/
uploads/New-Urban-Agenda-GA-Adopted-68th-Plenary-N1646655-E.pdf. Downloaded April
20, 2017.

World Bank. (2012). Putting higher education to work: Skills and research for growth in East
Asia. The World Bank East Asia and Pacific Regional Report; 246, Washington, DC.

World Green Building Council. (2016). World GBC’s Advancing Net Zero project takes step
forward as Australia, Canada, Germany, India & US announce plans to recognise zero
emissions buildings. In D. Hoornweg & M. Freire (2013), Building sustainability in an
urbanising world. In Urban development series. Washington.

14 W. Leal Filho et al.

usha.iyer-raniga@rmit.edu.au

http://habitat3.org/wp-content/uploads/New-Urban-Agenda-GA-Adopted-68th-Plenary-N1646655-E.pdf
http://habitat3.org/wp-content/uploads/New-Urban-Agenda-GA-Adopted-68th-Plenary-N1646655-E.pdf


Part I
Education for Sustainable Development

usha.iyer-raniga@rmit.edu.au



Researching Higher Education
for Sustainable Development: Plan A,
Plan B and Moving Beyond
Thought-Limiting Clichés

Kerry Shephard

Abstract This paper explores Higher Education for Sustainable Development from
a research perspective, and attempts to distinguish progress based on research
outcomes, from that based on concerns, commitments, intended outcomes and
prizes. The paper’s goal is to encourage ESD practitioners to consider the educa-
tional nature of the ESD enterprise, to research student outcomes and to envisage
alternative ways forward. The paper starts by exploring the considerable achieve-
ments of current HESD, described as Plan A, but postulates the presence of some
fundamental misunderstandings that may limit its progress in our current higher
education systems. An alternative, or contingency, Plan B, is described, that has at
its core the aim of enlisting the goodwill of everyone in higher education to do what
they want to do, well, rather than to do what they may not want to do. Plan B needs
university teachers to support their students towards critical and independent
thinking and for higher education institutions to research their progress towards any
change in student outcome that they have in mind.

Keywords ESD research � Student learning outcomes � Thought-limiting clichés
Researching change � ESD Plan B

1 Introduction

University researchers involved in higher education for sustainable development
(HESD1) are not necessarily of the ‘glass half full’ disposition. In general we are
concerned that our planet has problems that are mostly produced by people and that,
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for the most part, the people most implicated and most able to do something about
it, are those educated by universities. Although we are quite possibly optimistic at
heart about much in life, we are also realists and know that solving these problems
will require universities to change what they do and how they do what they do
(along with much else). After all, we have been working at these issues for quite a
few years, as environmental educators for much of the last century, but more
collaboratively since the Brundtland report in 1987 (World Commission on
Environment and Development 1987) and Rio de Janeiro Summit in 1992 (United
Nations Conference on Environment and Development 1992) forced the world to
link our environmental concerns more visibly to concerns about people, and cul-
tures, and economies. And we have recently emerged from a bruising decade that
focused all that we could muster on education for sustainable development. With
respect to student learning in our universities, we have every reason to be wary
about too much optimism for dramatic change any time soon.

University researchers involved in higher education for sustainable development
are also, by and large, committed to the principle that finding our way through a
complex, even wicked, dilemma will need more than stout hearts and strong
rhetoric. We need to harness the power and ethos of modern research processes to
understand our educational problems and to find research-based educational solu-
tions for them. So, we should first explore the current state of HESD in our
institutions and ask ourselves how well this enterprise is working. If we are con-
cerned, then perhaps we should ask some tough questions about Plan A, and
consider an alternative, or contingency, Plan B.

2 Plan A

In some respects the essence of Plan A is defined by the broadly based intentions of
education for sustainable development. We could, for example, look to Agenda 21
for some key objectives. Agenda 21 suggests, for example, that education is critical
for achieving, in general rather than for a sub-set of sustainability-focussed
students;

… environmental and ethical awareness, values and attitudes, skills and behaviour con-
sistent with sustainable development and for effective public participation in
decision-making (Agenda 21; United Nations Conference on Environment and
Development 1992, Chapter 36, 2)

Similar aspirations have permeated more recent international discourse on
change. The European Union, for example, also talks about changing attitudes and
concomitant behavioural changes:

In a continuously changing world, all European citizens should be equipped with the
knowledge, skills and attitudes needed to understand and deal with the challenges and
complexities of modern day life, whilst taking due account of the environmental, social,
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cultural and economic implications, as well as to assume their global responsibilities.
(Council of the European Union 2010, 18).

Similar assertions have become apparent in recent higher education frameworks
that seek to take such high-level propositions and to put them into a
higher-education teaching and learning context. See, for example, the Future Fit
Framework:

The student learning experience is key: in essence, it is about the full engagement of the
learners, including affective, cognitive and active dimensions. (Sterling 2011, 37)

Similarly, broad changes in learners’ values and behaviour are characteristic of
the kinds of changes expected and promised by those institutions of higher edu-
cation, or their leaders, actively engaged in HESD. Signatories to the Talloires
Declaration, for example, agree to ‘Educate for Environmentally Responsible
Citizenship’ (AULSF 1994). In the USA, the STARS programme (Sustainability
Tracking, Assessment & Rating System) of the AASHE (The Association for the
Advancement of Sustainability in Higher Education 2017), provides institutions
with the means to describe the culture of their institution and awards points to those
that claim to promote cultures that align with their sustainability mission.

Institution conducts an assessment of campus sustainability culture. The cultural assessment
focuses on sustainability values, behaviors and beliefs, and may also address awareness of
campus sustainability initiatives. (AASHE 2017)

Let there be no doubt that Plan A is creating opportunities for positive,
sustainability-focussed change in student learning. The message has in some ways
become a movement. Many academics worldwide research in the area and write and
speak about their successes in print and at conferences. An HESD field of enquiry
has certainly developed, as evidenced by many scholarly journals taking this theme
as a substantial element (Environmental Education Research and the Journal of
Environmental Education provide two notable examples) or as their main reason for
being (for example, the International Journal of Sustainability in Higher Education).
Some claim a new discipline of sustainability science is evolving of which ESD is a
major component (Barth 2015). Representatives of nearly 500 institutions have
signed the Talloires Declaration (AULSF 2016) and other high-level declarations
with numerous institutional signatures have been initiated. The STARS webpage
(AASHE 2017) is now populated by more than 800 institutions worldwide, many of
which have documented their institutional progress towards sustainability. In the
UK, People and Planet (2017) have created a league table of higher education
institutions, ranking them on sustainability measures. In Europe, substantial effort
was focused on researching and supporting the professional development of uni-
versity academics (UE4SD 2016a). As just one example of many from Australia,
Australasian Campuses Towards Sustainability presents annual Green Gown
Awards to those institutions taking a proactive approach towards sustainability
(ACTS 2016). Progressively, academics are proposing, debating and agreeing the
nature of the competencies and capabilities that should result from HESD (see for
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example Wiek et al. 2011). Plan A is clearly alive in many of our higher education
institutions. But is it working and how would we know if it was not?

For a while, and mindful of the challenges involved in demonstrating actual
change in student learning, much emphasis was initially placed on indicators of
change. See, as examples, Aries (2006) and UNESCO (2007). The latter reference
identified a range of useful indicators; mostly relating to inputs into ESD (such as
‘% of new teachers currently receiving pre-service training in ESD’) but also
included educational outcomes (such as ‘Learners use sustainable practices in daily
life’). Closely related to the use of indicators has been the development of funded
research projects charged with the responsibility to not only initiate change in
universities, through, for example, professional development for university teach-
ers, but also the monitoring of these changes and their consequences. The
University Educators for Sustainable Development (UE4SD) project for example,
produced a final report documenting extensive development within universities
throughout Europe (UE4SD 2016b). One highlight is that there appears to be a
substantial student-led push for the promotion of ESD agendas. A special issue of
the journal Assessment and Evaluation in Higher Education focused on the broad
status of sustainable development in the world’s universities and how to assess or
evaluate its progress (Shiel et al. 2015).

It is noticeable however, that there are few research-based reports that actually
document changes in student perspectives that may or may not result from these
extensive developments within institutions. Students come and go, by and large
they pass their exams, but so far we have not, in general, managed to monitor, in a
research-based manner, substantial changes in student perspectives about sustain-
ability or about their place in the world or in their behaviour after graduation.
Indeed, this is a common theme. Substantial changes appear to be occurring within
higher education institutions and many commitments are made, but so far we have
relatively sparse research evidence that it is having the effect on student learning
that we hope it will. There is, of course, some evidence. The highest scoring
institution in 2015 in the USA STARS programme was Colorado State University.
The institution earned the platinum rating in their category of the programme,
scoring 83.5 from a possible 100. The institution scored 36.92/40 in the curriculum
section; an important section contributing 40% of the total points possible. Within
this section, 4 points accrue for category ‘AC-6: Sustainability Literacy
Assessment’, and Colorado State earned the full 4 points, substantially supported by
PhD research. Their score-card is available as is a copy of the survey used and the
scoring process adopted by AASHE (2017). Their data suggests that their students
know lots about sustainability issues, that they are actually quite interested in
sustainability and even that they may be more interested in sustainability having
spent time at the University, than they were when they came. (There is not enough
information provided about the research methodology to be clear about the research
embedded within this data. It is in my nature to be rather pedantic about these
things. I do need to know, for example, if the students were anonymous within the
survey, as this would potentially influence their responses). Nevertheless this is an
important indicator of change. My own research in New Zealand (working with the
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University of Otago Education for Sustainability Research Group) does use an
anonymous attitude scale to follow students as they progress through their higher
education in a range of degree programmes in a longitudinal research project (see
for example Shephard et al. 2015). Although we repeatedly measure substantial
differences in the environmental attitudes of cohorts of students registered for
different degree programmes, we have yet to find substantial changes in these
environmental attitudes as our students proceed through their studies. Our data
suggest that our students arrive at our institution with a particular set of environ-
mental attitudes and they tend to graduate some years later unscathed by their
experiences with us. At least one other research group’s approach to monitor
changes in students’ sustainability attributes is notable (Teisl et al. 2011). If others
have researched student outcomes that are altogether more positive with respect to
HESD Plan A, our field of enquiry does need to hear about them.

There are other indications that the changes occurring within higher education
are not necessarily occurring as rapidly as we may like. Only one university in New
Zealand has signed the Talloires Declaration and it seems reasonable to suggest that
the majority of universities in the Asian Pacific region are a long way from having
carbon-neutral campuses (although notably, as I was writing this paper the
University of Melbourne announced that it hoped that it will be by 2030; University
of Melbourne 2017). And further afield, I note that although Colorado State
University did well in its curriculum rating it did not do so well in other STARS
categories, earning, for example, just 1.84/10 for energy. At the end of an extensive
project supporting the professional development of university teachers towards
ESD in Europe, the UE4SD project reports that; “ESD is growing fast but is not yet
common practice in HE or in the Professional Development of university educa-
tors.” (UE4SD 2016a).

There are, of course, also indications that the world outside of higher education
is not changing much either, yet. On a recent visit to Australia I returned dismayed
that in a country with so much sunlight, and tertiary education, and so little
freshwater, desalination was substantially powered by coal. At home, I am disap-
pointed by New Zealand’s limited commitment to emissions control. Further out in
the Asia-Pacific area, China is busy importing the coal that Australia is not using for
its own energy production. And as I write, Japan’s Fukushima nuclear power
station is still polluting the Pacific Ocean for all of us. Whatever influence HESD
may be having in the Asia-Pacific Region, it is not particularly apparent to me.

And, perhaps, there are indications that our international aspirations for educa-
tion are also declining. The high hopes for educational outcomes explicit in Agenda
21 are softened somewhat into educational opportunities in the more recent
UNESCO Global Action Programme (GAP) on Education for Sustainable
Development for some key objectives. The GAP suggests, for example, the need;

… to reorient education and learning so that everyone has the opportunity to acquire the
knowledge, skills, values and attitudes that empower them to contribute to sustainable
development (UNESCO 2016)
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Rather than pronounce Plan A a failure, naturally it is important to note that
changes of the order of the HESD/ESD agenda could not possibly occur quickly.
Perhaps with time we shall overcome the barriers to change that occur within higher
education and all will be well. In the meantime, just so that we do not waste time
waiting, I do think it important to address why Plan A may not be working; not by
pursuing the usual barrier analyses, but by asking if there is something funda-
mentally amiss, educationally speaking, within Plan A approaches.

3 Possible Problems with Plan A

It appears indisputable nowadays that fundamentally ESD is a quest for affective
learning outcomes (such as, for example, a willingness to adopt sustainability
practices and an emotional aptitude to care), albeit linked to cognitive outcomes
(such as knowing how to adopt sustainability practices and how to translate caring
into positive actions), rather than cognitive outcomes on their own. This context
was well understood in the 1980s as part of the extensive discourse around envi-
ronmental education, especially in school-based education (see for example Caduto
1983), but it was somewhat overlooked in later years as sustainability developed as
a concept and as ESD discussions migrated into higher education (Shephard 2008).
Unfortunately, and a significant element of the argument being made here, deci-
sions and behaviours based on emotion tend to be absolute and purposeful rather
than partial or neutral. As Fien (1997) points out in relation to this analysis “… the
key issue for educators concerned with questions of values and ethics in education
should not be to check whether a particular approach to teaching is indoctrination
but to ask questions related to the ways, and in accordance with, what values and
ends, should schools and teachers ‘indoctrinate’.” (438). Fien (1997) with others,
makes a strong argument that education cannot be neutral. If it does not actively
promote change, it is de facto supporting the existing social order.

I see this argument as a fundamental underpinning of current ESD philosophies
(as exemplified for example by Agenda 21 and the Future Fit Framework refer-
enced above) but I also see problems in the argument. In some respects it is an ‘All
or nothing argument’ along the lines of ‘You are either with us or against us’. Such
arguments, particularly those that are affective at heart, are variously described as
thought-stoppers, or as thought-limiting or thought-blocking clichés. ‘It is simply
imperative that learners learn sustainability values and attitudes, and as teachers
teach learners it is the teacher’s job to achieve this’. Chiras (1992) suggested that
“Thought stoppers elicit an emotional, or gut-level acceptance of an argument, not
an intellectual one.”(467). In some respects, the mission of HESD is to ask uni-
versity teachers to suspend their own critical judgments and to enact the mission of
others. You are either with us or you are against us. Argument over.

I don’t think the argument is over for school-based education and I certainly
know it’s not over for higher education. In my experience, many higher education
teachers have responded quite predictably, in choosing to be ‘against ESD’.
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Many do not identify their role with indoctrination (see for example arguments by
Jickling 2009, 2016) and others doubt the sustainability base of either their
university role or their personal lifestyle. [In my case, my own university has been
burning lignite to heat its buildings and I am looking forward, albeit with a guilty
conscience, to flying to Melbourne to deliver this paper].

With respect to my own conceptualization of the viewpoint of proponents of
ESD Plan A, I am neither with you nor against you. This analysis suggests to me
that Plan A, based essentially on persuading university teachers with diverse
sustainability-related values to adopt a particular sustainability-related
values-set always was doomed to failure. But I admit that it took me quite a
while, and quite a lot of research and thinking, to understand why. The next
paragraphs explain Plan B, by detailing my own research journey.

4 Plan B

Plan B starts by asking university teachers what they think about education for
sustainable development and their role with respect to their conceptualization of it.
Researchers will understand, of course, that the research involved in this task didn’t
simply ‘ask’. Prior research had demonstrated that multiple issues converged
around these questions and that it was highly likely that simple questions would
elicit diverse responses. Q methodology is a research approach well-suited to
determining common patterns of understanding about complex issues-based prob-
lems; and we used this approach to learn more about our colleague’s viewpoints on
HESD (Shephard and Furnari 2013).

We developed 50 statements about the issues involved in HESD and asked 43
university teachers in our own institution to rank them and to record their responses
to written questions. Our analysis confirmed four significantly and qualitatively
different viewpoints, only one of which actively advocates for sustainability and for
education for sustainability. The other three viewpoints all had distinct character-
istics that prevent those who own them from using their position within the uni-
versity to encourage students to act sustainably. Our research did not enable us to
say how these four common viewpoint combinations quantitatively distributed
amongst the University’s teachers, but did help us to understand why some uni-
versity teachers are willing to use their position to encourage sustainability (along
the lines of Plan A) while some were not. We were particularly interested to
discover that while many of our research subjects did not wish to formally ‘educate
for sustainability’ themselves, none of them objected to others doing it. They just
didn’t feel that they wanted to do it, or were able to do it, themselves. A respect for
the academic freedom of academic colleagues was likely a major contributor to this
perspective. It was also a major element within the mindset of one of the groups that
did not advocate for sustainability. That group was highly sustainably-minded
themselves. They explored societal values and ethics in their teaching and they
contextualised their disciplinary content, perhaps even in interdisciplinary contexts.
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But they did much of this within the bounds of neutrality, substantially as dis-
counted as educationally unreasonable, by Fien (1997), in the context of ‘learning
to care’.

At the time I remember being both encouraged and discouraged by this research
data. Encouraged because it helped me to understand better the perspectives of
those academic colleagues who were not willing or able to ‘green the curriculum’ or
in other ways advance the causes of HESD. But also discouraged, because it
appeared to me at the time to make the task of HESD all the harder. I remember
being confronted by combinations of obvious climate-change-denial alongside
more philosophically complete conceptualisations representative of highly con-
trasting ontological and epistemological stances. Here were colleagues, in a range
of disciplines, who in particular reacted against what they thought was, in the form
of HESD, a highly objective ontology, representing a one-truth realism perspective,
alongside a intensely positivist epistemology, providing only one way forwards to
environmental and economic stability, and social justice. But there were also col-
leagues who held almost identical views about the nature of current higher edu-
cation and its role in maintaining a socially inequitable and environmentally
damaging status quo, and their, often unwilling, roles within it.

I remember wondering at the time how Plan A could possibly work within the
higher education that I had come to know over many years. Plan A rhetoric that
blames higher education for the woes the world and labels university teachers with
alternative point of view as ‘unwilling to change’ seemed, at the time, unlikely to
provide a fruitful future strategy.

In 2013 I took a sabbatical year to research my disaffection with the current state
of HESD as I understood it. I visited higher education institutions in Australia,
Europe and the USA. I employed a constructivist grounded theory research
approach (Charmaz 2006). The research attempted a systematic discovery of theory
from research data (a grounded theory) with the aim of generating conceptualisa-
tions that explain the way the people managed to, or attempt to, resolve the central
concerns about ESD and HESD. My data consisted primarily of the viewpoints and
stated experiences of university people in a range of formal interviews, group
interviews and group discussions. An important element of the research was the
constant comparative approach (Corbin and Strauss 2008) which accepts that the
researcher’s developing understanding is essentially reflexive in nature, incorpo-
rating the researcher’s own background, situation and development, and operating
reflectively and iteratively as new data become available. The research and the
resulting model of change were published as a book (Shephard 2015).

My research yielded a discrete number of interacting facets (more technically an
integrated set of conceptual hypotheses developed from empirical data) that toge-
ther created a grounded theory of how sustainability education exists at present in
higher education and how it might develop while maintaining the liberal traditions
of higher education. Two underpinning liberal ideas or values contributed to this
grounded theory. The first focused on minimising the prescription of what uni-
versity teachers should or should not do by encouraging them to use their academic
freedom to decide what to teach and how to teach it. The second promoted the ideal
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that higher education should be liberating for students in that it should help them
find their place in society and not force them into some form of predesigned pattern
or mould.

• The first facet that initially dominated my research data was that of barriers to
HESD. Barriers were described everywhere and the most pressing for many
contributors to my research data were not necessarily system- or
financial-barriers, but people who stopped things happening. This first facet
interacted strongly with the second; that advocates for sustainability in general
did not identify changes that they would make themselves, to their teaching, but
called for others to transform. Those with the greatest stake in HESD, partic-
ularly those who had academic commitments in the form of research and
publishing, were most vocal in calling for others to change their practices in a
particular HESD, Plan A direction.

• Next came the discovery about the extent to which hidden curricula dominate
many aspects of higher education. Hidden curricula were most obvious when
promoted by those advocates for sustainability who were unhappy to, unwilling
to, or nervous to tell the world about their sustainability-focused passion. They
taught sustainability, but in a hidden context. But my research also noted that
hidden curricula were much less obvious when what was hidden seems normal,
straightforward or acceptable to society. In particular, many academics teach
topics and subjects as if they have no context in the modern world and indeed
take a pride in de-contextualising their subject matter. Hidden curricula are not
easy to identify and particular skills appear to be necessary to find them. With
these skills, hidden curricula can be found almost everywhere in higher
education.

• Identifying the means whereby hidden curricula may be identified proved a
major breakthrough in this research. For a higher education to be truly liberating
for students it must help them to be able to recognise what university teachers
are actually teaching them, rather than what they say they teach them. Those
who can think critically automatically challenge the assumptions that underpin
the statements made by their teachers. Teaching students to be critical thinkers is
the most important element of Plan B. Helping university teachers to understand
what critical thinking actually is, rather than what they think it is, may be
similarly important. My research demonstrated unequivocally to me that most
university teachers are passionate in their expectation that their teaching will
promote their students to think critically, but that they had diverse views on
what thinking critically actually entailed.

• Most universities that I visited have academic or support staff whose key role is
to support university teachers to learn how to teach. These people (often
identified as academic developers) have a pivotal position in Plan B. Without
them, university teachers might continue to misunderstand the nature of critical
thinking. My research suggests that, in addition, many university teachers,
including many advocates for sustainability, have little personal appreciation of
educational theory. Even those who have studied higher education teaching and
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learning in a formal programme have often focused on learning in the cognitive
domain and know very little about, or have very appreciation of learning in the
affective domain.

• Policymakers and administrators and academic leaders also have a pivotal role
in Plan B; not necessarily in providing academic leadership, but rather in
emphasising and making use of their connectedness within higher education
institutions. Change in higher education requires functioning networks.
Policymakers and administrators and academic leaders also appear to me to have
a passion for evaluating, or assessing the ‘quality’ of teaching (at least far more
so than most university teachers).

• Several other facets came to light in my research. I was deeply impressed by the
interdisciplinary focus of some university teachers and it seemed to me that a
high proportion of the most interdisciplinary were also advocates for sustain-
ability. Similarly, those university teachers who were voluntarily engaged in
their wider community, particularly in a learning and teaching context, appeared
to me to be more likely to be advocates for sustainability.

• My last research facet proved to be challenging for me as I developed my
grounded theory. I encountered some wonderful role models for HESD and I
wondered if these university teachers ought to have a particular place within my
grounded theory. However, I also encountered some amazing university
teachers who identified with other transformational changes in higher education
and who specifically did not advocate for sustainability.

Once the link had been made between critical thinking and the ability to identify
hidden meaning in what university teachers tell students (something made possible
only by extensive conversation and discussion with academic colleagues during my
travels, although it seems so obvious now) the grounded theory came together
readily. The grounded theory evolved by setting aside the barriers that advocates for
sustainability so readily identified as stopping them doing what they wanted to do
and by setting aside any suggestions about what others should be doing rather than
what individuals should be doing themselves. The theory took the two core vari-
ables of the hidden curriculum and of the critical thinking needed to decipher
hidden meanings and made links with the remaining facets identified within the
research. The grounded theory, in essence Plan B, suggests that by changing the
HESD mission from prescribing the sustainability-specific learning outcomes of
teaching and learning to promoting, and evaluating, quality teaching and learning in
higher education, universities and university teachers would find it more straight-
forward to work towards outcomes compatible with HESD missions. Put simply,
university teachers should teach passionately according to their own conscience, but
in the process focus on helping their students become independent and critical
thinkers. Academic developers or other higher education specialists should help
university teachers better understand both how to encourage independent and
critical thinking, and higher education pedagogy. University administrators and
policy makers should support all university teachers and academic developers do
what they want to do, but ensure that change is monitored and assessed or
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evaluated. In the process university administrators and policy makers will need to
work hard to remove restrictions within higher education that limit how university
teachers teach and what students are enabled to learn. This research suggests that, in
addition, means to encourage multidisciplinary study and community engagement
will need to be found, where these are lacking. Above all Plan B is all about
enlisting the goodwill of everyone in higher education to do what they want to do,
well, rather than to do what they do not want to do, and probably could not do well
anyhow.

5 Putting Plan B to the Test

Perhaps Plan B is simply a derivation from Plan A. Perhaps, rather than an alter-
native, it is indeed a contingency, while we are waiting for Plan A to work.
I haven’t tried Plan B. Nor to be honest do I think that one researcher could possibly
‘try’ Plan B. Plan B would for, example, require an institution, or a field of enquiry,
or a movement, to redefine its objectives. For as long as the direct objectives of
HESD focus on what future generations of students will or will not value, and
appreciate, and how they will behave, we are stuck in Plan A mode. We may hope
that in future our graduates will make the choices that we currently think are the
right choices, but our objectives, under Plan B, should be aimed at facilitating their
ability to understand these choices and protecting their freedom to make their own
choices. Although Plan B protects the academic freedom of individual university
teachers, for the system as a whole it provides no more rights or privileges than to
be interested in the choices that our graduates will make.

Clearly Plan B is based on limited evidence and to be useful it needs more
research to probe its potential. Some research-based approaches that might help to
situate Plan B within our field of enquiry include the following.

1. Evaluation of the impact of change strategies is an essential part of the change
process and central to the ethos of a research-based exploration of HESD. It is
notable that ‘We cannot improve at scale what we cannot measure’ is one of six
core principles for educational improvement adopted by the Carnegie
Foundation (2017). Evaluating the progress of HESD, while respecting the
rights of our students and graduates, allows us, and perhaps obliges us, to be
interested in the sustainability-related choices that they make. Within the con-
struct of evaluation, however, we also need to be mindful that, in the wrong
hands, evaluation can be seen as managerial or promotional in nature rather than
as a research tool. Social and political studies have extensively debated the
nature of evaluation and its attempts to be fair and rational. House (1996) in
particular identified the potential for evaluation to engage with social justice
agendas in hiding or exposing biases and inherent values in evaluative work.
The anonymity of subjects in any research-based exploration provides essential
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protection of students’ and graduates’ rights to make their own choices and
should become integral to any serious research that we do.

2. Those who research student learning in the context of HESD understand how
limiting the research tools at our disposal are proving. Researching changes in
values and attitudes, and in constructs such as ‘environmental concern’, have
proved challenging. Although literally hundreds of tools have been developed
(Dunlap and Jones 2002) one in particular is most widely used (the NEP or
revised New Ecological Paradigm scale). Although deficient in many respects, it
has been identified as at present the best available (Hawcroft and Milfont 2010)
but surely we can do better? Similarly, clarifying the nature of critical thinking
and measuring its development is proving highly challenging for higher edu-
cation in general. Overall it seems fair to say that Plan B needs better research
tools than we have at present if it is to succeed.

3. It appears to me imperative that those who research HESD do need to find some
common ground in defining key terms and concepts relevant to our goals. For
example, much of what we are researching has been described as ‘democratic’;
but whether HESD is in fact ‘democratic’ is contingent on much. My own
research suggests that HESD practitioners use the term in a variety of different
ways (Shephard and Brown 2016). Similarly, terms such as competency,
capability and action-competence are widely used in our field of enquiry, but
poorly defined and variously understood.

4. My own research suggests to me that transmission teaching is alive and well
throughout higher education and that the broad and progressive construct of
student centeredness has passed much of higher education by. It appears to me
that for as long as university teachers feel that they can fulfill their role by
simply transmitting knowledge, or values, to their students then neither plan A
nor Plan B can possibly proceed. For me, a major impediment to any form of
HESD is the limited impact that the educational movement of SOTL (the
scholarship of teaching and learning) derived substantially from the work of
Boyer (1996) is having in higher education. By researching SOTL, we promote
an understanding of higher education pedagogy and provide a chance for Plan B
and HESD to flourish. Higher education for sustainable development, or higher
education for sustainability is, after all, essentially about education.
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Resetting the Compass: Principles
for Responsible Urban Built
Environment Education (PRUE)

Usha Iyer-Raniga

Abstract Several international frameworks supporting sustainable development
have come into existence since the Rio Conference in 1992. While recent frame-
works developed have included education as a key component of sustainability,
these frameworks do not offer a clear direction for university educators to embrace
sustainability in their curriculum, and wider engagement with co academic and non
academic colleagues, student, campus and wider community to work collabora-
tively. The principal aim of the paper is to develop and support a collaborative
networked platform for university educators, particularly in the Asia Pacific to
support and enhance their capacities to develop and promote sustainability edu-
cation. Despite a number of international treaties to support and accelerate global
trends towards sustainable development, we are still a long way from living in a low
carbon world. Secondary literature review is undertaken to understand the gaps in
current treaties to support a way forward to move towards sustainable futures from
an educational perspective. The literature demonstrates there are gaps between
intent and action. However, there is a long road to be traversed to translate ideas
into reality and even more to mainstream industry knowledge, curricula and
capacities to support sustainability outcomes in the built environment. There is still
a gap between action and intent with regard to achieving sustainability outcomes in
the built environment. These gaps are in real danger of becoming even more wider
and deeper, and more urgent and critical as we fail to meet our international targets
with regard to low carbon futures. PRME: Principles for Responsible Management
Education translated to the built environment as PRUE: Principles for Responsible
Urban built environment Education offers an opportunity for supporting sustain-
ability into built environment programs in universities.
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1 Introduction and Context

A number of recent discussions and targets set at global levels have demonstrated
the importance of sustainable development and reaffirmed the importance of con-
certed efforts and actions for ensuring a way forward for future generations. There is
an urgent need to rethink and perhaps arrive at ‘out of the box’ solutions that
continue to use the planet as a home for current and future generations. The role of
education is quite critical in driving awareness and change to ensure that individuals
and societies are equipped and empowered with the knowledge, skills and values
for a sustainable today and tomorrow.

Education for sustainability is a life long process, with the purpose of trans-
forming society. It is a journey where learners are empowered to take informed
decisions and a deep seated responsibility for environmental integrity, economic
viability and a society that is just and peaceful for current and future generations.
Cultural diversity is also celebrated in education for sustainability.

Education for sustainable development (ESD) has four main dimensions
(UNESCO 2014a; United Nations 2016):

• Learning content, which informs the curriculum.
• Pedagogy and learning environments, where learners are inspired to act for

sustainability. It impinges on action oriented and transformative learning where
physical and virtual environments may be used in a learner-centred manner.

• Learning outcomes, focusing on current and future generations where stimu-
lating learning and promoting core competencies is central.

• Societal transformation, empowering learners to transform themselves through
enabling a transition to green economies and societies, and empowering people
to be global citizens to create a more just, peaceful, tolerant, inclusive, secure
and sustainable world.

A fifth dimension also needs to be added. This dimension is about bringing
communities, government, public and private organisations to work with educa-
tional institutions, particularly universities to engage with the learning content for
sustainable development. By adopting this approach, theoretical concepts have a
connection, correlation and meaningful association in the real world.

This Chapter examines the historical pulse points of where we have travelled
over the last few decades in relation to sustainable development. Despite a number
of international treaties to support and accelerate global trends towards sustainable
development, we are still a long way from living in a low carbon world. Secondary
literature review is undertaken, mainly through reports, internet sources and other
grey literature to paint a picture of the current state of play in relation to built
environment sustainability education. This provides an understanding of the gaps in
the current landscape to support a way forward to move towards sustainable built
environment futures from an educational perspective.

The main question guiding this study is: What enablers need to be put in place so
that responsible built environment education is mainstreamed and implemented
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effectively, and what other platforms exist for supporting partnerships, collabora-
tion and engagement between academia, industry and research?

The Chapter commences with examining the key pulse points that have shaped
global leadership and trends on sustainable development and education. These are
United Nations Decade of Education for Sustainable Development (UN DESD),
UNESCO’s Global Action Programme (GAP) on Education for Sustainable
Development, Inter-University Sustainable Development Research Programme
(IUSDRP), Australasian Campus towards Sustainability (ACTS), the 10 Year
Framework of Programmes (10YFP), Sustainable Development Goals (SDGs),
New Urban Agenda (NUA) and the Principles of Responsible Management for
Education (PRME). This is followed by discussions on how the PRME approach
may be used for the built environment. The Chapter concludes by calling for action
on setting up a parallel PRME for the built environment, called Principles for
Responsible Urban built environment Education (PRUE).

The following set of events map the current situation in relation to education and
sustainable development, including climate change. Not all the events have been
captured, only the key events impacting on the current state of play, particularly in
relation to the built environment and education.

2 United Nations Decade for Education in Sustainable
Development: UNDESD

The UN Decade for ESD was launched in 2005 to enhance the role of education in
supporting and promoting sustainable development. It ended in 2014, running for a
full decade. At the Rio+20 (2012) UN Conference on Sustainable Development
there was an agreement that the work undertaken to date needs to be spurred
further, leading to the development of GAP as the continuation of the UNDESD.
The Muscat Agreement (UNESCO 2014b) and the Open Working Group
(OWG) working on the development towards the SDGs also supported the
development of the GAP.

The role of education as a platform for building a better and more sustainable
future has gained increasing attention leading to the declaration of the United
Nations Decade of Education for Sustainable Development in 2005, and this has
gathered further strength since Rio+20 (UNESCO 2014a). UNESCO was the lead
agency in developing the GAP—the Global Action Programme on Education for
Sustainable Development. This resulted from extensive consultations with stake-
holders, and was formally endorsed by the UNESCO General Conference in 2013
by the 37th session of the General Conference of UNESCO (37C/Resolution 12).
The Development Timeline is described in more detail shown in Fig. 1.
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3 Global Action Plan (GAP)

GAP seeks to generate and scale-up concrete actions in the UNDESD. It is intended
to make a substantial contribution to the post-2015 agenda. The GAP is the follow
up to the United Nations Decade of Education for Sustainable Development (2005–
2014). The GAP was designed as a new set of sustainable development goals that
are action-oriented, global in nature and universally applicable; designed as a
concrete tangible contribution to the post-2015 development and action agendas. To
assist with implementation, a roadmap has been set up. This roadmap explains the
goals, objectives and priority action areas to enable strategic focus and stakeholder
commitment along with implementation and monitoring mechanism. It supports
various stakeholders—government, civil society organisations, inter governmental
organisations, private sector, academic and research communities, the media and
other relevant institutions to facilitate and support learning to trainers and
individuals.

The vision of GAP is “a world where everybody has the opportunity to benefit
from education and learn the values, behaviour and lifestyles required for a sus-
tainable future and for positive societal transformation” (UNESCO 2014a, p. 14).
There are two objectives that enable GAP to reach its goals:

Objective 1: “to orient education and learning so that everyone has the opportunity
to acquire the knowledge, skills, values and attitudes that empower them to con-
tribute to sustainable development”.
Objective 2: “to strengthen education and learning in all agendas, programmes and
activities that promote sustainable development” (UNESCO 2014a, p. 14).

The GAP focuses specially on girls and women, small island developing states,
and Africa. As girls and women play an important role in sustainable development,
there is a special focus on inclusive and sustainable growth and employment of
women and particularly, girls. As small island developing states and Africa are
dealing with the impact of climate change, education is even more critical to
respond to the needs of the local context.

The GAP has identified 5 priority areas to advance the ESD Agenda. These are
(UNESCO 2014a, p. 15):
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Future
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2002

• Rio+10 (DESD)
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• Rio + 20
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• World 
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Fig. 1 Developmental timeline
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1. Advancing Policy: ‘Mainstream ESD into both education and SD policies to
create an enabling environment for ESD and to bring about systemic change’.
This Priority focuses on alignments to bring about systemic change for real
impacts. It supports a collaborative process of engagement with government,
private sector, local communities, educators and civil society, who are the main
stakeholders in this integrated approach to ESD. The expected outcomes are that
ESD is included in ‘sub national, national, sub regional, regional and interna-
tional policy frameworks, plans, strategies, programmes and processes related to
education and sustainable development’ (UNESCO 2014a, p. 17).

2. Transforming learning and training environments: ‘Integrate sustainability
principles into education and training settings’ (UNESCO 2014a, p. 18).
This Priority action is more than preaching and teaching on sustainable devel-
opment. It focuses on converting thought to action. Whole institution approa-
ches to sustainability are required. It means that the community (consisting of
stakeholders from primary and secondary schools, vocational and higher edu-
cation providers, teachers and professional staff of these institutions, leaders,
parents, private, public and small to medium enterprises to name a few), cur-
riculum and university campuses become enabling platforms for sustainability.
The outcomes include sustainability plans and strategies.

3. Building capacities of educators and trainers: ‘Increase the capacities of edu-
cators and trainers to more effectively deliver ESD’ (UNESCO 2014a, p. 20).
Educators are change agents as far as sustainability education is concerned and
they need to acquire the necessary skills, attitude, values and knowledge to
change society to become more responsive to sustainability. These educators
and trainers, along with key agents from human resource personnel in public
and private organisations, civil society and other institutions become the main
stakeholders. The expected outcomes are professional development sessions for
teachers and key professional staff (to support curricular activities) and capacity
building for teachers and trainers.

4. Empowering and mobilizing youth: Multiply ESD actions among youth.
The involvement of youth of today as the decision makers of tomorrow have the
capacity to make major impacts on sustainable consumption and production
patterns. Youth between the ages of 15 and 24 years become the drivers and the
beneficiaries of consumption and production patterns. Youth therefore, need to
be involved in working with a range of different organisations; government,
public and private to drive home the importance of their role today and
tomorrow. Youth need to be involved in contributing and advocating ESD
across all levels and engaged in bottom-up activities whilst also working on
top-down activities.

5. Accelerating sustainable solutions at a local level: At community level, scale up
ESD programmes and multi-stakeholder ESD networks.
Cities are becoming more important in the journey towards sustainable devel-
opment. Whilst the problems are complex, rural areas fare no better and whether
urban or rural, the importance of engagement with local communities is essential
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to finding lasting solutions to our sustainability problems. Networks need to be
strengthened to involve a large stakeholder youth population in the discussions
and resulting actions. Engagement with local educational institutions and key
staff, private and public organisations are key stakeholders. Key outcomes are
the integration of ESD programmes and activities into the planning and decision
making processes of the community.

4 Inter-University Sustainable Development Research
Programme (IUSDRP)

The focus of the IUSDRP is to support the development of the post UNDESD
through a new approach to sustainability; Sustainability 2.0. It was launched in
2015. The aim of this programme is to establish a platform on which member
universities may undertake more research on matters related to sustainable devel-
opment, and to consolidate initiatives in the field of sustainable development
through (IUSDRP 2017):

• Increasing research income
• Enhancing institutional research profiles in the field of sustainable development
• Increasing the intake of Ph.D. students
• Increasing publication outputs

It is anticipated that through the IUSDRP, committed experts at member uni-
versities have a sound basis upon which to undertake research projects, train stu-
dents, publish in influential journals, and organize events to support and work with
each other.

Some of the project areas for research and engagement are energy production
and use, production and consumption, water use and management, waste man-
agement, transport, climate change, adaptation and resilience, education and cur-
riculum innovation; obviously all in the context of sustainability as well as campus
greening. A ‘flagship of the Inter-University Sustainable Development Research
Programme is the “World Symposium on Sustainable Development at Universities”
(WSSDU) series, which is the leading event in the field. Organised bi-annually,
WSSDU congregates the leading organisations and experts on sustainability in
higher education, proving a unique opportunity for information exchange, net-
working and for the documentation of project work and dissemination of results
from research projects. This is complemented by the “World Sustainable
Development Teach-In Days”’ (IUSDRP 2017, p. 8).
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5 Australasian Campus Towards Sustainability (ACTS)

ACTS was launched as the Australian Universities Environmental Management
Network (AUMEN) before becoming the not-for-profit organization it is today. It
follows the UK (The Environmental Association for Universities and Colleges:
EUAC) and the US (The Association for the Advancement of Sustainability in
Higher Education: AASHE) organisations as a vehicle for facilitating ideas and
information exchange across the tertiary sector in Australia and in the region
between environmental officers and managers. Since the focus of the book for
which this Chapter is written is focused on the Asia Pacific region, so also, the
scope of organisations such as ACTS is restricted to this region.

ACTS was officially launched in 2006 and today boasts an international standing
operating as the umbrella organization for sustainability within campus operations
and learnings for its members. Today, ACTS aims to ‘inspire, promote and support
change towards best practice sustainability within operations, curriculum and
research of the Australasian tertiary education sector’ (ACTS 2017). The organi-
zation supports the development of resources, sharing of knowledge, developmental
and networking opportunities for members and by critically challenging and sup-
porting collaboration with stakeholders to lead sustainability innovation in the
sector. ACTS is the convener for the international Green Gown Awards for the
Australasian region.

ACTS supports LiFE; Learning in Future Environments (LiFE) launched in
2012. LiFE is designed to help educational institutions manage, measure and
improve social and environmental responsibility performance of their own organ-
isations (LiFE Index 2017). It was developed by members working in higher
education sectors in UK, Australia and New Zealand. It is a road map to identify
gaps, focus resources and set targets to drive change across universities and edu-
cational institutions. It covers four main areas: leadership and governance; part-
nerships and engagement; learning teaching and research; and facilities and
operations.

6 10 Year Framework of Programmes (10YFP)

At the United Nations Conference on Sustainable Development (Rio+20) in 2012,
Heads of State adopted the 10-Year Framework of Programmes on Sustainable
Consumption and Production (SCP) Patterns (10YFP), a global framework for
action to accelerate the shift towards SCP in both developed and developing
countries. The important transversal role of SCP as an integral part of the 2030
Agenda for Sustainable Development has been clearly affirmed with the inclusion
of a stand alone goal (Goal 12) on SCP among the 17 Sustainable Development
Goals (UN Environment 2015g).
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The period for the 10YFP is 2012–2022. The main objective of the 10YFP is to
“accelerate the shift towards sustainable consumption and production to promote
social and economic development within the carrying capacity of the ecosystems by
addressing, and where appropriate, decoupling economic growth from environ-
mental degradation by improving efficiency and sustainability in the use of
resources and production processes and reducing resource degradation, pollution
and waste” (United Nations Conference on Sustainable Development 2012, p. 2).
The 10YFP accelerates the shift towards SCP, supporting regional and national
policies and initiatives; contributes to resource efficiency and decoupling economic
growth and environmental degradation and resource use; mainstreams SCP into
sustainable development policies, programmes and strategies; supports capacity
building and facilitates access to financial and technical assistance and enables all
stakeholders to share information and knowledge on SCP tools, initiatives and best
practices.

The 10YFP generates collective impact through multi-stakeholder programmes
and partnerships, which develop, replicate and scale up SCP policies and initiatives
at all levels. The 10YFP fosters knowledge and experience sharing, and facilitates
access to technical and financial resources for developing countries. UN
Environment serves as the 10YFP Secretariat. The vision of the 10YFP is

Fundamental changes in the way societies produce and consume are indispensable for
achieving global sustainable development. All countries should promote sustainable con-
sumption and production patterns, with the developed countries taking the lead and with all
countries benefiting from the process, taking into account the Rio principles…
Governments, relevant international organizations, the private sector and all major groups
should play an active role in changing unsustainable consumption and production patterns;
(United Nations Conference on Sustainable Development 2012, p. 2).

Interested actors from all countries can be involved in the implementation of the
10YFP activities: governments, private sector, civil society, researchers, UN
agencies, financial institutions, and other major groups.

The 10YFP is divided into six programmes:

1. Sustainable Public Procurement (SPP): SPP strives to create and maintain a
significant hub for exchange and cooperation driving the implementation of SPP
worldwide. The programme brings together a variety of stakeholders to foster
communication, leverage resources and achieve common objectives (UN
Environment 2015b).

2. Sustainable Consumer Information (SCI): This programme directs and supports
the provision of quality information on goods and services and the identification
and implementation of the most effective strategies to engage consumers in
sustainable consumption. It facilitates relevant policies, strategies, projects,
partnerships and builds synergies and cooperation between different stake-
holders to leverage resources towards mutual goals (UN Environment 2015c).

3. Sustainable Tourism Programme (STP): This programme focuses on transfor-
mation of sustainability through efficiency, innovation and adaptability. The
programme supports evidence based decision making, adopts a life cycle
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approach for continuous improvement, emphasises collaboration among stake-
holders and results based project implementation (UN Environment 2015d).

4. Sustainable Lifestyles and Education Programme (SLE): This programme fos-
ters the uptake of sustainable lifestyles as the common norm, building a platform
of support for challenges facing us today including resource efficiency and
biodiversity conservation, climate change mitigation and adaptation, poverty
eradication and social well being (UN Environment 2015e).

5. Sustainable buildings and construction (SBC): The goal of the programme is to
shift to SCP patterns in the building and construction sector. The programme
supports work on building, upscaling and mainstreaming policies, programmes
and actions on promoting knowledge sharing, outreach and awareness raising
(UN Environment 2015f).

6. Sustainable Food Systems (SFS): This programmes builds and strengthens
multistakeholder initiatives to accelerate the shift towards sustainable food
systems. It builds on value on the food chain, from farm to fork. It focuses on
promotion of sustainable diets and the reduction of food losses and waste (UN
Environment 2015g).

The two programmes that are closely linked to education are the SLE and the
SBC programme. By its very nature, SLE is about educating current and future
lifestyles to be one that is sustainable. The SBC programme, as part of its remit
focuses on knowledge sharing, and raising awareness, although the word ‘educa-
tion’ does not appear in its vision or mission statement. There is an implicit
understanding that education in all its forms is critical for global building and
construction, and particularly in the developing and emerging economies of the
world.

In terms of an urban foci, SPP and SBC are the two programmes that are closely
linked to Sustainable Development Goal 11 focusing on cities and settlements. The
Sustainable Development Goals are described in greater detail below.

7 Sustainable Development Goals (SDGs)

The United Nations General Assembly adopted a resolution on 25th September
2015 (UN 2015) where Transforming our world: the 2030 Agenda for Sustainable
Development was adopted, effective from January 1, 2016. The goals and targets
are the result of intensive consultation and engagement with civil society and other
stakeholders around the world. This work was largely undertaken by the Open
Working Group (OWG) of the General Assembly of the SDG and the UN, whose
Secretary General eventually endorsed the SDGs (United Nations Environment
2016). There are 17 Sustainable Development Goals and 169 targets. These goals
and targets build on the Millenium Development Goals focusing on integrating
economic, environmental and social dimensions of sustainable development to
stimulate action over the next 15 years in all aspects of critical importance to
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humanity and the planet. While some progress has been made, there is still a need to
progress development in Africa, small island nations, and in vulnerable sections of
society, including women and children.

The SDGs build on the Rio Declaration, World summit on Sustainable
Development, World Summit for Social Development, the Programme of Action of
the International Conference on Population and Development and the United
Nations Conference on Sustainable Development. The 17 SDGs with its 169
associated targets are integrated and indivisible.

Using the 5 Ps: People, Planet, Prosperity, Peace and Partnership, these linkages
with sustainable development build integrated linkages for realising the goals.
People refers to ensuring that all human beings can fulfil their potential in dignity
and equality in a healthy environment; Planet refers to enhancing sustainable
consumption and production to protect the planet from degradation, sustainably
managing natural resources and taking urgent action on climate change to support
the needs of present and future generations on the planet, Prosperity ensures ful-
filling lives aligned with nature; Peace supports a society that is free from fear and
violence; and finally Partnership builds global solidarity particularly considering
vulnerable people (Preamble 2/35) (United Nations 2015).

Considering in more detail the built environment, the following SDGs and tar-
gets are key touch points as shown and elaborated further in the Appendix.

The Sustainable Development Goals (SDGs)are summarised in Table 1:

Table 1 SDGs 14/35 (United Nations 2015), emphasis (in italics) provided by author where they
impact directly on the built environment

Sustainable development goals

Goal 1. End poverty in all its forms everywhere

Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable
agriculture

Goal 3. Ensure healthy lives and promote well-being for all at all ages

Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all

Goal 5. Achieve gender equality and empower all women and girls

Goal 6. Ensure availability and sustainable management of water and sanitation for all

Goal 7 Ensure access to affordable, reliable, sustainable and modern energy for all

Goal 8. Promote sustained, inclusive and sustainable economic growth, full and productive
employment and decent work for all

Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrialization and
foster innovation

Goal 10. Reduce inequality within and among countries

Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable

Goal 12. Ensure sustainable consumption and production patterns
(continued)
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8 The New Urban Agenda (NUA)

The New Urban Agenda is grounded in the Universal Declaration of Human Rights,
international human rights treaties, the Millennium Declaration, and the 2005
World Summit Outcome. It is informed by other instruments such as the
Declaration on the Right to Development. The NUA focuses on cities and urban
settlements. It therefore, brings the debate back into the context of urbanism. It calls
for cities of all sizes, towns and villages to work towards a universal, participatory,
people-centred approach to protecting the planet. It supports a long term vision
setting out priorities and actions at the global, regional, national, sub-national and
local levels that governments and other relevant stakeholders in every country can
adopt based on their needs. The NUA calls for particular focus on developing
countries, small island developing states, as well as specific challenges facing
middle income countries. The NUA calls for all stakeholders to revitalise,
strengthen, and create partnerships, enhancing coordination and cooperation to
effectively implement the NUA and realise shared vision of sustainable urban
development. Cities and human settlements are the drivers of sustainable devel-
opment in an increasingly urbanised world (Habitat III 2016, pp. 4–5).

The New Urban Agenda can be met within the framework of a revitalized Global
Partnership for Sustainable Development, supported by the concrete policies and
actions as outlined in the outcome document of the third International Conference
on Financing for Development, held in Addis Ababa from 13 to 16 July 2015, an
integral part of the 2030 Agenda for Sustainable Development (United Nations
2015, pp. 10/35). The high-level political forum (HLPF) under the auspices of the
General Assembly and the Economic and Social Council (EcoSoc) has the central
role in overseeing follow-up and review at the global level. Governments as well as
‘parliaments, the United Nations system and other international institutions, local
authorities, indigenous peoples, civil society, business and the private sector, the

Table 1 (continued)

Sustainable development goals

Goal 13. Take urgent action to combat climate change and its impactsa

Goal 14. Conserve and sustainably use the oceans, seas and marine resources for sustainable
development

Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt and reverse land degradation and halt
biodiversity loss

Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access to
justice for all and build effective, accountable and inclusive institutions at all levels

Goal 17. Strengthen the means of implementation and revitalize the Global Partnership for
Sustainable Development
aAcknowledging that the United Nations Framework Convention on Climate Change is the
primary international, intergovernmental forum for negotiating the global response to climate
change
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scientific and academic community—and all people’ are entrusted with imple-
menting the Agenda. It is an Agenda ‘of the people, by the people and for the
people’ (UN 2015, 52, p. 12).

Implementation of the NUA requires enabling environments and access to
various resources such as science, technology, innovation and enhanced knowledge
sharing platforms. Partnerships with various governments, private sector, civil
society, UN systems, and other actors based on the principles of equality, non
discrimination, accountability, respect for human rights, solidarity are all critical to
achieve the NUA. Building on the Habitat III and the lessons learnt from the
process, a collective approach is critical to progress forwards. Inclusion, innovation
and integration are seen to be the underling values for the NUA (United Nations
Habitat 2017).

With particular reference to education, the NUA under para 155 notes:

We will promote capacity development initiatives to empower and strengthen skills and
abilities of women and girls, children and youth, older persons and persons with disabil-
ities, indigenous peoples and local communities, as well as persons in vulnerable situations
for shaping governance processes, engaging in dialogue, and promoting and protecting
human rights and anti-discrimination, to ensure their effective participation in urban and
territorial development decision-making (Habitat III 2016, p. 20).

Reporting of the outcomes of the NUA is expected every four years, with the
first report being submitted during the 72nd session of the General Assembly of the
UN through the EcoSoc and will also feed into the HLPF on Sustainable
Development.

9 Principles of Responsible Management
Education (PRME)

This year marks the first decade of the roll out of PRME. PRME: Principles of
Responsible Management Education set out to provide future leaders with the
necessary insight and skills to reflect upon, critically analyse and provide leadership
with regard to corporate sustainability. PRME was set up by representatives from
UN Global Compact, the Association of Advance Collegiate Schools of Business
(AACSB), The Aspen Institute’s Business and Society Program, the European
Foundation for Management Development (EFMD), the Globally Responsible
Leadership Initiative (GRLI), Net Impact, a student organisation with more than
13,000 members, Graduate Management Admission Council (GMAC), and the
European Academy of Business in Society (EABIA). The first PRME task force,
therefore represented international organisations and 60 Deans, University
Presidents and Scholars were involved. In July 2007, this outcome was presented to
the UN Secretary General Ban Ki-moon and was formally endorsed by him.

The UN Global Compact (UNGC) was the catalysing body for the UN PRME.
UNGC was set up in 2000 and has been instrumental in supporting corporate
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responsibility at a global lelvel. With only 44 companies when it was launched,
UNGC became the world’s largest corporate responsibility initiative with 6000
business and business participants from over 130 countries in 2010 (Kell and
Haertle 2011). In 2014, over 8000 companies in 145 countries have joined UNGC
including from the emerging economies of China, India and Brazil (Haertle and
Kongstad 2014).

Today, in 2017, the numbers are even higher. Over 660 business and manage-
ment related higher education institutions are part of the PRME network in 83
countries across the world with 14 regional chapter and 7 issue-area working
groups. Over 1200 Sharing Information Progress or SIP reports are available, and
over 20 million students have benefited from engagement with PRME in higher
education institutions. Key partnerships have been formed with accreditation
bodies, regional associations, student and leadership groups, publishers, the UN and
businesses (PRME 2017a).

There are 5 main areas of impact. These are:

• “Harmonising a unifying, universal framework of Principles to transform
management education

• Expanding the dialogue in higher education to include concepts of sustain-
ability, responsibility and ethics

• Elevating sustainability and purpose as a strategic priority for higher education
institutions

• Amplifying global values through local and regional networks
• Communicating UN values and goals as opportunities for higher education

institutions” (PRME 2017a, p. 2).

What is really interesting, according to Haertle and Kongstad (2014) are that when
businesses were asked to rank their global sustainability challenges, they cited edu-
cation as the number one challenge at 63%. When asked where companies can have
the most positive impact, the survey showed that education again came at 59% in
second place, with growth and employment taking the number one position at 83%.

9.1 PRME in Business

The critical link between public sector engagement and private sector is needed to
support the full potential of the relationship with the UN and the other organisations
(Cogan and Johnstone 2015). In the recent financial crises in 2009, business schools
were seen to be responsible for failing to systemically and critically discuss issues
of executive incentive programmes, leading to a lack of ethical underpinnings in
training students and therefore instilling in graduates these attributes in their pro-
fessional lives Rasche and Escudero (2010). Other authors such as Horwitz and
Grayson call for ‘the business of business is sustainable business’ (Horwitz and
Grayson 2010, p. 29).
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Business education often rely on case studies to illustrate and support learning
outcomes. A business case study supports education of students and explores the
actual situation where a decision was taken, or a challenge or opportunity explored.
It also provides a problem or an issue faced by a person (or persons) in an organi-
zation. Case studies contain relevant data about the issue available to the key person
in the case, plus background information about the organization, the outcomes and
the impact of the outcomes. Ivey (2011) notes that case studies, essential for business
education, provided 250 cases for study in the ivey website (www.iveycases.com)
by December 2011. Today, nearly 6 years on the website boasts 34,000 cases.

9.2 Principles of PRME

“The mission of PRME is to transform management education, research and
thought leadership globally by providing the Principles for Responsible
Management Education framework, developing learning communities and pro-
moting awareness about the United Nations’ Sustainable Development Goals”
(PRME 2017b). PRME therefore, focuses on management education. The tag line
for PRME is: Developing the responsible leaders for tomorrow.

The six principles of PRME are (PRME 2017c):

“Principle 1 | Purpose: We will develop the capabilities of students to be future
generators of sustainable value for business and society at large and to work for an
inclusive and sustainable global economy.
Principle 2 | Values: We will incorporate into our academic activities and curricula
the values of global social responsibility as portrayed in international initiatives
such as the United Nations Global Compact.
Principle 3 | Method: We will create educational frameworks, materials, processes
and environments that enable effective learning experiences for responsible
leadership.
Principle 4 | Research: We will engage in conceptual and empirical research that
advances our understanding about the role, dynamics, and impact of corporations in
the creation of sustainable social, environmental and economic value.
Principle 5 | Partnership: We will interact with managers of business corporations to
extend our knowledge of their challenges in meeting social and environmental
responsibilities and to explore jointly effective approaches to meeting these
challenges.
Principle 6 | Dialogue: We will facilitate and support dialog and debate among
educators, students, business, government, consumers, media, civil society organ-
isations and other interested groups and stakeholders on critical issues related to
global social responsibility and sustainability”.

PRME provides an opportunity to exchange ideas and best practices, while also
being able to stimulate and guide a school’s development of responsible management
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education. While the principles of PRME can be seen as guiding frameworks; they are
still open enough to allow educational institutions to demonstrate sustainability out-
comes regardless of the context they operate in. PRME acknowledges that the six
principles offer contextualisation and innovative meaning, based on reflections and
peer-peer discussions for each of the educational institutions. Unlike a membership
organisation,PRMEprovides a platform for innovation, experimentation, learning from
mistakes, learning from each other and supporting sustainability outcomes both within
the organisation, that is, the universities and the wider socio-economic environment.

Stachowicz-Stanusch (2011) undertook a desk top study of 115 PRME reports
by examining their organisational practices presented in the reports under each of
the PRME principles. The author’s report summarised general approaches to
integration of PRME and developing a set of criteria to integrate each of the
Principles of PRME into academia. General information included organisational
commitments from the senior executives in the form of statements, mission/vision,
core values and support into the future. Each of the principles were then examined
to see what criteria arose. These included both student initiatives and curricular
solutions. Included in student initiatives were clubs and organisations, participation
in relevant conferences and through curriculum were case studies, team projects,
projects from a company espousing sustainable values for business and society.
Principle 2 on values focused on values in strategy and values in code of conduct/
ethics and included criteria focusing on curricular content such as ethics/CSR in
curriculum, legal responsibility, fiscal issues, environmental issues, internships/
practicum and special programs for MBAs.

Principle 3 on Methods for effective learning included criteria on institutional
solutions with a focus on a person or unit responsible for responsible management
education, procedures and norms connected with social responsibility and imple-
mented within educational process; evaluation through surveys, reviews, indicators,
etc.; infrastructures through both physical and non physical assets focusing on
responsible management; educational practices dealing with conferences, seminars,
symposia, discussions as educational practice, e-learning andwebinars and study tours.

Principle 4 on research focuses on internal support and research results. Internal
support includes research units focused on ethics/responsibility, financial and in-kind
support for research teams and research projects and ethics as part of the research
agenda/plans. Research results includes publications and conference presentations,
awards for research activity and currently conducted research on ethics/responsibility.

Principle 5 on partnerships supports unit or person responsible for contact with
stakeholders, partnership with businesses, for example, through joint projects with
business, partnership with science and other schools, partnership with local gov-
ernment such as educating officials and joint projects, partnerships with students
including student exchange and partnership with other organisations such as pro-
jects with NGOs.

Principle 6: Dialogue, include communication channels such as symposia,
conferences, seminars, reports, newsletters, websites and such other channels of
communication. In addition, examples of best practice may be supported such as
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use of renewable energy, responsible HR practices, contribution to society and
other examples of best practice.

Alongside the development of PRME, HESI also needs to be acknowledged.
HESI: Higher Education Sustainability Initiative is a partnership between United
Nations Department of Economic and Social Affairs, UNESCO, UN Environment,
UN Global Compact’s Principles for Responsible Management Education (PRME)
initiative, United Nations University, UN Habitat and UNCTAD. It was created in
2012 leading up toRio+20.HESI commits to teach sustainable development across all
disciplines of study, encourage research and dissemination of sustainable develop-
ment knowledge, green campuses and support local sustainability efforts, and engage
and share information with international networks. Through its strong connections
with the UN, it was meant to provide a unique interface between higher education,
science, and policy making (HESI 2017). HESI includes integrating the SDGs into
sustainability strategies, research, teaching, pedagogy, and campus practices to
position higher education institutions as key drivers for achieving the SDGs.

10 Discussions

As can be seen from the remit of the various organisations described in the previous
sections, there are linkages to education and sustainable development through a
number of global initiatives, primarily led by the UN or supported by the UN and
its various agencies.

The UNDESD, set up after Rio+20 in 2012 recognised the role of education in
sustainable development and focused on setting up sustainability at all levels of
education from primary, through to tertiary. It did not have any formal links with
any universities. While the GAP has particular areas of focus; girls and women,
small island developing states and Africa; and brings in wider partnerships as well
as integrating sustainability principles into education and training settings including
capacity building for educators and trainers, and involving youth, it does not have
any formal links with guiding and supporting curricular change. It also focuses on
community engagement and has an urban focus.

IUSDRP, works along similar lines to the GAP but brings in research as an
integral part of sustainable development—increasing research in the field of sus-
tainable development through growing research income, publications, Ph.D. stu-
dents and enhancing institutional profiles. While information exchange and
curriculum development is part of their agenda, again, there are no formal links and
networks specifically created for supporting curriculum.

ACTS is the equivalent of the American and UK associations supporting the
advancement of sustainability in higher education in Australia and the Asia Pacific
region. While this organisation also supports teaching and research in higher
educational institutions, it does not have any prescribed responsibilities for
engaging in curricula or student learning outcomes.
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The 10YFP’s range of programmes arise from the foundation of sustainable
consumption and production patterns, aligned with SDG 12. The SLE programme
focuses on formal education across all years of schooling into the higher education
sector. The SBC programme while not having formal engagement with the edu-
cation sector contains research and academic institutions as part of their member-
ship through the lead/co lead and multistakeholder advisory committee
membership. The SBC programme supports and encourages knowledge sharing
through every available means possible.

The SDGs are a more recent addition to the plethora of global frameworks
available. The role of built environment particularly urban environments and
education are encapsulated in Goals 4, 7, 9, 11, 12, 13 and 17. In tandem with the
SDGs, the NUA brings a greater focus to cities and urban settlements. They are set
within the context of partnerships as being the foundation for inclusion, innovation
and integration for achieving a shared vision of sustainable development.

PRME is obviously a success story with humble beginings but quite formidable
in a decade since its development. While the body that set up and promoted the
development of PRME is the UN Global Compact, today, PRME has its own board
with its own curricular imperatives, focused on building further and expanding the
dialogue in higher education to include the concepts of sustainability, responsibility
and ethics in the business world. Taking a leaf from business and management
academic education, a parallel for the built environment may be drawn.

Built environment disciplines are many, and most of the disciplines tend to focus
on technical competence rather than focusing on ethical discussions in the class-
room from a sustainability perspective. As Haertle and Kongstad (2014) note, even
though 65% of UNGC signatory companies have developed sustainability strategies
at the CEO level, only 35% of the survey respondents train managers to integrate
sustainability into strategy and operations and just 21% incorporate sustainability
criteria into employee performance assessments. Sixty percent of companies are
disclosing their sustainability policies and practices publicly, but very few include
details. The same is true with reducing environmental impacts. Sixty six percent of
companies have installed and implement environmental management systems
(EMS) while 54% monitor their environmental performance and 38% report on
their emissions. Therefore, the gap between action and intent is still there. This is
even more pronounced in the built environment. There is a gap between design and
intent of green buildings and performance of green buildings.

Higher Education Institutions do not exist in isolaton. They are part of a larger
network of organisations that interact and develop with each other. From this
perspective, PRME can be viewed as a ‘well-defined set of concepts and more of a
movement to engage students, managers, scholars and teachers in the type of
inquiry and learning that aims for a larger vision’ (PRME 2017a, p. 4). If this
thinking was extended to the built environment, it aligns with both the SDGs and
the NUA. Recent developments on the global scale provide a clear structure to
engage with the six PRME Principles. SDG 4 is about quality education, and SDGs
7, 8, 9, 11 and 12 are all linked to the built environment. They offer a clear direction
to achieve the outcomes in the near future.
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The development of student engagement through the PRME SDG student engage-
ment platform creates new avenues for students to critically engagewith businesses and
the UN around sustainability challenges. This offers a direct parallel opportunity for
students in the built environment to also engage and support such platforms.

A parallel process to PRME in the built environment may be called PRUE:
Principles for Responsible Urban built environment Education. It may be set up in
the same way as PRME was 10 years ago, with support from industry organisa-
tions, peak industry bodies, universities and student bodies. This will ensure that the
objective of developing and delivering the skills for future city design, planning,
operation and governance are skills that graduates entering the urban professions of
the future will have. This tri partite partnership will ensure that cutting edge and
best practice knowledge will be brought into the classrooms; for industry, the value
is in graduates with up to date knowledge and skills so there is no need to retrain the
graduates when they enter the work force (and therefore cost savings will be
achieved); and for international organisations, there is already a value in a coherent
platform to implement/operationalise SDGs and the NUA and support collabora-
tion. PRUE may operate under the tag line of Developing responsible built envi-
ronment practitioners for tomorrow.

Organisations such as RICS (Royal Institute of Chartered Surveyors) who have
supported the development of PRME and who operate in the built environment
landscape would be critical players. The outputs, should such a partnership emerge
would focus initially on preparation of fact sheets, research papers and case studies to
be included in teaching and research. Some of thesemay also be developed asMOOC:
Massive Open Online Courses, so that intellectual property is shared and not in the
hands of only a few and outcomes of the impact shared by all. It is also essential that
the development of in-context case studies for specific countries are also set up.

11 Conclusions

The literature on sustainable development teaching and learning, and outputs for the
built environment demonstrates there are gaps between commitment and action.
There are no shortages or lack of ideas in the intent to support low carbon futures at
national and international levels. In fact, if anything, the timelines for international
treaties and agendas on sustainable development have been set up with even shorter
time spans over the last few years, and particularly since the Paris Accord in 2015.
Urgency towards such international targets have put pressures on various countries
to make concerted efforts to meeting the set targets.

The gap between action and intent with regard to achieving sustainability out-
comes in the built environment will continue despite the emergence of global
agendas such as the SDGs and the NUA. These gaps are in real danger of becoming
even more wider and deeper, and more urgent and critical as we fail to meet our
international targets with regard to low carbon futures. However, there is a long road
to be traversed to translate ideas into reality and even more to mainstream industry
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knowledge, curricula and capacities to support sustainability outcomes in the built
environment. The role of education in bringing the importance of such targets to
current and future built environmental professionals is more urgent, now than ever.

PRUE offers an opportunity for supporting sustainability into the built envi-
ronment programs in universities. It offers practical solution to skill up the built
environment professional workforce, especially those working in an urban context
and to encourage higher levels of best practice sharing in higher education. It arms
these practitioners whether involved in city governance and planning, urban
development, or urban design, to be able to cope with rapid economic change,
technology change, social change, urban growth, climate change, resilience and
adaptation and provide them the nous to be able to practice ethically and sustain-
ably. PRUE will enable these practitioners to develop competences and practices
around environmental knowledge, principles of social equity, and good governance.

Appendix

SDGs directly linked to built environment

SDGs indirectly linked to built environment

Final list of proposed Sustainable Development Goal indicatorsa

Sustainable Development Goal indicators should be disaggregated, where relevant, by income,
sex, age, race, ethnicity, migratory status, disability and geographic location, or other
characteristics, in accordance with the Fundamental Principles of Official Statistics (General
Assembly resolution 68/261)

Goals and targets (from the 2030 Agenda) Indicators

Goal 1. End poverty in all its forms everywhere

1.1 By 2030, eradicate extreme poverty for all
people everywhere, currently measured as
people living on less than $1.25 a day

1.1.1 Proportion of population below the
international poverty line, by sex, age,
employment status and geographical location
(urban/rural)

1.2 By 2030, reduce at least by half the
proportion of men, women and children of all
ages living in poverty in all its dimensions
according to national definitions

1.2.1 Proportion of population living below
the national poverty line, by sex and age

1.2.2 Proportion of men, women and children
of all ages living in poverty in all its
dimensions according to national definitions

1.3 Implement nationally appropriate social
protection systems and measures for all,
including floors, and by 2030 achieve
substantial coverage of the poor and the
vulnerable

1.3.1 Proportion of population covered by
social protection floors/systems, by sex,
distinguishing children, unemployed persons,
older persons, persons with disabilities,
pregnant women, newborns, work-injury
victims and the poor and the vulnerable

1.4 By 2030, ensure that all men and women,
in particular the poor and the vulnerable, have

1.4.1 Proportion of population living in
households with access to basic services

(continued)
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(continued)

equal rights to economic resources, as well as
access to basic services, ownership and
control over land and other forms of property,
inheritance, natural resources, appropriate
new technology and financial services,
including microfinance

1.4.2 Proportion of total adult population with
secure tenure rights to land, with legally
recognized documentation and who perceive
their rights to land as secure, by sex and by
type of tenure

1.5 By 2030, build the resilience of the poor
and those in vulnerable situations and reduce
their exposure and vulnerability to
climate-related extreme events and other
economic, social and environmental shocks
and disasters

1.5.1 Number of deaths, missing persons and
persons affected by disaster per 100,000
people

1.5.2 Direct disaster economic loss in relation
to global gross domestic product (GDP)b

1.5.3 Number of countries with national and
local disaster risk reduction strategies

1.a Ensure significant mobilization of
resources from a variety of sources, including
through enhanced development cooperation,
in order to provide adequate and predictable
means for developing countries, in particular
least developed countries, to implement
programmes and policies to end poverty in all
its dimensions

1.a.1 Proportion of resources allocated by the
government directly to poverty reduction
programmes

1.a.2 Proportion of total government
spending on essential services (education,
health and social protection)

1.b Create sound policy frameworks at the
national, regional and international levels,
based on pro-poor and gender-sensitive
development strategies, to support accelerated
investment in poverty eradication actions

1.b.1 Proportion of government recurrent and
capital spending to sectors that
disproportionately benefit women, the poor
and vulnerable groups

Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable
agriculture

2.1 By 2030, end hunger and ensure access
by all people, in particular the poor and
people in vulnerable situations, including
infants, to safe, nutritious and sufficient food
all year round

2.1.1 Prevalence of undernourishment

2.1.2 Prevalence of moderate or severe food
insecurity in the population, based on the
Food Insecurity Experience Scale (FIES)

2.2 By 2030, end all forms of malnutrition,
including achieving, by 2025, the
internationally agreed targets on stunting and
wasting in children under 5 years of age, and
address the nutritional needs of adolescent
girls, pregnant and lactating women and older
persons

2.2.1 Prevalence of stunting (height for age <
2 standard deviation from the median of the

World Health Organization (WHO) Child
Growth Standards) among children under
5 years of age

2.2.2 Prevalence of malnutrition (weight for
height >+2 or < 2 standard deviation from
the median of the WHO Child Growth
Standards) among children under 5 years of
age, by type (wasting and overweight)

2.3 By 2030, double the agricultural
productivity and incomes of small-scale food
producers, in particular women, indigenous

2.3.1 Volume of production per labour unit
by classes of farming/pastoral/forestry
enterprise size

(continued)
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(continued)

peoples, family farmers, pastoralists and
fishers, including through secure and equal
access to land, other productive resources and
inputs, knowledge, financial services, markets
and opportunities for value addition and
non-farm employment

2.3.2 Average income of small-scale food
producers, by sex and indigenous status

2.4 By 2030, ensure sustainable food
production systems and implement resilient
agricultural practices that increase
productivity and production, that help
maintain ecosystems, that strengthen capacity
for adaptation to climate change, extreme
weather, drought, flooding and other disasters
and that progressively improve land and soil
quality

2.4.1 Proportion of agricultural area under
productive and sustainable agriculture

2.5 By 2020, maintain the genetic diversity of
seeds, cultivated plants and farmed and
domesticated animals and their related wild
species, including through soundly managed
and diversified seed and plant banks at the
national, regional and international levels,
and promote access to and fair and equitable
sharing of benefits arising from the utilization
of genetic resources and associated traditional
knowledge, as internationally agreed

2.5.1 Number of plant and animal genetic
resources for food and agriculture secured in
either medium or long-term conservation
facilities

2.5.2 Proportion of local breeds classified as
being at risk, not-at-risk or at unknown level
of risk of extinction

2.a Increase investment, including through
enhanced international cooperation, in rural
infrastructure, agricultural research and
extension services, technology development
and plant and livestock gene banks in order to
enhance agricultural productive capacity in
developing countries, in particular least
developed countries

2.a.1 The agriculture orientation index for
government expenditures

2.a.2 Total official flows (official
development assistance plus other official
flows) to the agriculture sector

2.b Correct and prevent trade restrictions and
distortions in world agricultural markets,
including through the parallel elimination of
all forms of agricultural export subsidies and
all export measures with equivalent effect, in
accordance with the mandate of the Doha
Development Round

2.b.1 Producer Support Estimate

2.b.2 Agricultural export subsidies

2.c Adopt measures to ensure the proper
functioning of food commodity markets and
their derivatives and facilitate timely access
to market information, including on food
reserves, in order to help limit extreme food
price volatility

2.c.1 Indicator of food price anomalies
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Goal 3. Ensure healthy lives and promote well-being for all at all ages

3.1 By 2030, reduce the global maternal
mortality ratio to less than 70 per 100,000
live births

3.1.1 Maternal mortality ratio

3.1.2 Proportion of births attended by skilled
health personnel

3.2 By 2030, end preventable deaths of
newborns and children under 5 years of age,
with all countries aiming to reduce neonatal
mortality to at least as low as 12 per 1000 live
births and under-5 mortality to at least as low
as 25 per 1000 live births

3.2.1 Under-five mortality rate

3.2.2 Neonatal mortality rate

3.3 By 2030, end the epidemics of AIDS,
tuberculosis, malaria and neglected tropical
diseases and combat hepatitis, water-borne
diseases and other communicable diseases

3.3.1 Number of new HIV infections per
1000 uninfected population, by sex, age and
key populations

3.3.2 Tuberculosis incidence per 1000
population

3.3.3 Malaria incidence per 1000 population

3.3.4 Hepatitis B incidence per 100,000
population

3.3.5 Number of people requiring
interventions against neglected tropical
diseases

3.4 By 2030, reduce by one third premature
mortality from non-communicable diseases
through prevention and treatment and
promote mental health and well-being

3.4.1 Mortality rate attributed to
cardiovascular disease, cancer, diabetes or
chronic respiratory disease

3.4.2 Suicide mortality rate

3.5 Strengthen the prevention and treatment
of substance abuse, including narcotic drug
abuse and harmful use of alcohol

3.5.1 Coverage of treatment interventions
(pharmacological, psychosocial and
rehabilitation and aftercare services) for
substance use disorders

3.5.2 Harmful use of alcohol, defined
according to the national context as alcohol
per capita consumption (aged 15 years and
older) within a calendar year in litres of pure
alcohol

3.6 By 2020, halve the number of global
deaths and injuries from road traffic accidents

3.6.1 Death rate due to road traffic injuries

3.7 By 2030, ensure universal access to
sexual and reproductive health-care services,
including for family planning, information
and education, and the integration of
reproductive health into national strategies
and programmes

3.7.1 Proportion of women of reproductive
age (aged 15–49 years) who have their need
for family planning satisfied with modern
methods

3.7.2 Adolescent birth rate (aged 10–
14 years; aged 15–19 years) per 1000 women
in that age group
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3.8 Achieve universal health coverage,
including financial risk protection, access to
quality essential health-care services and
access to safe, effective, quality and
affordable essential medicines and vaccines
for all

3.8.1 Coverage of essential health services
(defined as the average coverage of essential
services based on tracer interventions that
include reproductive, maternal, newborn and
child health, infectious diseases,
non-communicable diseases and service
capacity and access, among the general and
the most disadvantaged population)

3.8.2 Number of people covered by health
insurance or a public health system per 1000
population

3.9 By 2030, substantially reduce the number
of deaths and illnesses from hazardous
chemicals and air, water and soil pollution
and contamination

3.9.1 Mortality rate attributed to household
and ambient air pollution

3.9.2 Mortality rate attributed to unsafe water,
unsafe sanitation and lack of hygiene
(exposure to unsafe Water, Sanitation and
Hygiene for All (WASH) services)

3.9.3 Mortality rate attributed to unintentional
poisoning

3.a Strengthen the implementation of the
World Health Organization Framework
Convention on Tobacco Control in all
countries, as appropriate

3.a.1 Age-standardized prevalence of current
tobacco use among persons aged 15 years
and older

3.b Support the research and development of
vaccines and medicines for the
communicable and non-communicable
diseases that primarily affect developing
countries, provide access to affordable
essential medicines and vaccines, in
accordance with the Doha Declaration on the
TRIPS Agreement and Public Health, which
affirms the right of developing countries to
use to the full the provisions in the
Agreement on Trade-Related Aspects of
Intellectual Property Rights regarding
flexibilities to protect public health, and, in
particular, provide access to medicines for all

3.b.1 Proportion of the population with access
to affordable medicines and vaccines on a
sustainable basis

3.b.2 Total net official development
assistance to medical research and basic
health sectors

3.c Substantially increase health financing
and the recruitment, development, training
and retention of the health workforce in
developing countries, especially in least
developed countries and small island
developing States

3.c.1 Health worker density and distribution

(continued)

Resetting the Compass: Principles for Responsible Urban Built … 53

usha.iyer-raniga@rmit.edu.au



(continued)

3.d Strengthen the capacity of all countries, in
particular developing countries, for early
warning, risk reduction and management of
national and global health risks

3.d.1 International Health Regulations
(IHR) capacity and health emergency
preparedness

Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all

4.1 By 2030, ensure that all girls and boys
complete free, equitable and quality primary
and secondary education leading to relevant
and effective learning outcomes

4.1.1 Proportion of children and young
people: (a) in grades 2/3; (b) at the end of
primary; and (c) at the end of lower
secondary achieving at least a minimum
proficiency level in (i) reading and
(ii) mathematics, by sex

4.2 By 2030, ensure that all girls and boys
have access to quality early childhood
development, care and pre-primary education
so that they are ready for primary education

4.2.1 Proportion of children under 5 years of
age who are developmentally on track in
health, learning and psychosocial well-being,
by sex

4.2.2 Participation rate in organized learning
(one year before the official primary entry
age), by sex

4.3 By 2030, ensure equal access for all
women and men to affordable and quality
technical, vocational and tertiary education,
including university

4.3.1 Participation rate of youth and adults in
formal and non-formal education and training
in the previous 12 months, by sex

4.4 By 2030, substantially increase the
number of youth and adults who have
relevant skills, including technical and
vocational skills, for employment, decent
jobs and entrepreneurship

4.4.1 Proportion of youth and adults with
information and communications technology
(ICT) skills, by type of skill

4.5 By 2030, eliminate gender disparities in
education and ensure equal access to all
levels of education and vocational training for
the vulnerable, including persons with
disabilities, indigenous peoples and children
in vulnerable situations

4.5.1 Parity indices (female/male, rural/urban,
bottom/top wealth quintile and others such as
disability status, indigenous peoples and
conflict-affected, as data become available)
for all education indicators on this list that
can be disaggregated

4.6 By 2030, ensure that all youth and a
substantial proportion of adults, both men and
women, achieve literacy and numeracy

4.6.1 Percentage of population in a given age
group achieving at least a fixed level of
proficiency in functional (a) literacy and
(b) numeracy skills, by sex
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4.7 By 2030, ensure that all learners acquire
the knowledge and skills needed to promote
sustainable development, including, among
others, through education for sustainable
development and sustainable lifestyles,
human rights, gender equality, promotion of a
culture of peace and non-violence, global
citizenship and appreciation of cultural
diversity and of culture’s contribution to
sustainable development

4.7.1 Extent to which (i) global citizenship
education and (ii) education for sustainable
development, including gender equality and
human rights, are mainstreamed at all levels
in: (a) national education policies,
(b) curricula, (c) teacher education and
(d) student assessment

4.a Build and upgrade education facilities that
are child, disability and gender sensitive and
provide safe, non-violent, inclusive and
effective learning environments for all

4.a.1 Proportion of schools with access to:
(a) electricity; (b) the Internet for pedagogical
purposes; (c) computers for pedagogical
purposes; (d) adapted infrastructure and
materials for students with disabilities;
(e) basic drinking water; (f) single-sex basic
sanitation facilities; and (g) basic
handwashing facilities (as per the WASH
indicator definitions)

4.b By 2020, substantially expand globally
the number of scholarships available to
developing countries, in particular least
developed countries, small island developing
States and African countries, for enrolment in
higher education, including vocational
training and information and communications
technology, technical, engineering and
scientific programmes, in developed countries
and other developing countries

4.b.1 Volume of official development
assistance flows for scholarships by sector
and type of study

4.c By 2030, substantially increase the supply
of qualified teachers, including through
international cooperation for teacher training
in developing countries, especially least
developed countries and small island
developing States

4.c.1 Proportion of teachers in:
(a) pre-primary; (b) primary; (c) lower
secondary; and (d) upper secondary education
who have received at least the minimum
organized teacher training (e.g. pedagogical
training) pre-service or in-service required for
teaching at the relevant level in a given
country

Goal 5. Achieve gender equality and empower all women and girls

5.1 End all forms of discrimination against all
women and girls everywhere

5.1.1 Whether or not legal frameworks are in
place to promote, enforce and monitor
equality and non-discrimination on the basis
of sex
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5.2 Eliminate all forms of violence against all
women and girls in the public and private
spheres, including trafficking and sexual and
other types of exploitation

5.2.1 Proportion of ever-partnered women
and girls aged 15 years and older subjected to
physical, sexual or psychological violence by
a current or former intimate partner in the
previous 12 months, by form of violence and
by age

5.2.2 Proportion of women and girls aged
15 years and older subjected to sexual
violence by persons other than an intimate
partner in the previous 12 months, by age and
place of occurrence

5.3 Eliminate all harmful practices, such as
child, early and forced marriage and female
genital mutilation

5.3.1 Proportion of women aged 20–24 years
who were married or in a union before age 15
and before age 18

5.3.2 Proportion of girls and women aged 15–
49 years who have undergone female genital
mutilation/cutting, by age

5.4 Recognize and value unpaid care and
domestic work through the provision of
public services, infrastructure and social
protection policies and the promotion of
shared responsibility within the household
and the family as nationally appropriate

5.4.1 Proportion of time spent on unpaid
domestic and care work, by sex, age and
location

5.5 Ensure women’s full and effective
participation and equal opportunities for
leadership at all levels of decision-making in
political, economic and public life

5.5.1 Proportion of seats held by women in
national parliaments and local governments

5.5.2 Proportion of women in managerial
positions

5.6 Ensure universal access to sexual and
reproductive health and reproductive rights as
agreed in accordance with the Programme of
Action of the International Conference on
Population and Development and the Beijing
Platform for Action and the outcome
documents of their review conferences

5.6.1 Proportion of women aged 15–49 years
who make their own informed decisions
regarding sexual relations, contraceptive use
and reproductive health care

5.6.2 Number of countries with laws and
regulations that guarantee women aged 15–
49 years access to sexual and reproductive
health care, information and education

5.a Undertake reforms to give women equal
rights to economic resources, as well as
access to ownership and control over land and
other forms of property, financial services,
inheritance and natural resources, in
accordance with national laws

5.a.1 (a) Proportion of total agricultural
population with ownership or secure rights
over agricultural land, by sex; and (b) share
of women among owners or rights-bearers of
agricultural land, by type of tenure

5.a.2 Proportion of countries where the legal
framework (including customary law)
guarantees women’s equal rights to land
ownership and/or control
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5.b Enhance the use of enabling technology,
in particular information and communications
technology, to promote the empowerment of
women

5.b.1 Proportion of individuals who own a
mobile telephone, by sex

5.c Adopt and strengthen sound policies and
enforceable legislation for the promotion of
gender equality and the empowerment of all
women and girls at all levels

5.c.1 Proportion of countries with systems to
track and make public allocations for gender
equality and women’s empowerment

Goal 6. Ensure availability and sustainable management of water and sanitation for all

6.1 By 2030, achieve universal and equitable
access to safe and affordable drinking water
for all

6.1.1 Proportion of population using safely
managed drinking water services

6.2 By 2030, achieve access to adequate and
equitable sanitation and hygiene for all and
end open defecation, paying special attention
to the needs of women and girls and those in
vulnerable situations

6.2.1 Proportion of population using safely
managed sanitation services, including a
hand-washing facility with soap and water

6.3 By 2030, improve water quality by
reducing pollution, eliminating dumping and
minimizing release of hazardous chemicals
and materials, halving the proportion of
untreated wastewater and substantially
increasing recycling and safe reuse globally

6.3.1 Proportion of wastewater safely treated

6.3.2 Proportion of bodies of water with good
ambient water quality

6.4 By 2030, substantially increase water-use
efficiency across all sectors and ensure
sustainable withdrawals and supply of
freshwater to address water scarcity and
substantially reduce the number of people
suffering from water scarcity

6.4.1 Change in water-use efficiency over
time

6.4.2 Level of water stress: freshwater
withdrawal as a proportion of available
freshwater resources

6.5 By 2030, implement integrated water
resources management at all levels, including
through transboundary cooperation as
appropriate

6.5.1 Degree of integrated water resources
management implementation (0–100)

6.5.2 Proportion of transboundary basin area
with an operational arrangement for water
cooperation

6.6 By 2020, protect and restore water-related
ecosystems, including mountains, forests,
wetlands, rivers, aquifers and lakes

6.6.1 Change in the extent of water-related
ecosystems over time

6.a By 2030, expand international
cooperation and capacity-building support to
developing countries in water- and
sanitation-related activities and programmes,
including water harvesting, desalination,
water efficiency, wastewater treatment,
recycling and reuse technologies

6.a.1 Amount of water- and sanitation-related
official development assistance that is part of
a government-coordinated spending plan

(continued)

Resetting the Compass: Principles for Responsible Urban Built … 57

usha.iyer-raniga@rmit.edu.au



(continued)

6.b Support and strengthen the participation
of local communities in improving water and
sanitation management

6.b.1 Proportion of local administrative units
with established and operational policies and
procedures for participation of local
communities in water and sanitation
management

Goal 7. Ensure access to affordable, reliable, sustainable and modern energy for all

7.1 By 2030, ensure universal access to
affordable, reliable and modern energy
services

7.1.1 Proportion of population with access to
electricity

7.1.2 Proportion of population with primary
reliance on clean fuels and technology

7.2 By 2030, increase substantially the share
of renewable energy in the global energy mix

7.2.1 Renewable energy share in the total
final energy consumption

7.3 By 2030, double the global rate of
improvement in energy efficiency

7.3.1 Energy intensity measured in terms of
primary energy and GDP

7.a By 2030, enhance international
cooperation to facilitate access to clean
energy research and technology, including
renewable energy, energy efficiency and
advanced and cleaner fossil-fuel technology,
and promote investment in energy
infrastructure and clean energy technology

7.a.1 Mobilized amount of United States
dollars per year starting in 2020 accountable
towards the $100 billion commitment

7.b By 2030, expand infrastructure and
upgrade technology for supplying modern
and sustainable energy services for all in
developing countries, in particular least
developed countries, small island developing
States and landlocked developing countries,
in accordance with their respective
programmes of support

7.b.1 Investments in energy efficiency as a
percentage of GDP and the amount of foreign
direct investment in financial transfer for
infrastructure and technology to sustainable
development services

Goal 8. Promote sustained, inclusive and sustainable economic growth, full and productive
employment and decent work for all

8.1 Sustain per capita economic growth in
accordance with national circumstances and,
in particular, at least 7% gross domestic
product growth per annum in the least
developed countries

8.1.1 Annual growth rate of real GDP per
capita

8.2 Achieve higher levels of economic
productivity through diversification,
technological upgrading and innovation,
including through a focus on high-value
added and labour-intensive sectors

8.2.1 Annual growth rate of real GDP per
employed person
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8.3 Promote development-oriented policies
that support productive activities, decent job
creation, entrepreneurship, creativity and
innovation, and encourage the formalization
and growth of micro-, small- and
medium-sized enterprises, including through
access to financial services

8.3.1 Proportion of informal employment in
non-agriculture employment, by sex

8.4 Improve progressively, through 2030,
global resource efficiency in consumption and
production and endeavour to decouple
economic growth from environmental
degradation, in accordance with the 10-Year
Framework of Programmes on Sustainable
Consumption and Production, with developed
countries taking the lead

8.4.1 Material footprint, material footprint per
capita, and material footprint per GDP

8.4.2 Domestic material consumption,
domestic material consumption per capita,
and domestic material consumption per GDP

8.5 By 2030, achieve full and productive
employment and decent work for all women
and men, including for young people and
persons with disabilities, and equal pay for
work of equal value

8.5.1 Average hourly earnings of female and
male employees, by occupation, age and
persons with disabilities

8.5.2 Unemployment rate, by sex, age and
persons with disabilities

8.6 By 2020, substantially reduce the
proportion of youth not in employment,
education or training

8.6.1 Proportion of youth (aged 15–24 years)
not in education, employment or training

8.7 Take immediate and effective measures to
eradicate forced labour, end modern slavery
and human trafficking and secure the
prohibition and elimination of the worst
forms of child labour, including recruitment
and use of child soldiers, and by 2025 end
child labour in all its forms

8.7.1 Proportion and number of children aged
5–17 years engaged in child labour, by sex
and age

8.8 Protect labour rights and promote safe
and secure working environments for all
workers, including migrant workers, in
particular women migrants, and those in
precarious employment

8.8.1 Frequency rates of fatal and non-fatal
occupational injuries, by sex and migrant
status

8.8.2 Increase in national compliance of
labour rights (freedom of association and
collective bargaining) based on International
Labour Organization (ILO) textual sources
and national legislation, by sex and migrant
status

8.9 By 2030, devise and implement policies
to promote sustainable tourism that creates
jobs and promotes local culture and products

8.9.1 Tourism direct GDP as a proportion of
total GDP and in growth rate

8.9.2 Number of jobs in tourism industries as
a proportion of total jobs and growth rate of
jobs, by sex
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8.10 Strengthen the capacity of domestic
financial institutions to encourage and expand
access to banking, insurance and financial
services for all

8.10.1 Number of commercial bank branches
and automated teller machines (ATMs) per
100,000 adults

8.10.2 Proportion of adults (15 years and
older) with an account at a bank or other
financial institution or with a
mobile-money-service provider

8.a Increase Aid for Trade support for
developing countries, in particular least
developed countries, including through the
Enhanced Integrated Framework for
Trade-related Technical Assistance to Least
Developed Countries

8.a.1 Aid for Trade commitments and
disbursements

8.b By 2020, develop and operationalize a
global strategy for youth employment and
implement the Global Jobs Pact of the
International Labour Organization

8.b.1 Total government spending in social
protection and employment programmes as a
proportion of the national budgets and GDP

Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrialization and
foster innovation

9.1 Develop quality, reliable, sustainable and
resilient infrastructure, including regional and
trans-border infrastructure, to support
economic development and human
well-being, with a focus on affordable and
equitable access for all

9.1.1 Proportion of the rural population who
live within 2 km of an all-season road

9.1.2 Passenger and freight volumes, by
mode of transport

9.2 Promote inclusive and sustainable
industrialization and, by 2030, significantly
raise industry’s share of employment and
gross domestic product, in line with national
circumstances, and double its share in least
developed countries

9.2.1 Manufacturing value added as a
proportion of GDP and per capita

9.2.2 Manufacturing employment as a
proportion of total employment

9.3 Increase the access of small-scale
industrial and other enterprises, in particular
in developing countries, to financial services,
including affordable credit, and their
integration into value chains and markets

9.3.1 Proportion of small-scale industries in
total industry value added

9.3.2 Proportion of small-scale industries
with a loan or line of credit

9.4 By 2030, upgrade infrastructure and
retrofit industries to make them sustainable,
with increased resource-use efficiency and
greater adoption of clean and
environmentally sound technologies and
industrial processes, with all countries taking
action in accordance with their respective
capabilities

9.4.1 CO2 emission per unit of value added
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9.5 Enhance scientific research, upgrade the
technological capabilities of industrial sectors
in all countries, in particular developing
countries, including, by 2030, encouraging
innovation and substantially increasing the
number of research and development workers
per 1 million people and public and private
research and development spending

9.5.1 Research and development expenditure
as a proportion of GDP

9.5.2 Researchers (in full-time equivalent) per
million inhabitants

9.a Facilitate sustainable and resilient
infrastructure development in developing
countries through enhanced financial,
technological and technical support to
African countries, least developed countries,
landlocked developing countries and small
island developing States

9.a.1 Total official international support
(official development assistance plus other
official flows) to infrastructure

9.b Support domestic technology
development, research and innovation in
developing countries, including by ensuring a
conducive policy environment for, inter alia,
industrial diversification and value addition to
commodities

9.b.1 Proportion of medium and high-tech
industry value added in total value added

9.c Significantly increase access to
information and communications technology
and strive to provide universal and affordable
access to the Internet in least developed
countries by 2020

9.c.1 Proportion of population covered by a
mobile network, by technology

Goal 10. Reduce inequality within and among countries

10.1 By 2030, progressively achieve and
sustain income growth of the bottom 40% of
the population at a rate higher than the
national average

10.1.1 Growth rates of household expenditure
or income per capita among the bottom 40%
of the population and the total population

10.2 By 2030, empower and promote the
social, economic and political inclusion of all,
irrespective of age, sex, disability, race,
ethnicity, origin, religion or economic or
other status

10.2.1 Proportion of people living below 50%
of median income, by age, sex and persons
with disabilities

10.3 Ensure equal opportunity and reduce
inequalities of outcome, including by
eliminating discriminatory laws, policies and
practices and promoting appropriate
legislation, policies and action in this regard

10.3.1 Proportion of the population reporting
having personally felt discriminated against
or harassed within the previous 12 months on
the basis of a ground of discrimination
prohibited under international human rights
law

10.4 Adopt policies, especially fiscal, wage
and social protection policies, and
progressively achieve greater equality

10.4.1 Labour share of GDP, comprising
wages and social protection transfers
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10.5 Improve the regulation and monitoring
of global financial markets and institutions
and strengthen the implementation of such
regulations

10.5.1 Financial Soundness Indicators

10.6 Ensure enhanced representation and
voice for developing countries in
decision-making in global international
economic and financial institutions in order to
deliver more effective, credible, accountable
and legitimate institutions

10.6.1 Proportion of members and voting
rights of developing countries in international
organizations

10.7 Facilitate orderly, safe, regular and
responsible migration and mobility of people,
including through the implementation of
planned and well-managed migration policies

10.7.1 Recruitment cost borne by employee
as a proportion of yearly income earned in
country of destination

10.7.2 Number of countries that have
implemented well-managed migration
policies

10.a Implement the principle of special and
differential treatment for developing
countries, in particular least developed
countries, in accordance with World Trade
Organization agreements

10.a.1 Proportion of tariff lines applied to
imports from least developed countries and
developing countries with zero-tariff

10.b Encourage official development
assistance and financial flows, including
foreign direct investment, to States where the
need is greatest, in particular least developed
countries, African countries, small island
developing States and landlocked developing
countries, in accordance with their national
plans and programmes

10.b.1 Total resource flows for development,
by recipient and donor countries and type of
flow (e.g. official development assistance,
foreign direct investment and other flows)

10.c By 2030, reduce to less than 3% the
transaction costs of migrant remittances and
eliminate remittance corridors with costs
higher than 5%

10.c.1 Remittance costs as a proportion of the
amount remitted

Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable

11.1 By 2030, ensure access for all to
adequate, safe and affordable housing and
basic services and upgrade slums

11.1.1 Proportion of urban population living
in slums, informal settlements or inadequate
housing

11.2 By 2030, provide access to safe,
affordable, accessible and sustainable
transport systems for all, improving road
safety, notably by expanding public transport,
with special attention to the needs of those in
vulnerable situations, women, children,
persons with disabilities and older persons

11.2.1 Proportion of population that has
convenient access to public transport, by sex,
age and persons with disabilities
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11.3 By 2030, enhance inclusive and
sustainable urbanization and capacity for
participatory, integrated and sustainable
human settlement planning and management
in all countries

11.3.1 Ratio of land consumption rate to
population growth rate

11.3.2 Proportion of cities with a direct
participation structure of civil society in
urban planning and management that operate
regularly and democratically

11.4 Strengthen efforts to protect and
safeguard the world’s cultural and natural
heritage

11.4.1 Total expenditure (public and private)
per capita spent on the preservation,
protection and conservation of all cultural and
natural heritage, by type of heritage (cultural,
natural, mixed and World Heritage Centre
designation), level of government (national,
regional and local/municipal), type of
expenditure (operating expenditure/
investment) and type of private funding
(donations in kind, private non-profit sector
and sponsorship)

11.5 By 2030, significantly reduce the
number of deaths and the number of people
affected and substantially decrease the direct
economic losses relative to global gross
domestic product caused by disasters,
including water-related disasters, with a focus
on protecting the poor and people in
vulnerable situations

11.5.1 Number of deaths, missing persons
and persons affected by disaster per 100,000
people

11.5.2 Direct disaster economic loss in
relation to global GDP, including disaster
damage to critical infrastructure and
disruption of basic services

11.6 By 2030, reduce the adverse per capita
environmental impact of cities, including by
paying special attention to air quality and
municipal and other waste management

11.6.1 Proportion of urban solid waste
regularly collected and with adequate final
discharge out of total urban solid waste
generated, by cities

11.6.2 Annual mean levels of fine particulate
matter (e.g. PM2.5 and PM10) in cities
(population weighted)

11.7 By 2030, provide universal access to
safe, inclusive and accessible, green and
public spaces, in particular for women and
children, older persons and persons with
disabilities

11.7.1 Average share of the built-up area of
cities that is open space for public use for all,
by sex, age and persons with disabilities

11.7.2 Proportion of persons victim of
physical or sexual harassment, by sex, age,
disability status and place of occurrence, in
the previous 12 months

11.a Support positive economic, social and
environmental links between urban,
peri-urban and rural areas by strengthening
national and regional development planning

11.a.1 Proportion of population living in
cities that implement urban and regional
development plans integrating population
projections and resource needs, by size of city

11.b By 2020, substantially increase the
number of cities and human settlements
adopting and implementing integrated

11.b.1 Proportion of local governments that
adopt and implement local disaster risk
reduction strategies in line with the Sendai
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policies and plans towards inclusion, resource
efficiency, mitigation and adaptation to
climate change, resilience to disasters, and
develop and implement, in line with the
Sendai Framework for Disaster Risk
Reduction 2015–2030, holistic disaster risk
management at all levels

Framework for Disaster Risk Reduction
2015–2030a

11.b.2 Number of countries with national and
local disaster risk reduction strategies

11.c Support least developed countries,
including through financial and technical
assistance, in building sustainable and
resilient buildings utilizing local materials

11.c.1 Proportion of financial support to the
least developed countries that is allocated to
the construction and retrofitting of
sustainable, resilient and resource-efficient
buildings utilizing local materials

Goal 12. Ensure sustainable consumption and production patterns

12.1 Implement the 10-Year Framework of
Programmes on Sustainable Consumption
and Production Patterns, all countries taking
action, with developed countries taking the
lead, taking into account the development and
capabilities of developing countries

12.1.1 Number of countries with sustainable
consumption and production (SCP) national
action plans or SCP mainstreamed as a
priority or a target into national policies

12.2 By 2030, achieve the sustainable
management and efficient use of natural
resources

12.2.1 Material footprint, material footprint
per capita, and material footprint per GDP

12.2.2 Domestic material consumption,
domestic material consumption per capita,
and domestic material consumption per GDP

12.3 By 2030, halve per capita global food
waste at the retail and consumer levels and
reduce food losses along production and
supply chains, including post-harvest losses

12.3.1 Global food loss index

12.4 By 2020, achieve the environmentally
sound management of chemicals and all
wastes throughout their life cycle, in
accordance with agreed international
frameworks, and significantly reduce their
release to air, water and soil in order to
minimize their adverse impacts on human
health and the environment

12.4.1 Number of parties to international
multilateral environmental agreements on
hazardous waste, and other chemicals that
meet their commitments and obligations in
transmitting information as required by each
relevant agreement

12.4.2 Hazardous waste generated per capita
and proportion of hazardous waste treated, by
type of treatment

12.5 By 2030, substantially reduce waste
generation through prevention, reduction,
recycling and reuse

12.5.1 National recycling rate, tons of
material recycled

12.6 Encourage companies, especially large
and transnational companies, to adopt
sustainable practices and to integrate
sustainability information into their reporting
cycle

12.6.1 Number of companies publishing
sustainability reports
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12.7 Promote public procurement practices
that are sustainable, in accordance with
national policies and priorities

12.7.1 Number of countries implementing
sustainable public procurement policies and
action plans

12.8 By 2030, ensure that people everywhere
have the relevant information and awareness
for sustainable development and lifestyles in
harmony with nature

12.8.1 Extent to which (i) global citizenship
education and (ii) education for sustainable
development (including climate change
education) are mainstreamed in (a) national
education policies; (b) curricula; (c) teacher
education; and (d) student assessment

12.a Support developing countries to
strengthen their scientific and technological
capacity to move towards more sustainable
patterns of consumption and production

12.a.1 Amount of support to developing
countries on research and development for
sustainable consumption and production and
environmentally sound technologies

12.b Develop and implement tools to monitor
sustainable development impacts for
sustainable tourism that creates jobs and
promotes local culture and products

12.b.1 Number of sustainable tourism
strategies or policies and implemented action
plans with agreed monitoring and evaluation
tools

12.c Rationalize inefficient fossil-fuel
subsidies that encourage wasteful
consumption by removing market distortions,
in accordance with national circumstances,
including by restructuring taxation and
phasing out those harmful subsidies, where
they exist, to reflect their environmental
impacts, taking fully into account the specific
needs and conditions of developing countries
and minimizing the possible adverse impacts
on their development in a manner that
protects the poor and the affected
communities

12.c.1 Amount of fossil-fuel subsidies per
unit of GDP (production and consumption)
and as a proportion of total national
expenditure on fossil fuels

Goal 13. Take urgent action to combat climate change and its impactsc

13.1 Strengthen resilience and adaptive
capacity to climate-related hazards and
natural disasters in all countries

13.1.1 Number of countries with national and
local disaster risk reduction strategies

13.1.2 Number of deaths, missing persons
and persons affected by disaster per 100,000
people
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13.2 Integrate climate change measures into
national policies, strategies and planning

13.2.1 Number of countries that have
communicated the establishment or
operationalization of an integrated policy/
strategy/plan which increases their ability to
adapt to the adverse impacts of climate
change, and foster climate resilience and low
greenhouse gas emissions development in a
manner that does not threaten food
production (including a national adaptation
plan, nationally determined contribution,
national communication, biennial update
report or other)

13.3 Improve education, awareness-raising
and human and institutional capacity on
climate change mitigation, adaptation, impact
reduction and early warning

13.3.1 Number of countries that have
integrated mitigation, adaptation, impact
reduction and early warning into primary,
secondary and tertiary curricula

13.3.2 Number of countries that have
communicated the strengthening of
institutional, systemic and individual
capacity-building to implement adaptation,
mitigation and technology transfer, and
development actions

13.a Implement the commitment undertaken
by developed-country parties to the United
Nations Framework Convention on Climate
Change to a goal of mobilizing jointly
$100 billion annually by 2020 from all
sources to address the needs of developing
countries in the context of meaningful
mitigation actions and transparency on
implementation and fully operationalize the
Green Climate Fund through its capitalization
as soon as possible

13.a.1 Mobilized amount of United States
dollars per year starting in 2020 accountable
towards the $100 billion commitment

13.b Promote mechanisms for raising
capacity for effective climate change-related
planning and management in least developed
countries and small island developing States,
including focusing on women, youth and
local and marginalized communities

13.b.1 Number of least developed countries
and small island developing States that are
receiving specialized support, and amount of
support, including finance, technology and
capacity-building, for mechanisms for raising
capacities for effective climate change-related
planning and management, including
focusing on women, youth and local and
marginalized communities
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Goal 14. Conserve and sustainably use the oceans, seas and marine resources for sustainable
development

14.1 By 2025, prevent and significantly
reduce marine pollution of all kinds, in
particular from land-based activities,
including marine debris and nutrient pollution

14.1.1 Index of coastal eutrophication and
floating plastic debris density

14.2 By 2020, sustainably manage and
protect marine and coastal ecosystems to
avoid significant adverse impacts, including
by strengthening their resilience, and take
action for their restoration in order to achieve
healthy and productive oceans

14.2.1 Proportion of national exclusive
economic zones managed using
ecosystem-based approaches

14.3 Minimize and address the impacts of

enhanced scientific cooperation at all levels

14.3.1 Average marine acidity (pH) measured
at agreed suite of representative sampling
stations

14.4 By 2020, effectively regulate harvesting
and end overfishing, illegal, unreported and
unregulated fishing and destructive fishing
practices and implement science-based
management plans, in order to restore fish
stocks in the shortest time feasible, at least to
levels that can produce maximum sustainable
yield as determined by their biological
characteristics

14.4.1 Proportion of fish stocks within
biologically sustainable levels

14.5 By 2020, conserve at least 10% of
coastal and marine areas, consistent with
national and international law and based on
the best available scientific information

14.5.1 Coverage of protected areas in relation
to marine areas

14.6 By 2020, prohibit certain forms of
fisheries subsidies which contribute to
overcapacity and overfishing, eliminate
subsidies that contribute to illegal, unreported
and unregulated fishing and refrain from
introducing new such subsidies, recognizing
that appropriate and effective special and
differential treatment for developing and least
developed countries should be an integral part
of the World Trade Organization fisheries
subsidies negotiationd

14.6.1 Progress by countries in the degree of
implementation of international instruments
aiming to combat illegal, unreported and
unregulated fishing

14.7 By 2030, increase the economic benefits
to small island developing States and least
developed countries from the sustainable use
of marine resources, including through
sustainable management of fisheries,
aquaculture and tourism

14.7.1 Sustainable fisheries as a percentage of
GDP in small island developing States, least
developed countries and all countries
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14.a Increase scientific knowledge, develop
research capacity and transfer marine
technology, taking into account the
Intergovernmental Oceanographic
Commission Criteria and Guidelines on the
Transfer of Marine Technology, in order to
improve ocean health and to enhance the
contribution of marine biodiversity to the
development of developing countries, in
particular small island developing States and
least developed countries

14.a.1 Proportion of total research
budget allocated to research in the field of
marine technology

14.b Provide access for small-scale artisanal
fishers to marine resources and markets

14.b.1 Progress by countries in the degree of
application of a legal/regulatory/policy/
institutional framework which recognizes and
protects access rights for small-scalefisheries

14.c Enhance the conservation and
sustainable use of oceans and their resources
by implementing international law as
reflected in the United Nations Convention on
the Law of the Sea, which provides the legal
framework for the conservation and
sustainable use of oceans and their resources,
as recalled in paragraph 158 of “The future
we want”

14.c.1 Number of countries making progress
in ratifying, accepting and implementing
through legal, policy and institutional
frameworks, ocean-related instruments that
implement international law, as reflected in
the United Nation Convention on the Law of
the Sea, for the conservation and sustainable
use of the oceans and their resources

Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt and reverse land degradation and halt
biodiversity loss

15.1 By 2020, ensure the conservation,
restoration and sustainable use of terrestrial
and inland freshwater ecosystems and their
services, in particular forests, wetlands,
mountains and drylands, in line with
obligations under international agreements

15.1.1 Forest area as a proportion of total land
area

15.1.2 Proportion of important sites for
terrestrial and freshwater biodiversity that are
covered by protected areas, by ecosystem
type

15.2 By 2020, promote the implementation of
sustainable management of all types of
forests, halt deforestation, restore degraded
forests and substantially increase afforestation
and reforestation globally

15.2.1 Progress towards sustainable forest
management

15.3 By 2030, combat desertification, restore
degraded land and soil, including land
affected by desertification, drought and
floods, and strive to achieve a land
degradation-neutral world

15.3.1 Proportion of land that is degraded
over total land area
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15.4 By 2030, ensure the conservation of
mountain ecosystems, including their
biodiversity, in order to enhance their
capacity to provide benefits that are essential
for sustainable development

15.4.1 Coverage by protected areas of
important sites for mountain biodiversity

15.4.2 Mountain Green Cover Index

15.5 Take urgent and significant action to
reduce the degradation of natural habitats,
halt the loss of biodiversity and, by 2020,
protect and prevent the extinction of
threatened species

15.5.1 Red List Index

15.6 Promote fair and equitable sharing of the
benefits arising from the utilization of genetic
resources and promote appropriate access to
such resources, as internationally agreed

15.6.1 Number of countries that have adopted
legislative, administrative and policy
frameworks to ensure fair and equitable
sharing of benefits

15.7 Take urgent action to end poaching and
trafficking of protected species offlora and
fauna and address both demand and supply of
illegal wildlife products

15.7.1 Proportion of traded wildlife that was
poached or illicitly trafficked

15.8 By 2020, introduce measures to prevent
the introduction and significantly reduce the
impact of invasive alien species on land and
water ecosystems and control or eradicate the
priority species

15.8.1 Proportion of countries adopting
relevant national legislation and adequately
resourcing the prevention or control of
invasive alien species

15.9 By 2020, integrate ecosystem and
biodiversity values into national and local
planning, development processes, poverty
reduction strategies and accounts

15.9.1 Progress towards national targets
established in accordance with Aichi
Biodiversity Target 2 of the Strategic Plan for
Biodiversity 2011–2020

15.a Mobilize and significantly increase
financial resources from all sources to
conserve and sustainably use biodiversity and
ecosystems

15.a.1 Official development assistance and
public expenditure on conservation and
sustainable use of biodiversity and
ecosystems

15.b Mobilize significant resources from all
sources and at all levels to finance sustainable
forest management and provide adequate
incentives to developing countries to advance
such management, including for conservation
and reforestation

15.b.1 Official development assistance and
public expenditure on conservation and
sustainable use of biodiversity and
ecosystems

15.c Enhance global support for efforts to
combat poaching and trafficking of protected
species, including by increasing the capacity
of local communities to pursue sustainable
livelihood opportunities

15.c.1 Proportion of traded wildlife that was
poached or illicitly trafficked
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Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access
to justice for all and build effective, accountable and inclusive institutions at all levels

16.1 Significantly reduce all forms of
violence and related death rates everywhere

16.1.1 Number of victims of intentional
homicide per 100,000 population, by sex and
age

16.1.2 Conflict-related deaths per 100,000
population, by sex, age and cause

16.1.3 Proportion of population subjected to
physical, psychological or sexual violence in
the previous 12 months

16.1.4 Proportion of population that feel safe
walking alone around the area they live

16.2 End abuse, exploitation, trafficking and
all forms of violence against and torture of
children

16.2.1 Proportion of children aged 1–
17 years who experienced any physical
punishment and/or psychological aggression
by caregivers in the past month

16.2.2 Number of victims of human
trafficking per 100,000 population, by sex,
age and form of exploitation

16.2.3 Proportion of young women and men
aged 18–29 years who experienced sexual
violence by age 18

16.3 Promote the rule of law at the national
and international levels and ensure equal
access to justice for all

16.3.1 Proportion of victims of violence in
the previous 12 months who reported their
victimization to competent authorities or
other officially recognized conflict resolution
mechanisms

16.3.2 Unsentenced detainees as a proportion
of overall prison population

16.4 By 2030, significantly reduce illicit
financial and arms flows, strengthen the
recovery and return of stolen assets and
combat all forms of organized crime

16.4.1 Total value of inward and outward
illicit financial flows (in current United States
dollars)

16.4.2 Proportion of seized small arms and
light weapons that are recorded and traced, in
accordance with international standards and
legal instruments
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16.5 Substantially reduce corruption and
bribery in all their forms

16.5.1 Proportion of persons who had at least
one contact with a public official and who
paid a bribe to a public official, or were asked
for a bribe by those public officials, during
the previous 12 months

16.5.2 Proportion of businesses that had at
least one contact with a public official and
that paid a bribe to a public official, or were
asked for a bribe by those public officials
during the previous 12 months

16.6 Develop effective, accountable and
transparent institutions at all levels

16.6.1 Primary government expenditures as a
proportion of original approved budget, by
sector (or by budget codes or similar)

16.6.2 Proportion of the population satisfied
with their last experience of public services

16.7 Ensure responsive, inclusive,
participatory and representative
decision-making at all levels

16.7.1 Proportions of positions (by sex, age,
persons with disabilities and population
groups) in public institutions (national and
local legislatures, public service, and
judiciary) compared to national distributions

16.7.2 Proportion of population who believe
decision-making is inclusive and responsive,
by sex, age, disability and population group

16.8 Broaden and strengthen the participation
of developing countries in the institutions of
global governance

16.8.1 Proportion of members and voting
rights of developing countries in international
organizations

16.9 By 2030, provide legal identity for all,
including birth registration

16.9.1 Proportion of children under 5 years of
age whose births have been registered with a
civil authority, by age

16.10 Ensure public access to information
and protect fundamental freedoms, in
accordance with national legislation and
international agreements

16.10.1 Number of verified cases of killing,
kidnapping, enforced disappearance, arbitrary
detention and torture of journalists, associated
media personnel, trade unionists and human
rights advocates in the previous 12 months

16.10.2 Number of countries that adopt and
implement constitutional, statutory and/or
policy guarantees for public access to
information

16.a Strengthen relevant national institutions,
including through international cooperation,
for building capacity at all levels, in particular
in developing countries, to prevent violence
and combat terrorism and crime

16.a.1 Existence of independent national
human rights institutions in compliance with
the Paris Principles
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16.b Promote and enforce non-discriminatory
laws and policies for sustainable development

16.b.1 Proportion of population reporting
having personally felt discriminated against
or harassed in the previous 12 months on the
basis of a ground of discrimination prohibited
under international human rights law

Goal 17. Strengthen the means of implementation and revitalize the Global Partnership for
Sustainable Development

Finance

17.1 Strengthen domestic resource
mobilization, including through international
support to developing countries, to improve
domestic capacity for tax and other revenue
collection

17.1.1 Total government revenue as a
proportion of GDP, by source

17.1.2 Proportion of domestic budget funded
by domestic taxes

17.2 Developed countries to implement fully
their official development assistance
commitments, including the commitment by
many developed countries to achieve the
target of 0.7% of gross national income for
official development assistance (ODA/GNI)
to developing countries and 0.15–0.20% of
ODA/GNI to least developed countries; ODA
providers are encouraged to consider setting a
target to provide at least 0.20% of ODA/GNI
to least developed countries

17.2.1 Net official development assistance,
total and to least developed countries, as a
proportion of the Organization for Economic
Cooperation and Development (OECD)
Development Assistance Committee donors’
gross national income (GNI)

17.3 Mobilize additional financial resources
for developing countries from multiple
sources

17.3.1 Foreign direct investments (FDI),
official development assistance and
South-South Cooperation as a proportion of
total domestic budget

17.3.2 Volume of remittances (in United
States dollars) as a proportion of total GDP

17.4 Assist developing countries in attaining
long-term debt sustainability through
coordinated policies aimed at fostering debt
financing, debt relief and debt restructuring,
as appropriate, and address the external debt
of highly indebted poor countries to reduce
debt distress

17.4.1 Debt service as a proportion of exports
of goods and services

17.5 Adopt and implement investment
promotion regimes for least developed
countries

17.5.1 Number of countries that adopt and
implement investment promotion regimes for
least developed countries

Technology

17.6 Enhance North-South, South-South and
triangular regional and international
cooperation on and access to science,
technology and innovation and enhance
knowledge-sharing on mutually agreed terms,

17.6.1 Number of science and/or technology
cooperation agreements and programmes
between countries, by type of cooperation
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including through improved coordination
among existing mechanisms, in particular at
the United Nations level, and through a
global technology facilitation mechanism

17.6.2 Fixed Internet broadband subscriptions
per 100 inhabitants, by speed

17.7 Promote the development, transfer,
dissemination and diffusion of
environmentally sound technologies to
developing countries on favourable terms,
including on concessional and preferential
terms, as mutually agreed

17.7.1 Total amount of approved funding for
developing countries to promote the
development, transfer, dissemination and
diffusion of environmentally sound
technologies

17.8 Fully operationalize the technology bank
and science, technology and innovation
capacity-building mechanism for least
developed countries by 2017 and enhance the
use of enabling technology, in particular
information and communications technology

17.8.1 Proportion of individuals using the
Internet

Capacity-building

17.9 Enhance international support for
implementing effective and targeted
capacity-building in developing countries to
support national plans to implement all the
Sustainable Development Goals, including
through North-South, South-South and
triangular cooperation

17.9.1 Dollar value of financial and technical
assistance (including through North-South,
South-South and triangular cooperation)
committed to developing countries

Trade

17.10 Promote a universal, rules-based, open,
non-discriminatory and equitable multilateral
trading system under the World Trade
Organization, including through the
conclusion of negotiations under its Doha
Development Agenda

17.10.1 Worldwide weighted tariff-average

17.11 Significantly increase the exports of
developing countries, in particular with a
view to doubling the least developed
countries’ share of global exports by 2020

17.11.1 Developing countries’ and least
developed countries’ share of global exports

17.12 Realize timely implementation of
duty-free and quota-free market access on a
lasting basis for all least developed countries,
consistent with World Trade Organization
decisions, including by ensuring that
preferential rules of origin applicable to
imports from least developed countries are
transparent and simple, and contribute to
facilitating market access

17.12.1 Average tariffs faced by developing
countries, least developed countries and small
island developing States
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Systemic issues

Policy and institutional coherence

17.13 Enhance global macroeconomic
stability, including through policy
coordination and policy coherence

17.13.1 Macroeconomic Dashboard

17.14 Enhance policy coherence for
sustainable development

17.14.1 Number of countries with
mechanisms in place to enhance policy
coherence of sustainable development

17.15 Respect each country’s policy space
and leadership to establish and implement
policies for poverty eradication and
sustainable development

17.15.1 Extent of use of country-owned
results frameworks and planning tools by
providers of development cooperation

Multi-stakeholder partnerships

17.16 Enhance the Global Partnership for
Sustainable Development, complemented by
multi-stakeholder partnerships that mobilize
and share knowledge, expertise, technology
and financial resources, to support the
achievement of the Sustainable Development
Goals in all countries, in particular
developing countries

17.16.1 Number of countries reporting
progress in multi-stakeholder development
effectiveness monitoring frameworks that
support the achievement of the sustainable
development goals

17.17 Encourage and promote effective
public, public-private and civil society
partnerships, building on the experience and
resourcing strategies of partnerships

17.17.1 Amount of United States dollars
committed to public-private and civil society
partnerships

Data, monitoring and accountability

17.18 By 2020, enhance capacity-building
support to developing countries, including for
least developed countries and small island
developing States, to increase significantly
the availability of high-quality, timely and
reliable data disaggregated by income,
gender, age, race, ethnicity, migratory status,
disability, geographic location and other
characteristics relevant in national contexts

17.18.1 Proportion of sustainable
development indicators produced at the
national level with full disaggregation when
relevant to the target, in accordance with the
Fundamental Principles of Official Statistics

17.18.2 Number of countries that have
national statistical legislation that complies
with the Fundamental Principles of Official
Statistics

17.18.3 Number of countries with a national
statistical plan that is fully funded and under
implementation, by source of funding
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17.19 By 2030, build on existing initiatives to
develop measurements of progress on
sustainable development that complement
gross domestic product, and support
statistical capacity-building in developing
countries

17.19.1 Dollar value of all resources made
available to strengthen statistical capacity in
developing countries

17.19.2 Proportion of countries that (a) have
conducted at least one population and
housing census in the last 10 years; and
(b) have achieved 100% birth registration and
80% death registration

aAs contained in Annex IV of the Report of the Inter-Agency and Expert Group on
Sustainable Development Goal Indicators (E/CN.3/2016/2/Rev.1) and agreed upon, as a
practical starting point at the 47th session of the United Nations Statistical Commission held in
March 2016
bAn open-ended intergovernmental expert working group on indicators and terminology relating to
disaster risk reduction established by the General Assembly (resolution 69/284) is developing a set
of indicators to measure global progress in the implementation of the Sendai Framework. These
indicators will eventually reflect the agreements on the Sendai Framework indicators
cAcknowledging that the United Nations Framework Convention on Climate Change is the
primary international, intergovernmental forum for negotiating the global response to climate
change
dTaking into account ongoing World Trade Organization negotiations, the Doha Development
Agenda and the Hong Kong ministerial mandate
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Achieving Both Breadth and Depth:
How Sustainability Education Is Being
Integrated Across All Undergraduate
Courses at La Trobe University, Australia

Colin Hocking, Silvia McCormack, Swati Nagpal and Alison Lugg

Abstract In 2012 La Trobe University decided that every undergraduate student,
across every discipline, would have significant and assessed experience of
Sustainability Education (SE). The plan for achieving full coverage of SE at La
Trobe was reported at a previous World Symposium for Sustainable Development
in Higher Education conference (Hocking and Riddle in Aiming for full coverage—
integrating sustainability education into all undergraduate courses at La Trobe
University, Australia: achievements, lessons learnt and barriers addressed. Springer
International Publishing, Cham, pp. 479–493, 2015). Since then, implementing the
plan has involved: adopting a university-wide definition of SE; aligned with
international definitions, and adaptable within each discipline; establishing a pro-
cess for tracking subjects and courses that have successfully incorporated SE; and
providing education development support for staff, using strategies developed for
each discipline context (Hocking in Soc Educ 2015 33(2):26–38, 2015). Across the
Arts, Social Sciences and Commerce (ASSC) College (a type of super-faculty), SE
has been incorporated in 38 subjects, covering 90% of courses, across all disci-
plines. Promoting breadth has not compromised depth of development. Two
example are: (1) a new common core subject for all Business Degree students called
Sustainability; (2) SE is now in five core and elective subjects in the School of
Education, increasing the likelihood that students will to encounter SE more than
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once in education-related degree programs. These outcomes have depended on
framing SE as an educational issue, integrated with other university education
development initiatives, and taking whole-of-institution approaches that have
involved and provided coordination of stakeholders at all levels.

Keywords Sustainability education � EfS � ESD � Education � Educational
development � Sustainable development � Curriculum � Assessment
Coverage � Course maps

1 Introduction: How Should Sustainability
Education Be Incorporated?

There is discussion in the higher education literature as to the best ways to incor-
porate sustainability education (SE) in courses and subjects (Ryan and Tilbury
2013; Sterling et al. 2013). Currently most higher education institutions have SE
incorporated in some way in 10–20 percent of courses, in Australia (Scott et al.
2012), and the percentage is probably similar internationally (GUNI 2011). This
limited incorporation of SE is possibly because employers and countries are not
actively seeking this capability from graduates as yet, even though many have
sustainability oriented policies and strategies. More countries are becoming aware
of the importance of this need. For example, guidelines developed for UK Higher
Education institutions in 2014 aim to create a framework for sustainability within
the curricula of universities (Targeted News Service 2014).

There is also debate as to whether incorporation of SE across a wider range of
courses is possible, or even desirable. Over two decades ago Orr (1994) put a
compelling case for broadening the range of courses with SE incorporated:

The truth is that many of the things on which our future health and prosperity depend are in
dire jeopardy… this is not the work of ignorant people. Rather it is largely the results of
work by people with BAs, BScs, LLBs, MBAs and PhDs….

2 Purpose: Sustainability Education Across All Courses

In 2012 La Trobe University committed to ensuring that every undergraduate stu-
dent, across all disciplines, would have significant and assessed experience of sus-
tainability education, whatever their course. Incorporating sustainability into core or
large sized elective subjects, in particular, would mean that students would become
aware of and reflect on sustainability in the context of their own discipline area. La
Trobe University saw this as an opportunity to encourage action for the common
good—a more sustainable future for the planet, as well as a way to engage students
with the challenging issues of our time (La Trobe University Future Ready 2013).
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The plan for incorporating SE at La Trobe was via the introduction into all
undergraduate degree courses of three “Essentials”. The Essentials are Innovation
and Entrepreneurship (I&E), Global Citizenship (GC) and Sustainability Thinking
(ST). These are part of a broader strategy to differentiate La Trobe’s degrees, and to
‘equip all students with the knowledge and skills to solve real world problems’
(La Trobe University Future Ready 2013, p. 4). The Essentials intend to “equip
students to think and respond beyond conventional boundaries, to foster adaptable
thinking and the capacity to apply knowledge and skills in a future as yet unknown
to us” (La Trobe University 2015). Although there are significant linkages between
the three different areas covered by the Essentials, only Sustainability Thinking
(ST) is discussed in this paper. How Sustainability Thinking has been defined,
developed, expressed, assessed and monitored, is discussed below.

An outline of the overall plan for achieving the incorporation of ST in all
undergraduate courses was reported to the World Symposium on Sustainability
Development in Higher Education in Manchester in 2014 (Hocking and Riddle
2015).

3 Approach: Institution-Wide

Once the plan for incorporating ST was put into effect, a number of additional
significant processes to those identified in Hocking and Riddle (2015) were required
for successful implementation. The final process for implementing the plan
involved, in summary:

1. Having a brief, workable University-wide shared definition of what sustain-
ability education meant, called the La Trobe Sustainability Thinking
(ST) Essential—see La Trobe University Website (2017). This definition was
broadly in line with the Australian Government (2009) National Action Plan for
Education for Sustainability (EfS), and with international definitions of
Education for Sustainable Development (Tilbury 2011). The definition of
Sustainability Thinking for La Trobe University is as follows:

“Sustainability Thinking is a capacity to engage effectively with social,
environmental and economic change and challenges in the contemporary
world. These include, for example, climate change, food and water security
and human and labour rights.
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Sustainability Thinking demands that all La Trobe University students
reflect on:

– the complex interactions between natural, economic, social, political and
cultural systems;

– our obligations to future generations; and,
– how the choices we make will affect the public good and the wellbeing of

future generations.

At La Trobe, Sustainable Thinking is inextricably linked to good global
citizenship.”

From: Essentials: Quick Guide for Sustainability Thinking (La Trobe University
Website 2017)

2. Mandating that ST needed to be evident in each of the intended learning out-
comes, student learning activities and subject assessment tasks, for each relevant
subject, and at least 25% of the assessment needed to be directly related to the
ST Essential.

3. Establishing a process to check that ST was being adequately incorporated in
ways that met the University definition. Staff seeking approval of ST in their
subject were required to complete a brief approval application document (the
Essentials Memorandum) which was reviewed by the appropriate Course
Advisory Committee (CAC) of one of the two major Colleges in the University
(equivalent to super-faculties). An example of the Essentials Memorandum
relevant to Sustainability Thinking is in Appendix 1.
Note While staff coordinating subjects that were incorporating ST were required
to meet the minimum standards at least, they were also encouraged to go beyond
the minimum, and integrate ST more fully into selected subjects, and across a
range of subjects.

4. Developing a course mapping process to identify which subjects were most
suitable for incorporation of ST, within each course, and to ensure that each
student completed at least one subject with ST incorporated, as part of their
course. Appendix 2 shows a generic example of a course map and how the
incorporation of ST, and the other two Essentials, were tracked for each course.

5. Appointing an appropriately qualified, University-wide education development
officer (Colin Hocking) to work with staff to develop the best ways to incor-
porate ST in selected subjects, and advise on the best approaches for staff
involved in development of ST, and on how best to meet the College-based
checking process.

La Trobe University now has two super-faculties, called Colleges, that each
oversee about half of the La Trobe Undergraduate courses. At the time of preparing
this paper, the College of Arts, Social Sciences and Commerce (ASSC) had
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achieved close to full coverage for ST in all courses. The other College (Science,
Health and Engineering or SHE) is currently in the process of incorporating ST into
all courses. For simplicity, the analysis of outcomes for incorporation of ST at La
Trobe outlined below focuses on courses and subjects within the College of ASSC.

4 Outcomes: Close to Full Coverage of ST in Courses

According to the course mapping process for Essentials in ASSC (overseen by Silvia
McCormack), by mid 2017 ST had been incorporated in 38 subjects, covering 90%
of courses and a wide range of disciplines, spanning Media & Journalism, Politics,
Languages, Visual Arts, Business, Law, Social Sciences, Education and many more.
Examples of how ST has been incorporated in some courses, in ways that go beyond
the minimum La Trobe University requirements, are outlined later in this paper.

As a result of the process of incorporating ST in this wide range of subjects across
the University, some new perspectives and approaches were developed, around the
best ways of aligning the content, learning outcomes and assessment tasks of the
subject with those of sustainability. Developing and implementing these approach
presented opportunities to explore how to meet the challenge of embedding sus-
tainability within courses with tight discipline boundaries. Some of the ways that this
challenge was addressed are reported on in Hocking (2015). They included:

– Having a clear, concise definition of what sustainability thinking means, firmly
articulated in University policy, that at the same time allows discipline-
appropriate ways of meeting the University requirements.

– Taking an approach that moves backward and forward between the
discipline-based academic’s expert view of their subject and the experience of
the SE education developer, and between the three key requirements for
showing successful incorporation of ST, by embedding ST in intended learning
outcomes, student learning activities, and assessment tasks (in at least in 25% of
assessment, and one major assessment task), until full alignment between these
three is achieved (Biggs and Tang 2007).

– Identifying the extent to which elements of ST were already present (if at all) in
the chosen subject, and what pathway for development needed to be taken as a
result. There appeared to be four main pathways for incorporation of ST in a
subject: (1) strengthening ST if it already exists in a subject as a threaded theme:
(2) strengthening existing ST that is already a discrete part of the subject;
(3) introducing a new section, often linked to a project-based assessment task
that could meet the ST requirements; or (4) reframing the focus of part of the
subject so that ST could be included (Hocking 2015).

– In instances where it was not clear at the start how ST could be incorporated in a
subject (for example, language course subjects, some health subjects, social sci-
ences), a way was sometimes found by identifying an appropriate context for
accommodating ST while meeting subject content requirements (Hocking 2015).

Achieving Both Breadth and Depth: How Sustainability Education … 83

usha.iyer-raniga@rmit.edu.au



For example, in French, the context found for ST was the study of future tenses
in the language (‘we will be sustainable, we might be sustainable, we can be
sustainable, we ought to be sustainable’) and then using sustainability as a
student learning and assessment context for how to express these various forms
of future tense in the language.

The context thinking approach, outlined above, was optimised by using a nested
systems model of sustainability, in which the economic is seen as a subset of the
societal, and these in turn are seen as a subset of the ecological (Fig. 1). This view
of how sustainability relates to subjects helps to inform techniques that develop
useful ‘context lenses’ to identify the best vehicles for embedding sustainability in
ways relevant to a course, that also minimise disruption of its disciplinary content.
For example, in Orthoptics, the study of eyesight, one useful context identified was
diabetes, a major contributor to eyesight problems in communities. A way to embed
SE was found by considering the economic (e.g. costs of treatment), social (e.g.
community approaches to physical activity) and environmental (e.g. walkable
cities, healthy food) dimensions of eyesight problems. Details of the ‘context lens’
approach are described in Hocking (2015).

In practice, the process of developing ST in subjects, and having this recognized
formally in the University, usually proceeded as follows:

1. Subjects identified with potential for incorporation of ST were listed on
whole-of-course maps. Subjects deemed appropriate for incorporation of ST
were usually chosen for a combination of factors: the suitability of the subject
for potential incorporation of ST; the extent of reach of the subject across the
course (e.g. whether it was a core subject or other major subject for a course, or
even several courses); where the other Essentials were being incorporated into
subjects within the course.

Fig. 1 Sustainability as a set
of nested relationships, with
the economic nested inside
the social that is in turn nested
within the ecological. This
promotes the identification of
a learning context for
sustainability that is more
complex and
inter-disciplinary, and draws
on each of these inter-related
layers
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2. The coordinators of, and other major contributors to, each of the chosen subjects
discussed with the ST education developer some potential ways in which ST
might be incorporated (using one of the four approaches outlined above)—this
might be a rapid process, or it might take several steps. Sometimes external
examples or broader ideas for incorporating SE into a particular discipline
needed to be identified and followed up. Where the ‘context lens’ approach was
applied, this often involved a type of Course Design Intensive process
(Oxford-Brookes University Website 2017).

3. The coordinator of the subject drafted the first version of how ST might look
once incorporated into the subject, in terms of the intended learning outcomes,
student learning activities and subject assessment tasks (as required by La
Trobe).

4. The ST education developer provided feedback on this draft, in terms of cur-
riculum ideas, extent of fit with the University requirements (for each of the
three categories) and clarity of expression—and whether the draft would broadly
fit with the University requirements or whether additional work on the
embedding of ST in the subject was required.

5. Either the final version of the proposal for incorporating ST in the subject was
developed by the subject coordinator, or any additional work required was
carried out by the subject coordinator and other key staff, supported by the ST
education developer.

6. The final version of the proposal for incorporation of ST was framed up within a
formal memo for the Curriculum Advisory Committee (CAC) of the appropriate
college, outlining how the subject had been incorporated, in terms of subject
description for students, intended learning outcomes, student learning activities
and subject assessment tasks (Appendix 1).
Note There was no formal requirement for subject coordinators to consult with
the ST education developer, and some staff opted to apply directly to their CAC
for confirmation of ST in the subject. This arrangement was valuable in that it
placed the ST education developer in the role of advisor, and clearly separated
this role from that of the formal recognition process. The distinction between
these two roles, and processes used, set up a positive, problem-solving rela-
tionship between the subject coordinator and the ST education developer, who
was then separate to, but sitting alongside, the approvals process. In most
instances where the subject was not successfully approved for ST, the CAC
referred the staff member back to the ST education developer for additional
work, so that ST could be further developed in ways that would meet university
requirements. Over time it became standard for the teaching and learning
development and administrative staff of each college to suggest that the staff
member check with the ST education developer before formally submitting the
subject for approval. In part, this was to make sure that ST in the subject was at
an optimum, and in part to reduce the time taken in CAC meetings to consider
the incorporation of ST in subjects.
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7. Once ST had been confirmed by the CAC for a subject, this was formally
recorded on the database for the subject, and in appropriate course maps
(Appendix 2). The incorporation of ST in a subject meant that, when a student
passed the subject containing ST, they were deemed to have completed ST for
their course, and this was linked to the triggering of a mechanism, once the
student graduated, for an Australian Higher Education Graduate Statement to be
generated and attached to the formal transcript of results issued to the student.
This statement was designed to alert potential employers and others to the
successful inclusion of ST in the course completed by the student.

5 Reflecting on the Success of Sustainability
Thinking at La Trobe

The consistent experience of both the ST Education Developer (CH) and the
Academic Coordinator (Coursework) in the College of ASSC (SMc) was that
academic staff overwhelmingly embraced the proposal to incorporate ST in
appropriately chosen subjects, across each of the courses and disciplines. In only
one case was a staff member fully resistant to this idea. In many instances where ST
was not already clear within a discipline, the concern of staff was not that they
thought it was not worth doing, but rather a lack of clarity about how they would
incorporate ST—a positive starting point for considering how such a challenge
might be addressed. In many instances, staff became excited by the proposal of
making their curriculum and teaching relate to one of the world’s greatest chal-
lenges—of finding ways to live and work sustainably—and of recasting parts of
their discipline outlook and teaching to address this challenge.

In summary, the process of successfully incorporating ST was contingent on
several factors:

• mandating at the highest level of the University that ST needed to be embedded;
• having an orderly process for identifying potential subjects, overseen by the

overarching learning and teaching committee (CAC) for each college;
• drawing on the support of expertise made available through the designated

education developer.

In the absence of any one of these key planks in the process, it is highly likely that
the success rate for incorporation of ST would have been much lower. It takes a
significant shift in the mindset of many discipline-based academics, combined with
expert understanding of what is required for ST, and the diverse ways for it to be
incorporated, for the process to be successful. It requires that staff combine their
expert knowledge of their discipline and teaching of subjects with an expanded view
of their discipline area, sometimes assisted by the ST education developer, in ways
that allow the incorporation of ST. Through the development and application of
these processes, we have demonstrated conclusively that incorporation of sustain-
ability can be successfully achieved, across a wide range of courses and disciplines.
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The successful integration of ST across awide range of courses and disciplines at La
Trobe has vindicated the whole-of-institution approach to Sustainability Education
(SE) at La Trobe University, in which SE has been interwoven as a strand of educa-
tional development, rather than an initiative of specialist environmental or sustain-
ability interestswithin the institution (Hocking andRiddle 2015).Central to its success,
the endeavour was located in, and coordinated through, the educational infrastructure
and processes of the University. This entailed a shift in approach, from SE being
pursued either through Operations and Infrastructure, or through a specialist sustain-
ability unit, to onewhere development of SEwas identified primarily as an educational
issue (Hocking, Daddow and Ford 2011). As previously pointed out, we would agree
with Ryan and Tilbury (2013) who have described this process as follows:

[In universities there is a] need to access deeper currents of teaching and learning to make
ESD (Education for Sustainable Development) a viable education proposition, as well as
the potential transfer to other parts of the education and skills sector.

Aswas hoped, the approach to integrating STat LaTrobe has successfully drawnon
the processes of educational development of the institution, and at a more fundamental
level has acted to normalise SE as being part of a forward-thinking, innovative
approach to Higher Education, one that assumes and promotes SE as part of best
educational and institutional practice. In this way, the incorporation of SE becomes
aligned with other major shifts in tertiary education development, such as the trend
towards more blended modes of delivery, and the incorporation of other major
cross-curricular priorities, such as innovation andglobalisation.Considering that this is
the first instance of a University-wide incorporation of sustainability across all
undergraduate courses in Australia, its success is to be celebrated, and bodes well for
similar initiatives nowunderway in otherAustralianUniversities. Rapid change of this
type will be needed, and will act as a base for future accelerated development, as our
society faces the urgent sustainability challenges that are emerging or already evident.

6 Going Beyond the Minimum—Depth as Well as Breadth

In a number of discipline areas the development of ST went well beyond the
expected minimum. Two examples are explored in the sections below.

In Business degree courses at La Trobe, a patchwork of subjects addressing SE
in some courses was replaced in 2016 by a core second year subject, entitled
‘BUS2SUS—Sustainability’, for all students enrolled in any Business degree. More
than 1500 students are now enrolled in this compulsory subject. This includes
students from a range of business majors including management, marketing,
accounting, sport management, finance, events and hospitality. BUS2SUS has been
based on a blended learning design that allows for greater scalability across the
entire portfolio of majors within Business. With sustainability as the lens or context
for change, students are introduced to systems thinking, tools for solving wicked
problems, and the role of advocacy in managing change for sustainability.
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The process of embedding ST into the core business curriculum presented a
number of challenges, including distinguishing sustainability from related streams
of corporate social responsibility (CSR) and non-financial measurement and
reporting. The curriculum design was ultimately guided by the need for a future set
of skills, rather than by identifying disciplinary content that business graduates
might require. These skills include critical thinking, creative problem solving,
ethical awareness and teamwork. For example, by working in small groups in class,
and engaging with ‘wicked’ global sustainability issues such as climate change,
global poverty and renewable energy, students are required to apply a systems lens
to examining the true nature of the issues and potential solutions.

The 2017 description of BUS2SUS is as follows:

This subject introduces you to the concept of sustainability, and a systems approach to
understanding the complex interactions between the environmental, economic and social
dimensions of sustainability. The subject attracts students from a range of fields, bringing a
multidisciplinary team perspective to the researching, analysis and problem-solving aspects
of creating positive change for sustainability. In teams, you are required to critique, design
and present an action plan aimed at resolving a sustainability issue that has impacts now
and for future generations. This subject provides you with the opportunity to enhance,
demonstrate and document work-ready skills appropriate to your chosen career path.

Intended Leaning Outcomes for BUS2SUS include the following, that are directly
aligned with matching subset assessment tasks that help deliver learning for ST:

• Recognise and reflect on the importance of being a change agent for sustain-
ability, and develop the skills and competencies for creating that change.

• Design and evaluate innovative, systems-based solutions through the application
of disciplinary knowledge and skills to researching, analysing and resolving
sustainability challenges.

• Identify the interplay between the social, environmental and economic pillars of
sustainability, and the implications for ethically complex decision-making.

• Apply the theory and frameworks developed in class to analyse and appraise a
specific sustainability-related issue.

• Demonstrate an ability to engage effectively in diverse teams to complete complex
team tasks or structured projects in culturally diverse educational settings.

• Demonstrate an ability to write logically focused arguments supported by dis-
cipline specific academic referencing and basic rules of grammar.

In the second example of a deeper approach to SE at La Trobe University, in
Education and Outdoor Education courses, a patchwork of subjects across two
campuses with very different approaches to SE was replaced by a combination of
five core and elective subjects containing SE that both met the La Trobe require-
ments for ST and in most instances developed students’ understanding of and
engagement with sustainability well beyond the minimum. This means that many
students taking a teacher education degree course will encounter SE, in a variety of
ways, two or even three times.

Education-related subjects that have incorporated ST, along with their current
(2017) subject descriptions, include:

88 C. Hocking et al.

usha.iyer-raniga@rmit.edu.au



OED1WKN Ways of Knowing Nature
“In this subject students are introduced to the theoretical and practical study of

outdoor and environmental studies. Students will examine and explore connections
between ways of experiencing the outdoors and knowledge of the outdoors, with an
emphasis on implications for environmental sustainability. Students will also
develop skills of critical enquiry, academic reading and writing, problem solving,
and teamwork. Practical trips provide opportunities for observation and reflection,
which are recorded through journal keeping.”

OED2ACL Australian Culture and Land
“Students learn about the indigenous and European culture origins and charac-

teristics of land tenure and management of both public and private lands in
Australia. They are introduced to the history of our current land management
system. Students engage with ideas related to the cultural construction of nature and
the way in which current beliefs and practices about land use are embedded in
cultural accident and history. In exploring the current institutional and legal
structures involved in land use, students are able to understand why differing
expectations, regulations and practices apply to a range of land designations.”

EDU3PBM Project Based Teaching Method
“This is a Method subject in which students undertake a special project in order

to investigate how to teach their chosen Discipline from both a practical and the-
oretical point of view. They will gather information directly from their school
experiences, from Australian teacher education websites, and from other resources
to gain in-depth knowledge to inform their practice based upon teaching for an
equitable and sustainable future.”

EDU3ONP Outdoor and Nature Play
“Students in this subject investigate the notion that unstructured play outdoors

(nature play) is fundamental to a healthy childhood in that it provides benefits for
health, cognitive, social and emotional development and helps to build resilience
and creativity. Students also address the proposition that experience in nature as a
child may lead to environmental sensitivity and responsibility later in life. Students
design effective outdoor settings for children’s nature play and manage aspects of
safety while maximising exploration and free play. Students identify and document
the learning that emerges from outdoor and nature play.”

EDU4SEG Sustainability Education and the Global Teacher
“In this subject students consider their roles as citizens and teachers in a global

context. They explore global influences on education, teaching and learning
including international trends, policies, political and economic drivers. They criti-
cally examine how different cultural factors, perspectives and value systems impact
teachers’ work, school life and the opportunities and challenges created by glob-
alisation. In this context they explore the connections between globalisation,
environmental and social sustainability issues. They investigate concepts of sus-
tainability and sustainability education in the global and Australian context. They
enquire about national and local examples of sustainability curriculum, pedagogy
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and research as it applies to the Australian and Victorian contexts. This work
culminates in a project to enact change in their local educational settings.”

7 Conclusions

The La Trobe experience of mandating the incorporation of SE centrally, and then
setting up the mechanisms and resources for delivering this, has been positively
received by nearly all staff, taking SE well beyond the ‘usual suspects’ of subjects
where SE has been traditionally found. Neither has the broadening of SE across
courses led to the watering down of SE, but in reality the opposite - conversations
have been widened about what sustainable living means, who should be involved,
and what contributions can be made by diverse disciplines. In some instances SE
has been strengthened and deepened in courses beyond its previous manifestations.

We suggest that these types of step-change approaches to incorporation of SE
across diverse courses and disciplines be considered by other institutions, at a time
when more sustainability literate graduates in all areas of living and working are
very much in need.
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Appendix 1: Example of the Memo Used by Academic Staff
to Seek Approval for ST

ESSENTIALS MEMORANDUM

DATE [Click here to insert date from drop-down menu on right]

TO College Coursework Committee

SUBJECT Approval for <insert subject code> as a La Trobe Essential

<Insert Subject Code as it appears in CIMS>, <Insert Subject Name as it
appears in CIMS>

WhichEssential is nominated in this subject?Please select one and delete other two.

Global Ci zenship        Innova on and Entrepreneurship        Sustainability Thinking

90 C. Hocking et al.

usha.iyer-raniga@rmit.edu.au



How is The Essential communicated to students in the Subject Description?

Please copy the subject description including information of The Essential
addressed being taught. For example, append the following to the end of the
Subject Description (customise as needed):

This subject addresses La Trobe’s Sustainability Thinking Essential.
Sustainability Thinking entails deep appreciation of how the choices we make
affects the natural, economic, social, political and cultural systems—now and
in the future.

This subject addresses La Trobe’s Global Citizenship Essential. Global
Citizenship entails deep appreciation of how we live in an interconnected
world, being able to recognize the global context of concepts, act across
cultures and boundaries, and work with diverse communities—now and in
the future.

This subject addresses La Trobe’s Innovation and Entrepreneurship
Essential. Innovation and Entrepreneurship entails developing the ability to
tackle problems creatively, generating new ideas, taking calculated risks and
creating change to achieve ambitions—now and in the future.

Where in the subject is the Essential taught?

Please specify the ILOs that incorporate the elements of the Essential and the
learning activities that support achievement of the ILOs related to the
Essential?

How is the Essential assessed?

At least 25% of the assessment must directly relate to the Essential.
Please provide details of the assessment task(s) and an explanation of how

the task(s) assesses the Essential.

Regards,
<Insert name>
<Insert Subject code> Subject Coordinator
School of <insert School name>
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Appendix 2

Example of a Generic Course Map showing identification of which subjects
Sustainability Thinking (ST) and the two other Essentials at La Trobe have been
incorporated.
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Developing Undergraduate Foundation
Courses in Sustainability

Michael Howes

Abstract In 1992 the governments of the world committed themselves to pursue
sustainable development at the Rio Earth Summit and education was promoted as
playing a key role. The commitment was reaffirmed at subsequent summits cul-
minating with the adoption of the United Nations Sustainable Development Goals
in 2015 which included a specific goal on education. This paper examines how
strategic changes can integrate the idea of sustainability into a range of programs at
universities. A specific case study is used based on a first year course in environ-
mental sustainability that the author convenes for a large and diverse group of
undergraduate students from across all areas of the university. It is argued that in
their future professional life, graduates have the potential to be agents of change by
helping to transform the state, the private sector, and the community. This analysis
is undertaken using the theoretical framework of ecological modernisation that
underpins the idea of sustainability, offers a strategic pathway to transform
public-private-community interactions, and approaches sustainability as a design
challenge. The somewhat ambitious goal is to synthesise the empirical evidence, the
practical experience, and theoretical framework into a coherent whole.

Keywords Sustainability � Education � Interdisciplinary � Ecological
modernisation

1 Introduction

For a quarter of a century sustainability has been one of the stated goals of gov-
ernments, businesses and community organisations around the world. Achieving
sustainability, however, has proved elusive because the changes required cut across
all areas of human endeavour (Howes et al. 2017; Howes 2005). A wide range of
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professionals (e.g. scientists, planners, architects, engineers, policymakers, business
managers, teachers, health workers, etc.) can play a key role by identifying prob-
lems, helping to find solutions, and/or working to overcome the barriers to change.
How then can universities best prepare these graduates for the challenges they face?
This paper addresses this question, starting with a brief history of sustainability
followed by a discussion of the role allotted to education in various transition
strategies. After that, an outline of the rise of environmental education at Griffith
University is given. This leads to a discussion of a series of courses that were
designed to give students in a broad range of disciplines an understanding of
sustainability. A case study of a new first year course is then developed, which
includes some of the practical lessons learnt with regards to what works and what
pitfalls to avoid. The paper finishes by taking a step back and using the lens of
ecological modernisation to understand the transformations required in pursuing
sustainability, the role of graduates, and the elements that need to be included in
their education. The underlying argument is that sustainability should be presented
as a design challenge to students training for a wide range of professions and taught
by way of interdisciplinary problem analysis/problem solving exercises.

The rise of sustainability to international prominence can be seen as a process of
institutional learning by all sectors of society. At the end of the 1960s a rapidly
expanding range of new social movements was forcing environmental and social
issues onto the political agenda (Howes 2005). This led to new initiatives that
expanded the policy focus of governments beyond traditional areas such as security,
economic management and welfare (Dryzek et al. 2003). During the 1970s the idea
that economic, social and environmental issues were linked began to emerge. This
process started with United Nations (UN) International Development Strategy in
1970 which linked economic development to a healthy environment. In 1972
concerns about the impacts of industrial development on the environment were the
main focus of discussions at the UN Stockholm Conference on the Human
Environment and this led to the subsequent creation of UN Environment
Programme (UNEP).

A pivotal moment came in 1980 with the release of The World Conservation
Strategy by UNEP, the International Union for the Conservation of Nature (IUCN)
and the World Wildlife Fund (WWF). This introduced the concept of ‘sustainable
development’ as a proposal to utilise ecosystem goods and services for the pro-
duction of social and economic benefits over the long term (Howes 2005). The
concept was elaborated by the World Commission on Environment and
Development (WCED) in its final report, Our Common Future (WCED 1987)
which offered what has become the most commonly used definition: “Sustainable
development is development that meets the needs of the present without compro-
mising the ability of future generations to meet their own needs” (WCED 1987,
Chap. 2, paragraph 1). Other sections of the report stated that there was a strategic
role for education and institutional change in striving for sustainable development
(WCED 1987, Chap. 2, paragraph 16; Chap. 4, Sect. 3.2).

The idea was followed by the 1992 UN Conference on Environment and
Development (UNCED), otherwise known as the Rio Earth Summit, that produced
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a strategy for reforms across many sectors of society called Agenda 21 (UNCED
1992). A commitment that appropriate education and professional training should
be a priority appeared multiple times throughout this document (UNCED 1992).
National initiatives were developed to supplement these international commitments,
including: Australia’s National Strategy for Ecologically Sustainable Development
(1992); the President’s Council on Sustainable Development (1993–1999) in the
USA; and, Sustainable Development: the UK Strategy (1994) (Howes 2005). The
Australian strategy, for example, had a chapter dedicated education and profes-
sional training (Ecologically Sustainable Development Steering Committee 1992,
Chap. 26). The principles of this strategy are still enshrined in current legislation,
such as the Commonwealth Environment Protection and Biodiversity Act 1999.

So by the end of the twentieth century there were international agreements and
national policies committing governments to pursue sustainable development.
These included recognition that education was a key supporting mechanism that
would enable professionals to fulfil a transformative role. These themes were
revisited internationally at the 2002 Rio+10 and 2012 Rio+20 summits, as well as
the 2015 UN Sustainable Development Goals, with Goal 4 focussed on education at
all levels (UN 2015).

2 Education and Sustainability

It is important to note from the start that education relating to the environment goes
back many generations before the rise of sustainability as an idea. One of the
pioneers of environmental education was Patrick Geddes in late-Victorian Britain
which preceded the growth of ‘nature studies’ in the early part of the twentieth
century (Palmer 1998). The term ‘environmental education’ was introduced with
the formation of the International Union for the Conservation of Nature and Natural
Resources (IUCN) in the late-1940s and promoted at the UNESCO 1968 Biosphere
Conference in Paris. There has, however, been some convergence between the two
streams of environmental education and sustainability over the last few decades.
The 1972 Stockholm conference mentioned previously, for example, generated a
principle that stated:

Education in environmental matters, for the younger generation as well as adults, giving
due consideration to the underprivileged, is essential in order to broaden the basis for an
enlightened opinion and responsible conduct by individuals, enterprises and communities
in protecting and improving the environment in its full human dimension … (UN 1972,
Principle 19).

UNEP, another product of the Stockholm conference, co-founded the
International Environmental Education Programme (IEEP) and its 1977 conference
in Tbilisi set out the principles of environmental education that remain current to
this day:
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• Life-long learning;
• An interdisciplinary curriculum;
• The interconnectedness of society and the environment;
• The multi-dimensional nature of environmental issues (including the social,

political, economic and technological aspects);
• Energy and material resource limits;
• Global and future dimensions;
• Critical thinking and problem solving; and,
• Values and ethics (Palmer 1998).

These Tbilisi principles were picked up in Agenda 21 (UNCED 1992, Chap. 36,
paragraph 36.1).

The UN declared that 2005–14 would be the ‘Decade of Education for
Sustainable Development’. This entailed the acknowledgement of the need to
include sustainability in the training of professionals that would help to transform
society (Howlett Ferreira and Blomfield 2016). There was a subsequent shift in
emphasis from environmental education to education for sustainability amongst
universities that had been developing such programs (Wilensky 2007). With the rise
of climate change as one of the major threats to sustainability, there was a further
shift in emphasis. The Australian Research Institute in Education for Sustainability
(ARIES), for example, published a report in 2007 entitled Shifting Towards
Sustainability: Education for Climate Change Adaptation in the Built Environment
Sector. Disciplines such as planning, architecture and engineering were a particular
focus of this report as their graduates can play a key role in climate change miti-
gation and adaptation for urban areas where the majority of the world’s population
now live (Lyth et al. 2007).

By the twenty first century education for sustainability was being incorporated
into the curriculum for many tertiary students in Australia. The values and prin-
ciples of sustainability were at the heart of these proposals in line with commit-
ments within Agenda21, the National Strategy for Ecologically Sustainable
Development, and the UN’s Sustainable Development Goals. Such ideas have been
injected into a somewhat turbulent academic environment in Australia of increased
competition for scarce public resources, a shift to vocational training, and a growing
tension between the demands of research and teaching (Davis 2006; Markwell
2007).

3 Environmental Education at Griffith University

Griffith University opened its doors to students in 1975 to meet the demands of the
rapidly growing population and economy of South East Queensland. The teaching
programs were deliberately designed to differentiate themselves from more tradi-
tional universities by being interdisciplinary and problem-focussed (Quirk 1996).
The Australian School of Environmental Studies was one of the four founding
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schools and took this principle to its core by employing a wide range of both natural
scientists (ecologists, chemists, geologists and mathematicians) and social scientists
(economists, political scientists, geographers, sociologists and anthropologists). It
was the first school of its type in Australia and remains one of the largest in the
country to this day (Metcalf 2000). A school of planning was created in 1993 that
was then merged into a new and enlarged Griffith School of Environment in 2007.
An architecture program was added during another expansion in 2009.

Today the Griffith School of Environment has approximately 53 academic staff
divided amongst six discipline groups: planning; architecture; marine science;
society and environment; ecology and biodiversity; and, soil and water science.
There are several research institutes associated with the school, including: the Cities
Research Institute; the Environmental Futures Research Institute; and the Australian
Rivers Institute. The author has worked at the school since 2000, was the founding
Head of the Society and Environment Discipline, is currently the Deputy Head of
School (Learning and Teaching), and has led several research projects within the
Cities Research Institute and its forerunner the Urban Research Program.

In terms of teaching, the Griffith School of Environment offers undergraduate,
Masters and Ph.D. degrees in urban and environmental planning, architecture,
environmental science and marine science. Since the start of 2014 all of the degrees
offered by the school require students to take an interdisciplinary first year course
that was designed and taught by the author of this paper entitled 1043SCG
Introduction to Environmental Sustainability. This is the focus of the case study
that follows and for convenience will be referred to as simply the ‘sustainability
course’ from here onwards.

4 Background to the Case Study: Forerunner Courses

The current sustainability course has a long pedigree. Since its inception, the school
of environment has worked through a series of different interdisciplinary first year
courses that integrate the natural and social sciences. Three that were taught by the
author have had a strong influence on the development of the current course:
1181ENV Sustainable Development; 1301ENV The Global Environment; and,
1161ENV Environmental Economics and Policy.

The first course, 1181ENV Sustainable Development, was created by the author
in 2007 on the Nathan campus as a core for the environmental science and man-
agement students as well as an elective for the planning students. The original
version of the course took a sector-based approach to sustainability. In the first few
weeks the extent of interconnected environmental, social and economic problems
was outlined. This was followed by an exploration of the idea of sustainable
development as a solution and a set of principles were defined. The remaining two
thirds of the course then methodically worked through how these principles could
be applied to understanding and addressing issues relating to cities, housing,
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transport, energy, healthcare and manufacturing. The course was developed further
after being taken over by colleagues in 2009 to promote more critical thinking and
reflection (Howlett et al. 2016).

The second course, 1301ENV The Global Environment, had been running on the
Gold Coast for more than a decade when the author took it over in 2009. The
enrolments grew to 360 students with planning, architecture and environmental
science comprising the main cohorts. It took an issue-based approach, looking at
land degradation, climate change, the loss of biodiversity, pollution, hazardous
waste, and water issues. The approach was based on Earth Systems science and
used the drivers-pressures-state-impact-response (DPSIR) analytical framework.
This framework is used for State of the Environment reporting by the United
Nations, the European Union and the US EPA, as well as both federal and state
environment departments in Australia. Although it was interdisciplinary, the natural
sciences played a strong role in understanding the issues.

The third course, 1161ENV Environmental Economics and Policy, was jointly
developed in 2009 by the author at the Gold Coast and his colleague, Dr. Peter
Daniels, at Nathan. Enrolments on the Gold Coast (where the author was teaching)
consisted of 80 students, predominantly from planning. It took a discipline-based
approach that was mainly social science but started with a review of key sustain-
ability issues. It also touched on the DPSIR framework in conjunction with key
economic and policy tools. Market theory was introduced, then environmental and
social problems, such as pollution and climate change, were analysed as evidence of
market failures. Economic tools such as contingent valuation and cost benefit
analyses were then brought to bear on the issues discussed. This was backed up
with a policy analysis of responses such as environmental regulations, taxes,
tradable permits and international treaties. The course also considered sustainability
as a new goal for macro-economic policy.

In 2014 all three of these courses were replaced by 1043SCG Introduction to
Environmental Sustainability that sought to learn from the experience of these
forerunner courses, utilise the best elements of each and integrate them into a
functioning whole (Howlett et al. 2016). The development process took 18 months
and was funded by a Griffith Learning and Teaching Grant (led by a colleague,
Dr. Henry Skates, from architecture). The relevant educational literature was con-
sulted to provide a sound basis for the course design that was grounded on best
practice. International resources were used in compiling the course content. A wide
range of consultations took place, with experts from all discipline areas of the
school represented. External expertise was also brought in, including the univer-
sity’s sustainability officer, the Griffith Institute for Higher Education (now
Learning Futures), an information and communication technology expert, and two
educational designers. The new sustainability course was launched in Semester 1 of
2014 (that ran February to June).
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5 Case Study: The Sustainability Course

The first version of this new course had a modular structure. Module 1 (weeks 1–3)
covered the state of the environment, introduced the idea of sustainability, then
outlined its key principles. The underlying emphasis of the course was on a
values-based approach to sustainability with the commitment to sustainable
development at the 1992 Rio Earth Summit viewed as a change in values. Some
time was spent explaining the connection between ethics and values using a matrix
that ranged from anthropocentric to eco-centric on one axis and deontological to
consequentialist on the other. Students were asked to locate themselves on this
matrix in order to encourage reflective learning. Module 2 (weeks 4–6) then used
the DPSIR framework to explore environmental issues related to the lithosphere,
the hydrosphere, the atmosphere, and the biosphere. The approach in this module
was largely that of environmental science. In module 3 (weeks 7–9), the focus was
on the economy and natural resource management with specific topics covering
market theory, market failure and ecological economics. The final module (weeks
10–12) focussed on society and the environment with topics covering culture,
indigenous people, settlements and governance. Some conclusions were drawn in
week 13 to bring these four modules together. The associated workshops were split
between developing basic study skills and reviewing some of the topics covered in
the lectures.

The course was completed by 526 students drawn from a broad range disci-
plines, but the largest cohorts were from planning, architecture, environmental
management, science and engineering. There were also students from other groups
within the university (including health, business, arts, education and law). All
students were surveyed at the end of semester (with a 39% response rate) to
evaluate the quality of the course and teaching. This feedback was used to revise the
course content and delivery for 2015. In terms of feedback, the students were very
happy with the quality of teaching and the overall satisfaction rating placed the
convenor in the top quartile compared to other large first year courses at Griffith.
The overall satisfaction with the course, however, was mixed. While the students
were generally happy, the rating of the statement that “This course engaged me in
Learning” was close to the average when compared to similar first year courses. The
student comments suggested that this was because the course appeared to be too
general, they could not relate much of what was covered directly to their chosen
profession, they wanted more of a focus on finding solutions to issues, and the
workshops needed to have a stronger link to the lectures. The discipline-based
modular approach also appeared to be a problem with such a broad range of
students from different cohorts. Students majoring in the environmental and natural
science disciplines, for example, enjoyed module 2 but did not engage as well with
the economic and social elements of modules 3 and 4. The opposite appeared to be
true for the planning and architecture students.

A detailed content analysis of the survey results was undertaken to identify
points for improvement. The convenor then went back to the education for
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sustainability literature to find suitable innovations. A revised course structure was
created and put through an internal peer review process with some of the best
performing teachers in the school. The resulting new course structure was imple-
mented in semester 1 (February–June), 2015. This new structure was much more
integrated and focussed on fewer topics in more detail. The overall approach shifted
to treating sustainability as a design challenge (something that had more resonance
with the planning, architecture, engineering and science students) rather than a
change in values. The principles of sustainability were still taught, but were used in
an applied fashion to explain how they can guide the analysis and solution of
problems on a week-by-week basis. The underlying idea was to focus on a key
problem in the odd weeks, then work through sustainable solutions in the even
weeks. A critical thinking component was added with students exposed to different
environmental discourses that challenged mainstream views. Each of the environ-
mental science, economics, policy and cultural studies elements were integrated
into every lecture to provide a truly interdisciplinary approach to both problem
analysis and problem solving.

Emphasising the relevance of the course to each student’s chosen profession was
addressed in five ways. First, the lectures of week 1 finished with an explicit
discussion of how each of the 11 most common professions being pursued by the
students could contribute to addressing the state of the environment and striving for
sustainability (these professions were: scientists, planners, architects, engineers,
health professionals, business managers, policymakers, lawyers, educators, jour-
nalists and social scientists). Second, every lecture included elements that were
directly connected to these professions either in analysing or solving a specific
problem. This was followed up with ‘hands-on’ workshops that included specific
problem solving exercises related to the issues for that part of the course. Third, the
students were asked to look up their chosen profession on the Australian and New
Zealand Standard Classification of Occupations (ABS 2015), identify the key
tasks, and design a professional e-portfolio targeting potential employers. Fourth,
students were given a written assignment to work on over nine weeks that asked
them to outline a role for their chosen profession in addressing climate change and
how this would fit in with the broader pursuit of sustainability. Finally, specific case
studies were used that involved a range of their professions along with some
examples of what Griffith graduates were doing.

In 2015 there were 532 students who took the course and both the evaluations of
teaching and the course reached into the top quartile compared to equivalent large
first year courses. The course was left largely unchanged for 2016 when the course
had 495 enrolments. While the evaluations of teaching for this year remained high,
satisfaction with the course slipped into the third quartile, so another revision of the
course was undertaken based on the student feedback. The 2017 version of the
course (which had 493 enrolled students) had just been completed at the time of
finalising this chapter. This version of the course updated the material developed in
2015 but merged coverage of key problems and solutions into single weeks. The
workshops were updated and there was a new ‘big picture’ section added to the last
3 weeks covering scenarios for sustainable economies, governments and societies.
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The most recent student evaluation surveys indicated that the course had risen back
to the top quartile when compared to equivalent large first year courses.

The last three years of feedback suggests that finding a course that engages with
such a broad range of students with very different interest is a challenge. Three
innovations have clearly improved the satisfaction with, and effectiveness of, the
course: (1) Looking at sustainability as a design challenge; (2) Taking an inter-
disciplinary approach to problem analysis and problem solving; and, (3) More
explicitly relating the topics to the chosen professions the students.

6 The Bigger Picture: Ecological Modernisation

Treating sustainability as a design challenge is the underlying philosophy of the
ecological modernisation which provides the theoretical framework that underpins
the idea of sustainability (Howes et al. 2010; Howes 2000, 2005). It also offers a
strategy for transformation that requires agents for change to operate across all
sectors, and the professionals trained by universities can fulfil this role (Howes
2003). Creating interdisciplinary courses in sustainability such as the one discussed
in the previous section is therefore important.

Ecological modernisation argues that although the institutions of modernity (i.e.
democracy, the state, the market, and industry) have allowed and sometimes even
encouraged unsustainable practices, they can be redeemed through a process of
transformative change (Christoff 1996; Mol Spaargaren 2000; Dryzek 2005; Howes
2005; Howes et al. 2010). The goal is to decouple economic growth from envi-
ronmental damage by the application of new eco-efficient technology and the
redesign of institutions (Berger et al. 2001; Janicke and Jacob 2004; Dryzek 2005;
Howes 2005; Huber 2008; Janicke 2008). This school of thought had its origins in
Europe during the early 1980s, and two of its most prominent founders were Martin
Janicke and Joseph Huber, although the pedigree of many of its component ideas
can be traced back as far as the 1960s (Huber 2000, 2008; Janicke and Jacob 2004;
Janicke 2008). Ecological modernisation ranges from the weak techno-corporatist
approach that focusses solely on engineering solutions, to the strong reflexive
approach that include the redesign of institutions (Christoff 1996). The state is cast
in the role of a facilitator of change, with interventions designed to promote eco-
nomic prosperity, social wellbeing and ecological sustainability (Howes 2005;
Howes et al. 2010).

There are five key core themes of transformation in the strong version of eco-
logical modernisation:

1. The redesign of technology to make it more eco-efficient and cleaner (i.e. less
material and energy intensive, as well as less polluting);

2. The redesign of economic imperatives to provide incentives for change (e.g.
pollution charges and taxes, along with subsidies and tax breaks for sustainable
businesses);
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3. Political and institutional redesign (i.e. a shift towards a more consensus-based
form of governance that encourages partnerships between the state, business and
the community);

4. The redesign of the role of social movements to give them more influence in
decision making (e.g. engagement with the environmental justice movement);
and,

5. A redesign of strategies to constructively engage with public discourse, with
greater recognition of social justice and sustainability in decision making (e.g.
focussing on green collar jobs as a way to achieve the ‘win-win’ scenarios)
(Howes et al. 2010).

The graduates from the Griffith School of Environment are well placed to engage
with each of these transformative themes (Dedekorkut-Howes et al. 2010). They
can (re)design products, processes, buildings, urban spaces and infrastructure to
take advantage of eco-efficient technology. They can develop policy, planning and
economic regimes that reward sustainable development. They can participate in the
establishment of more effective community and business partnerships to rethink
development activities. They can establish more effective community engagement
and consultation processes for decision making. Finally, they can disseminate
information and engage in public forums to promote a more sustainable worldview.
Training the students to recognise these opportunities and their role as agents of
change is therefore an important responsibility for universities and academics. The
sustainability course discussed previously has been designed to make a significant
contribution towards meeting this responsibility.

7 Conclusions

While there is an international consensus that the pursuit of sustainability is a good
idea, developing a strategy that can catalyse the necessary transformations across all
sectors of society has proved difficult. Clearly university graduates have an
important role to play in making society more sustainable, but how to prepare
them? Environmental education and training has been developing for generations,
and at institutions like Griffith University it has merged with education for sus-
tainability within a broader interdisciplinary school. By design, trial and error a
series of forerunner courses have led to the development of a new first year
foundation course in environmental sustainability that is taken by students from
many disciplines across the university. Finding ways to engage such a large and
heterogeneous set of students has been a steep learning curve. The current version
of the course has adopted a number of strategies, such as treating sustainability as a
design challenge that engages students in interdisciplinary problem analysis and
problem solving. This approach is consistent with the theoretical framework
of ecological modernisation and the idea of sustainability that it underpins.
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Such a strategy not only guides the education and training of graduates, it also gives
them a broader sense of purpose in assisting the pursuit of sustainability.
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A Comparison of Assessment Methods
for Engineering Students’ Understanding
of Sustainability

Margaret Jollands

Abstract Developing the ability of students to think critically and systemically
about sustainability issues is assessed in a variety of ways in different disciplines
and institutions but there are few reports in the literature about what methods are the
most successful. This paper discusses a range of assessment methods and charac-
terises them in terms of Bloom’s taxonomy of cognitive processes. Examinations
are efficient, standardisable and objective but are not suitable for measuring sus-
tainability learning. They promote surface learning and fail to measure higher order
cognitive processes characteristic of sustainability competence. Project based
learning (PjBL) is a common approach in engineering disciplines as it mirrors
engineering work. PjBL assessment tasks such as reports and presentations can be
marked using taxonomies such as the SOLO taxonomy which measure the higher
order cognitive processes that are required for sustainability competence. However,
markers need a high level of skill to mark reliability with rubrics based on the
SOLO taxonomy. Graphical tools such as concept maps are also effective in
measuring higher order cognitive processes.

Keywords Project based learning � Bloom’s taxonomy � Rubrics
Concept tests � SOLO taxonomy

1 Introduction

The curriculum for sustainability learning is contested, but generally includes
critical thinking, systemic thinking, values and ethics (Segalàs et al. 2009).
Different disciplines and institutions use a variety of pedagogical approaches to
developing students’ sustainability competence, ranging from traditional lectures to
project-based, community-oriented and constructive-learning pedagogies.

M. Jollands (&)
School of Engineering, RMIT University, 124 La Trobe
St Melbourne, Melbourne, VIC 3182, Australia
e-mail: margaret.jollands@rmit.edu.au

© Springer International Publishing AG 2018
W. Leal Filho et al. (eds.), Sustainable Development Research in the Asia-Pacific
Region, World Sustainability Series, https://doi.org/10.1007/978-3-319-73293-0_6

107

usha.iyer-raniga@rmit.edu.au



Assessment approaches also vary, from examinations, to reports, presentations and
concept maps.

A limited number of small scale studies have reported on the quality of engi-
neering students’ learning outcomes in sustainability classes. One study evaluated
the curriculum design, the pedagogical approach and the competence of students
before and after sustainable development (SD) classes in five leading European
technical universities. The authors reported the rather shocking result that students
in traditional lecture based sustainability classes had a lower understanding of
sustainability at the end of the subject than the beginning. On the other hand,
students in classes characterised as community-oriented and constructivist in
approach showed an enhanced understanding of sustainability (Segalàs 2009;
Segalàs et al. 2009). In another study of engineering graduates from an Australian
technical institution, the impact of pedagogy on graduate work readiness was
assessed. Graduates from two programs, one traditional and one based on project
based learning (PjBL) were compared. PjBL has been used for many years in
engineering faculties to develop graduate work readiness (Mills and Treagust 2003;
Litzinger et al. 2011; Graham and Crawley 2010). The graduates from the two
programs were interviewed about their application of skills in their work places one
or two years after graduation. While the study found a number of work ready skills
were enhanced in the PjBL cohort, no difference was found in the two cohorts’
understanding of sustainability issues (Jollands et al. 2012).

Overall, few studies have been reported and there is no consensus on the best
teaching approach to develop sustainability thinking in engineering undergraduates.

The gap is even more pronounced in terms of assessment. This paper reviews the
range of assessment approaches used and characterises their strengths and flaws.
These are mapped against Bloom’s taxonomy and a set of criteria to choose the best
assessment for an SD task is proposed.

2 Approaches to Assessment of Sustainability Learning

While a variety of pedagogical approaches to sustainability assessment in engi-
neering classes have been reported, there are very few reports on assessment and no
consensus on the best assessment methods. There are no accepted criteria on how to
choose the best approach to measure learning for a sustainability. SD classes use a
variety of assessments. These include examinations, reports, presentations, concept
maps and the SOLO taxonomy. Each assessment type lends itself to different tasks.

University examinations are a generally norm referenced assessment tool that
rank candidates quantitatively. Examinations are popular because they are efficient,
standardisable and an objective way to measure students’ scholastic ability.
However, “quantifying performance gives little indication of the quality of the
performance, or of what has been learned” (Biggs 1999, p. 145). Examinations
promote surface learning by their focus on reproducing facts and memorisation of
procedures and formulae (Biggs 1999, p. 167). Students who are good at passing
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exams are often unable to show that they understand the material (Ramsden 1992,
p. 182). Students studying sustainability subjects taught by traditional lectures and
assessed by examinations were found to have a lower breadth and complexity of
understanding of sustainability at the end of the subject than the beginning (Segalàs
2009).

Problem based learning (PBL) is rarely assessed with examinations. One study
of PBL in medical education found “The student assessment methods must chal-
lenge problem-solving, … and self-directed learning and not primarily emphasize
the recall and recognition of facts” (Barrows 1986). Types of assessment for
medical PBL include clinical reasoning, case study, and observation. Students in
PBL classes performed significantly better in observation-based clinical perfor-
mance than their peers in traditional classes (Strobel 2009).

In engineering education, PjBL assessments mimic the everyday experience of
practicing engineers, that is, working on projects: assessments include tenders,
planning schedules, meeting minutes, progress and final reports, built prototypes
and client presentations (Graham 2010). In their seminal report Mills and Treagust
(2003) wrote “Almost every task undertaken in professional practice by an engineer
will be in relation to a project”. These authentic work based assessment tools
engage students in more meaningful learning experiences compared to the small
fragmented assessments typical of traditional courses (Boud 2010). Quality and
consistency of marking can be enhanced by use of rubrics (Stevens and Levi 2005).

However many programs are replacing PBL or PjBL with traditional programs
as the high cost of resources are not sustainable (Herreid 2007). Staff report “a lack
of knowledge and/or confidence in the design and implementation of assessment
process for their PjBL experiences” (Graham 2010). STEM academics and tutors
may lack capacity to mark student’ sustainability work consistently and accurately
especially when part of larger projects with multiple facets. Multiple supervisors
may be involved in marking capstone PjBL assessments, so quality and consistency
of marking is often an area of concern. If they have not had project based learning
experiences and they don’t have expertise in sustainability, this will compound the
challenge.

A visual quantitative tool that captures the breadth and complexity of student
knowledge of sustainability is the concept map. It can be used to teach systematic
sustainability thinking as well as assess. A concept map documents an individual’s
or group’s ideas around any topic (Novak 2010). The map records concepts relevant
to a question or issue, as well as interlinks between concepts. This allows flexibility
to draw concept maps around sustainability questions or issues related to the cur-
riculum. Concept maps have been used in research studies to assess depth of student
learning in sustainability (Segalàs 2009; Segalàs et al. 2009, 2010) and in a limited
number of cases it has been used to assess student learning (Jollands and
Parthasarathy 2013). The method for use of concept maps in assessing students’
understanding of sustainability was developed by Segalàs (2009), against taxo-
nomic criteria developed by the Sustainability Portal of the UNESCO Chair of
Sustainability at UPC and a benchmark set by evaluating sustainability maps of
experts (Segalàs et al. 2009). The method includes calculation of a complexity
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indicator (CO) and category relevance (CR) for each map, which are then compared
against values for experts’ maps. Good maps have an even spread of concepts
across the taxonomic criteria (CR) and high number of concepts and links between
concepts in different categories (CO). Figure 1 shows sustainability concept maps
that range in breadth of concepts and complexity of relationships between concepts.

The final assessment method to be considered in this paper is use of the SOLO
taxonomy. This tool can assess the sophistication of students’ conceptions of
sustainability. It characterises the learner’s responses to a task in five developmental
levels (Biggs and Collis 1982):

• prestructural (no understanding)
• unistructural (only one aspect of data is considered)
• multistructural (considers several aspects of data but fails to link them to the

question)
• relational response (draws a simple conclusion based on the given data)
• extended abstract (relates abstract principles to the data and generalises to other

contexts without closure).

The taxonomy has had some use in sustainability research studies. Carew and
Mitchell (2002) characterised students’ understandings of sustainability using the
taxonomy and gave examples of a prestructural response as

Before the situation is getting worse we should find a better solution to improve it

and an extended abstract response as

Sustainability is about managing resources for future generations to use. Its about finding a
balance between the amount of resources we consume and the amount of time we allow the
earth to replenish the resources. It also involves changing current social, economic and
political structures so that everything is more connected.

(a) Simple concept map with low
complexity

(b) Portion of a complex concept map
with high breadth and complexity

Fig. 1 Sample concept maps showing breadth and complexity of sustainability knowledge
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Several studies have reported use of the taxonomy in assessment of other kinds
of student work. One study in engineering used the taxonomy to mark examination
papers comparing closed and open book examinations (Baillie and Toohey 1997).
The paper reported that student performance had low correlation in the two exam
types, attributed to students changing their approach to learning from surface to
deep when assessed by closed rather than open book examinations. Leung (2000)
described using the taxonomy to assess students’ design and technology (D&T)
work. A traditional examination question was posed to students along with a
“SOLO” question, and both were marked by three experienced markers using two
marking methods: traditional and SOLO taxonomy. The reliability of marking
decreased when the SOLO taxonomy was used, attributed to markers’ lack of
experience using the new marking method. Leung (2000) concluded that markers
must be well prepared and trained.

Use of the solo taxonomy in marking requires skills in coding text against a
hierarchical taxonomy. This is a qualitative research method analysis skill.
Generally, science, technology, engineering and mathematics (STEM) academics
have limited experience and low level of skill in qualitative research techniques.
Hence STEM academics would need significant professional development and
marking moderation to use the SOLO taxonomy reliably. Multiple markers may be
involved in marking STEM assessments when part of a PjBL assessment, com-
pounding the challenge of using the SOLO taxonomy to mark PjBL sustainability
assessments.

3 Analysis

Bloom’s taxonomy was developed to assist teachers to select learning objectives,
develop curriculum, provide quality learning activities and aligned assessment. It
has six cognitive process dimensions: remember, understand, apply, analyse,
evaluate and create and four knowledge dimensions: factual, conceptual, procedural
and metacognitive (Anderson et al. 2014). The assessments described in the pre-
vious section are characterised in Table 1 in terms of Bloom’s cognitive process
dimension.

Table 1 shows conventional examinations are a poor assessment method to
measure student learning in sustainability. Developing sustainability competence
requires more than memorisation, so examinations are a poor measure of and poor
motivator for the deep learning approach necessary to develop the capacity for
critical thinking, systemic thinking, values and ethics, core competences for sus-
tainability. Examinations encourage students to take a surface approach: the student
needs only to remember concepts to pass, without demonstrating any higher order
cognitive processes. On the other hand, concept maps or the SOLO taxonomy have
more characteristics of effective methods to measure students’ learning in sus-
tainability. These methods provide scope to measure higher order cognitive
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processes that are required for sustainability understanding, especially critical
thinking and systemic thinking.

In PjBL the SOLO taxonomy can be used to assess tenders, progress and final
reports, prototypes and presentations, although a high level of marker skill is
required to achieve reliable results. Concept maps can also be used to show stu-
dents’ understanding graphically. Hence PjBL is a suitable pedagogy for sustain-
ability learning, as reported by Segalàs (2009).

Examinations can be marked with the SOLO taxonomy if they are essay based
(Baillie and Toohey 1997). If the examination is open book and questions are open
ended and focus on real world sustainability issues then examinations can also be a
suitable measure of sustainability learning. Examination answers can also be
illustrated with concept maps. Again, reliable results will require a high level of
marker skill.

4 Conclusions

Examinations that focus on fact reproduction are not suitable for measuring sus-
tainability learning. They promote surface learning and fail to measure higher order
cognitive processes characteristic of sustainability competence. Project based
learning (PjBL) is a common approach in engineering disciplines as it mirrors
engineering work. PjBL assessment tasks such as reports and presentations can be
marked using taxonomies such as the SOLO taxonomy which measure the higher

Table 1 Analysis of sustainability assessment tools in terms of Bloom’s taxonomy and marker
skill

Examinations Concept maps SOLO
taxonomy

Remember (Conventional) Reproducing facts and
memorisation of procedures and
formulae

Breadth—number of
concepts

Unistructural/
multistructural

Understand Linkages—number of Multistructural

Apply Problem context
reflects issue or
question

Relational

Analyze Links between
concepts

Relational

Evaluate Identify critical
relationships between
concepts

Relational

Create Open book real work open ended
questions with essay based answers

Extended
abstract

Marker
skill

Low Low High
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order cognitive processes that are required for sustainability competence. However,
markers need a high level of skill to mark reliability with rubrics based on the
SOLO taxonomy. Graphical tools such as concept maps are also effective in
measuring higher order cognitive processes.
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The Need for the Graduate Attribute
Assessment Tool (GAAT)

Sarah Holdsworth, Ian Thomas, Orana Sandri, Peter S. P. Wong,
Andrea Chester and Patricia McLaughlin

Abstract Universities have developed sets of Graduate Attributes (GAs) to be
achieved by their graduates across all programs. GAs are often associated with
development of ‘sustainability’ capabilities. However, there is little indication that
sustainability GAs are assessed to determine the extent of achievement, application,
relevance to professional practice or to provide feed-back into curriculum design.
This paper reports on the development of the Graduate Attributes Assessment Tool
(GAAT) to determine achievement of the sustainability GA. The research devel-
oped, in 2016, a tool to assess the level of graduate attainment, application and use
of a sustainability GA in a graduate’s workplace. The GAAT is unique as it is
founded in the Theory of Planned Behaviour (TPB). The tool was trailed on a
sample of RMIT graduates and assessed to determine if it was an appropriate tool.
The complex nature of the sustainability GA meant that a modified version of the
TPB was required. This resulted in the development of questions that required
participants to reflect on their behaviour in their workplace in relation to a specific
scenario. Additional questions were included to enable feed-back on curriculum to
allow for modification to assist sustainability GA achievement. The GAAT pilot
indicated that it provided valid outcomes of the achievement of the sustainability
GA and insight for curriculum review. Development of the GAAT and its piloting
have provided the basis for a practical, flexible tool for assessing sustainability
GAs, and has potential for further development into a tool for assessing the wide
range of university GAs.

Keywords Graduate attributes � Sustainability education � Lifelong learning
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1 Introduction

A more sustainable future requires transformative change so that, as empowered
and engaged citizens, we can act individually and collectively to critically think and
reflect on our current lifestyles and allow for action that results in positive envi-
ronmental and social change. However, as Fien et al. (2004) note, the paradigms of
sustainability, and sustainable development, are complex, nuisance and difficult to
define and conceptualise.

Traditionally, sustainability has focussed on compliance with environmental
regulations and principles of corporate citizenship. While there is an increased
awareness of the broader issues of sustainability and social responsibility there
exists a tension between the improvement of environmental and social outcomes
and the associated increased costs (as understood over the short-term) (Crocker
2013; Newton 2013).

Sustainability education (SE)1 is a response to the limits of our knowledge and
capability around complex, and serious issues including climate change, environ-
mental decline, food security, poverty (Holdsworth and Hegarty 2016; Sterling and
Thomas 2006). These issues are serious because they can produce irreversible
effects once certain thresholds are met, and they are complex because they are not
easily responded to because they cover many different state, sector, and community
boundaries (OECD 2012). Through SE, the development of skills and capabilities
to appreciate and respond to complex problems is teleological. Higher education
therefore plays a key role in developing knowledge and capacity around sustain-
ability, not just for those studying sustainability and related fields, but for all
professions if we are to respond to these 21st challenges (Wals 2014).

There have been many studies over the past decade which attempt to map out
learning outcomes for sustainability in the form of skills, attributes, competencies or
capabilities depending on the language used (Barth et al. 2007; Barth and
Michelsen 2013; Brundiers et al. 2010; Cohen 2007; Dale and Newman 2005; Haan
2006; Hofreitera et al. 2007; Ison 2010; Mochizuki and Fadeeva 2010; Mogensena
and Schnack 2010; Parker 2010; Parkin et al. 2004; Scott and Gough 2010; Segalas
et al. 2009; Sterling and Thomas 2006; Thomas 2003; Wals 2010; Wiek et al.
2011). There are many papers that present different lists of capabilities with similar
themes. A literature review of EfS capabilities (including literature on EfS, ESD
and systems education) undertaken by Sandri (2014) and Holdsworth (2010) found

1Education for Sustainable Development (ESD) is the term favoured by governments and the UN
Decade of ESD. However, others prefer Education for Sustainability (EfS) seeing ESD as too tied
to economic development, too instrumentally oriented, and missing cultural, personal and valu-
ative dimensions. Subsequently there has been talk of achieving sustainability curricula, to
advance the community’s sustainability agenda, morphing to the general term Sustainability
Education (e.g. see Jones et al. 2010). Whilst recognising the debate regarding the distinctions of
these terms, we will use Sustainability Education in recognition of the broad applicability of the
assessment tool.
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that the following capabilities are most commonly described as learning outcomes
in the literature.

• Sustainability literacy
• Systemic and holistic thinking
• Capability and motivation for lifelong learning
• Critical thinking and reflection
• Reflexivity
• Interdisciplinary skills and ability to work with stakeholders
• Foresighted, anticipatory and futures thinking
• Working with complexity and uncertainty
• Implicit development of values or value of learning and reflection
• Characteristics: empathy, compassion, self-motivation and sense of identity

Experiences in the classroom and consultation with industry suggest that sus-
tainability skills and capabilities are crucial for future employment (Holdsworth and
Sandri 2014; Holdsworth and Hegarty 2015; Holdsworth and Thomas 2015;
Thomas and Day 2014). Many polices of the Australian government emphasise
sustainable development, and many employers seek this expertise (Sterling and
Thomas 2006). Sustainability capabilities align with Australian university generic
graduate attributes such as life-long learning, problem solving, ethical, social and
professional understanding, communication and inquiry (Barrie 2004; Thomas and
Day 2014). Furthermore, sustainability capability also aligns with a number of top
employability skills demanded by employers including learning, communication,
problem solving and initiative and enterprise (Graduate Careers Australia 2014).

It is not surprising therefore that, aspects of sustainability have been integrated
into graduate attributes across Australian universities (Thomas and Day 2014) and
in various ways, embedded in learning and teaching practice. However questions
remain around how to best assess this graduate attribute and ensure it is appropriate
for professional practice. Educators are currently in a vacuum as they have few
opportunities for knowing whether their curriculum and teaching is effective for
graduate activity in sustainability (Sandri et al. 2016). This is not confined to
sustainability, is a critical issue that applies to graduate attributes in general. It is
important for all universities to be able to measure and capture information about
graduates’ acquisition of generic learning outcomes as part of their program of
study. However, at the beginning of the 21st Century, Barrie et al. (2009, p. 1) were
led to observe that ‘while all Australian universities make such claims in policy,
few can provide convincing evidence of curricula that comprehensively and sys-
tematically develop these abilities’. To date there is no clear information to suggest
that the situation has changed.

According to Barrie et al. (2009, p. 7) evidence of graduate achievements of
graduate attributes are seen as the ‘central plank of the next generation of
outcomes-based national quality assurance systems’. It is not enough, however, to
measure the attainment of these attributes within the curriculum ‘we also need to
examine the way in which graduates cope with the requirements of their work …’
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(van der Velden 2013, p. 211). While a body of literature and theory has developed
on sustainability capabilities/attributes, less research has been published on how to
evaluate such capabilities and attributes.

2 Graduate Attributes, Sustainability Attributes
and Their Measurement

Formal discussion of learning outcomes and generic skills in Higher Education was
initiated in the late 1990s, resulting in a framework of generic attributes statements,
outlining attributes that university graduates would be required to attain.
Consequently individual universities responded with the release of their sets of
graduate attributes or capabilities (Bowman 2010). Graduate attributes have now
been developed and are being applied by universities across Australia as a way to
ensure that graduates achieve learning outcomes that support and promote
employability and workplace readiness.

There is, however, ‘lack of conceptual clarity’ (Green et al. 2009, p. 17) about
the exact meaning of terms such as attributes, skills and capabilities which have
been well documented (Barrie 2006). Critically, Sadler (2013) differentiates
between capability, attribute, competencies, competence and skills. He contends
that a capability or attribute can be considered as an integrated and large-scale
characteristic. A competence may then be described as a smaller-scale identifiable
element, a demonstrable skill associated with the completion of a task, which
contributes to such a capability/attribute. In particular, capability refers to the ability
of an individual to evaluate situational contexts and to appropriately apply skills
and competencies. Further, personal abilities and environmental/social contexts
influence levels of individual capability. These external conditions enable or limit a
person’s ability to be capable (Nussbaum 2011).

This lack of clarity is further complicated by the subjective nature of sustain-
ability and it manifestation in sustainability attributes/capabilities. The sustain-
ability attribute at RMIT University articulates as ‘Environmentally aware and
responsible’, and despite reading as a discrete attribute, has several components.
According to RMIT University: ‘Graduates of RMIT University will have engaged
in processes to develop their abilities to recognise environmental and social impacts
and to provide leadership on sustainable approaches to complex problems.
Examples of how this graduate attribute can be evidenced include:

• Recognise the interrelationship between environmental, social and economic
sustainability.

• Appraise and critique context-appropriate sustainability measures.
• Take responsibility for critical decision-making in ensuring sustainable outcomes.
• Appropriately apply their environmental and sustainability literacy in a highly

diverse range of contexts.’ (RMIT University 2015, p. no page)
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In this graduate attribute it can be identified that graduates are expected to
achieve the following capabilities to:

• recognise environmental and social impacts;
• provide leadership on sustainable approaches to complex problems;
• recognise the interrelationship between environmental, social and economic

sustainability;
• appraise and critique context-appropriate sustainability measures;
• take responsibility for critical decision-making in ensuring sustainable out-

comes; and
• apply their environmental and sustainability literacy in a highly diverse range of

contexts

Given this cumulative complexity it is not surprising that despite the requirement
of Australian Government that all ‘universities as part of the AUQA (Australian
University Quality Agency) audit process, show how they are embedding such
attributes in the teaching of undergraduate degrees’ (Barrie et al. 2009, pp. 6–7),
‘few can provide convincing evidence of curricula that comprehensively and sys-
tematically develop these abilities’ (Barrie et al. 2009, p. 1). How graduates then
understand and utilise these attributes within the workplace is increasingly
important as graduate attributes are also used by accrediting bodies to map out
where these are developed in professional degrees in order for the degrees to receive
industry accreditation (Barrie et al. 2009). Consequently, it is vital these attributes
are evaluated for their individual relevance and attainment.

There is little indication that the situation has changed in more recent years.
A small number of studies provide insight into current approaches taken by
researchers to assess graduate learning outcomes; post degree-completion, or within
workplace contexts. These studies are typically based on graduates’ self-reported
perceptions of their ‘workplace readiness’ and satisfaction with their learning
outcomes from their degree. An overview of these studies includes:

1. Self-assessment questionnaire/survey

• Delaney (2004) surveyed 522 graduates of an American University with an
aim to determine the degree of satisfaction graduates held in terms of work
readiness upon completion of their degree

• Potts and Kleinpeter (2001) surveyed distance education students with an
aim of determining graduates self-perceptions of work—readiness and
degree satisfaction.

• REFLEX graduate study was a large-scale graduate study involving 100,000
graduate participants surveyed in 2005 and 2008, five years after they left
higher education, across approximately 20 European countries. The aim was
to determine ‘… the extent to which … competences were required in their
current job and the degree to which they actually possessed them’ (van der
Velden 2013, p. 213).
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• Assessment of Higher Education Learning Outcomes (AHELO) (OECD
2012) was an international graduate learning outcomes assessment tool
developed and trailed from 2011 to 2013 by the OECD in 17 countries with
approximately 10 higher education institutions in each country. The study
uses both quantitative and open ended qualitative questions to measure
learning outcomes in the disciplines of economics and engineering ensure
graduates can ‘contribute to economic, scientific and social progress’ (OECD
2012).

2. Qualitative interview

• Martin (2005) conducted a Purposive sample of 16 engineering graduates at
a South African university. The aim of the study was to determine engi-
neering graduates’ perceptions of how well they were prepared for work in
industry.

3. Workplace/work practice assessment

• University of Graz, Austria (Spiel et al. 2013) triangulated student data with
external assessment by combining data from current and recently graduated
students, gathered through self-reported surveys, with graduate employer
assessment and assessment from current teachers of student performance. An
aim was to determine graduate performance.

• VET (Vocational Education and Training) Practitioner Capability
Framework (Innovation & Business Skills Australia 2013) developed a
template for the Australian Government for use by training organisations to
rate employees’ capability. It draws on self-assessment, peer assessment and
employer assessment with the aim to determine employee capability.

• Work integrated learning (WIL) assessment was explained as ‘WIL gener-
ally uses a range of tools, such as reflective journals and student presenta-
tions, to assess learning theory, critical reflection and career management’
(McNamara 2013, p. 188). Part of work placement assessment, WIL is being
integrated into university learning as a way to give students real workplace
learning experience.

Graduate self-reporting (via quantitative surveys, reflection or interviews of
perceptions) appears to be the common approach adopted by researchers to assess
attribute attainment. While self-reporting can be an efficient way of collecting data
(via electronic surveys), it has significant limitations, since it:

• relies on participants having the ability to interpret the questions correctly and
be honest in their self-reflection, and

• places responsibility on the respondents to interpret what the question and its
context mean, with little or no guidance.

Using a semi-structured interview style can avoid the drawbacks of
self-assessment, allowing the researcher to collect supporting data that evidences
the graduates’ account of their experiences and abilities. The disadvantage being the
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resources needed to collect even a small data set. Identical comments can be made
for assessment of WIL. Learning from these experiences means that the develop-
ment of an assessment tool to measure graduate capability in professional contexts
must consider the advantages and disadvantages of each assessment method
identified in this review.

However, a more basic issue is that any assessment undertaken at the end of a
program or course/subject to provide a summary of a student’s learning is unlikely
to provide a viable assessment of a graduate who has entered in the workforce.
Firstly, for an employed graduate participation in any university research would be
voluntary, rather than associated with a formal learning requirement. Secondly, the
form of large scale assessments traditionally used, such as ‘written tests, oral pre-
sentations, concept maps, problem solving activities, project work, essays, formal
assignments and exams’ (Queensland Department of Education Training and
Employment 2014: no page), are likely to be impractical for graduates to undertake
on a voluntary basis. Yet a large-scale tool that provides both a valid assessment of
learning and is efficient to apply is desirable, especially in order to compare findings
from different programs of study.

An additional consideration is that undertaking an evaluation of a graduate’s
capability, after the graduate has left university and entered the workforce, increases
the difficulty of meaningful and accurate evaluation. This arises because graduates
both can be more difficult to contact, and they would have acquired additional
learning in the workplace; as noted by van der Velden (2013).

3 Attribute Assessment Consideration and the Theoretical
Basis for the Assessment Tool

In order to assess the level of graduate attribute attainment and application, it is
important to consider that capabilities must be situated contextually, enabling
graduates to demonstrate what they have acquired, these capabilities, and the extent
to which capabilities have been acquired. Graduates will then need to draw on their
skills, knowledge (competencies) and values, and to be able to use them to critically
evaluate the most ‘sustainable’ options in a given context. Assessment of capa-
bilities may be possible through formal processes during a course/subject where the
teacher can observe a student undertaking a task or a student can work on a set task
to achieve an outcome. However observation by the teacher may not be practical in
research with graduates who have finished their studies. Furthermore, as Lozano
et al. (2012) explains capability as when someone is able to undertake some action;
which means the person may not necessarily continually demonstrate the ability. In
line with the theories of situational learning (Down 2006), it is a graduate’s
interaction with their environments and social contexts where learning can be
demonstrated and assessed. Real life contexts and interaction play a key role and are
indeed necessary in order to assess capability. For example, Hager (2006, p. 34)

The Need for the Graduate Attribute Assessment … 121

usha.iyer-raniga@rmit.edu.au



argues that attributes are used in combinations in contexts and thus ‘integration in
real life practice should never be overlooked’.

Earlier experiences in the development of a tool to assess graduate attributes,
using a vignette/scenario approach (Sandri et al. 2016), informed the adoption of
Theory of Planned Behaviour (TPB) as the theoretical base of the assessment tool.
TPB, developed by Ajzen (1985), is a model that articulates that a person’s
behaviour is indicative of three critical indicators; a person’s attitude towards a
behaviour of interest; their perceived social norms related to that behaviour of
interest; and a person’s perceived behavioural controls over the behaviour. By
measuring all three aspects in regards to a specific behaviour, a person’s likelihood
of performing the behaviour can be indicated.

Based on the TPB model, the ‘more favourable the attitude and subjective norm,
and the greater the perceived control, the stronger should be the person’s intention
to perform the behaviour in question … given a sufficient degree of actual control
over the behaviour, people are expected to carry out their intentions when the
opportunity arises’ (Ajzen 2002, p. 1). This relationship is illustrated in Fig. 1.

Given the subjective and diverse nature of sustainable behaviours, the TACT
framework (Target, Action, Context and Time) was used to assist in defining the
scope of the behaviour (Ajzen 2002). Then the target is the graduate application of
some key framework that they have learned about in their degree, to fulfil the
outcomes drawn from the GA (application of key components, such as to minimise
negative impacts to the physical environment) and the action is making decisions
that use the EAR GA. The time was defined as during work-practice in the last
12 months. Additionally, a scenario was developed in order to provide a context
that was familiar to the participants, to situate the behaviour/s of interest. This
approach was guided by Millar and Millar (1996) who argue that attitudes towards

Inten on
Readiness to 
undertake 
behaviour (this is 
the direct 
antecedent of 
behaviour) 

Behaviour
Individual will 
likely 
undertake 
the behaviour

A tude towards 
behaviour
Degree to which the 
person has a 
favourable/unfavourable 
appraisal of the behaviour

control
Perceived ease/difficulty of 
performing the behaviour

Subjec ve norm
Perceived social pressure 
to perform/not perform 
the behaviour

Behavioural 
Beliefs

Norma ve 
Beliefs

Control 
Beliefs

Actual Behaviour Control

Perceived behavioural 

Fig. 1 Components and relationships within Theory of Planned behaviour (TPB)
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behaviours are directly influenced by whether or not a person has had prior
experience with the behaviour of interest. The scenario required participants to
think about their use of a specific piece of environmental legislation (the
Commonwealth of Australia’s Environment Protection and Bio-diversity
Conservation Act, 1999) in making decisions to fulfil the expectations of the GA.

Survey questions were grouped around the five GA sub-behavioural categories
(described above), being:

1. Minimise negative impacts to the physical environment
2. Minimise social/community impacts
3. Recognise environmental, social and economic relationships
4. Balance environmental, community and economic outcomes
5. Evaluate a range of alternatives/responses/solutions

From these five sub-behaviours, one question was formulated to measure (sep-
arately) each of the following TBP variables:

• Current behaviour typical of the graduate/participant in their workplace
• Attitude of the graduate towards the issue
• Subjective norms operating in society, in relation to the issue, the graduate is

aware of
• Perceived behavioural control in the workplace as understood by the graduate
• Leadership that the graduate may take in their workplace.

To cover all aspects arising from these two lists of points, a set of TBP questions
was developed. As indicated in Fig. 2, for each of the TBP variables, a question
was asked to account for each of the five GA sub-behavioural categories. A draft
survey was pre-tested with four fourth year students studying in the School of
Property, Construction and Project Management who were completing their hon-
ours year while working in the industry; this sample was considered to be similar to
program graduates in respect of understanding the survey questions. As a result of
the students’ feedback, the survey was modified slightly; for example, the opening
scenario was repeated in the survey for extra clarity of later questions, and the
layout of sections was improved for better readability. Participants in the focus
groups were asked to comment on the easy and ‘understandability’ of the survey,
and the role of the scenario.

4 Application of the Tool and Project Findings

Drawing on TPB, a set of questions was developed and trialled through the online
survey tool Quatrics. An invitation to participate in the survey was sent to recent
RMIT Graduates from the School of Property, Construction and Project
Management (involving three degree programs). Overall, invitations were extended
to 150 graduates from 2015, 107 graduates from 2014, and 26 graduates from 2013.
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In addition graduates from 2013, from staff LinkedIn contacts, were invited, so that
a total of 318 graduates were invited. Along-side the online survey, focus groups
with 22 graduates were also undertaken which provided additional qualitative data
on both their experiences completing the survey, and their experiences applying the
GA in their workplaces.

Analyses of the survey results was designed to both test the validity of the TPB
model, and illuminate the degree to which the graduates had achieved RMIT’s GA,
their preparedness to be leaders for sustainability, and the sources of their under-
standing of sustainability.

Analysis of the data from the five sub-behaviours demonstrated that the TPB
model is a valid approach to assessing graduate attributes. Details of this analysis
can be found in Holdsworth et al. (in review), however, these can be summarised, in
relation to the five sub-behaviours. For each of the sub-behaviours, results indicate
that Behavioural Control has a direct positive impact on Graduates’ Actual
Behaviour. Despite the suggestion that Graduates’ Attitudes and SubNorms be
included in the model, their impacts on actual behaviour are not as significant.

TBP variables Statement in survey for which respondents are provided 
with a range of responses

1. Current behaviour: I make work-practice decisions that use the EP Act and/or 
the EPBC Act to [this is in relation to the EAR GA sub-
behaviour category, e.g. (1) ‘minimise negative impacts to 
the physical environment’; then (2) ‘minimise 
social/community impacts’; then 3, 4 and 5]: 

2. Attitude If I were free to make my own decisions in my work-
practice, I would use the EP Act and/or the EPBC 
Act to [e.g. in relation to ‘minimise negative impacts to 
the physical environment’; etc] in my work-practice 
decisions: 

3. Subjective norms: The following stakeholders influence my use of the EP
Act and/or the EPBC Act to [e.g. in relation to ‘minimise 
negative impacts to the physical environment’; etc] in my 
work-practice decisions:

4. Perceived behavioural 
controls:

The following factors enable me to use the EP Act and/or 
the EPBC Act to [e.g. in relation to ‘minimise negative 
impacts to the physical environment’; etc] in my work-
practice decisions:

5. Leadership: In using the EP Act and/or the EPBC Act to [e.g. in 
relation to ‘minimise negative impacts to the physical 
environment’; etc] in my work-practice decisions, I would 
most likely:

Fig. 2 Framework underlying survey questions
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In terms of Attitudes (a graduate’s inclination to think or behave in a particular
way) and Actual Behaviour, the results indicated that the graduates had absorbed
the five sub-behaviours of the sustainability GA. Importantly, in their workplace
they would seek to behave in a way that is consistent with these elements; although
being more constrained than if they were not also influenced by some opposing
workplace influences. Broadly, it is clear that their Sustainability Education expe-
riences during their program at RMIT, have been effective; establishing both the
knowledge of sustainability and the will to act on these principles in their
work-places.

In addition to assessing the respondents’ behaviour in terms of knowledge and
understanding, the survey also sought insight into how they behaved to promote
sustainability outcomes. The results indicated that in all cases the graduates would
be most likely to be directed by employers/managers about what is required.
A moderately close second behaviour was to be informed about the impacts of their
work. In essence this demonstrates that in their workplaces the graduates were not
seeing themselves as leaders for sustainability. Given the participants demonstrated
a strong connection to sustainability, when they had freedom to do so, the indi-
cation is that they would be capable of promoting sustainability action to others.

The survey also sought information about the relative importance of some
specific sources of information about sustainability. Results from the analysis of
data related to the five sub-behaviours indicated that studies at RMIT University
were most of the time the important contributor of sustainability related knowledge.
The exception was for Physical Environmental knowledge, where Work experience
was most important, with RMIT coming a very close second. Additionally, social
media and Government or public campaigns, programs or information were much
lesser contributors (influential, about half the time), with Activities or information
by community groups or programs being only moderately influential in relation to
knowledge about social and human communities.

5 Conclusions

Unique to this project is the development and application of a tool for assessing the
attainment of graduate attributes (GAs) post degree completion and in the work-
place. The measurement tool moves beyond student self-assessment, the dominant
approach taken by the small number of existing studies that have attempted similar
assessment research (Potts and Kleinpeter 2001; Spiel et al. 2013). Critically the
project has both: investigated the role of Theory of Planned Behaviour in ‘non
self-assessment’ of employed graduates; and has provided a mechanism for the
collection of information about the extent to which graduates (as students) had
absorbed the messages of their university program. The second outcome is espe-
cially important, as such information establishes the feed-back loop by which
teaching staff and curriculum designers can use the results to review the relevance
of their curricular.
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As discussed earlier, a key aspect of the paper has been discussion of the
development of the assessment tool, based on TPB. Since this approach has not
been used previously, it has been important to test the relevance of the approach, for
measuring achievement of outcomes, and validate TPB in the context of assess-
ment. As a consequence of the survey and its results, TPB has been shown to be
applicable to the assessment of the sustainability Graduate Attribute (GA) at one
large Australian university-RMIT. Importantly, the results also show that TPB, and
the associated survey, could be applied to the assessment of the sustainability GA in
other disciplinary programs at RMIT, and likewise at other tertiary institutions.
Further, that TPB is valid for the sustainability GA suggests it could also be valid
for assessing other GAs. Such expansion of the application of TPB will be pursued
as the next stage for development of the role of TPB.

The starting point for the project was assessment of achievement of the sus-
tainability GA by graduates. By virtue of the survey results it is clear that the
sample of graduates have absorbed the five sub-behaviours associated with the
RMIT sustainability GA. As a consequence of the framework provided by TPB, it
has also been possible to identify that while the graduates would choose to behave
in a way that is consistent with these elements, if they had ‘their way’, specific
influences act in the workplace to moderate (if not frustrate) this intention.

Hence, the educators associated with the sustainability curriculum experienced
by the survey participants, can have confidence in the general effectiveness of this
curriculum (although the results also pointed to some areas where improvements are
possible). This has implications for those teaching sustainability in other disci-
plines, and at other institutions, that their curriculum may be having a powerful
effect on their graduates’ behaviour, and potentially their work-places.

Likewise, the results related to graduates taking leadership for sustainability, and
their source(s) of understanding of sustainability provide important feedback and
precise information for curriculum developers and providers. Regarding leadership,
that the graduates felt that they would (almost always) be guided by their
employers/managers illustrates a lack in the curriculum, to provide strategies for
graduates to communicate their knowledge and concerns in their workplaces.
Hence, where curriculum changes are possible to assist graduates to reduce
work-place influences and restraints, we could anticipate graduates would take a
stronger role in leadership for sustainability.

Finally, there are implications for RMIT curriculum, and possibly elsewhere.
Within the discipline/program area researched for this project, the basics of the
educational experiences provided to students are currently effective in delivering on
the sustainability GA. The results demonstrated that the graduates understood what
was required for them to act sustainably, and showed preparedness to act appro-
priately. Yet these actions were clearly moderated by the influence of key stake-
holders and contexts associated with their work-places. Hence, if a higher level of
the GA elements was to be sought, through class content, assessment tasks and
experiences, then students would need to be given curriculum tools to help them
resist the opposing influences of the workplace (e.g. Market/end-users, clients,
colleagues); and take greater leadership for sustainability. This course of action
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would apply to RMIT curriculum, and could potentially have substantial benefits
for Sustainability Education in other disciplines, and institutions.

Our project to apply TPB to the assessment of the sustainability GA has
demonstrated the value of the approach. Specifically it can provide information in
relation to the achievement of a sustainability focused GA, and thence highly
relevant data for the development or refinement, of curriculum. Equally, the TPB
framework potentially provides a valuable approach for the assessment of a range
of GAs. Testing this potential provides an opportunity for all who are interested in
learning outcomes of graduates, and how the graduates operate in their work-places.
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University Sustainability Course Creation
in China: Experiences from the CUFE

Liguang Liu

Abstract Higher education for sustainable education (HESD) has earned more
attention in China rhetorically. Reorientation of the curriculum is taken as the
essential vehicle for the implementation of HESD. However, there is less in-depth
and systematic research on how a stand-alone course is designed for undergraduates
of all majors in China and what perceptions college students have on the sustain-
ability education. Taking Central University of Finance and Economics as a case,
the study investigates the creation of a sustainability course and provides an initial
survey of students’ perceptions on the course contents and arrangement. Students
recognized their deficiency on the global sustainable development action and
accepted the importance of sustainability curricula. They also made suggestions on
course contents and pedagogies. The study argues that current HESD initiatives
essentially manipulated by the government may miss out on reaching a majority of
universities, therefore, to promote sustainability in universities in China, the
importance of governance and politics should not be ignored. The research findings
provide a useful reference to instructors to improve teaching and further peda-
gogical research, as well as educational authorities to transform HESD policy
making and implementation.

Keywords Higher education � Course design � Sustainable development
China

1 Introduction

Higher education plays a vital role in achieving strategic development in sustain-
ability. Since 1992, the need of Education for Sustainable Development (ESD) has
begun to emerge and integrate with the earlier environmental education in China
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(Niu et al. 2010). The Decade of Education for Sustainable Development (DESD),
ranging from 2005 to 2014, also encouraged higher educational institutions (HEIs)
to integrate sustainability into innovations in teaching, research, social engagement,
campus administration, and student development. With the promulgation of the
2030 Agenda for Sustainable Development and adoption of the Sustainable
Development Goals (SDGs), higher educational institutions confront challenges to
deepen governance reforms towards a more sustainable future.

In its National Medium and Long-Term Education Reform and Development
Plan (2010–2020), Chinese government identified the ESD as an important strategic
theme for future educational reform. Although environmental education, to some
extent, has been involved in the courses for primary and secondary education in
China, there are no clear regulations for universities to develop such curricula and
initiate sustainability programs. On the one hand, the effectiveness of sustainable
campus construction highly relied on the voluntariness and capabilities of indi-
vidual universities; on the other hand, government leans toward supporting some
piloted universities to accumulate experiences. The higher education for sustainable
development (HESD) has optimistic prospects, though the current result is not
optimized.

The aspects that HEIs can contribute to sustainable development include green
campus operations, sustainable research, networks among institutions, curricular
innovation, public outreach and community engagement. Over the past decade,
there have been more studies on university sustainability initiatives in China from
various perspectives, such as university administration and motivations (Zhao and
Zou 2015; Lo 2015), ESD policy development (Wang 2014), awareness status of
campus sustainability (Yuan and Zuo 2013). There are also normative studies on
significance and approaches to promote higher education for sustainable develop-
ment (Wang 2007; Wang and Li 2011). Case studies, interviews, questionnaires,
and document analysis are the most employed methods.

Since ESD is, in essence, interdisciplinary and university students and faculties
are recruited and categorized by specific majors, it has always been challenging to
initiate and foster an integrated sustainability curricular system to students. Some
pioneer green universities in China have been highlighted and the progress proved
to be evident (Zhao and Zou 2015), however, the efforts of the majority of uni-
versities, some of whom also seek to enhance their competence through updating its
ideas and reforming its institutional governance, have received less attention.
Although a case of one university may seem unique and particularly individual,
under a rather centralized regime in China, it reveals representative elements and
features that peer universities share.

The Central University of Finance and Economics, which is a public university
located in Beijing, China, is taken as a case. A survey was conducted to 229
undergraduate students of different majors, who were taking the optional sustain-
ability course in the fall semester of 2016. The purpose of this research is to
investigate students’ perceptions on sustainability course learning, in order to better
understand the Chinese students’ interests and views on sustainability course study
and to improve curriculum design and pedagogical research thereafter.
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2 HESD and Its Development in China

This section provides a contextual background of how China has launched the
HESD initiatives and how Chinese universities have incorporated more sustain-
ability programs into their development agenda.

2.1 Higher Education Governance in China

Notwithstanding its sheer size and diversity, China has been a unitary and cen-
tralized state. The main organs of state power are the National People’s Congress
(NPC, the highest legislative branch) and the State Council (the highest executive
branch). Since the Communist Party of China (CPC) is the founding and ruling
political party, the Politburo and its Standing Committee play most significant roles
in policy decision. The subnational (provincial) government in mainland China
exercises jurisdiction over 22 provinces, 5 autonomous regions, and 4 municipal-
ities under the central government (i.e. Beijing, Shanghai, Tianjin and Chongqing).

The Chinese Ministry of Education is a cabinet-level agency under the State
Council that takes charge of the overall planning, coordination, and management of
all educational system in mainland China, including compulsory basic education,
vocational education, and higher education. In China, the ways of supervising higher
education institutions are diversified. In 2015, there were as many as 2560 univer-
sities and colleges and 292 institutions for adult education. The number of enrolled
undergraduate and graduate students in higher educational institutions reached 28.16
million, and 7.36 million college students entered the job market. Both figures have
been increasing dramatically (Statistical Yearbook 2016). According to Lo (2015),
the HEIs in China can be generally categorized into four types based on the
administrative structure. The first type is central-level HEIs, which are directly
affiliated with the Ministry of Education. These HEIs are normally well-funded and
considered as top-tier universities. The second type is provincial-level HEIs. These
HEIs are under the control of provincial governments. This is the largest group of
HEIs, but is smaller in scale, less prestigious and less funded. The third group is
private HEIs, which are privately owned and are operated for profit. The fourth
group is independent HEIs, managed through partnerships between a public uni-
versity and private sectors. Private and independent HEIs do not receive funding
from the government and face serious challenges of policy inconsistencies, per-
ceived low quality and low reputation (Lei 2012; Li and Morgan 2011).

Although the majority of Chinese universities are state-owned, the funding
varies greatly, even within the same group. To promote the educational competi-
tiveness and build world-class universities, Ministry of Education adopted the
differentiation strategy, initiating the Project 211 in the 1990s and the Project 985 in
1998. The formal project includes 112 HEIs till the mid-2000s and the latter one
includes 39 universities from the list of Project 211 universities. It is reported that
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from 2009 to 2013, the research funding for Project 985 HEIs, Project 211 HEIs (73
universities), and other 670 common HEIs were 139.5 billion RMB (52.7%), 51.1
billion RMB (19.3%), and 72.4 billion RMB (28%) respectively (Xu 2014). The
Project 211 and Project 985 have been widely regarded as aggravating the imbal-
ance of competition among universities and local development (Xu 2014; Serger
et al. 2015; Wang 2013).

2.2 ESD Governance and University Initiatives

The education for sustainable development (ESD) was first raised by the United
Nations Educational, Scientific and Cultural Organization (UNESCO) in 1988 and
proposed at Rio Conference in 1992. It was the time that the Chinese government
began to incorporate the idea of sustainability into development agenda. In China’s
Agenda 21, education and capacity-building were officially identified as funda-
mental strategies to sustainable development. The Chinese government also
established the Administrative Center for China’s Agenda 21 (ACCA21) under the
Ministry of Science and Technology to coordinate relevant sustainable develop-
ment programs and strengthen the training of researchers. With sustainable
development being enriched to cover economic, social and environmental aspects,
the National Development and Reform Commission (NDRC) gradually played a
dominant role in drafting and integrating general policies and guiding the domestic
sustainable development practices. Ministry of Education is responsible for the
relevant initiatives in all levels of education institutions. According to Chinese
National Sustainable Report (NDRC 2012), China made great achievements in
enlarging investment in education and achieved a full-scale free compulsory edu-
cation in both urban and rural areas, as well as promoting the equitable develop-
ment of education, especially in underdeveloped regions.

In China’s Agenda 21, China has raised tasks of strengthening environmental
education in primary and secondary schools and developing curricula and materials
in universities and introducing post-graduate courses on sustainable development.
Within this program, various efforts have been made to reorient teaching and
research in Chinese universities and to bring sustainability practice into campuses.
Since 2003, with support from international agencies such as UNESCO, UNICEF,
and UNEP, environmental education initiatives flourished in China. The Chinese
government and UNESCO have enhanced their partnership in the field of educa-
tion. The Chinese Flagship Project on Environment and Population Education for
Development (EDP) was promoted within the framework of UNESCO’s program
on Education for Sustainable Development (ESD). China later actively participated
in the UN Decade of Education for Sustainable Development (DESD) during 2005–
2014, which aims to the enforcement of integration of ESD into education, public
awareness and training, and community development. Since 2015, the Global
Action Program (GAP) on ESD has become the follow-up to the DESD and seeks
to scale-up concrete actions that contribute to the achievements of SDGs. The
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Chinese ESD program, initiated by Ministry of Education and the UNESCO, chose
13 provinces and municipalities to set institutions for the operation.

Several global sustainability declarations, e.g. Talloires (1990), Copernicus
(1994), and Lunenburg (2001) provide useful publicity to encourage universities’
involvement in sustainability progress, but they are not sufficient to change insti-
tutional and disciplinary practices in universities (Bekessy et al. 2007). In China,
the demand for sustainable development, in tandem with rapid economic growth
over the past decades has provided an essential impetus for some HEIs to change
strategies to engage sustainable education in teaching, researching, outreach and
service to society. According to Niu et al. (2010), approximately 50 percent of all
the Chinese universities have launched general courses linked to the sustainable
development and almost all universities have begun to reoriented curriculum in line
with ESD. Some prestigious universities, e.g. Tongji University, Tsinghua
University, and China Renmin University, have become leaders in sustainability
education and green campus practices. The participation and engagement in the
international sustainability network, such as APRUC (UNEP—Asia-Pacific
Regional University Consortium), ProSPER.Net (Promotion of Sustainability in
Postgraduate Education and Research Network) and BELL Project, contributed to
the capacity building and visibility elevation and earned them prominence in the
world.

3 Sustainability Course Design and Survey at CUFE

This section takes Central University of Finance and Economics (CUFE) in China
as a case to investigate how it has initiated its sustainability course creation and how
the undergraduate students enrolled in the class have responded to the course study.
The selection of CUFE case is not just to simply highlight its uniqueness, it is used
as an instrumental case to understand how the sustainability course is practiced
generally in China.

3.1 CUFE Introduction

Central University of Finance and Economics (CUFE) is located in Beijing. It was
first established in 1949 with the name Central School of Taxation. Later, it went
through several stages of development, from Central Institute of Finance, Central
Institute of Finance and Economics, to Central Institute of Finance and Banking. It
had long been attached to the Ministry of Finance. In 1996, the institute was
officially renamed as Central University of Finance and Economics (CUFE) under
the direct leadership of the Ministry of Education and in 2005, it became one of the
national Project 211 universities. The university is a well-known university espe-
cially in the fields of finance and economics. If measured in size and comprehensive
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capacity, CUFE ranks about the 80 to 120th; however, in terms of undergraduate
student quality measured by scores to get admitted, it can be listed in the group of
top-20 most competitive universities in China.

CUFE is a medium-scaled university, with 10,036 undergraduates, 4289 master
students, and 673 doctoral students. It hosts 29 schools, including 50 undergraduate
programs, 76 master degree programs, and 31 doctoral programs. There are 1157
faculties and 544 staffs working with it (CUFE 2015). To accommodate the
growing development of the institution, in 2007, CUFE began to build its second
campus—Shahe suburban campus, which is 6 times larger and located 30 km north
of the Downtown campus. When the main buildings and facilities finished in 2009,
the Shahe Campus was put into use. Currently, more than 7500 students, mainly
freshmen, sophomores and junior undergraduates study and live on Shahe campus,
while seniors, master’s and doctoral students, and international students stay at the
downtown campus. The university provides regular daily commuting buses
between two campuses. CUFE announced its goal and vision of sustainable
development, but does not have an official sustainability mission and coordination
office at this stage.

3.2 Sustainability Course Arrangement

The current curricula for undergraduates at CUFE include compulsory and optional
courses. Besides optional courses within involved disciplines, general education
courses are open for undergraduate students of all majors to choose. These courses
are approved by the Office of Teaching Affairs and set by the principle of “com-
mitment of socialist core values with Chinese characteristics and adherence to
excellent national tradition and culture”. General educational courses shall not be
repeatedly created and are divided into 5 categories: namely, Culture, Literature and
Art; History, Politics and Society; Philosophy, Psychology and Living; Science,
technology and Environment; Life, Earth and Universe. Each course is counted as 2
credits, and the student is required to earn at least 10 credits from no less than 3
categories within three academic years.

The general education courses have been updating each semester. Currently,
there are about 170 courses on the list. In the fall semester of the 2016–17 academic
year, Sustainable Development and the Global Challenge course was launched by a
lecturer from the School of Government. The School, a relatively new school
compared with others, was formed in 2007 from a single department of public
administration. It later established departments of public affairs, city management,
and international politics. In 2013, a new department of resource and environmental
management was founded. The department has 7 faculties on duty but its degree
programs have not been approved. The faculties are encouraged to teach courses for
other majors and create general educational courses.

The course of Sustainable Development and the Global Challenge is a 36
contact-hour course. The course was scheduled 3 h every week for 12 weeks in
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Shahe Campus. The instructor has a decade of working experience in environ-
mental and development research, and 5 years experience in teaching courses in
public administration, public policy, resource and environmental management, and
public program management.

3.3 Learning Objectives and Contents

The curriculum setting was under the contextual background of the formulation and
unanimous adoption of the sustainable development agenda by the United Nations
in 2015 and a series of economic, social and environmental challenges that the
world is new facing. The United Nations Summit in 2015 has adopted 17
Sustainable Development Goals (SDGs) in the 2030 Agenda for Sustainable
Development. These new goals, built on the experiences of the Millennium
Development Goals (MDGs), aims to mobilize global efforts to end all forms of
poverty, fight inequalities, tackle climate change, and protect the environment. In
addition, how countries, regions and the world can integrate policies and efforts is
crucial to the achievements of SDGs.

The creation of the optional course was to complement students’ study in their
specialized majors. It intended to provide a basic introduction to the interdisci-
plinary field of sustainable development, describes the complex interactions of the
world development and the Earth’s environment. It introduced the recent theoretical
and practical development in sustainable development research and provides a
broad overview of the key challenges and potential solutions. The contact time per
week was designed as 2 h for lecturing, and 1 h for questions or discussion. The
contents of the 12-week course are shown in Table 1.

The lecture materials, including slides used in class and suggested readings were
posted to a course mailbox that was open to all registered students and stayed up for
the duration of the course. There were two assignments and one essay to complete
after class. The assignments were questions that students can find answers from the
reading materials. The essay, accounting for 60% of the final grade, asked students
to use what they have learned in class to analyze and comment on a real devel-
opment case.

4 Questionnaire Survey and Results

Since the course is an optional stand-alone module for undergraduates, and it was a
newly created course, a small-scale questionnaire survey is conducted halfway to
gain some understanding of the registered students’ prior knowledge of sustainable
development and their perceptions of the course. The questionnaire consisted of 4
sections. The first section was designed to collect demographic information about
the respondents; the second section examined students’ preference of topics
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lectured in class. The third section is designed to investigate students’ under-
standing of the political dimension of the policy process, especially the role of
government. The fourth section consisted of non-structured questions, asking stu-
dents whether the course has reached their expectations and what possible sug-
gestions they want to make. The survey was conducted in week 8 and week 9 (to
those who were absent in week 8) when important concepts and events of sus-
tainable development had been lectured.

4.1 Questionnaire Results

In total, a big class of 258 graduate students chose to take this newly created course.
The students were invited to fill out the questionnaire and 229 questionnaires were
returned with a response rate of 88.8%. Of 229 respondents, there are 105 male
students (45.9%), 124 female students (54.1%). The students are from different
grades, 71 students as freshmen (31%), 103 as sophomores (45%), and 55 as juniors
(24%). Students come from 21 schools and 43 undergraduate programs out of 29
schools and 50 undergraduate programs of CUFE.

The students were asked whether they have had stand-alone ESD courses or
relevant environment education courses in their previous studies at school.
191 students gave negative responses (83.4%). Some responded that they had
received some environmental education in their elementary years, but not at high
school. Students were asked to assign a number from 1 (meaning no knowledge at

Table 1 Contents of the optional sustainable development course

Schedule Content Modules

Week 1 Introduction, planetary boundary, research methods Module 1:
overview of sustainable
development

Week 2 History of sustainable development (Environmental
history, Brundtland Report, Rio Earth Summit)

Week 3 History of sustainable development (from MDGs to
SDGs)

Week 4 Human population and health Module 2:
specific topics of
environmental concerns

Week 5 Economic development

Week 6 Poverty and inequality

Week 7 Energy and environmental management

Week 8 Addressing climate change, questionnaires*

Week 9 Policy, government, and politics

Week 10 Green campus and community development

Week 11 Carbon market development in China and the US;
environmental ethics; air quality issues

Module 3:
topics of interests

Week 12 The role of government and governance; policy making
process; NIMBY issues; gender equality

*The questionnaires was delivered to collect information of students’ prior knowledge of
sustainable development and their perceptions on the course contents
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all) to 5 (full understanding) to indicate their prior knowledge about key historical
events of sustainable development before they had taken the course. Five historical
events were selected as indicators: 1972 Human Environment Conference;
Brundtland’s definition of sustainable development; Rio Earth Summit and Agenda
21; MDGs adopted in 2000; and SDGs in 2015. Figure 1 shows the survey results.
In general, students had insufficient knowledge on these events (No knowledge
responses occupied the most), but the situation gets improved to the more recent
events in 2000 and 2005.

The students were asked to choose topics they are more interested or less
interested. These topics were what had been proposed in the syllabus and some had
been taught. The purpose was to get to know students’ preference of the topics. The
question was designed to be multiple response questions, students were advised to
choose 3–5 items that they felt most appropriate. Figure 2 shows the students’
responses, sequenced by the order of percentage of cases that indicates a higher
degree of interest.

Since the 2030 Sustainable Development Agenda has adopted 17 goals for
global efforts, among these goals, what areas of SDGs are students more interested?
The results showed a generally stable distribution, with higher interests in Goal 4
(quality education, 44.1%), Goal 5 (gender equality, 39.3%), Goal 8 (good jobs and
economic growth, 31.9%); and lower interests in Goal 15 (life on land, 7.4%), Goal
17 (partnerships for the goals, 13.5%) and Goal 14 (life below water, 14.4%).
Besides, students responded that beyond the case in China (47.7% out of 464
responses), they are also interested in the sustainable development practices in
developed countries (68.2%), other developing countries (57.7%) and less devel-
oped countries (37.3%).

The course is provided by the instructor from the School of Government, who in
some occasions, stressed the roles played by government, especially to the cen-
tralized country like China. 63.8% of respondents thought it is necessary to take

Fig. 1 Students’ prior knowledge about SD events
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additional courses to study government and how it works. The students were asked
to make 2–3 multiple response choices among some topics concerning government
and politics that they want to deepen their studies, the results showed that inter-
national cooperation and governance, inter-governmental relationship, and demo-
cratic governance are highlighted as the top three topics (Fig. 3).

A number of foreign and domestic policy actions, in areas of economic and
social development, as well as environmental protection were presented as cases in
class. Although most students had never taken public policy courses before, stu-
dents showed great interests in discussing concrete cases and connecting them with
policy processes. Taking a recent local protest on a waste incineration project in
south China as a case, respondents were asked to rank the order of relative sig-
nificance of various factors that influence policy making and contribute to conflict
resolution.

Issues on China
education

social equality
public health

environmental protection
SD history

environment ethics
global practice
climate change

political theory and
governance 

energy management  
green campus and 

community
research methods

SD Indicator &
evalution Others

-50.00% -40.00% -30.00% -20.00% -10.00%

Less InterestMore Interest

0.00% 10.00% 20.00% 30.00% 40.00%

Fig. 2 Survey responses to topics of more interest and less interest

Fig. 3 Survey responses to the issues of interest about government
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As Fig. 4 shows, scientific evidence is taken as the most important factor in
policy making, and lessons from other countries ranked the last. Students suggested
some other factors, such as citizen mentality, capacity to tackle policy side-effects.

The class generally reported a positive appraisal to the course. 214 students (93.4%)
claimed it has reached their expectations; 11 students (4.8%) thought it basically live
up to the objectives, and 3 gave negative recognition. A majority of students reflected
that the course was informative and necessary, and it helped them to broaden the views
and follow the sustainable development issues in China and abroad.

Students provided suggestions to the improvement of the course: less theory
instruction and more practical cases related to ordinary life; opportunities to arrange
some sightseeing or field trip; more class discussions and interactions; more videos
or movies related to relevant topics; more book and website recommendation for
after-class reading. Some students complained that the course time occasionally
conflicted with their personal and school activities; or the class had bypassed some
important topics, such as the Belt and Road Initiatives; land use in rural areas in
China etc.

5 Discussion

The discussion on what we can learn from sustainability curricular development at
CUFE is generally framed by the three dimensions of ESD, namely learning con-
tent, pedagogy and learning environments, learning outcomes (UNESCO 2014). In
addition, the outcomes of ESD in general, and HESD, in particular, are greatly
influenced by the factor of ESD governance. By putting together some findings
from the survey and subjective observations, this section discusses why political

Fig. 4 Survey response to the priorities of formulating policy solutions
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factors should not be ignored when discussing the development of sustainability
curricula and initiatives in higher institutions in China.

5.1 Learning Content

The creation of the optional course acted as an attempt to contribute to curricular
improvement at CUFE. It attracts 258 undergraduates of various majors and grades
to take the course. To reflect the holistic and multidisciplinary features of ESD, the
course has tried to incorporate critical issues, such as the evolution of sustainable
development, climate change, social equality, sustainable community development,
public health, quality education, into the curriculum. Such arrangement has gen-
erally met the needs of students of diverse needs within 12-week duration.

Although ESD has been widely reported to be incorporated into curricula at all
levels of education in China, the students’ knowledge about the sustainability
historical evolution is insufficient, even for these highly-qualified students that had
stood out in the college entrance exam. The students have shown their diverse
interests and concerns related to sustainable development. The class has addressed
some of these topics to the best of the instructor’s possibility.

In general, the students’ perceptions on course contents were roughly the same
across different groups by gender or by grades. Some minor differences did exist and
are worth being tested in the future. Comparatively, male students are more interested
in sustainability history (5.5% vs. 10.7%within a gender), while female students have
less interest in politics coverage (17.3% vs. 10.1%). Concerning the sustainable
development goals, female students are more interested in gender equality (12.1% vs.
6.7%), and male students in health and well-being (8.4% vs. 4.9%).

There are some interesting findings when analyzing statistical outputs of dif-
ferent grades. Students of freshmen, sophomores, and juniors all ranked issues of
China, sustainability history, social equality and environmental protection as top

Fig. 5 The perception difference of top interesting topics by grades
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topics of interest; but with school year accumulating, the interests in the Chinese
issue and the history increased, while the interests of the social equality and
environmental protection reduced (Fig. 5). This might be explained by the propo-
sition that the study of their specialized majors may help formulate their new
concerns and cool down their passionate sensitiveness to problems in development.
However, this warrants further investigation.

5.2 Pedagogy and Learning Environment

Pedagogy and learning environments influence how effective the teaching is in
terms of student learning. To optimize teaching and learning, educators should
conduct a systematic assessment of whether and how teaching approaches and
learners’ behavior influence the learning effectiveness. This means instructors
should not stop at sincere teaching but transform up towards scholarly teaching
(Gurung and Schwartz 2013).

The questionnaire survey gave more focus on students’ perceptions of learning
content of the sustainability course, not on the pedagogy. The class status and some
students’ comments and suggestion did reflect a lot of unmet expectations existed.
In any case, teaching should be taken in an interactive, learner-centered way that
enables more engagement of students. Without a better understanding of students’
interests and expectations, the course loses students and could not reach the goals
set by the designer. A challenge is to get to know the generalized and unique
interests of the students from different majors and to connect learning goals with
teaching techniques. Although the optional course was proved to be a fruitful start,
further pedagogical research is required.

The current learning environment is basically fine. Instructor and students met
weekly in a classroom with a capacity of 300 people. The online course has not
been planned yet, but to arrange a short campus visit to gain an understanding of
CUFE greening practice is in progress. Besides, the Department of Resource and
Environment Management is developing a new course of “Management of Green
Campus” to attract students that may take interests.

The direct output was that 246 students (95.3%) passed the course (the optional
course is graded in “pass” or “fail”), based on a calculation of student presence
(20%), assignments (20%), final essay (60%). As a matter of fact, final essay
weighed the most and all submitted essays were above the acceptable level. There
were some excellent essays that students apply what they had learned in class and in
their major study and wrote in a clear and coherent manner with solid and rich
information.

In subsequent weeks after finishing the course, students voluntarily formed
groups writing proposals for National College Student Innovation Training
Competition, a country-wide program sponsored by the Ministry of Education and
encourage students to conduct theoretical or practical research. Some students took
advantage of personal networks built from the sustainability class and the instructor
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received emails soliciting suggestions or being invited to advise their projects.
Some ideas were come up from the class, and research groups wanted to go deeper.

A complete assessment of universities’ sustainability performance can be pro-
cessed from other instruments, such as GASU (Graphical Assessment of
Sustainability in Universities), which facilitates analysis and longitudinal compar-
ison with other HEIs (Lozano 2006). Sustainable campus construction in HEIs
takes a great deal of time and effort. Curricular development, as one pillar of HESD,
signifies a crucial step forward to institutional reform. Without an institutional
culture in which such type of grass-roots sustainability effort is recognized and
valued, the time and energy will be spent elsewhere and sustainable development
will always be a rhetoric.

5.3 Governance Performance and Political Influences

The finding from the survey indicates that though students have diverse interests of
sustainable development practices among different country types, they gave special
attention to issues of China. Of topics related to government, higher grade students
tend to choose democratic governance as topic of interest (16.3% in juniors vs.
12.9% in sophomores vs. 10.6% in freshmen), meanwhile, juniors also led in
percentage of accepting necessity of in-depth study on government (9.1% in juniors
vs. 1.9% in sophomores vs. 0% in freshmen). Moreover, students have a universal
resistance towards political theory instruction (15.2% in juniors vs. 13.1% in
sophomores vs. 13.9% in freshmen, aggregated result in Fig. 2).

The inconsistency seems understandable. The political courses in Chinese HEIs
are compulsory with political theories often full of Party rhetoric, opportunistic and
undebatable. Students have been persistently trained to accept its sociopolitical
construct from childhood and devote themselves to serving the great cause.
However, there is a complex interplay between increasingly self-centered ambition
and social justification (Jost and Hunyday 2005), the students may have realized the
implication and importance of politics with the age and knowledge increasing, but
lacking strong motivation to be independent in thinking and doing, they either stop
by commending highly of China’s economic achievements and be tolerant of its
drawbacks, or they would make compromise, working hard for a wealthy personal
life and be indifferent to the public affairs. There is no surprise that the government
and school administration in China maintain overt and covert control over student
behavior, under such environment, the individual students with passion and sym-
pathy will be often feeling isolated and helpless. This possibly explains the reasons
why students did not show accompanying interests in having a further study on
government, and they were hesitant to discuss government in class.

A separate lecture on “policy, governance, and politics” was delivered in week 9.
The contents included relevant concepts, he Goal 17 of SDGs and its targets, in
particular, the systematic issues (UN 2015); and World Bank’s global governance
Indictors, which provides a governance framework for longitudinal and
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cross-countries comparisons. Moreover, influential political thoughts were intro-
duced, and relationships among state capacity, democratic accountability, and rule
of law were analyzed. The main purpose of such arrangement was to stimulate
students’ further thinking of current challenges in China. There is no doubt that
government plays leading roles in establishing and implementing policies for
sustainable development, but it is also true that if we want better government, we
had better talk politics.

6 Conclusions

Higher education for sustainable education has earned more attention in China. The
curricular development provides an opportunity for HEIs to get involved in campus
sociability activities, and for students to equip with skills for sustainable lifestyles.
This study illustrates a questionnaire survey which was conducted at an optional
course in a university in Beijing, China, and investigates undergraduates’ percep-
tions on the course arrangement and their interests. The results showed that students
diversified in their interests of topics about sustainable development. Most students
had limited knowledge about the sustainable development history, but they gen-
erally accepted that the course was very useful and helpful, and had reached their
expectations. The survey showed some preference differences of the relative
importance of sustainability topics by grade and gender, to some extent reflecting
the unique characteristics of each category. Students are more concerned about
China’s development and issues that happening around, and they proposed diver-
sified teaching approaches and practices for course improvement. It seems that
students recognized the importance of government in promoting sustainable
development, but are not ready to give their focus on the workings of government.
It is fair to say that by creating such a course, students would like to accept a
framework for sustainable development to reconsider China’s achievements and
reflect on the path of the world.

Some concluding remarks are still tentative. There have been a growing number
of publications and directives drawing attention to the importance and approaches
of integrating sustainability content into the curriculum, of best pedagogical prac-
tices for optimizing teaching and learning; and of sharing findings through rigorous
performance measurement and analysis. It requires more substantial efforts in
pedagogical research to understand the interactions of teaching, learning, and
learning environment for HESD with a view of the integration of curriculum
development, research, community service within and beyond HEIs.

In China’s governance of HESD, although universities have a higher degree of
discretion to design and initiate its own green campus activities, Ministry of
Education plays dominant roles in determining which institutions will be selected as
a demonstration site and be provided with funds and resources. The government
administrators and universities, who have been accustomed to the rules of the game,
follow the rules routinely. Only a few lucky universities in China can take this
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advantage and pioneer their sustainability education, for a majority of universities
like CUFE, the institutional motivation and capacity for HESD could not be
guaranteed and they have to muddle through the process.

China has its unique political regime and governance system, the tradition of
centralized top-down approach potentially builds a country of strong state and weak
society, and creates a culture of subordination over autonomy, obedience over
democracy. If the country is confident in realizing a transition towards green
economy and society, it is doubtable that it can realize another goal of ESD
transformation, this is “empowering people to be ‘global citizens’ who engage and
assume active roles, both locally and globally, to face and to resolve global chal-
lenges and ultimately to become proactive contributors” (UNESCO 2014). This
broader issue also relates to politics and has impacts on curricular development and
green campus initiatives. However, it is beyond the scope of this paper.
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Abstract With increasing impact of human survival on the environment and
perpetual debate of our responsibility towards future generations, sustainability has
come a long way. With urbanization and sustained economic development in India,
greater building activity is expected, as India gears up to build 70–80% of the
expected future building stock. As developing countries fight for a greater role in
changing the environmental scene globally, role of sustainability in construction
education has gained ample momentum. A systemic integration in education is
required to sensitize students and future leaders to think, operate and apply sus-
tainability concepts. As educators, it is our responsibility to condition young minds
to view sustainability as an indispensable attitude and empower them to steer
business decisions in alignment with sustainable goals. The construction manage-
ment pedagogical approach steers postgraduate programs towards a holistic
understanding of sustainability and inculcating built environment professionals who
are the stewards of our sustainable future. This paper aimed at analysing one such
construction management program at Royal Institution of Chartered Surveyors
School of Built Environment, to study the efficacy of this pedagogical approach
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1 Introduction and Background

The long term impact of human consumption patterns are evident through climate
change and overutilization of natural resources globally. The contribution of the
construction industry towards overutilization of natural resources and high energy
consumption both during construction and operations of buildings is huge
(Iyer-Raniga et al. 2010). The construction sector globally accounts for one-fifth of
the energy consumption (Architecture 2030 2017). The Indian construction industry
is not far behind, accounting for close to 40% of total energy consumption in the
country. It is expected to grow to USD 1 trillion a year market by 2025, according
to a study by Global Construction Perspectives and Oxford Economics (Fallis
2015). The reason for this growth spurt is attributed to the thriving urbanization
rate, with 10.4 million extra inhabitants just in the Indian capital alone (Fallis 2015).
The report further predicts that India will overtake Japan by 2030, to be the third
largest global construction market. The major emphasis in the building stock is to
be in the areas of housing and infrastructure, with an estimated housing demand of
close to 170 million to be built by 2030 alone (Fallis 2015). With this demand, it is
crucial that steps are taken to ensure that the construction industry embraces sus-
tainability as a core ethos. This research aims at assessing RICS SBE’s efforts at
empowering future construction professionals to comprehend the meaning of being
truly sustainable. The following sections discuss the extant literature pertinent to the
current discourse on sustainability in construction management education.

2 Literature Review

With developing countries fighting for a greater role in this changing economic and
environmental global scenario, the role of education in promoting sustainable
development among the youth has emerged to be of prime importance (UN 1992).
The Brundtland Commission gave the world a broad definition of Sustainable
Development in 1987 as “Sustainable development is development that meets the
needs of the present without compromising the ability of future generations to meet
their own needs” (Brundtland 1987).

Tinker And Burt have derived a separate definition from this for sustainable
construction as “those materials and methods used to construct and maintain a
structure that meets the needs of the present without compromising the ability of
future generations to meet their own needs” (Tinker and Burt 2003). The earth and
all its resources are a shared reserve that we as humans have used and continue to
deploy beyond its holding capacity. The building and construction industry, within
the domain of built environment, forms the largest consumer, having a far reaching
impact on the environment and natural resources. It also has a greater responsibility
and a larger role to play in contributing towards the Sustainable agenda (Murray
and Cotgrave 2007). Consequently, with increasing population, global economic
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development, the current global consumption patterns and dependence on
non-renewable resources, the need to include Sustainability in educational pro-
grams for the built environment is indispensable (Holdsworth and Sandri 2014).

As Raufflet notes, the overall intent is to achieve a systemic integration to build
connections and sensitize students and managers to think, operate and feel differ-
ently regarding the concept of sustainability (Raufflet 2013). It is important to
assess how the current generation of graduates in construction management
understand the importance of sustainable development. The role of educators is not
limited to ensuring that the course curriculum is as per university requirements but
also, how well the young minds are being conditioned to face the challenges and
steer business decisions towards or in alignment with sustainable development
(Murray and Cotgrave 2007; Chau 2007). Therefore, the overarching goal of
construction educators is to impart responsive education, one that inculcates sus-
tainability as an inherent project driver and not just as an add-on objective.

At the Royal Institution of Chartered Surveyors School of Built Environment
(RICS SBE), the pedagogical approach is centred towards a holistic understanding
of sustainable development as it applies to the Built Environment. As RICS SBE
prepares its students in the field of construction management and business practices,
it is vital that we assess, how our education is impacting the potential built envi-
ronment professionals who represent the future decision makers.

3 Sustainability in Construction Management Education

The early models of business education primarily focused on educating potential
managers in order to maximize returns for owners and investors (Sharma and Hart
2014). The business education has focussed on ‘core concepts like finance,
accounting with minimal inclusion of education on Ethics, Corporate Social
Responsibility, and Sustainability’ (Haski-Leventhal and Concato 2016). The
Brundtland Commission Report changed this perception as it argued for a major
role of business in achieving sustainable development. The report marked a turning
point in business education and was followed by a demand on “businesses to
operationalize the concept of sustainable development to address their negative
social and environmental impacts” (Sharma and Hart 2014). With the turn of the
century, the need for incorporating sustainability in management education has
been further emphasised: the United Nations Global Compact has made an
endeavour to align the Sustainable Development Goals with the Principles of
Responsible Management Education (Haertle 2016). Construction Management is a
course at the confluence of the engineering and the management disciplines, the
need for a sustainable perspective in this field is indispensable (Lim et al. 2015).

In a study done by Sharma and Hart in 2014, it was found that most of the major
business schools in the world have added some kind of initiative focusing on
sustainability (Sharma and Hart 2014). However, many of such initiatives are
nothing but appendages to the core course curriculum. These initiatives are mere
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“saddle bag” issues which are siloed away from the core curriculum, to be
addressed when the ‘meat’ or the real content of the coursework is over (Sharma
and Hart 2014). Students in the built environment disciplines go on to become
construction professionals, lecturers, and researchers amongst assuming other roles.
It is imperative that these prospective professionals are prepared to deal with the
provisioning and upkeep of the built environment and make decisions for a more
sustainable future (Hayles and Holdsworth 2008). This conditioning of these young
minds depends on the awareness, knowledge, skills, and values they acquire during
their requisite period of study in the university (Ameh et al. 2010; Ahn et al. 2009).

Stephen et al. (2008) emphasised that “institutions of higher education are
important places of production, perpetuation, and dissemination of knowledge”.
These institutions globally recognize that they have a unique responsibility towards
the goal of achieving sustainability and have adopted practices and course curricula
to this end (Stephens et al. 2008; Chau 2007). The university is a rational envi-
ronment for bringing together diverse and discrete ideas on sustainability and
integrating the concept into relevant educational curricula (Ameh et al. 2010).

4 Imparting Sustainability Education—Indian Context

While India was recently classified as “lower-middle income” country by World
Bank, the economic development in the last few years has definitely pushed it to the
global frontiers (World Bank 2017). In early 2015, India announced an ambitious
climate change policy to reduce the intensity of carbon emissions by 33–35% by
2030 from 2005 levels and switch to 40% non-fossil fuel in the energy mix by 2030
(Accenture 2015). In addition, India plans to quadruple its renewable energy
capacity and bridge the energy supply and demand gap by 2022 (Accenture 2015).
With such energy efficiency targets, the Indian business environment is gradually
shifting towards a mind-set that appreciates and understands the benefits of greater
resource efficiency. Furthermore, in the CDP report for 2015, most of the partici-
pating private and public sector corporations have reported a reduction in emissions
and thus their impact on climate, by use of energy efficiency measures (Carbon
Disclosure Project 2015). Thus, the business environment in India is gradually
remoulding itself to be inclusive of sustainable endeavours and initiatives. This
transformation centred on India’s commitment towards sustainability is indeed a
daunting challenge, one that requires future business decisions to be taken with
sustainability as an integral stakeholder, but also one that requires that our future
business leaders are adequately conditioned to understand and appreciate sustain-
ability and can also innovate beyond its goals. The opportunities being created
within this transforming business environment are plenty and the need to address
how our education system has indeed stepped up to prepare the business profes-
sionals becomes essential (Vijayakumar Bharathi et al. 2014). According to
research conducted by Imam et al. in (2011), the need to include environmental
sustainability, ethical decision-making and social responsibility in management

152 S. Singh et al.

usha.iyer-raniga@rmit.edu.au



education within the Indian context is centred on two factors. First is the external
pressure from the newfound societal relevance of concepts of social, economic and
environmental responsibility and second due to a greater internal pressure by fac-
ulty who have focussed their research on business and natural environment (Imam
et al. 2011).

As clearly documented (Accenture 2015), the construction sector has a greater
role and responsibility in overall contribution towards sustainability in the built
environment, as it bears the maximum accountability to improvise energy and
resource efficiency (Murray and Cotgrave 2007; Ekundayo et al. 2011).
Additionally, with greater knowledge dissemination of benefits of sustainable
development, there is a need to prepare management graduates with concepts of
sustainability (Haski-Leventhal and Concato 2016). Along with construction edu-
cation, the management education has an equal role to play in leading the path
towards achieving sustainable growth. Together, these two sectors have a profound
contribution in India achieving its sustainable goals. The RICS SBE serves these
two specific industry sectors as it provides a business administration degree in
construction project management, it caters to two critical domains of construction
industry and business management sector.

5 Research Aim and Objectives

This research aims to evaluate the impact of construction management coursework
on the perceived understanding of postgraduate students in concepts of sustain-
ability as it applies to the built environment. In view of this aim the research
objectives are as follows:

1. Understand the current state of knowledge of construction management students
in the field of sustainable construction

2. Conduct a peer review of sustainability focussed postgraduate coursework with
other schools offering similar programs to assess the relevance of imparting
sustainable knowledge in construction management education

3. Evaluate the role of course curriculum in shaping the knowledge base of student
group in the realm of sustainable development/sustainability

4. Analyse knowledge progression in students as they gradually move towards
their course culmination

5. Evaluate application and relevance of knowledge pertaining to sustainable
construction, acquired during coursework by recent graduates in business/
project scenarios.
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6 Research Methodology

The methodology followed in this research is explained in Fig. 1. The first step in
the research method consisted of literature review on various aspects of sustain-
ability, sustainability in construction management education and in the Indian
context. This was followed by a comparison of coursework of RICS SBE with five
other selected schools and culminated in a survey questionnaire of students at
RICS SBE. The comparison of coursework helped the researchers to achieve
objective 2 and to fulfil objectives 1, 3, 4 and 5, the questionnaire survey was
carried out. The literature review was highly instrumental in developing the survey
questionnaire.

7 Survey Design and Specifics

The survey respondents were divided into three cohorts as shown in Table 1.
The survey was open for seven weeks from November 27, 2016, to January 15,

2017, to the student cohorts at RICS SBE. A total of 271 responses were recorded
and included in the student survey.

The survey consisted of three parts: the first part contained questions testing
general awareness regarding sustainability, the second part comprised of questions
testing specific knowledge of sustainability within the domain of the construction
industry; and the third part dealt with the perception of the importance given to
sustainability in the Indian construction industry. Part 1 and 2 were relevant in

Fig. 1 Research methodology
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gauging information from the perspective of research objectives 1, 3 and 4; while
part 3 was helpful in reaching research objective 5.

Cohort 1 was only required to take the first two parts of the survey, while Cohort
2 and 3, who had been exposed to the construction industry through internship and/
or professional experience, answered all three parts. Questions were targeted
towards specific areas, to assess topics understood to be relevant from the literature
survey.

Part 1 and 2 of the survey were designed considering the issue that in many courses,
sustainability is taught only as an introductory course and not as an in-depth one
(McDonald 2004) and that students often lack awareness about the specific meaning of
concepts related to sustainability. Questions were also targeted to understand whether
sustainability-education was integrated with the rest of the course (Iyer-Raniga et al. 2010;
Raufflet 2013; Sharma and Hart 2014), whether the knowledge is only theoretical or
practical applications were emphasized upon (McDonald 2004), and whether students got
an opportunity to probe into research during the coursework (Ganah et al. 2008). Part 3 was
designed to examine the market demand, awareness, and acceptability of sustainability in
the Indian market (Economic Policy Forum 2014). The focus of some questions was also to
understand how well the classroom knowledge is addressing the industry needs and
practices (Iyer-Raniga et al. 2010). As eventually, classroom knowledge seeks solutions
through the implementation of concepts.

8 Program Comparison

In order to assess the robustness of the course curriculum at RICS SBE, a com-
parison was conducted with institutions offering similar programs. The selected
institutions were, School of Planning and Architecture (SPA) Delhi, Indian Institute
of Technology Madras (IIT-M), Indian Institute of Technology Delhi (IIT-D),
National Institute of Construction Management and Research, Pune (NICMAR) and
Centre for Environmental Planning and Technology, Ahmadabad (CEPT). All the
institutions mentioned above conduct a post graduate program in construction
management/Building Engineering and Management/Construction Engineering and
Management. The authors conducted an analysis of construction management
coursework at the above mentioned institutions to compare the inclusion of sus-
tainability concepts in built environment sector.

The program comparison revealed that RICS SBE has a more definitive bend
towards inclusion of sustainability in the program structure by providing

Table 1 Survey respondent composition and characteristics

Cohort 1 Incoming students in the post-graduate
program at RICS SBE

Second semester students

Cohort 2 Outgoing students in the post-graduate
program at RICS SBE

Fourth semester students

Cohort 3 Recently placed graduates Recently placed students
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sustainability focussed courses such as, ‘Sustainable Practices for Construction’ and
‘Advanced Energy Management’. In addition to these mandatory courses, several
sections of general courses also cover sustainability aspects such as, ‘BIM for Built
Environment: Sustainability Modelling and Environmental Analysis’ and ‘Lean
Practices in Construction Projects: Linkages of Lean and Green Concepts in Design
of Built Environment’, etc. It was also observed that IIT-D has no requisite course
that offers a holistic knowledge in sustainable construction practice, however, an
elective course titled ‘Sustainable Materials and Green Buildings’ is available for
students. IIT-M follows a similar pattern for requisite courses but offers a host of
courses targeting environmental studies related to all aspects of the built environ-
ment. Additionally, with a focused group of environmental program within the civil
engineering program, both IIT-D and IIT-M have professional experts with vast
experience in green building consultancy and environmental impact assessment for
infrastructure projects. Similarly, CEPT has no requisite course but an elective
named ‘Indian culture and sustainable construction practices’ which is open to both
undergraduate and postgraduate students.

SPA Delhi has a requisite course named, ‘Environmental Clearances’ which
enumerates Environmental Impact Assessment and similar statutory bye-laws
required for project approvals. CEPT and SPA Delhi, both primarily being design
schools, have a strong base of architectural and planning professionals that incul-
cate a strong pedagogy which is inclusive of sustainable design practices in con-
struction and infrastructure sectors. Thus, rather than having explicit exposure to
subjects related to sustainability or green building design, the students at CEPT and
SPA Delhi receive more implicit exposure to these concepts.

NICMAR has also opted for an elective course called ‘Green construction
management’. Thus, it can be safely assumed that the students who do not opt for
this elective have no way of being exposed to concepts on green building practices
and sustainability in built environment.

9 Survey Key Findings

The survey revealed consistencies with the literature survey. Responses from stu-
dents helped to affirm that course curriculum at RICS SBE has a considerable
impact on increasing student knowledge and awareness on sustainability concepts.
Also, there were several events and competitions in addition to coursework that
inculcated the need for self-learning of such concepts by students. One such
example is the annual event of “Green Building Week”. The event is a conglom-
eration of Dialogues with Industry Experts on Sustainable Construction,
Workshops from Design and Construction Companies implementing sustainability
practices, showcasing hands-on ideas and experiences and student competitions on
sustainability practices in the built environment. Such events have been instru-
mental in creating an environment of passive and self-learning for students at
RICS SBE.
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Comparison between the responses from the first and second parts of the survey
revealed a considerable knowledge evolution in students’ understanding of sus-
tainability concepts as they progressed through the program at RICS SBE.

Both the cohorts of 4th semester and alumni students performed better than the
2nd semester students. This was assessed through T-tests. The p-value for
one-tailed t-test for 4th semester students was 0.00019 and 0.04514 for alumni
respectively. Figures 2 and 3 indicate a significantly better performance of fourth
semester students and can be attributed to requisite and elective courses in sus-
tainability that are offered during the 3rd semester of the program at RICS SBE.

It was also found that introduction of sustainability at undergraduate education is
essential in forming a strong foundation that helps in developing a more inclusive
perspective for construction professionals. It was observed that undergraduate
course learning or self-learning in concepts of sustainability by students helped to
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establish a strong knowledge base and develop a perspective to comprehend and
appreciate sustainability practices in construction. As shown in Fig. 4, this was
apparent in survey responses from second semester students, as they scored less
than their peers who were familiar with Green Buildings in their undergraduate
course in some form or other. t-tests were performed to investigate whether the
second-semester student-group unfamiliar with Green Buildings was outperformed
by the other groups of second semester students at a statistically significant level,
and the p-values of the one-tailed t-test were, 0.024461 (Significant) for unfamiliar
vs. those who had come across the term ‘Green Building’, in spite of there being no
dedicated course on the issue; 0.022965 (Significant) for unfamiliar vs. those who
had a dedicated course/chapter(s) on green buildings and 0.027732 (Significant) for
unfamiliar versus those who learnt about Green Buildings on their own. Thus, for
second semester students, there was a statistically significant gap between students
who had been unfamiliar with green buildings at the undergraduate level and stu-
dents who had been familiar, based on measuring the performance in the basic
questions.

Program structure and course curriculum at RICS SBE has a significant impact
in filling gaps in sustainability knowledge from the students’ undergraduate edu-
cation and successfully bringing all students to a level platform.

This was an important observation and learning for RICS SBE, as the students
entering the program come from a diverse spectrum of undergraduate courses.

In order to assess this, t-tests were performed to investigate whether the per-
formance gaps between the fourth-semester student group unfamiliar with green
buildings and each of the other three groups, familiar with green buildings on
various levels during their undergraduate studies are statistically significant. Among
the p-values of the one-tailed t-tests, the only significant one is for the student group
unfamiliar with green buildings vs. those who learned about green buildings on
their own. This proves that the gap between students is adequately bridged by their
fourth semester regardless of their exposure to green buildings in their
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undergraduate coursework. Thus, reinforcing that the RICS SBE curriculum acts
effectively in imparting knowledge about sustainability to the students.

One of the survey questions addressed to both fourth semester students and
alumni attempted to gauge student perception regarding the relevance of classroom
knowledge in sustainability. The intent of this question was to recognize whether
the students understood why they are studying sustainability concepts, and also act
as a sense check for staying abreast with current industry practices. This is extre-
mely relevant as the sustainability practices are ever evolving. As shown in Fig. 5,
the survey revealed that 43% of both, fourth semester students and alumni think that
classroom knowledge is extremely relevant, 38% of fourth semester students and
30% alumni think that classroom knowledge is somewhat relevant, 11% of fourth
semester students and 4% alumni think that “Other sustainable methods” exist
which are more relevant than what is being taught in classroom.

Additionally, 8% of fourth semester students and 23% alumni reported that
scope for application of sustainable methods in the industry is limited. These figures
represent that fourth semester students are more optimistic about the application of
sustainable techniques in the construction industry and the alumni, based on
industry interaction after their course completion have come across newer sus-
tainability concepts and practices, in the realm of built environment.

Close to 46% of fourth semester students and 40% of the alumni surveyed felt
confident that they have inculcated knowledge about sustainability, sustainable
construction guidelines and capability to solve real life problems from a sustainable
perspective. This implies that the percentage of students receiving the full spectrum
of sustainability-related education has increased from the alumni to the fourth
semester students.
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However, the percentage of students who reported to have learnt about sus-
tainability and guidelines for sustainable construction is 29% for fourth semester
students and 39% for the alumni. The percentage of students reported to have
learned about sustainability only without guidelines or real life problems has
increased from 21% in the alumni to 25% in the fourth semester students. This
points towards the need to create greater knowledge depth for final semester stu-
dents by inclusion of elective courses that provide focused vertical knowledge of
more complex sustainability concepts in the built environment.

One of the questions in the survey also addressed inclusion of concepts in
courses other than those whose primary focus is sustainability, which is an issue
highlighted in several texts of the literature survey (Iyer-Raniga et al. 2010; Raufflet
2013; Sharma and Hart 2014). The response received as shown in Fig. 6, reinforces
that while the RICS SBE curriculum has a considerable focus of including general
concepts of sustainability, there is a large percentage of students for whom greater
knowledge penetration is still necessary.

The presence of a strong research focus in a construction management program
provides greater learning opportunities for students. This is all the more relevant
when it comes to sustainability aspects in construction management (Ganah et al.
2008). As observed in the survey, 17% of students reported that they have been
made familiar with the sustainability-related research, 47% have looked for research
once/few times, 25% many times, while 11% refer to sustainability research on a
regular basis. Therefore, a large percentage i.e., 83% of students have been familiar
with sustainability-related research during their coursework at RICS SBE.

Fourth semester students were asked to rank the perceived importance of sus-
tainability in the Indian Construction Industry, results of which showed 44%
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question “Did general
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include a Sustainable
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students and 32% alumni reporting that “Extreme Importance” is given to sus-
tainability in the Indian construction industry, 24% students and 30% alumni think
it is of “Moderate Importance”; 18% students and 21% alumni think it is of
“Occasional Importance”; 13% students and 15% alumni think it is of “Extremely
Rare Importance”, while 1% students and 2% alumni think it is of “No
Importance”. The students seem to have a more optimistic view regarding impor-
tance given to sustainability in the industry: giving the rating scores (like in a Likert
scale) from 1 to 5, the mean score of the students is 3.97 while that of the alumni is
3.75. However, there is no statistically significant difference in the t-test values.

10 Conclusion

The survey indicated that RICS SBE’s curriculum is effective in imparting sus-
tainability concepts in the built environment domain. This can be attributed to two
key strengths of the coursework, one being the overall curriculum interspersed with
sustainability concepts as opposed to siloed sustainability courses. The second
aspect being the transdisciplinary approach towards inclusion of sustainability into
the construction management curriculum. RICS SBE has a comprehensive
approach of including sustainability concepts into core construction courses during
early semesters of the program and then exposing the students to core sustainable
construction concepts during the later semesters. This helps not to force fit sus-
tainability, but exposes the students towards overall resource efficiency and builds
critical thinking as it relates to sustainability concepts as shown in Fig. 7.

This helps the students to form an inclusive perspective that they build on
through the program and also once they become part of the industry. As Conte
points out, sustainability should permeate into construction curricula as an integral
component, similar to conventional parameters of cost, time and quality (Conte
2016; Wright et al. 2015).

In addition, the value generated by a transdisciplinary approach in developing a
curriculum focused towards sustainable development is also amplified at
RICS SBE, by way of specialized courses that focus on sustainable concepts that
are offered across different disciplines of the built environment as shown in Fig. 6.

The recent graduates of the course appeared to have achieved a good level of
understanding of both general and specific aspects of sustainability and its appli-
cations to the built environment. In addition, the course work is successful in
imparting the exact meanings and significances of technical terms relating to sus-
tainability as outlined in the literature review (Iyer-Raniga et al. 2010). The
knowledge gap that existed between students due to different levels of exposure to
sustainability in their undergraduate coursework, is adequately bridged towards the
culmination of the program at RICS SBE.

Furthermore, the program at RICS SBE creates an environment comprising of
both active and passive knowledge means for student learning. The survey also
highlighted a few areas that require greater focus, such as the need to create greater

Sustainability in Construction Management … 161

usha.iyer-raniga@rmit.edu.au



depth of knowledge in application of sustainability concepts. While a majority of
students undergo research work in their course of study but it is important for the
students to see the implementation of these learned concepts (Ganah et al. 2008).
Focussed sustainability training and student competitions at RICS SBE have been
instrumental in achieving this end. Greater participation from industry mentors in
sustainable practices coupled with events such as the “Green Building Week” have
also been an ongoing effort at RICS SBE.

Regarding the existence of sustainable practices in the Indian construction
industry, the survey indicates that students, who have been less exposed to the
industry, seem to be more optimistic. The demand for sustainable construction
practices in India is on an upward trend due to mandatory Environmental
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Fig. 7 Inclusion of Sustainability concepts in core construction courses in early semesters and
focus on Sustainable construction course in later semesters at RICS SBE
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regulations being initiated by the Government of India and an increased demand for
green buildings fuelled by potential benefits of energy efficiency and resource
intensiveness (Carbon Disclosure Project 2015; Accenture 2015). However, as this
faction of the Indian construction industry grows, the need to intervene as educators
is both imminent and timely. As Murray and Cotgrave rightly note in their research
that “Construction has the potential to enhance rather than degrade the environ-
ment and to promote rather than exasperate social and economic equity. If this
potential is to be realised, everyone within the industry will need to attain some
level of sustainability literacy” (Murray and Cotgrave 2007). In the light of eco-
nomic and urban development in India, there is a definite opportunity to make an
inclusive and sustainable intervention in the talent that enters the Indian con-
struction industry. There is a definite demand for adequately trained professionals
that can steer the development in India in a more sustainable manner (Economic
Policy Forum 2014). At RICS SBE, creation of the right environment for student
learning and development is ensured that builds on the construction knowledge and
cultivate their critical abilities to prepare them to be the stewards of development
that is truly inclusive and sustainable.
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Perceptions of the Research Scholars
Regarding Education for Sustainable
Development (ESD) in Pakistan

Qudsia Kalsoom, Naima Qureshi and Afifa Khanam

Abstract Education for Sustainable Development (ESD) is not a mainstream
theme either in school education or in higher education in Pakistan. In November,
2016 the Institute of Education, Lahore College for Women University, Pakistan
organized an international conference on “Building Knowledge Competencies for
Sustainable Development (SD) in Asia: Achieving the Goals of Life-Long
Learning”. The conference received ninety two paper abstracts. However, only a
few articles directly addressed research problems related to ESD. In response, the
study detailed here was conducted to investigate the perceptions of research
scholars regarding SD and ESD to understand the reasons for lack of research in the
field of ESD in Pakistan. The study employed survey method to collect data from
the research scholars who presented their papers at the conference. The respondents
were from departments of education of five Pakistani universities. Forty two
scholars participated in the study. The data were coded and categorized under
pre-determined categories. Data indicated that majority of the research scholars
were not familiar with the concepts of SD and ESD and their importance. They
generally perceived ESD as a set of programmes which sustain over time; and
sustainability competencies as those abilities which would help the students in their
future employment. The study findings indicate a need of mainstreaming ESD in
Pakistan so that research scholars become aware of the concepts of SD and ESD.
This awareness might help them identify ESD relevant research problems.
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1 Introduction: ESD and Teacher Education

Education for Sustainable Development (ESD) has emerged as a new field in
education to address the problems of unsustainability. The United Nations
Conference on Environment and Development (UNCED) held in Rio de Janeiro in
1992 coined the term ‘Education for Sustainable Development (ESD)’. Since then
sustainable development has been consistently addressed in various UN confer-
ences (UNESCO 2005). To implement ESD globally, the United Nations declared
the years 2005–2014 as UN Decade of Education of Sustainable Development
(DESD). UNESCO was assigned a leading role in the implementation of DESD. It
worked with ministries of education and other concerned departments to implement
the ESD agenda. DESD helped in re-orienting education from early childhood
education through universities across the world (Buckler and Creech 2014;
McKeown and USTESD 2013).

Teacher education is a key space to implement ESD (Buckler and Creech 2014;
McKeown 2014; Tilbury 2011) and, therefore, “teacher education institutions need
to reorient preservice teacher education to include ESD” (McKeown 2002, p. 33).
Considering the key role of teacher education in ESD implementation, teacher
education programmes have been re-oriented in many countries and states like
Sweden, Scotland, Australia (Buckler and Creech 2014; Ferreira et al. 2007). In
Pakistan, ESD has not been mainstreamed (Kalsoom et al. 2017). However, some
fragmented initiatives regarding the implementation of ESD have been taken during
DESD. Some of the initiatives are: UNESCO’s Associated Schools Project
Network (ASPnet); a course on ESD in the Master programme of the University of
Education (Buckler and Creech 2014); and participation of the University of the
Punjab in ‘The International Network of Teacher Education Institutions’
(McKeown, n.d). Over sixty schools were part of ASPnet in Pakistan and they
developed a ‘Peace and ESD Education Programme’ to share contextual knowledge
on respect and cultural diversity with the teachers, students, parents and wider
community (KNCU 2009).

One pedagogy-based initiative/intervention regarding ESD was recently under-
taken at the Institute of Education, Lahore College for Women University, Pakistan.
The initiative aimed to expose the preservice teachers to the concepts of sustainable
development (SD) and ESD to enhance their sustainability consciousness (Kalsoom
and Khanam 2017). As part of the initiative, preservice teachers carried out
small-scale undergraduate research projects in 11 weeks. These projects involved
empirical inquiries into local sustainability issues (effect of socio-economic status
on education, challenges faced by women students in higher education, environ-
mental consciousness of the preservice teachers, culture of teacher education
institutes etc.). Besides conducting empirical inquiries, the preservice teachers
participated in weekly ‘research tutored’ (Healey and Jenkins 2009) sessions for
11 weeks. In these sessions, participants discussed sustainability issues as well as
shared their research work. The initiative was designed by the teacher as part of a
compulsory course ‘Research Methods in Education’. In this study, on one hand,
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participants were conventional researchers and on the other hand, they learnt
concepts of SD, sustainability, sustainability competencies. Along with cognitive
learning, preservice teachers developed attitudes and behaviours favourable towards
sustainability (Kalsoom and Khanam 2017).

Though there are some individual or institutional efforts related to ESD imple-
mentation in teacher education, ESD is still outside education policy in Pakistan.
This can be witnessed from the analysis of different documents like: education
policy (Government of Pakistan 2009), provincial education sector plans
(Government of Balochistan 2013; Government of KPK 2012; Government of
Punjab 2013–2017. Government of Sindh 2014), Curriculum of B.Ed. Honours
Programme (Higher Education Commission 2012), national professional standards
for teachers (Ministry of Education 2009) and National Standards for Accrediting
Teacher Education Programmes (NACTE 2009). None of the documents have
included or even mentioned Education for Sustainable Development (ESD) as a
priority. Some content related to environmental education, economy, human rights
and citizenship has been included in the B.Ed. (Honours) curriculum. Civic
responsibility, social cohesion and tolerance have been mentioned in education
policy, education sector plans and in the national professional standards. However,
no document has mentioned the concept of ESD as a discrete focus. Such a weak
emphasis on ESD has resulted into two problems: (i) preservice teachers’ knowl-
edge of sustainability issues and their attitudes and behaviours towards sustain-
ability are not up to expectations (found in another study by Kalsoom et al. 2017);
(ii) lack of research on ESD based issues.

The current study originated from researchers’ observations in the international
conference on “Building Knowledge Competencies for Sustainable Development
(SD) in Asia: Achieving the Goals of Life-Long Learning” in November 2016. The
conference was organized by the Institute of Education, Lahore College for Women
University, Pakistan. The conference received 92 abstracts altogether written by
142 researchers. Out of 142 researchers, 121 were from education departments of
the universities and colleges of Pakistan. Significantly, few articles directly
addressed research problems related to ESD. Among the ten abstracts which were
directly related to ESD themes, six were written by preservice teachers who had
participated in the pedagogical intervention (Kalsoom and Khanam 2017), as
mentioned earlier.

The observation regarding the lack of research on ESD, reflected on a prior
database search about ESD-based articles written by Pakistani authors. The data-
bases searched were Springer; Taylor & Francis; and four national journals on
education. We found over 2500 articles on ESD from the data bases of Springer and
Taylor & Francis. Our search indicated that no empirical study on ESD had been
done by Pakistani authors. Moreover, we analysed 353 articles which had been
published in national journals from June 2004 to June 2016. We noticed that no
article had been published on the subject of ESD in national journals. Potential
reasons for this lack of research seemed no or little exposure of the researchers to
the concepts of SD and ESD because ESD has not been prioritized at the national
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level. Current study was an attempt to further understand the problem of lack of
research on ESD in Pakistan. The research question addressed in this study is:

What are the perceptions of Pakistani research scholars regarding SD and ESD?

Literature on sustainable development, education for sustainable development
and sustainability competencies (Ciegis et al. 2009; McKeown 2002; UNESCO
2005; Tilbury 2011; UNECE 2012; Wiek et al. 2011; De Haan 2006) constitute
framework of the study.

2 Sustainable Development

The concept of sustainable development has been defined in different ways in
literature signifying the complexity of the concept. “Since the path-breaking
deliberations of the Brundtland Commission, the expression ‘sustainable develop-
ment’ has been used in a variety of ways, depending on whether it is employed in
an academic context or that of planning, business or environmental policy”
(Redcliff 2005, p. 213). The Brundtland report defined sustainable development as
the “development that meets the needs of the present without compromising the
ability of future generations to meet their own needs” (WCED 1987). Society,
environment and economy are key areas of sustainable development (Harris 2000;
UNESCO 2005; Ciegis et al. 2009; Sachs 2012). Besides three individual dimen-
sions of SD i.e. society, economy and environment, a system perspective is also an
essential feature of SD. Bossel (1999, p. 6) asserts that “sustainable development is
possible only if component systems as well as the total system are viable”.
Similarly, Ciegis et al. (2009) also argue that sustainable development is based not
on economic, social, ecological, or institutional dimensions, rather on their system
as an integrated whole. McKeown and Nolet (2013, p. 5) view sustainable devel-
opment as an “overarching paradigm at the United Nations to address numerous
interrelated problems (e.g. poverty reduction, environmental protection, social
justice, etc.)”. They further assert that the related term sustainability is a thinking
paradigm about the future in which economic, social and environmental concerns
are balanced. This thinking paradigm is based upon the values associated with
human dignity and human rights (McKeown and Nolet 2013, p. 6).

3 Education for Sustainable Development (ESD)

ESD is one of the programmes of sustainable development (McKeown 2002). This
programme comprises of four strands: understanding and addressing sustainability
issues; skills; perspectives; and values that “guide and motivate people to seek
sustainable livelihoods, participate in a democratic society, and live in a sustainable
manner” (McKeown 2002, p. 13). ESD may include: “values education, civic and
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citizenship education, health education, education for HIV and AIDS prevention,
human rights education, ICT, gender equality, and environmental education”
(Tedesco et al. 2011). DESD monitoring and evaluation report elaborated ESD as a
broader concept involving knowledge about sustainable development and the key
processes. Tilbury (2011) maintains that ESD involves processes of collaboration
and dialogue; processes which engage the ‘whole system’; processes which inno-
vate curriculum as well as teaching and learning experiences; processes of active
and participatory learning”. ESD processes aim at ESD learning which involves
learning to ask critical questions; learning to clarify one’s own values; learning to
envision more positive and sustainable futures; learning to think systemically;
learning to respond through applied learning; and, learning to explore the dialectic
between tradition and innovation” (Tilbury 2011). ESD learning can also be viewed
in terms of sustainability competencies.

4 Sustainability Competencies

Researchers have tried to address the issue of ‘ESD outcomes’ by proposing a set of
key competencies. Wiek et al. (2011), in their literature review, categorized the key
competencies in five groups. They are: Systems thinking, normative competence,
strategic competence, anticipatory competence and interpersonal competence.

System thinking refers to student’s “ability to identify and critically reflect on the
values pertinent to a specific sustainability challenge, as well as students’ skills in
identifying and prioritizing challenges across the three sustainability domains”
(Remington-Doucette and Musgrove 2015, p. 539).

Normative competence is “the ability to collectively map, specify, apply, rec-
oncile, and negotiate sustainability values, principles, goals, and targets… This
capacity is based on acquired normative knowledge including concepts of justice,
equity, social-ecological integrity, and ethics” (Wiek et al. 2011, p. 209).

Anticipatory competence refers to “the ability to collectively analyze, evaluate,
and craft rich ‘pictures’ of the future” (Wiek et al. 2011, p. 207) regarding the issues
of sustainability.

Strategic competence is the ability to “collectively design and implement
interventions, transitions, and transformative governance strategies toward sus-
tainability” (Wiek et al. 2011, p. 210).

Interpersonal competence is “the ability to motivate, enable, and facilitate col-
laborative and participatory sustainability research and problem solving” (Wiek
et al. 2011, p. 211). Interpersonal competence comprises of advanced skills in
communicating, deliberating and negotiating, collaborating, leadership, pluralistic
and trans-cultural thinking, and empathy (Wiek et al. 2011).

In this study, participants’ perceptions regarding Education for Sustainable
Development have been analysed to explore if they fall under any of the concepts
i.e. SD, ESD or sustainability competencies.
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5 Method

The study detailed here employed survey method to collect data from the research
scholars who presented their papers at the international conference: “Building
Knowledge Competencies for Sustainable Development (SD) in Asia: Achieving
the Goals of Life-Long Learning”. The conference was held in Pakistan in
November 2016. Survey was used as a research method because of its relevance for
the study. It helps to “gather data at a particular point in time with the intention of
describing the nature of existing conditions [situation]” (Cohen et al. 2007, p. 205).

5.1 Respondents

A relatively smaller number of respondents participated in the study. Cohen et al.
(2007) noticed that there was no minimum number of respondents who could
participate in a survey. Some researchers had carried out survey with lowest number
of 28 participants (Cohen et al. 2007). As there is no minimum limit of the number
of participants in a survey, therefore, forty two participants were included in this
study. Participants were selected through purposive sampling. The sample consisted
of more ‘knowledgeable people’ (Cohen et al. 2007), the ones who presented
papers in the international conference on sustainable development.

Forty two scholars who participated in this study were from departments of
education of five Pakistani universities. Twenty five of them were M.Phil. students,
eleven were Ph.D. students and six were faculty members. The majority of the
paper presenters in the conference were from Lahore College for Women
University (LCWU). This affected the study sample. In our study, data came from
27 scholars from LCWU. Fifteen scholars were from four other universities. As the
study aimed at investigating the perceptions of scholars who presented their work in
a conference on ‘sustainable development’ therefore, we decided to proceed with
data collection with uneven representation of universities. Among the study
respondents five were those who had experienced pedagogical intervention
(Kalsoom and Khanam 2017).

5.2 Procedure for Data Collection

Presenters from different universities at the conference registration desk were asked
to participate in a short interview of 4–5 min. They were told that their responses
would be included in a study about “Perceptions of the Research Scholars regarding
ESD”. Twelve scholars agreed to be the interview. Six of them were interviewed
before the conference while six were interviewed during tea break. Three more
participants were interviewed during lunch break and at the end of second day of
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the conference. Paper presenters from authors own university were interviewed on
day 3 of the conference and afterwards.

5.3 Interview

Data were gathered through short interview with each scholar. Interviews were not
audio-taped. Interviewers jotted down respondents’ points in their diaries. Each
interview lasted for 4–6 min. The interview included only five questions.

• Have you ever studied a stand-alone course on SD or ESD?
• How would you describe sustainable development?
• How would you describe Education for Sustainable Development?
• Which processes or activities are necessary for ESD in classroom and in the

university?
• What are the expected outcomes of ESD in terms of students’ competencies?

Probes like ‘why do you think so’, or ‘how can it be’ or ‘what else’ were used.
The data were analysed quantitatively as well as qualitatively. Qualitative data were
coded and categorized under pre-determined categories i.e. sustainability compe-
tencies, ESD processes, and ESD Content. Two additional categories also emerged
from the data.

6 Findings

Data indicated that the respondents had not studied a stand-alone course on ESD.
Other study findings have been summarized in the following five categories.

1. Sustainability competencies
2. ESD processes
3. ESD content i.e. society, economy, and environment
4. Education that sustains or continues
5. Education that aims at sustainability

6.1 Sustainability Competencies

Sustainability competencies identified by the scholars have been presented in
Tables 1 and 2.

The majority of the competencies mentioned by the respondents (communica-
tion, collaboration, problem-solving, leadership, conflict resolution) fall under Wiek
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et al. (2011) category of interpersonal competence. Respondents mostly did not
mention normative, anticipatory and strategic competencies (Wiek et al. 2011) in
their responses. Only one respondent mentioned that ESD should aim at making
people honest while four mentioned social justice and environmental care. A total
of 26 out of 42 respondents (62%) mentioned 2–3 competencies as outcomes of the
ESD. Communication was the most mentioned competence followed by planning
for future career. This indicates that the research scholars view ESD as a means of
preparing students for better jobs.

Respondents also mentioned critical thinking, problem-solving skills, team work
and creativity as outcomes of ESD. Below are some representative responses:

Education should promote critical thinking and creativity. It should empower students to
take decisions. If it does not promote them [these skills], it is not Education for Sustainable
Development.

Students should learn to plan for their careers. There is no career counselling in our schools
and universities. Students must also learn to communicate well and collaborate. These are
essential life skills.

Problem solving, decision making and communication… In fact communication is most
important to sustain at work place.

Table 1 Frequency of the
sustainability competencies

Competence Frequency

Communication 31

Planning for future career 20

Critical thinking 16

Problem-solving 14

Team work/collaboration 10

Decision making 9

Creativity 8

Leadership and vision 7

Environmental care 4

Social justice 4

Conflict resolution 2

System thinking 2

Empathy 1

Lifelong learning 1

Honesty 1

Table 2 Number of
competencies mentioned by
individual respondents

Six competencies or more 2 respondents

5 competencies 3 respondents

4 competencies 8 respondents

3 competencies 16 respondents

2 competencies 10 respondents

1 competence 3 respondents
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ESD should promote thinking skills like problem-solving and creativity. It should also
expose students to different professions so that they make sustainable decisions.

The responses indicate that the research scholars’ perceptions of sustainability
competencies were those competencies which are goals of any quality education
programme. They viewed ‘sustainability’ as an ability of the individuals to sustain
their employment. Likewise, ‘making sustainable decisions about a profession’
also indicates that the study respondents perceived ESD in terms of sustainable
employments.

7 ESD Processes

Table 3 presents a summary of responses regarding ESD processes mentioned by
the respondents.

The data indicate that the majority of respondents perceived active participatory
learning as an essential process in implementing ESD. Some respondents also
viewed collaboration and curriculum innovation as important processes. However,
majority of the respondents who talked about curriculum change referred to ‘career
counselling’ instead of three dimensions of SD. None of the respondents mentioned
the processes of ‘engaging the whole system’.

7.1 ESD Content

Participants’ responses in terms of their perceptions regarding ESD content have
been summarized in Table 4.

Table 3 Perceptions regarding ESD processes

Processes Key words mentioned Frequency of
responses

Collaboration Cooperation, collaboration, working
together, team work

13

Engaging with the ‘whole system’ 0

Curriculum innovation Courses on career counselling 7

Environmental education 4

Innovation in pedagogy Field trips 1

Active and participatory learning Activity based learning 19

Experiential learning 3

Student-centred learning 5
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Table 4 indicates that research scholars are generally not aware of the
ESD-based content. Only three respondents mentioned content on all three
dimensions of sustainable development as part of ESD. Some respondents men-
tioned content on environment as part of ESD. This indicates that a limited number
of respondents had awareness of the environmental dimension of the sustainability.

8 Education that Sustains or Continues

Study respondents interpreted ESD in a general way as ‘an education that sustains
or continues’. To nearly half of the respondents (20), Education for Sustainable
Development was an education that provides ‘sustained’ learning instead of passing
examination. For example:

Education which is long-term. It should prepare students for future careers.

ESD does not teach for examination. It is about that learning which is permanent.

Education which gives opportunities for real learning instead of not rote memorization.

The above responses indicate that research scholars perceived ESD as that
education which helps students to learn something that would be needed and
beneficial in future.

9 Education that Aims at Sustainability

Two respondents viewed ESD in terms of environment education. They mentioned
that ESD aims at conserving nature. For this, they maintained that environmental
issues and ways to protect the environment should be a core component of the
school and university curriculum. Respondents who had participated in the peda-
gogical intervention (Kalsoom and Khanam 2017) described Education for
Sustainable Development more holistically and as a means of achieving sustainable
development. They mentioned that ESD makes students familiar with

Table 4 Perceptions regarding ESD content

ESD content Frequency of
Responses

Content related to society, economy, environment and their relationships 3

Content on citizenship 2

Content on social justice 1

Content on economy 0

Content on population and resources 0

Content on environment 6
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socio-economic and environmental issues. Moreover, it also helps the learners to
develop attitudes, skills and behaviours which can contribute towards sustainable
development. A respondent mentioned:

ESD is different from simple education. ESD does not make people good technicians but
make them good citizens. ESD makes students learn about local and global issues of society
and environment. It changes students’ values and behaviours and life styles. After
becoming aware of inequity, injustice, environmental degradation, waste of water, we are
trying to modify our life styles. ESD should be compulsory.

The above response indicates that some research scholars who had an exposure
to SD, perceived ESD as a way of changing lifestyles that can contribute towards
broader aim of SD.

10 Discussion

This small study was undertaken in a context where ESD is not a priority at the
national or provincial level. There are fragmented efforts at individual and insti-
tutional level to integrate ESD into existing courses.

The findings of the current study indicate that research scholars in Pakistan are
generally not aware of the concepts of SD and ESD. Similarly, they are not aware of
ESD processes and ESD competences. This seems a potential reason for lack of
research in the field of ESD in Pakistan. The majority of the study respondents
perceived ESD as a strategy to help the learners to get better employment in the
future. Though they viewed ESD as an education for future, their description of
future was ‘future employment’. This seems a reason that majority of the respon-
dents mentioned communication skills and other interpersonal skills (Wiek et al.
2011) as the outcome of ESD. As participants’ perception of ‘future’ was not about
future of the planet and human kind, therefore their description of ESD outcomes
did not include normative, anticipatory and strategic competencies (Wiek et al.
2011). It is also notable that 62% of the respondents mentioned only 2–3 compe-
tencies while literature reports a range of different sustainability competencies (De
Haan 2006; Wiek et al. 2011; Mochizuki and Fadeeva 2010). The lack of awareness
of ESD among the research scholars is also supported by their description of ESD.

Scholars’ perceptions of ESD were mostly not in line with its description in
literature (UNESCO 2005; Tilbury 2011; McKeown 2002). Majority of the research
scholars perceived ESD generally instead of conceptually. With this general per-
ception, they viewed ESD as a means of ‘sustained learning’ by developing stu-
dents’ thinking skills. However, they did not elaborate thinking skills. To them ESD
discourages rote learning and short-term learning to pass examination. This generic
perception of the research scholars reflects the reason for their research papers
which addressed general education and learning. Some examples of the paper
titles are:
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• Relationship of Pedagogical Beliefs and Classroom Practices of Secondary
School Teachers

• Teaching English in an Age of Globalization: Some Reflections on Pedagogy
and Curricula in Pakistan

• Effects’ of Different Learning Styles on Students’ Performance

Although research scholars are generally not aware of the concept of ESD, they are
familiarwith different ESDprocesses except ‘engaging thewhole system’. The reason
could be that most of the ESD processes are key features of any quality education
programme. As the respondents in this study belonged to the discipline of education,
therefore they were aware of the importance of collaborative and participatory
learning. The process of engaging the whole system is peculiar to ESD, so it did not
appear in the study responses. Even those respondents who perceived ESD as a tool
for SD, did not mention this ESD process. This indicates that although integration of
ESD in an existing course (Kalsoom and Khanam 2017) was helpful in making
participants perceive ESD as a tool for SD but it was not enough to make the par-
ticipants fully aware of the need of the ‘processes which engage the whole system’.

11 Conclusion

Study findings indicate that current programmes of education and teacher education
in Pakistan are not building students’ (future teachers) awareness of ESD. Their
perceptions of ESD are naïve and not aligned with the agenda of SD. This seems a
potential reason for sparse research on ESD in Pakistan. This finding also indicates
a strong need for re-orienting the ‘whole system’ to develop people’s (teachers,
students, staff) sustainability competences. Education departments or education
institutes are one component of the larger university. ESD should be reflected in
university policy, curriculum, pedagogy, assessment practices, research, university
culture, student services, campus operations (physical), university-community
partnership, and ethics. Leal Filho (2010) suggests six criteria for universities to
achieve excellence in the field of SD. It includes: core staff with formal qualification
in the field of SD; strong publication profile on SD; robust research programme on
SD; the implementation of principles of SD as intrinsic part of university; the
integration of SD in university activities and operations (e.g. campus greening); the
existence of a programme of extension (outreach) on SD topics, for the
non-students public (pp. 280–281).

In the light of current situation, Pakistan seems far behind in meeting the men-
tioned criteria. However, teacher education institutes and departments may start the
change by introducing stand-alone courses on ESD as well as integrating ESD across
existing courses. Hegarty et al. (2011) noticed that stand-alone courses help in
achieving sustainability goals of universities. “Undergraduate research is the peda-
gogy for the 21st century” (Council on Undergraduate Research and National
Conference on Undergraduate Research 2005). Undergraduate research especially
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“research based” and “research tutored” (Healey and Jenkins 2009) activities
focusing on sustainability issues may be one direction to facilitate undergraduate
students to become aware of the concept of SD as well as contribute towards
research on SD. Education for Sustainable Development is a key field in the
post-2015 development agenda, and the findings of the current study may be used by
the policy makers and UNESCO commission for Pakistan to take initiatives to
mainstream ESD in universities.
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Empowering Women and Girls Through
Education: SDG’s Vision 2030

Waseem Saba and Kayani I. Almas

Abstract The Sustainable Development goals (SDGs) and Vision 2030 is a
thought provoking issue after un-accomplishment of MDGs 2015. This study was
conducted by considering goal 5 of SDG vision 2030 about Empowering Women
and girls in the perspectives of Education. The design of the study was descriptive
in nature. A sample was selected in three different regions of Punjab (south, central
and upper). A stratified random sampling technique was used to collect a propor-
tionate sample size of 600 educated and uneducated women to collect data for the
study. Data was collected by questionnaire, and focus group discussions. The
results were collected using SPSS version 16 and inferential conclusions were made
by content analysis. The main objective of the study was to identify the factors
which play a pivotal role in empowering women and girls through education. The
findings of the study revealed that the factors which riveted educated and unedu-
cated women were different and varies by the area of Punjab they belong. Factors
which affected the women of Rural South Punjab were ignorance and poverty,
patriarchal thinking and the caste system. In Rural Central Punjab and the Rural
Upper Punjab women were confronting economic status and gender discrimination
in their inclination towards Education and Empowerment. Therefore it was con-
cluded that Education may act as a vector to awareness, equity and equality for girls
and women in their transformative process of empowerment and sustainable
development of a country. The beneficiaries of the study are educated and uned-
ucated women, stake holders, Policy makers and the future researcher.
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1 Introduction: Women Empowerment Through
Education and Sustainable Development

Education is an essential part of human progress and a basic right of every citizen.
Education has a strong association with social and economic growth of a country.
Countries like Pakistan can only attain sustainable socio-economic growth by an
increase in female literacy rates as they comprise half of its population. Education
enhances people’s understanding and enhances their technical capabilities for
exploring new ideas. It increases the eminence of their lives and leads to extensive
social assistances to people and society. As explained by Kongolo and Bamgose
(2002, 82) education and empowerment go hand in hand and “there has been dearth
of political drive and sustained commitment to fulfill the monetary requirements
and wellbeing of most rural women by local authorities and governments”.
According to a UNDP 2010 report, Pakistan ranked 120 in 146 countries in rela-
tions to Gender-related Development Index (GDI), and in terms of Gender
Empowerment Measurement (GEM) position, it ranked 92 in 94 countries.
According to United Nations (2015) Pakistan intends to accomplish the Sustainable
Development Goals and also intends to eradicate gender disparity at all levels of
education by the year 2030.

The sustainable development Goals (SDGs) and vision 2030 is a global vision.
After ratifying the SDGs and vision 2030 Pakistan considered it as the substantial
milestone in achieving sustainability.

Pakistan is a country where women make up half of its population and it is vital
to explore the status of women. Goal 5 of the SDGs is the focus in this study which
emphasizes women empowerment and gender equality. It highlights equal status of
women in society, equivalent human rights, equal esteem, decision-making power,
access to law and justice, equal in economic empowerment opportunities, worth and
value. This entails that a woman’s empowerment is only possible through education
and awareness which will leads to sustainable development. It also challenges
illiteracy, ill-health, poverty, ethnicity, prejudice, patriarchal thinking, feudalism,
caste system, discrimination, rural-urban inequities, dispossession and banishing
the weak.

2 Education for Sustainable Development

Education is considered important for setting a country on the path of development
but unfortunately the educational sector as a whole and female education as a
fragment has been ignored by the succeeding governments therefore the literacy
rate of Pakistani women is among the lowest in the world. For women
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empowerment education has to play an instrumental role. In the rural areas of
Punjab, Pakistan education for girls is considered trivial and unimportant as com-
pared to boys, and this dispossession of girl’s education is serious issue. The female
literacy rate in Pakistan is only 58% according to the Economic survey of Pakistan,
(Islamabad: Ministry of Women Development 2015). Female Literacy rate of
(15 year and above) population of Punjab, Pakistan comprises of 51%, female
urban literacy rate is 70% and female rural literacy rate is 38% (PSLM 2015–16).
There might be many reasons for the reduced female literacy rate in rural areas but
cultural constraints are the greatest logjam. Insufficient efforts have been made to
educate women living in a male prejudiced society. The cause for this is often
claimed to be a male dominated conservative society, but the study detailed here
reveals that this indifference is basically due to the cultural constraints which restrict
women to come out for formal schooling, leaving behind their conventional role in
the home and family (Mahmood 2012). There are many deterrents faced by women
in their way to empowerment through education.

3 Empowerment as a Cyclic Continuous Process
in Sustainable Growth

Stromquist (2002) describes empowerment as a process that needs to regulate the
power both in organizations and interpersonal relations. At the individual level,
empowerment can be observed as the skill to direct and regulate one’s life. It is the
practice by which women can develop a grip on their lives by understanding and
claiming their rights at every stage of society. Knowledge and understanding is a
fragment of women empowerment, the knowledge of self-awareness, getting the
perceptible tools of command and an affirmative self-concept cannot be achieved
over night. Empowerment is an incessant process. This means that it is a cyclic
process one stage is connected to the proceeding stage. Rawland (1997) explains
that there is a need to be aware that power can be defined in diverse forms like
power over, power to, power within, and power from within.

Obanya (2004) confirms that the basic skills that may be a prerequisite for
empowerment are functional literacy which comprise basic literacy proficiency,
knowledge, expertise, and abilities which consist of awareness improvement, log-
ical skills, decision-making skills, managerial skills and methodical skills. As far as
socio-economic skills are concerned these include vocational skills achievement,
vocational skills development, sustainable income making skills. He further argued
that empowerment is a lifelong learning process for social, economic support and
continuous learning.

Empowering Women and Girls Through Education … 183

usha.iyer-raniga@rmit.edu.au



4 Education as a Catalyst for Change in Women
Empowerment and Sustainability

Kabeer (2001) explains that education is a reagent for empowerment; access to
education may in itself not be as appropriate a measure of empowerment as that
education has to enrich women’s abilities and autonomy. She argues that all forms
of education may not be empowering resources because the outcome is reliant on
context and that a slightest inception level of education may be required for edu-
cation to be actually empowering. Kabeer (1994) has introduced another
self-motivated explanation of empowerment. She favors a notion that theory per-
taining to empowerment needs to transform into practicality rather than be a mere
slogan of empowerment. Kabeer (1994) consider that self-respect and emotion of
being as active agent are the vital values of empowerment. Naz (2006) expands
Kabeer’s description of empowerment by suggesting that “empowerment should be
taken as a concept of recognizing oneself as an dynamic representative capable of
making decisions”. Young (1993), also advocates the same idea that “empower-
ment allows women to regulate their life, on their own, set their own strategy, be
able to help each on, and propose demands on the government for sustenance and
on the people itself for transformation”. For Young, empowerment requires the
transformation of the progress and formations accountable for women’s poor
standing in the society. It is based on a concept that a woman’s position can be
transformed in such a way that the development will be sustained. Improved
understanding, self-awareness and cognizance of gender impartiality are scales of
the empowerment process (Murphy-Graham 2008). There are indications that these
components are commonly established during and as a outcome of higher education
(Maslak and Singhal 2008). Educated women turn out to be more assertive (Maslak
and Singhal 2008) and they have enriched communication abilities and can protect
their identity in an operative and subtle way and are able to make decisions for
themselves. Educated women generally have a better understanding of human
rights, valuing difference of thoughts, and keep good care of social standards and
try to solve issues and problems and inculcate peace build peace and coherence in
society. Education is termed as a vector for empowerment and mobilization in the
transformative process of empowerment. It has been carved for the ability to build
capacity, boost self-confidence and increase collaboration/contribution in social and
economic changes (Acker and Gasperini 2009). Srilatha (1993) has rightly
observed, “The term Empowerment is associated with the right of women to get
equality and integrity in society”.
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5 Eradication of Poverty and Employment Opportunities
for Sustainability

According to Knowles et al. (2002) gender inequalities in education significantly
affect economic growth and sustainable development. Chaudhry (2007) explored
the impact of gender disparity in education on financial progression in Pakistan. In
an empirical study Chaudhry (2009) explored factors that affects rural poverty in
South Punjab (Pakistan), and he concluded that the graph of poverty can be slowed
down by increasing job opportunities for females, giving access to education,
reduced family sizes and dependence percentage. Education has the considerable
association with employment opportunities. Chaudhry (2009) further reveals that
skilled and educated women employees will not only affirm women’s welfare, but
will also raise the general output of the female employees due to more competi-
tiveness. Hence, feminist economists discuss that it is necessary for government to
consign more resources for women’s education, as it will advantage the entire
society. Moreover, social and cultural taboos that confine women to their homes
only and prohibits them to compete for resources outside home need to be chal-
lenged to transform the social and economic dependence of women on men. The
nature and degree of women’s oppression and subservience can be different from
areas to areas and the rural and urban gap in Pakistan. Khan (2007) observed that
patriarchal thinking are comparatively more noticeable in the rural and ancestral
setting where native traditions and aboriginal laws create stronger male control and
power over women.

6 Sustainable Development Goals Vision 2030

The Sustainable Development Goals (SDGs), officially known as transforming our
world: the 2030 Plan for Sustainable Development is a transnational set of 17
aspiring Goals comprising 169 targets. The Goals are confined in paragraph 54
United Nations Resolution A/RES/70/1 of 25 September 2015. The Resolution is a
wider transnational agreement that, although acting as the Post 2015 Development
Outline builds on the Values agreed upon under Resolution A/RES/66/288, gen-
erally known as the future of our choice. World leaders from 193 countries agreed
to the 2030 Outline for Sustainable Development. It will apply valuable experiences
acquired from recently completed strategies of the fifteen-year Millennium
Development Goals. This study will focus on the fifth Sustainable Development
Goal—“Gender equality and women’s empowerment.” It illustrates how the 2030
Agenda implementation is aided by shaping substantial, atypical, intricate,
multi-dimensional and necessary partnerships, comprising donor communities;
countrywide, local, national and native governments; individuals, nuclear and
extended families, public leaders, heads of social institutions; civil society orga-
nizations, and most critically, women and girls everywhere. Women have a critical
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role to play in all of the SDGs, with many targets specifically identifying women’s
equality and empowerment as both the objective, and as part of the solution. Deep
legal and legislative changes are needed to ensure women’s rights around the world.
In many nations, gender discrimination is still woven through legal and social
norms. The SDGs ambition is human rights of all and to achieve gender equality
and the empowerment of all women and girls; “a world in which every single
woman and girl have gender equality and equal legal, social and economic hurdles
to their empowerment have been removed”. The sustainable development goals
seek to change the course of the 21st century, addressing key challenges such as:

Goal 1. Reduce poverty
Goal 2. Eliminate starvation
Goal 3. Safeguard healthy lives
Goal 4. Certify quality education (inclusive and equitable)
Goal 5. Attain gender equality and empower all women and girls
Goal 6. Make sure accessibility and sustainable management of water
Goal 7. Confirm right to use economical, sustainable energy for all
Goal 8. Encourage sustained employments for all
Goal 9. Stimulate comprehensive and sustainable industrialization
Goal 10. Decrease disparity within and among countries
Goal 11. Ensure safety of humans and cities for sustainability
Goal 12. Confirm sustainable consumption and production patterns
Goal 13. Take imperative action to fight climate change
Goal 14. Preserve marine assets for sustainable use
Goal 15. Safeguard, reinstate and stimulate terrestrial ecosystems for sustainability
Goal 16. Encourage peace and harmony in societies for sustainable development
Goal 17. Support and rejuvenate the worldwide enterprise for sustainable
development

7 Comparison and Reasons That SDGs Have Improved
Outcomes

The MGDs have been criticized for being too narrow and applicable only to the
poor countries and to be achieved through the support of the wealthy nations. On
the other hand, the SDGs are broader in scope and are applicable to all the countries
The MGDs were expected to take the nations halfway to the goals, however, the
SDGs aim at reaching to the statistical zero and finish the task at hand. The private
sector played a substantial role in SDGs, through many initiatives of United Nations
(UN) while MDGs remained underrated under-explored within the under developed
countries. SDGs will be another evolutionary step in getting people around the
world to think a little bit more as global citizens and think about poverty, inequality,
sustainability, consumption and discrimination. Certainly The SDGs are
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accelerative in nature that if development is meant for every one so that no one is
left behind and safeguard the rights of all human rights and principles. Seven SDG
targets explicitly refer to persons with disabilities; an additional six targets refer to
people in vulnerable situations, while seven targets are universal and two refer to
non-discrimination. Inequality is not just measured in terms of growth but in terms
of making sure the most excluded can exercise their human rights. Goal 5 of SDGs
vision 2030 is about women empowerment.

8 Goal 5: Achieve Gender Equality and Empower All
Women and Girls

• Eliminate discrimination in all forms against women and girls universally
• Eradicate violence against all women and girls in the communal and remote

areas
• Maintain women’s active involvement and equal participation at all levels of

decision-making in political, economic and public life
• Confirm and protect worldwide women’s reproductive rights to sexual and

reproductive health and human rights in agreement with International
Conference on Population and Development and the Beijing Platform for Action

• Carry out reforms to give women equivalent rights to financial resources,
accession of proprietorship and control over land and other forms of property,
monetary services, share in inheritance and in hereditary property, in agreement
with general laws

• Boost the use of enabling technology particularly ICT information and com-
munications technology to support women empowerment

• Implement and reinforce comprehensive policies for the elevation of girls and
women the empowerment all levels

9 The Role of Education in Empowering Women
and Girls for Sustainable Development in Pakistan

The study detailed here aimed to identify the views of Educated and uneducated
women about role of Education in empowering women for the sustainable devel-
opment in Pakistan. A sample of 600 female in the age cohorts of 15–60 years was
randomly drawn from rural areas of three regions of Punjab (upper, central and
southern Punjab). Both qualitative and quantitative methods were used for data
collection. The analysis of the study is carried out at two levels. First a statistical
analysis of sample 600 females: 300 educated and 300 uneducated women was
carried out. Data was collected through questionnaire designed for both educated
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and uneducated women. The questionnaire comprised of 52 items with 10 themes
for the collection of relevant data. Secondly, interviews with women from the target
population (women living in different marginalized rural areas of Punjab repre-
senting educated and uneducated women) were conducted using focus group dis-
cussion. Focus group discussion was conducted with 100 women in 4 groups (each
group comprises of 25 women) from different social class and occupations. The
results of the questionnaire were analyzed and interpreted through variable driven
data and were triangulated with the results of focus group discussions.

10 Results and Finding

Descriptive statistics in the form of graphical representation were computed from
the data driven variables assessed for this Survey. Data collected was organized,
tabulated and analyzed. The Results are presented in the respective pie graphs.

Table 1 indicates that educated women strongly agreed that they have an easy
access to their schools to get education while uneducated women strongly disagreed
that easy access to schools was accessible to them.

Figure 1 indicates that 59% of women from upper Punjab strongly agreed that
accessibility to schools without hurdles helps them get educated and empowered,

Table 1 Accessibilty to schools and its effect on the status of women

Variable Status of women Total

I find easy access to education Educated women Uneducated women

Strongly agreed 6 32 38

Agreed 58 31 89

Disagreed 66 112 178

Strongly disagreed 82 200 282

No response 5 8 13

Total 300 300 600

59%
33%

8%

Upper Punjab Cental Punjab South PunjabFig. 1 Access to schools and
its effects on Education
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33% of women from Central Punjab agreed with their access to schools and 8% of
women from South Punjab agreed to have access to schools. The results revealed
that in South Punjab there is less accessibility for women to schools and hence
women are less educated and less empowered.

Table 2 indicates that most of the uneducated women agreed that caste system is
the deterrent in their way of getting educated and empowered, the perception of
educated women is vice versa which disagree that caste system is a not an
obstruction in their way of education.

Figure 2 indicates that 59% of women from South Punjab agreed that caste
system is main constraint towards getting education and getting empowered, 33%
of women from central Punjab also agreed that caste system refrain them to get
Education and 8% of women from upper Punjab agreed that caste system is an
obstacle in getting them educated and empowered.

Table 3 indicates that uneducated women agreed strongly that poverty was the
economic constraint due to which it is difficult for them to pursue education while
educated women strongly disagreed that that poverty is not a constraint in getting
them educated.

Figure 3 indicates that 77% of rural women in South Punjab are poverty stricken
and agreed that poverty is hindrance in their way of getting Education and make
them empowered, 17% of women agreed from central Punjab and 6% of women

Table 2 Caste system and its effect on the status of women

Variable Status of women Total

Caste system is a deterrent in getting
education

Educated
women

Uneducated
women

Strongly agreed 65 128 193

Agreed 82 145 227

Disagreed 77 8 85

Strongly disagreed 85 5 90

No response 5 0 5

Total 300 300 600

8%

33%

59%

Upper Punjab Cental Punjab South Punjab Fig. 2 Caste system is hurdle
to get education
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from upper Punjab agreed that poverty is the problem in their way of getting
Education.

Table 4 indicates that uneducated women agreed strongly that inadequate
resources was the main bottleneck due to which it is difficult for them to pursue
education while educated women strongly disagreed that inadequate resource is not
a restriction in getting them educated.

Table 3 Poverty and its effect on the status of women

Variable Status of women Total

I face poverty as a constraint
in getting education

Educated women Uneducated women

Strongly agreed 21 221 242

Agreed 25 114 139

Disagreed 117 22 139

Strongly disagreed 26 36 62

No response 11 7 18

Total 300 300 600

6%
17%

77%

Upper Punjab Cental Punjab South Punjab

Fig. 3 Poverty is hindrance in the way of getting education

Table 4 Inadequate resources and its effect on the status of women

Variable Status of women Total

Inadequate resources was a bottleneck to get
education

Educated
women

Uneducated
women

Strongly agreed 49 160 209

Agreed 29 141 170

Disagreed 54 69 98

Strongly disagreed 67 31 98

No response 10 15 25

Total 300 300 600
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Figure 4 indicates that 57% of women belong to Rural Lower Punjab agreed that
inadequate resources prohibit them in getting education, 29% of women from
central Punjab agreed that inadequate resources restricts them to get education. 14%
of women in upper Punjab agreed that inadequate resources was an obstacle for
them in getting educated.

Table 5 depicts that uneducated women agreed that social and cultural norms are
the bottlenecks in their way to get education while the educated women disagreed
with this notion.

Figure 5 indicates that 60% of women belong to rural South Punjab agreed that
they find social and cultural norms as an obstacle in their way to get educated and
be empowered, 28% of women in Rural Central Punjab agreed that social and
cultural norms is a hurdle in their way to get education and become empowered,
12% of women belong to Upper Punjab agreed the social and cultural norms do
cause hurdles for being educated and empowered.

Table 6 reveals that uneducated women agreed to an extent that skill training
centers is helpful in getting them skilled educated and empowered while educated
women strongly agreed that skill training inevitably help in making them
empowered.

14%

29%57%

Upper Punjab Cental Punjab South Punjab 

Fig. 4 Inadequate resources creates restriction in getting education

Table 5 Socio-cultural norms and its effect on the status of women

Variable Status of women Total

Social and cultural norms are the
bottlenecks to get education

Educated women Uneducated women

Strongly agreed 68 40 108

Agreed 73 170 243

Disagreed 140 68 208

Strongly disagreed 10 21 31

No response 9 1 9

Total 300 300 600
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Figure 6 indicates that 44% of women belong to South Punjab agreed that there
are inadequate skill training programs which help them to educate and empowered,
30% of women in Central Punjab agreed the inadequacy of skill training which can
help them in rising their financial condition to empower and 26% of women in
upper Punjab agreed that there are inadequate number of skill training programs in
upper Punjab.

12%

28%
60%

Upper Punjab Cental Punjab South Punjab

Fig. 5 Social, cultural norms cause hurdles in the way to education

Table 6 Skill training and its effect on the status of women

Variable Status of women Total

Skill training helps me in education Educated women Uneducated women

Strongly agreed 157 150 307

Agreed 81 84 165

Disagreed 3 34 37

Strongly disagreed 49 27 76

No response 9 6 15

Total 299 300 599

26%

30%

44%

Upper Punjab Cental Punjab South PunjabFig. 6 Inadequate skill
training programs

192 W. Saba and K. I. Almas

usha.iyer-raniga@rmit.edu.au



Table 7 indicates that uneducated women strongly agreed that they remain
uneducated due to discrimination at their home on the other hand educated women
disagreed with this opinion.

Figure 7 indicates that 44% of women belong to South Punjab agreed that
discrimination within the family and society creates barrier for them from getting
educated and empowered, 30% of women belong to Central Punjab agreed that they
discriminatory behavior is a deterrent for them to be educated and empowered, 26%
of women in Upper Punjab agreed that they also face discrimination as a hurdle in
getting education and empowerment.

Table 8 indicates that educated women strongly agreed with the opinion that
their parents support helps them to be educated while uneducated women disagreed
that their parents support helps them in getting educated.

Figure 8 indicates that 77% of women belong to Upper Punjab agreed that
parental support help them to be educated and empowered, 19% of women in
central Punjab agreed that parental support is with them to get education, 4% of
women in south Punjab agreed with the parental support in getting them educated
and empowered.

Table 9 indicate the opinion of educated women that they strongly disagreed
with the patriarchal thinking of family is a hurdle in getting them educated on the
other hand uneducated women strongly agreed that patriarchal thinking of family is
the key hurdle in their way to education.

Table 7 Discrimination at home and its effect on the status of women

Variable Status of women Total

Discrimination at home Educated women Uneducated women

Strongly agreed 50 218 268

Agreed 11 159 170

Disagreed 24 30 54

Strongly disagreed 67 31 98

No response 0 5 10

Total 300 300 600

26%

30%

44%

Upper Punjab Cental Punjab South PunjabFig. 7 Discrimination at
home is a barrier towards
education
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Figure 9 indicates that 65% of women in south Punjab agreed that patriarchal
thinking is a hurdle for them to be educated. 27% of women belong to central
Punjab agreed that patriarchal is an obstacle to make them educated and 8% of
women in upper Punjab agreed that patriarchal thinking resists them to be educated
and empowered.

Table 10 indicates that educated women agreed that she is well aware of her
basic rights but uneducated women disagreed with the opinion that she is aware of
her basic human rights.

Table 8 Parents support and its effect on the status of women

Variable Status of women Total

Parents support help their daughters to get
education

Educated
women

Uneducated
women

Strongly agreed 108 6 114

Agreed 106 26 132

Disagreed 70 158 228

Strongly disagreed 10 107 113

No response 7 6 13

Total 300 300 600

77%

19%

4%

Upper Punjab Cental Punjab South PunjabFig. 8 Parent’s support and
its effect on education and
empowerment

Table 9 Patriarchal thinking and its effect on the status of women

Variable Status of women Total

Patriarchal thinking of family
is hurdle towards education

Educated women Uneducated women

Strongly agreed 2 132 134

Agreed 23 132 155

Disagreed 176 22 198

Strongly disagreed 96 13 109

No response 3 1 4

Total 300 300 600
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Figure 10 indicates that 55% of women belong to Upper Punjab agreed that they
are aware of their rights and laws to get empowered and educated, 28% of women
in central Punjab agreed to the fact that they are well aware of their rights, 17% of
women in south Punjab agreed that they are aware of their rights.

8%

27%

65%

Upper Punjab Cental Punjab South Punjab

Fig. 9 Patriarchal thinking is a deterrent towards education

Table 10 Awarness of rights and its effect on the status of women

Variable Status of women Total

I have awareness of
my basic human rights

Educated women Uneducated women

Strongly agreed 49 39 88

Agreed 137 61 198

Disagreed 70 69 139

Strongly disagreed 27 128 155

No response 15 5 20

Total 300 300 600

55%28%

17%

Upper Punjab Cental Punjab South PunjabFig. 10 Awarness of rights
and its effect on education and
empowerment
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11 Findings of Focus Group Discussion

Themes are made for discussion and decoding of these themes was done for
inferential findings of focus group discussion. The following themes were identified
in this study.

• Women remain uneducated in Rural Punjab due to inaccessibility to
schools

Participants of focus group discussion revealed that due to the remoteness of
marginalized rural areas of Punjab the inhabitants do not have easy access to formal
schools. They are confined to their homes or can have madrassa education (reli-
gious education). Educated women in this area have not graduated from high school
and can only be able to read and write. The reason given by the majority of
participants was inaccessibility of schools was the far off distance to schools.

• Lack of awareness is an obstacle for women in Rural Punjab

The majority of participants of focus group discussions exposed that females are
unaware of their basic human rights. Whether educated or uneducated women are
ignorant about their rights regarding land ownership, productive heath rights,
inheritance rights and socio economic rights. It was also unveiled by the partici-
pants that lack of knowledge of information technology like internet and other ICT
devices for girls and women in remote areas is another bottleneck.

• Discrimination in family and society is barrier towards education

It was a view that in Rural Punjab women are supposed to be at their best as
mothers, daughters, sisters and wives and an indoor inhabitant. They have nothing
to be concerned about outside of home especially at community level. Women are
not motivated and inspired to elucidate their views in public. If they are allowed to
participate in outdoor activities this could contribute to the sustainable growth of
their societies.

• Lack of Parents support in the home restricts girls education

Participants articulated that there is a lack of parent support for girls and women
in South Punjab. Women are not able to display their self-confidence and exhibit
their views because parents never seek their consent in any matter. They are never a
part of decision making process at home or in a family. Even educated women
belong to rural Punjab expressed that they have no right to make decisions on their
behalf therefore they lack independence and confidence. Above all it was found that
cordiality among the family and community members results in a great friction.
Women were not allowed to attain education in south Punjab due to the absence of
parent support.
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• Inadequate skill training programs make women reliant and redundant

Focus group participants expressed their views that women are not gaining
sufficient skills due to inadequate skill training centers. There was an identified lack
of well-designed skill training programs for the girls and women in order to develop
their skills and abilities even though skills will further improve the women’s
approach to communal and educational information.

• Inadequate resources are a deterrent in the way towards education for
rural women

Participants of focus group discussions conveyed their views that most of them
did not get education due to inadequate resources like lack of transport facilities to
reach schools, lack of materials like (books, bags, stationary), lack of monetary
resources, and lack of infrastructure.

• Patriarchal thinking is a main obstacle for women in rural Punjab to get
education

Most of the women belonging to rural South Punjab communicated in the focus
group discussions that effort is needed to change the patriarchal thinking of the
society. They are confronting patriarchal thinking in their families and in society at
large which is the main obstacle in rural Punjab for women to get into schooling for
formal education. Both educated and uneducated women emphasized the fact that
they are striving in a male controlled society which creates many hurdles for them
to find their way for education.

• Poverty is a key factor for restraining women towards education

In focus group discussions women belonging to Rural Punjab especially South
Punjab conveyed that the families they belong to are poverty stricken and for them
it was more important to earn bread and butter than to send their daughters to
schools for formal education. In the region of rural Punjab women are meant to stay
at home for household chores.

• Caste system is a hindrance in the way to education for rural women

Focus group discussions revealed that the caste system is an ultimate and
foremost hindrance for rural women to go to schools. Rural women voiced that
since they reached the age of puberty they are confined to their homes for indoor
madrassa education and refrained from going out. Feudalism has also a great hold
in rural south Punjab and rural central Punjab, which make rules and laws for the
society.

• Social and cultural norms are the challenges towards getting education

Women from Rural Punjab openly spoke about stringent social and cultural
norms of society. According to them it is a male controlled and male chauvinistic
society where women cannot make decisions. Women cannot get equal opportu-
nities for getting education or getting a job. Women gave a stance that they can
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work in fields with men but they are not permitted to work on their own. Social
taboos characteristic of rural society put women in a difficult situation.

12 Discussion

Results of the study indicated that education and women empowerment is con-
siderably influenced by many factors, such as he traditional socio-cultural norms
and taboos of the community, distance away from schools which are not present in
the rural vicinity and its inaccessibility for girls is another hurdle in getting edu-
cation. 65% of women in south Punjab agreed that patriarchal thinking is a hurdle
for them and leads to loss of self-confidence and self-reliance. Lack of available
resources is another bottleneck faced by rural women, 77% of women agreed that
poverty is the main barrier for women belonging to rural Southern Punjab which
has to be eradicated. The caste system is the most challenging factor which is
blended with feudalism discriminating against women particularly in South Punjab
as compared to women in central and upper Punjab. Discrimination is, however
faced by all the three regions but its ratio is more in South Punjab as compared to
the upper and central Punjab., Findings of the questionnaire reflects that 83% of
women from South Punjab are ignorant about their rights and only 17% agreed that
they have awareness of their basic rights. Parent support is a vital variable identified
in this study. 4% of women from South Punjab agreed that they have parents
support to get education. Finally the results of the study revealed that women
empowerment can be improved by working on the identified significant factors in
remote regions of rural Punjab by elevation of education and awareness.

In summary it was found that social and cultural norms, discrimination, patri-
archal thinking, poverty, inadequate resources, lack of accessibility, caste system,
lack of family support, and lack of awareness, all combine to impact on opportu-
nities for women in Rural Punjab. The rural women from South Punjab are
impacted by these social barriers more than in other regions. According to Pakistan
Bureau of statistics 2015, 74% of the Rural Women from 7 Districts of South
Punjab (D. G. khan, Bahkar, Rahimyar khan, khanewal, Rajanpur, Muzaffargargh,
Vehari) have no formal education at all.

Women, however, are key agents of change in the shift towards sustainable
development but due to lack of functional literacy programs to upgrade the reading
and writing skills of girls and women in the marginalized areas of Rural Punjab the
literacy rate is touching 38% in average according to PSLM (2015–16). Women’s
capacity building and human development activities are not enriched in these areas
due to lack of awareness of these literacy programs and lack of accessibility of
public information to make them more substantial and progressive. There is an
imperative need for future policy development on Education for Sustainable
Development to integrate a gender perspective, promoting a transformative and
universal approach to women’s empowerment.
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13 Conclusion and Recommendations

Empowerment of women aims at striving towards acquiring higher literacy level
and education for the sustainable development of Pakistanrefer to SDGs. The
female population is almost half of the total population of the country and the
literacy rate is still alarming in the Rural Punjab. Addressing the sustainable
development Goals (SDGs) 2030 will help to ensure that all girls and women may
have equal ownership of productive resources, increased participation in decision
making, awareness of their rights, improved standards of living and productive
health, self-confidence, self-reliance in women. The present study highlighted that
poverty, inequality, traditional cultural norms and patriarchal thinking, discrimi-
nation, and lack of resources, cannot be eradicated alone until Government policies
and programs are properly executed for women in these Rural areas of Punjab.
Without education women are unable to understand their rights and their impor-
tance. Detailed analysis of the data revealed that almost all participants believed that
education can bring remarkable transformation in women’s lives resulting in social,
cultural, economic, political sustainability in the long run by implementing the
following:

• Enhance their confidence by giving them family support.
• Raise their status in the family and society by confronting the social cultural

norms.
• Bring awareness about their rights by eliminating inequality.
• Boosting their self-esteem by evading discrimination between boys and girls
• Reduce their economic dependency by giving equal opportunities for

employment.
• Better upbringing of their children with the help of education.
• Enhance their mobility by encouraging their accessibility to schools, colleges

and offices.
• Open career opportunities by giving them an equal chance of being selected.
• The paper concludes with the following recommendations that are more

directive than the above—these need to be rephrased.
• Imparting education to girls should be encouraged at all levels especially in rural

remote areas of Punjab. Teams should be made by the Government to provide
incentives to the families which will be ready to send their girl child to schools.

• It is a dire need to open skill training centers for girls and women because if
women will be well educated and skilled, they can play their role effectively to
enhance entrepreneurship.

• The ICT centers should be introduced for girls and women in the form of rural
ICT educational schemes for rural areas.

• Distance learning programs should be introduced for rural marginalized female
population to enhance learning.

• Orientation workshops should be arranged by the counseling team in order to
discourage the Patriarchal thinking.
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• Facilitate women by providing micro financing and monetary support to cope up
with their inadequate resources to get education.

• Conventional authorities of Marginalized areas should manage to remove the
socio cultural inhibitors which preclude women from receiving equivalent
admittance to these schools and skill training centers.

• It is recommended that women should be supported by their family and com-
munity at all levels of decision-making and governance to achieve leadership
skills.

• The women should be encouraged with the introduction of rural scholarship
reform schemes for rural women so they can go through formal education and
attain higher level of education.

• Functional literacy programs for the female adults should be introduced to
develop their reading and writing skills. Apparently such skills will further
enrich the women’s access to community and educational information.

• Allocation of female budget by Government bodies should be allotted for areas
of Rural Punjab, for the development and training for women to be able to attain
skills to boost their careers.
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Intercultural Dialogue Through Design
(iDiDe) as a Platform for Built
Environment Education for Sustainability
in Rural Developing Contexts: Building
Ampara, Sri Lanka

Susan Ang, G. Karunasena and R. Palliyaguru

Abstract The 2016 Pritzker Prize awarded to socially conscious Chilean architect
Alejandro Aravena for dedication towards improvement of social and humanitarian
issues around the globe heralded a firm spotlight on socially responsible architec-
ture and a holistic view of sustainability. Deakin University’s iDiDe (pronounced
“i-dee-dee”) delivered a global mobility study tour model with structured immer-
sive learning that focused upon sustainable rural community development in the
Eastern district of Ampara, Sri Lanka. The program facilitated student learning of
sustainability across the realms of environmental, cultural and social dimensions.
Deakin University partnered with a number of institutions and organizations and
pursued community participatory approaches to the design process. Mixed teams of
students engaged collaboratively in context analysis and research for sustainable
design. Three prototype projects being a Community Based Organisation
(CBO) community facility, an adaptable classroom and low-cost teacher’s house,
alongside the introduction of bamboo as an integral sustainable building material
were initiated in 2016. This paper evaluated student assessment outcomes and
reflected upon partnerships in the context of the collective response to community
needs. It concluded that there is academic merit in an immersion unit such as iDiDe
to act as a global platform for education for sustainability in Asia. The adoption for
an integral sustainable design and construction framework appropriate for rural
contexts has been recognized as a way forward and a direction for future research.
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1 Introduction

iDiDe was established in 2010 in Deakin University as a global mobility study tour
that provided architecture and built environment students immersive authentic
learning through intercultural collaboration. Strategic partners included
non-Australian universities from Malaysia, Thailand, India, Indonesia and Sri
Lanka. Over 30 Australian students have been successful recipients of the
Australian Government’s New Colombo Plan and between 2010 and 2017, over
200 students have gained an iDiDe experience. Feedback from participants indi-
cated deep and transformative learning outcomes. High impact transformative
themes identified by Ang (2017) included increased confidence gained first hand
through immersion resulting in developed ability to initiate and conduct effective
collaboration and communication across diverse cultures and high motivation for
the pursuit of further opportunity for travel, work and study in internationalized
environments. Ang (2017) identified the organic nature of iDiDe as a defining
characteristic that exemplifies the essence of intercultural dialogue and intercultural
understanding. Over a period of seven years, the iDiDe model demonstrated student
learning outcomes including preparation for professional practice for future grad-
uates of design and built environment. A key value was of enriched and enhanced
learning experience of real world scenarios.

This paper explores embedded curriculum and transformative learning about
sustainability through intercultural collaboration. The lens reported has been that of
a subject for architecture design and built environment students. Firstly, the paper
illustrates iDiDe as a pedagogical model for sustainable built environment educa-
tion. A distinctive feature is the collaborative learning gained from working
alongside peers from diverse cultures to achieve a holistic understanding of sus-
tainability. Secondly, it reports on the Building Ampara rural community project
and learning objectives and outcomes in the context of iDiDe as a case study of
curriculum innovation. At Deakin University, the iDiDe unit is offered for credit
towards coursework with assessable tasks. The Unit Learning outcomes (ULO) and
Graduate Learning Outcomes (GLO) were achieved through structured activities
focused upon issues of sustainable rural community empowerment and building
improvements. The research identifies student learning outcomes that embedded
lessons in sustainability. Finally, the paper reflects upon the contribution of iDiDe
partnerships as part of the collective and concluded that there is academic merit in
an immersion unit such as iDiDe to act as a global platform for education for
sustainability in Asia.
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2 Background and Context of the Building Ampara
Project

After the civil war in Sri Lanka ended in 2009, several community development
projects were initiated by international agencies. In rural areas, progress and
re-development were slower than in the cities due to disparities between community
needs and top down policy driven initiatives. Aspirations Education Foundation
(AEF), a Sri Lankan NGO organisation delivered sustained effort over a period of
nine years to improve conditions for the communities in the Ampara District. AEF’s
vision and goals closely mirrored issues of empowerment of women, education for
children and income generation, identified more roundly in Sustainable
Development Goals (SDGs) (2030 Agenda for Sustainable Development, United
Nations 2015).

Deakin University’s partnership with AEF Building Ampara saw efforts
achieved in multi-disciplinary, community development collaboration with several
social enterprise initiatives successfully implemented in the rural communities of
Ampara (AEF The Ampara Project 2015a, b). The established trust and growing
empowerment within the remote and marginalised communities allowed prevalent
issues of under development and lack of resources to be well identified. iDiDe
Building Ampara considered a whole of project and longer-term vision and
recognised limitations and constraints related to local legislation, local government
infrastructure policy and governance, legalities of land ownership, funding models,
architecture design, community involvement, realisation processes and post con-
struction evaluation. The use of sustainable building materials and innovation of
traditional building techniques in the implementation of a model of self-help within
the communities acted to enable capacity building in the longer term as a priority.
iDiDe Building Ampara aligned itself wherever practical with the vision and
mission of AEF and those of SDGs relevant to the context of Ampara and served as
the premise of the context of learning for students towards understanding
sustainability.

3 Methodology

The Deakin iDiDe study tour program was offered to both undergraduate and
postgraduate students in the architecture degree as an elective (optional enrolment
through faculty approval) unit for credit towards coursework. Students were from
second year level to fourth year level as well as from related inter-disciplinary
courses in Architecture, Planning, Landscape Architecture, Building Economics,
Quantity Surveying, Facilities Management, and Integrated Design. The unit was
delivered over eleven weeks with three assessment tasks worth 20%, 50% and 30%
respectively. The four-week duration for the first task acted as a “pre-travel” phase.
The three-week immersive study tour travel phase comprised intensive
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collaborative activities. The unit concluded with a four-week “post-travel” assess-
ment dedicated to reflection. During the immersive collaborative phase, Deakin
students worked under intensive study tour conditions (on the move) and on the
premises of the Faculty of Architecture at the University of Moratuwa under design
studio workshop conditions alongside students from other partner universities
(Malaysia and India) to propose the design outcomes. The mix of student partici-
pants from multidisciplinary backgrounds added another dimension to the
cross-cultural learning experience although the impact of this aspect has not been
covered in this paper.

Students were introduced to the philosophy of integrated sustainable eco-design
described by Kishnani (2012) and undertook three major assessments: (1) discipline
related research report; (2) community engagement in design and development, and
(3) self-reflective journal. Students considered integrated sustainable eco-design
principles and applications in Building Ampara through the context of sustainable
development goals of empowerment of women and education for children,
proposing design ideas that would offer the means for long term capacity building
for the community, participatory community design and co-building approaches to
bridge the gap between top down and bottom up initiatives and ultimately propose
built environment solutions that would result in adaptive, flexible, regenerative and
resilient building opportunities. The scope of authentic learning included research
and context analysis, topographical mapping, identification of local materials,
vernacular building typology study, local construction techniques, documentation,
collation, reporting, intercultural dialogue, interpersonal communication and
cross-cultural and multi-leveled collaboration alongside supervised participation in
community engagement activities.

4 Scope of the Paper

The research paper is about university student learning outcomes that provided an
evidence based case study of a learning and teaching project that introduced stu-
dents to the principles of sustainable design through immersion. The scope is an
evaluation of Deakin assessment outcomes and a reflection of the overall project
outcomes for the community. Non-Deakin students and student experience were not
part of the scope of this research. The research outcomes provided evidence that
student learning included understanding and awareness of issues relating to sus-
tainability. Immersion and active learning were conducted over two iDiDe study
tours to Sri Lanka conducted in 2016 and 2017. In 2016, Deakin’s School of
Architecture and Built Environment collaborated with Sri Lankan strategic uni-
versity partner, the Faculty of Architecture at the University of Moratuwa,
Aspirations Education Foundation (AEF), Melbourne-based Art Building
Children’s’ Dreams, a Melbourne-based NGO, and the International Islamic
University of Malaysia (IIUM). In the second study tour, Manipal University, India,
replaced IIUM as a fourth university partner. A total of ninety students from four
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countries participated in the two iDiDe study tours to Sri Lanka and to the overall
Building Ampara project in Sri Lanka.

5 iDiDe Conceptual Pedagogical Model
for Sustainable Design Education

Altomonte (2013) explained how sustainable design education could be understood
and translated into responsible practice.

Sustainable design education can be understood in three stages: sensitization, validation and
reflection. This can be delivered across undergraduate, graduate and postgraduate degrees,
or be condensed in a single cycle of higher or post professional education. Without pre-
scribing an ideal curriculum, these three different stages of learning—from the exploratory,
through a propositive onto a critical approach—suggest the progression of abilities in
sustainable design that should be attained for responsible practice (Altomonte 2013).

Strategies for interdisciplinary, early implementation and strong student action
were identified for education in sustainability for architects (Domenica et al. 2013;
Gürel 2010; Altomonte et al. 2014). Studio experiences developed a heightened
awareness of sustainability as a multidimensional concept that requires critical
thought processes, and greatly influenced the recognition of environmentally
responsible design as an imperative in education (Gürel 2010). Actively engaging
students in interdisciplinary, service‐oriented projects through a design charrette
were valuable in teaching concepts of sustainability in higher education (Walker
and Seymour 2008). The education of future designers must include opportunities
for constructing knowledge through an iterative problem-solving process of read-
ing, assimilating, reasoning, and reflection (Betrabet Gulwadi 2009). The learning
context offered is one that recognizes human and non-human interdependence.
Universities advocate education for sustainability.

The process of education would emphasize active, experiential and collaborative learning
and real-world problem solving on the campus and in the larger community. For example,
as part of the curriculum, the learning experience for students would include working on
actual, real-world problems facing communities, government and industry. It would also
increase group work and learning so students would be able to effectively collaborate as
future manages and leaders on complex problems (Kaur 2016).

Designing and learning from the environment was described as a
three-dimensional textbook (Taylor 2009). The iDiDe experience crystalized
impacts of higher education forming partnerships with local and regional com-
munities to help make them socially vibrant, economically secure and environ-
mentally sustainable. The iDiDe model offered an interdisciplinary design studio
combined with elements of an international study tour. Refer Fig. 1 showing iDiDe
as a central platform of learning for collaboration alongside academics, community
members, government agencies and industry professionals to actively engage in a
process of active and authentic learning. The architecture curriculum at Deakin
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University does not explicitly singularise sustainability as subject. Sustainability in
architecture and built environment curriculum is a matter of integration (Wright
2003; Bradley et al. 2010).

Educating for sustainability may require a whole of university approach
(McMillan and Dyball 2009). Students did not yet understand the tools available to
assist their sustainability goals (Iyer-Raniga et al. 2010). Sustainability did not
constitute a prescriptive body of knowledge, but instead required the application of
broad principles and critical thinking to support a process of continuous learning
where the practitioner bears a responsibility to build on and apply their learning
from one project to the next (Iyer-Raniga et al. 2010). A transformation meaning a
complete re-design of education based on sustainability principles required a
paradigm change so that education would be built on learning as change and
education as sustainability. In practice, this would mean that the goal of all edu-
cation would be sustainable development, and the different disciplines and subjects
would all contribute to it (Sammalisto and Lindhqvist 2008).

No country is sustainable or has come close to becoming sustainable. There is no proven
recipe for success. This has led to the realization that sustainability is essentially an ongoing
learning by doing process that actively involves stakeholders in creating their vision, acting
and reviewing changes (UNESCO 2002) … [Hence, there is a] need to challenge mental
models rather than merely inform society (Tilbury 2006).

Current literature endorses the critical role universities play in facilitating the
active relationships between sustainable knowledge principles and the application
of them in practice.

Fig. 1 iDiDe pedagogical model developed and implemented by S. Ang 2016
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6 Evaluation and Outcomes

Assessment Task 1: Individual Research Report (Pre-travel Phase)
As part of the first assessment, students completed a research task that demonstrated
evidence of discipline knowledge, personal skills and experience that contributed
towards a team approach for the project. Individual reports defined a challenge/
problem within a prescribed research study context theme of Building Ampara and
demonstrated understanding of relevant key issues and challenges informed and
supported by research. Five major research themes were offered. Refer Table 1 for
research themes and topics that students chose to expand upon.
A sample of student initiated topics were tabled (refer Table 2). Research reports
prepared under these topics showed clear evidence of enhanced learning of sus-
tainable development through their literature review, bibliographies and discussions
of issues.

Students evidenced self-appraisal to determine contributions at both individual
and group levels through goal setting that enabled their reflection upon learning and
experiences at the conclusion of the unit. The report comprised two sections:
(1) Program of investigation that defined the problem; and (2) A personal learning
plan that comprises of evaluation of the student’s skills and experience that could be
applied to the project, and identified personal goals. This assessment scaffolded
research in awareness of Sri Lankan social, cultural, environmental and political
contexts. This prepared students for field work in rural sites. The outcomes eval-
uated student achievement of the following unit learning outcomes: (1) Organize
and undertake a program of investigation appropriate to the discipline chosen area
that responds to the study tour context; (2) Set personal achievement goals and
reflect upon action in relation to personal skills and experience goals throughout the

Fig. 2 Building Ampara design concept prototypes produced by iDiDe students 2016
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study tour experience; and (3) Demonstrate ability to enter the debate surrounding
engagement with diverse rural communities and cultures through ethical and sus-
tainable approaches. Summative assessment 1 assessed student achievement of the
following graduate learning outcomes: GLO8—through student ability to demon-
strate understanding and definition of challenges within diverse urban or rural
communities and cultures; GLO6—through student ability to evaluate student’s
own skills and experience and to utilize them to set personal goals. A sample of
personal learning goals related to sustainable development identified by individual
students in the unit highlighted how these goals responded directly to the aims and
objectives of Building Ampara community development project. Refer Table 3 and
Image 1 which show an exemplar example of one student outcome for Assessment
Task 1.

Assessment Task 2: Group Project (In-Country Travel Phase)
In the second assessment task, students engaged in collaborative group activities
undertaken in cross cultural groups in Sri Lanka through active involvement and
contribution to study tour project (Building Ampara) over the three-week travel

Table 2 Student research topics related to sustainable development

Student Research topic

1 A literature review on the origins of capacity building and the approaches to practice
in rural communities

2 Understanding capacity building: How do we design communities to build
capacity?

3 Holistic sustainable design paradigms to empower sustainable development in rural
communities: the case of Building Ampara, Sri Lanka

4 Implications of integrating environmentally adaptable and resilient systems into
rural community architecture

5 How impersonal architecture and the deficient client relationship are impeding
social and economic progress in Ampara, Sri Lanka

6 The context of social inclusion in the built environment of Sri Lanka

7 Instigating positive environmental change through education in the modern era

8 Integrative, adaptive and sustainable design for Building Ampara

9 How best for NGOs to provide non-biased aid to make delivery of aid more
effective

10 Leadership, communication, collaboration and reflection-in-action

11 Bamboo: an alternative to steel reinforcement in concrete

12 Exploring capacity building practices: Sri Lankan rural contexts

13 Instigating positive environmental change through education in the modern era:
Issues, responsibilities, education, roles and pathways

14 Integrated adaptable design systems
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Table 3 Personal learning goals related to sustainable development identified by individual
student

Student Personal learning goals related to sustainable development identified by individual students

A • Develop understanding of Sri Lankan culture, history and traditions
• Develop communication and understanding between the team and the local community (Ampara)
• Develop awareness and exposure to Sri Lanka and the broader Asia Pacific region
• Develop flexible leadership skills and applying them in various situations

B • Building cultural awareness and learning collaborative skills
• Improve communication skills beyond Australia
• Increasing construction knowledge

C • Develop interpersonal and teamwork skills
• Increase communication techniques and skills
• Improve self-reliance and global awareness

D • Focus on the issues that are critical to the design of the community centre in a manner derived from
passion and not from a need to achieve high grades

• Find the balance between the future aspirations of architecture and the pre-existing ideals in Ampara,
and analyze the importance of both realms in creating social impact

• Create a space where others feel entirely comfortable to express their opinion, and always consider the
relevancy within all words

E • Develop skills in inquiry, self-learning and collaboration

F • Cultural sensitivity
• Develop communication skills across diverse stakeholder-ships
• Develop design skills related to community needs

Image 1 Diagrammatic representation of approach to enabling sustainable building in rural
communities by J. Argent, Deakin student 2016
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period of the study tour. The assessment required students to participate in the
following activities through intercultural collaboration and immersive authentic
learning:

1. Icebreaker activities that helped scaffold intercultural collaboration.
2. Individual short oral presentation on assigned building of significance that

represents the culture, heritage, history, architecture and society of Sri Lanka.
3. Journaling on study tour experience capturing cultural immersive experiences

such as local sights of significance and interest.
4. Active involvement to assigned tasks that contribute to community data col-

lection, project development and documentation.
5. Active participation and contribution to overall iDiDe experience.
6. Contribution to self and peer critique.
7. Active participation and contribution to iDiDe Exhibition in Sri Lanka.

Unit learning outcomes for Assessment 2 included: (1) Set personal achievement
goals and reflect upon action in relation to personal skills and experience goals
throughout the study tour experience; (2) Demonstrate ability to enter the debate
surrounding engagement with diverse rural communities and cultures through
ethical and sustainable approaches. Summative Assessment 2 assessed student
achievement of the following graduate learning outcomes: (1) GLO7—through
student ability to engage effectively in teamwork and collaborative learning with
others from different disciplines and diverse backgrounds; and (2) GLO8—through
student ability to engage collaboratively to demonstrate understanding of challenges
and to provide sustainable solutions within diverse urban or rural communities.
Image 2 is of students from Deakin University, International Islamic University and
University of Moratuwa engaged in a mothers group community forum during the
community design process conducted in January 2016. Images 3, 4 and 5 are
exhibition outcomes of the group design project produced by Deakin students,
Moratuwa students and University of Manipal students. Student responses to
Assessment Task 2 were observed to be embedded in submission of Assessment
Task 3 in the form of reflection of the summative study tour experience and also
upon personal learning goals set out in Assessment 1. Students reported their
learning goals through responding to the assessment tasks criteria in the formats of
research reports, posters and artefacts as part of an iDiDe exhibition presentation.

Assessment Task 3: Individual Reflective Journal (Post-travel Phase)
In this assessment, the unit learning outcomes were to review how personal
achievement goals set in Assessment Task 1 were achieved and a reflection of the
study tour experience and project. Students collated and presented learning expe-
riences gained from the study tour. This required students to critically reflect,
self-appraise and self-critique their own involvement, contribution and performance
in all individual and group activities. Discourse and dialogue that evidenced
heightened awareness of self-development across iDiDe philosophies and principles
of intercultural competence and designing in diverse contexts were strongly
encouraged. Students reflected upon their own engagement within the context of
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Image 2 Community forum with mothers of Okkampitiya Primary School, iDiDe student teams,
2016. Photo by Deakin University

Image 3 Design concept of CBO building produced by iDiDe student team group collaboration,
2016. Photo by Deakin University
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their peers. Assessment Task 3 assessed student achievement of these graduate
learning outcomes: (1) GLO6—through student ability to demonstrate under-
standing and definition of challenges within diverse urban or rural communities and
cultures; and GLO8—through student ability to engage collaboratively to demon-
strate understanding of challenges and to provide sustainable solutions within
diverse urban or rural communities.

Image 4 Render of conceptualized CBO prototype building for Aranalu Community, Polwatta,
Ampara, Sri Lanka, assessment outcome 2, iDiDe student team group collaboration, 2016

Image 5 Physical model of conceptualized CBO prototype building for Aranalu Community,
Polwatta, Ampara, Sri Lanka, assessment outcome 2, iDiDe student team group collaboration, 2016
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One student reflection showed strong consideration of sustainability related to
the Building Ampara project:

Designers need to disengage themselves with physical aesthetics, and opt for architecture
inspired by the human potential surrounding them. If this connection is made, and the
architect works communally with the people, entire groups of Ampara will be positively
influenced. Socially responsible architecture has the potential to engage local professionals,
teach people new skills and ignite self-worth. It is imperative that architecture reconnects
with humanity and utilizes participative measures to ensure the needs of the community are
met. This is turn will generate the sense of personal accomplishment and encourage
Ampara to work towards a strong social and economic future. (Extract from Deakin student
G. Spencer, Deakin student, 2016)

7 Reflection of Outcomes for the Community
and the Role of iDiDe Partners

Outcomes of the first study tour included a proposal for integrated sustainable
vision for community development in Ampara, and a vision to implement an
integrated approach to sustainable building that could facilitate capacity building.
Four key principles were identified:

• Participatory community based feasibility studies and concept design
development.

• Co-design and co-building techniques with community input and involvement.
• Use of local materials, local techniques, references of vernacular with new

vision and modern applications as first option.
• Introduce the use of bamboo as a building material with longer term intentions

of instigating higher levels of government agency for a bamboo industry.
(Currently, the use of bamboo in most of Sri Lanka was recognized to be limited
to craft purposes).

The design outcomes of the community co-design process included three pro-
totype community buildings—Adaptable Classroom, Low Cost House and a
Community based organization facility (CBO building). Refer Fig. 2.

This was underpinned by on-ground research conducted that indicated how
design and construction processes were experiencing substantive disintegration of
collaboration between stakeholder groups and community needs, resulting in
non-sustainable processes and outcomes. All university partners endorsed inter-
disciplinary and integrated framework for acquiring “truly” sustainable buildings in
the rural contexts as a sustainable approach. Community forums with stakeholders
conducted with several communities resulted in successful adoption of co-design
and co-building approaches. The full scope of iDiDe experiences cannot be covered
in this paper. However, a small translated vignette of a report of a visit to
Okkampitiya Wijayabahu Primary School in January 2016, highlighted issues
uppermost on the community’s agenda.
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The School Principal and the parents of the school children expressed their thoughts on the
roles and possibilities for their CBO building, “Diriliya Mansala”. The community came up
with the word “liya” in “Diriliya” as reference to empowering women. Diriya Mansala, was
the Sinhala meaning for “a place of strength and courage to gather”. The community spoke
of a variety of activities that could empower young mothers as well as perform many
economic, social and cultural activities. Many mothers hung around and outside the school
premises for long hours waiting for their children to finish school. The community
expressed desire to conduct social and educational activities to empower and initiate
income generation. “We want to learn anything that will help us earn income”, “We can sell
the things we make” and “we want to teach younger mothers to be independent”. The centre
could promote health and nutritional value of village based traditions for children and
adults in line with the concept of a community kitchen; prepare mid- day meal for school
children with nutritional vegetables.

All partners subscribed to collaborative, cohesive and open planning processes.
Each partner was integral to the success of the iDiDe event and crucial to facili-
tating education for sustainability. Universities forming partnerships with local and
regional communities help make them socially vibrant, economically secure, and
environmentally sustainable (Cortese 2003). Equally, input from academics who
lead the study tour and the project cannot be underestimated. “Capacity-building of
educators” must be considered the cornerstone of transforming universities to better
empower students to become change agents for sustainability (Edwards 2004). Sri
Lankan partners were instrumental for their intrinsic knowledge of local customs,
culture, practice and language. In the months leading up to Ampara visit, Deakin
University staff and students raised funds towards the procurement of building
materials and community labor costs towards the proposed CBO Building for the
Arunalu community in Polwatta. Future involvement will see a lead role played by
local community in the implementation of the project. New theories of holistic
sustainable design have empowered stakeholders to readdress their perspectives
towards ecological outcomes. Universities have a critical role in improved envi-
ronmental and sustainable literacy (Cortese 2003; Vanegas 2003), and to make a
contribution towards improving architecture education in sustainability. Building
Ampara saw the successful adoption of a design proposal by the CBO Community
leadership group, site survey and context analysis, material study and recommen-
dation for sustainable innovated applications of a local material palette along with
environmentally appropriate construction techniques. Adjunct projects successfully
delivered by the students included design build of several childrens’ swing projects
gifted and installed in five schools and building consultant appraisals for future
building improvements and facilities management.

8 Conclusion and Further Research

This paper evaluated student assessed learning of sustainability through engage-
ment in a collaborated event that involved all levels of local government and local
community stakeholders (schools, teachers, parents, students and families). It
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positioned academia as an objective agency to facilitate local and international
partnerships focused upon promoting and delivering a sustainable education and
research agenda. The adoption of an integral sustainable design and construction
(ISDC) framework appropriate for rural contexts has been recognized as a direction
for the way forward. iDiDe Sri Lanka Building Ampara initiated stakeholders to
buy-into the project and band together to achieve sustainable community
development. In coherence with the concept of ‘Spatial Agency’, architects must
recognize that “the most valuable commodities are the giving of time, the making of
time and the not giving up” (Awan et al. 2013). Architecture and the subsequent
construction process have the potential to unite the factions of the Ampara com-
munity through localized involvement. The potential to eradicate the inequality
experienced by religious, gender and socio-economic minorities, can be initiated
through prototype buildings that highlight the communal needs of regions alike
Ampara. There is clear evidence to conclude that iDiDe offered a robust sustainable
learning platform for education in sustainability. Further research that will be
helpful will be evaluation of non-assessable student outcomes and participant
experiences.
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‘Sustainability’ After Disaster:
Confronting the Complexities of Recovery
in the Field: An Educational Experience

Tim Nichols and Judy Rogers

Abstract This paper focuses on the learning and teaching approach adopted in an
undergraduate landscape architecture design studio at RMIT University that reveals
some of the challenges involved when design students are asked to confront and
work within the broad area of disaster response and recovery. Departing somewhat
from the traditional approach often employed in design studios where students work
individually or in small groups on a ‘problem’ with the aim of designing a ‘solu-
tion’ the studio approached the problem(s) of disaster recovery by focusing on
collaborative ‘problem(s)’ definition. The focus of the studio was on the small
township of Marysville in the state of Victoria, Australia that was almost com-
pletely destroyed in the Black Saturday fires of February 2009. Eight years on
visitors to the town are delighted by the’ appearance’ of a town restored, however
underneath the town remains vulnerable on a range of different fronts. The case
study begins to reveal many of the pitfalls for designers and other professionals who
are called on to work in post disaster environments, and the, often, narrow per-
spective about what constitutes ‘sustainability’ and ‘recovery’ that can lead to an
overemphasis on ‘things’ at the expense of long-term processes of change towards
what is an increasingly complex and unknown future.

Keywords Disaster recovery � Sustainability � Design after disaster
Vulnerability � Curriculum development

1 Introduction: Black Saturday

On 7th February 2009 the State of Victoria, Australia experienced a disaster that
was quickly to be named ‘Black Saturday’ (see Fig. 1). On that day fires erupted
across the state, fuelled by high temperatures, strong winds, low humidity and the
consequences of a 10-year drought that resulted in very high and very dry fuel
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loads. Given the conditions, the fires travelling at speeds of up to 50 km per hour, a
situation that caught many communities by surprise (Teague et al. 2010). The fires
resulted in 173 fatalities, 2133 homes destroyed, 78 townships affected and over
4500 km2 burned. The fires left an estimated 7500 people homeless (Rural
Australia Institute Australia (RAI) 2013). The scale and the impact of the fires were
unprecedented (Teague et al. 2010), presenting enormous challenges for
Government, emergency services and Relief Agencies.

On the 8th February, 2009 the Australian Government’s Disaster Response Plan
was activated and the Victorian Bushfire Reconstruction and Recovery Authority
(VBRRA) was established two days later on 10 February 2009 ‘to oversee and
coordinate the largest recovery and rebuilding effort Victoria has ever faced’
(VBRRA 2010). Significantly, the slogan adopted by the Authority from the outset
was ‘we will rebuild’.

Not long after, on the 16 February, the Victorian Bushfires Royal Commission
was established to investigate the circumstances that led to the enormous loss of life
and property. The Commission’s terms of reference included causes and conse-
quences, the preparedness and the response of government, emergency services and
households; measures taken to prevent disruption to essential services; and any
other matters deemed relevant by the Commissioners (Teague et al. 2010). The
Commission heard evidence from 434 experts and lay witnesses and received more
than 1200 public submissions. It handed down 67 recommendations to government
in its final report, including policy recommendations for bushfire safety, ignition
prevention, emergency and incident management, land use planning and building,
land and fuel management, and organisational structures (Teague et al. 2010).

In 2012 three years after the fires class actions were launched in the Supreme
Court that alleged that the fire was caused by faulty power lines. These class actions

Fig. 1 The case study area
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were settled out of court in 2017. Many issues however remain unresolved and
recovery is on going.

2 Marysville: A Case Study

Amongst the towns devastated by the fires the small rural township of Marysville
was almost totally destroyed. The fires killed 39 people in the township and sur-
rounding area, and destroyed or damaged more than five hundred buildings. In
addition, the commercial Centre of the town was destroyed, as was the core of the
town’s economic activity in tourism and hospitality. Public infrastructure, including
the police station, primary school, kindergarten and health clinic, was also
destroyed. The fires also led to the extensive displacement of the local population
and 8 years on only 56% of houses have been rebuilt. The economy of Marysville
and the Triangle was, and continues to be based on the natural attractions of the area
and tourism. However, the fire caused the closure of key tourist sites including Lake
Mountain a nearby Ski resort that was extensively damaged. There was also the loss
of accommodation for tourists.

In the immediate aftermath of the fires action was taken quickly to clear the town
so that rebuilding could begin. Recovery after disaster is not, however, a seamless,
linear process and the consequences of a singular focus on rebuilding exacerbated
many of the issues facing the town. As Leadbeater (2013) so clearly notes “input
rebuilding’ does not equal ‘output recovery’. Amongst the many issues facing the
town is what the RAI labels the reconstruction ‘mirage’ (RAI 2013) where
reconstruction offered a short lived economic boom for the town and where the
focus on ‘things’ led to overinvestment in infrastructure that is difficult to maintain
and does not serve the long term needs of the community (RAI 2013). This tension
to provide tangible outcomes or things was clearly identified in the VBRRA (2011)
Legacy Report that acknowledged:

Tight timelines were imposed by government objectives, including the rapid allocation of
funds held in the Victorian Bushfire Appeal Fund and the desire to show early and visible
progress in reconstruction. However, for fire-affected communities, the complexity and
bureaucratic nature of the processes imposed by government, the difficulty in determining
priorities and gaining broad community support for the plans were serious issues.

One example of the haste to rebuild is the Urban Design Framework for
Marysville and the Green Triangle that was released on the 11th November 2009,
10 months after the fires (Roberts 2009). The Framework identified a ‘unique
opportunity to rebuild Marysville as a safer, more sustainable town: a town with a
distinctive character and a high quality environment, creating a memorable place to
visit” (Roberts 2009). Based on what was claimed to be ‘extensive discussions and
consultations’ which included a celebration day three months after the fire, a 3 day
workshop, three community meetings and opportunities to provide feedback, the
objectives of the UDF were to:
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• Strengthen the economic, social and environmental sustainability of Marysville
and Triangle communities

• Support the rebuilding of Marysville as an attractive, memorable place with a
distinctive character

• Facilitate a viable business and community services core in Marysville to
underpin a vibrant local economy

• Improve accessibility and connections within the Triangle and within Marysville
• Protect and enhance the natural beauty of the environment and the high quality

of water
• Build resilience to bushfire threat
• Facilitate a mix of housing options (Roberts 2009, 15).

Future looking in its intent the Urban Design Framework gives scant attention to
the enduring impact of the fires on the township and focused instead on the physical
rebuild. Yet eight years on while some essential infrastructure and buildings have
been rebuilt the town remains vulnerable on a range of different fronts.

The ‘tension between the need for people to achieve a level of personal recovery
and the urgency to provide a framework for rebuilding a town centre that is largely
destroyed’ (VBRRA 2011, 180) was also identified in the VBRRA legacy report.
While the authority adopted a community led approach to reconstruction clearly
some members of the community were more able to ‘lead’ than others. It would
seem that pressure from outside to rebuild was also a, if not the, major factor setting
the tone of urgency that led to the rebuilding of some things at the expense of
others.

One of the key ambitions of the Urban Design Framework was to ensure that
Marysville would be ‘sustainable’. What this entailed in practice was the con-
struction of ‘things’ or what were then current fads in the field of sustainable design
—particularly water sensitive urban design. Marysville is replete with rain gardens,
soft landscaping, solar panels—the ‘what’ of sustainability. These are all travelled
‘things’ brought from outside that signal environmental sustainability at the expense
of tackling the more difficult questions of sustainability; how does the recovery
process promote and support long term sustainability, and sustainability of what
and for whom?

When viewed as a whole and considering the broader understandings of sus-
tainability that are missing from the framework, these ‘things’ are solutions to the
‘low-hanging fruit’ problems of urban design. Speaking of the architectural pro-
fession, Till (2010) states that the issue is not so much with the utility or merit of
these ‘things’ themselves, but the framing of the problem that leads to their reali-
sation as the solution:

I have argued elsewhere that is it a value system that is still in thrall to the basic tenets of the
modern – the will to order, to control, to stamp out contingency. The construction of a
better world is thus too often associated with the construction of an ordered world. While
these tenets may have a ‘self-evident’ logic in their initiation (self-evident because
self-determined and so self-fulfilling), their consequences are perhaps less edifying; indeed
violent. Think of Captain Ahab, that harbinger of modernity in Melville’s Moby Dick. - “all
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my means are sane, my motive and my object mad” – and then think of an architect. My
means – let’s say the drains in the planned quarter – are indeed sane, but my objects – those
segregated and segregating buildings – are quite mad. Who can argue with drainage? But
that invisible logic masks the madness of the effect (Till 2010).

Without wishing to single out rain-gardens and solar panels too much as they are
well intentioned on their own, the question is whether the environmental sustain-
ability that these features may achieve is worth the expense of an investment in
money, time and energy that could have otherwise focused on how to build greater
sustainment in the town. They also raise questions about whether these ‘things’
merely represent ‘sustainability’ without people and ecologies (because these seem
to be largely absent) and what is the relationship between sustainability and
recovery? As Proudly (2013) suggests

How is recovery measured and who judges what constitutes a complete or successful
recovery? When lives are disrupted so profoundly it takes time to process the trauma and
weave it into our life story. The event then forms, to varying degrees, part of the person’s
identity in the present and into their future. Recent anniversaries of two severe bushfires in
Australia – 30 years since Ash Wednesday, 10 years since the Canberra fires – remind us
that recovery (or healing) is an ongoing process.

Indeed there is growing evidence in Marysville of the reconstruction ‘mirage’
described by RIA, with Council highlighting growing financial stress in ongoing
maintenance and upkeep of costly investments, including town centre landscaping
works (RIA 2013). Investment in the underutilized and costly to maintain infras-
tructure is one consequence of a problem/solution approach to design without
adequate definition of the ‘problem’ itself. What is also left out is an understanding
of the memory of the place and the length of time needed to recover and move on.
As Leadbeater 2013 suggests

it is imperative that recovery agencies and government at all levels acknowledge that
disasters do not happen in a vacuum. Prior to being impacted, every community has
existing values, networks, projects, relationships, knowledge, and capacity that underpin its
day to day operations and indeed, it’s very identity. But the imposition of externally
constituted and ‘templated’ recovery models can seriously undermine inherent community
resilience (Leadbeater 2013, 46).

The impacts of the Black Saturday bushfires on the township of Marysville are
therefore many, varied and deeply complex. In the haste to rebuild and to make
things ‘right’ again key considerations that were acknowledged by VBRA but left
out included the capacity of the ‘community’ to contribute to and be involved in the
‘community consultation’ processes that were so quickly established, an under-
standing that a local ‘community’ is not necessarily uniform and nor will they
necessarily ‘agree’, and that community led recovery is far from straightforward
(RIA 2013, 41). The somewhat narrow perspective adopted of what constitutes
‘sustainability’ also led to a lack of integration with an overemphasis on ‘things’ at
the expense of long-term processes of change towards what is an increasingly
complex and unknown future. Also set aside was an acknowledgement of the need
for long term thinking (recovery) as well as short term (response) and perhaps an
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acknowledgement that the pre-existing conditions in Marysville could not be ‘re-
stored’. Somewhat ironically, it appears that the haste to rebuild ‘brick by brick,
school by school’ deprived the communities of taking the time to reflect on and
document what the character of the town was.

3 Sustainability and Recovery as Process

Within the context of Sustainability and Recovery in post disaster contexts, an
approach to design can be described across a spectrum between two extremes: the
rational or modern approach (‘problem/solution’) and the ‘liquid’ model as iden-
tified by Till (2010).

In the rational model the student starts with the identification of a problem and
then proceeds through a number of pre-determined problem solving steps to achieve
and document a solution. These typically involve analysis, research, conceptuali-
sation, design development, and presentation. In this case the ‘problem’ is prede-
termined. This model is useful when a clear problem can be identified that requires
a largely functional response. Further along the spectrum is a variation of the
rational model where the problem is identified as part of the pre-determined
problem-solving steps, usually during analysis and research phases. Whilst this
places a greater emphasis on the definition of the problem, there is the risk that this
process tends to identification of simpler ‘problems’ that lead to ‘self-evident’
solutions rather than the consideration of more complex ‘problems’.

These two processes promote arrival at ‘pre-established truths’, which is of
utility in functional applications where a problem is pre-established and universally
understood. However, with greater complexity there is need for a model that puts
greater emphasis on the definition of the problem, and requiring the designer to hold
off on their natural tendency toward problem solving.

Manzini et al. (2008) see the designer’s role as working with the fluidity of
social systems to enable realisation of projects and deliverables through social
innovation rather than focusing on the actual production of objects and ‘things’. In
this model the designer’s objective is to empower others through the sharing of
design knowledge. The designer must immerse themselves in the social context in
order to ‘liberate the desires and enable the needs of others’ (Till 2010).

This process of social innovation and empowerment is a radical departure from
the notion of the designer operating as the expert, and also represents a shift in
thinking from notions of participatory design where communities are invited to
work with designers on problem-solving. Till takes this approach of working with
the fluidity to define ‘liquid design’, which instead positions the designer as a
‘catalyst to release the latent spatial intelligence of others’ (2010).
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To empower others to develop design solutions, the problem cannot be
re-determined but instead must arise from the same processes of social innovation.
The social innovation Till refers to is the actions taken by communities navigating
within the socio-political and economic structures, with the designer acting as a
facilitator or ‘catalyst’. In this sense the designer is positioned as a ‘trusted outsider’
(Edmunds 2012). However, this level of trust is not established simply through
expertise, but is earned through a process of listening that Anderson et al. (2012)
describe through their work with recipients of international aid:

Listening is challenging. It takes time and energy, it demands attention and receptiveness,
and it requires choices. Listening at both the interpersonal level and the broader, societal
level is a discipline that involves setting aside expectations of what someone will say and
opening up, instead, to the multiple levels at which humans communicate with each other.

At the interpersonal level, one needs first to be quiet long enough to let the other person talk
(a practice that is difficult for some of us!). Then one needs to ask questions and probe the
ideas offered rather than interject one’s own opinions and analyses or jump to quick
conclusions about what the other person means. A listening conversation is distinct from an
interview. It opens space for dialogue on issues of importance to both parties. The act of
listening is a way of showing respect.

Anderson et al. (2012, p. 142) conclude that working in this manner requires
early investment (in terms of both time and funds) in listening on a deeper level.
This act of listening allows the sharing of knowledges, which at first is an
opportunity for the designer to immerse themselves in the situational specificities
and adopt local knowledges, before finally sharing design knowledges to assist
communities to achieve their goals. It is only once the specific goals or projects are
established (by others) designers are able employ problem solving skills to assist in
the delivery of projects.

However, the wider policy, polity and economic settings within which designers
operate in the west rarely allow for the timeframes and discourses required at the far
end of this spectrum (De Weaver and Lloyd 2005). Political promises, such as
Kevin Rudd’s commitment to rebuild ‘brick by brick’ (Nicholson and Rood 2009),
and the need to be seen to be ‘doing something’ imparts short timeframes.
Additionally, the long timeframes required with an approach such as the liquid
model rarely fit within consultancy fee budgets. One tactic designers can employ is
to leverage off (or stitch on to) shorter term design processes to build trust, rela-
tionship and capacity within communities to feed this into future design processes,
so that over time the design responsibility is led by the same communities that it
intends to serve.

So how does the liquid model of design fit within the disaster recovery process?
Immediate disaster response typically involves urgent timeframes that are not
amenable to the processes of deep listening and knowledge sharing required in
order to drive design response under this model. These initial responses are
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typically functional applications for lower order needs (in terms of Maslow’s
hierarchy) such as emergency or temporary shelter. In these cases the role of design
can be purely functional and employ rational models of problem/solution. Though
as the response and recovery process progresses, the priorities shift from lower
order and more urgent needs to higher order needs such as rebuilding homes or the
town’s character, but also to the bigger questions surrounding the ongoing security
and resilience of the town and its residents. It is in this ongoing process of recovery
that genuine listening and facilitation skills of a designer utilising the liquid model
are required.

Therefore we posit that a designer employed at the initial response and recovery
stages of the recovery cycle must act with a long-term focus and commitment.
Involvement in initial projects offers an opportunity to initiate conversations that are
absolutely crucial to establishing the relationships required to transition to the
position of a ‘trusted outsider’ able to facilitate greater empowerment through
ongoing design scenarios. Once involved in these areas and recovery processes a
designer must commit to ongoing involvement in that place, to ongoing conver-
sations and development of knowledges, and crucially to learning from their mis-
takes as they continue, and involvement that is iterative and leverages of smaller
and more urgent projects to foster relationships and capacity to empower com-
munities to play a greater role in recovery through design projects.

So if designers need to adopt a longer term commitment and approach to the
disaster recovery cycle, how can this approach be taught in design studios in a
single semester? To us, the first step was to highlight the short-comings of the
problem/solution approach as evident in the Urban Design Framework and to
encourage students to have to confidence to hold off on the impulse to problem
solve a design solution.

4 The Design Studio

Amaratunga and Haigh (2011) have argued that the post disaster period offers a
window of opportunities to address vulnerability in a community but that it is an
opportunity often missed because well planned reconstruction takes time. They
argue

…there is a window of opportunity, but it is beset with challenges. A pragmatic approach to
the development of a resilient built environment needs to include an understanding of these
difficulties and their implications for what can actually be done, at least in the short term.
While the humanitarian efforts are frequently a rushed process, effective rebuilding for
resilience will require reflection, discussion and consensus building. This should not
undermine the importance of starting this process early in the recovery phase; indeed, a
failure to consider long-term reconstruction goals early in the recovery can lead to wasted
or misguided effort, as well as undermine efforts for future resilience.
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It is this missed opportunity that the studio set out to grapple with and to work
with the complexities involved. However, such a level of complexity and the need
to take time presents a range of challenges for a design studio where the focus is
often on developing a solution to a ‘problem’. A different approach is clearly
required that demands a pedagogy that shifts the role of the teacher away from
‘expert’ to that of facilitator (Manzini 2008) or as Davis and Sumura (2007) suggest
‘what teaching is can never be reduced to or understood in terms of what the teacher
does or intends. Rather, teaching must be understood in terms of its complex
contributions to new, as-yet-unimaginable collective possibilities’. They argue

Teaching here is more about a conscientious participation in expanding the space of the
possible by creating the conditions for the emergence of the not-yet-imaginable, rather than
about perpetuating entrenched habits of interpretation (or even exploring the limits of
current imagination). Teaching, like learning, is not about convergence onto a
pre-established truth, but about divergence – about broadening what can be known and
done. In other words, the emphasis is not on what is, but on what might be brought forth.
Teaching thus comes to be a participation in a recursively elaborative process of opening up
new spaces of possibility while exploring current spaces.

The studio began with two field trips to Marysville. However, rather than pro-
vide students with background information to understand the impacts of the disaster
students were asked to firstly curate day one of the field trip and secondly to
become involved in a working bee at a makeshift museum in Marysville. Curation
of the field trip involved allocating groups of students to different locations in fire
affected towns (see Fig. 1) and asking then to tell the story of the place at each
stop. For their site each group was asked to consider existing condition through the
lense of the Disaster management cycle from preparedness—or pre-fire conditions
through to recovery. They were specifically asked to address the following
questions:

– How prepared was the community pre-fire?
– What were the prevailing conditions that led to the fire? (consider here vege-

tation, available resources, access, slope.
– How was the site and the community impacted by the fire?
– What steps were taken in the immediate aftermath of the fire?
– How was the recovery process managed/how did it unfold?
– 8 years on is the community less vulnerable? More resilient?

This allowed each group to understand the conditions of the disaster manage-
ment cycle specific to their locality, and through the process of curation to develop
a personal connection to the locality. Additionally, the sharing of these findings
allowed for the comparison between other groups findings to draw out common
threads, and those that are situationally specific.

The second key aspect of the field trips involved two working bees at the
Phoenix Museum, currently housed in the old Marysville Bowls Club at the bottom
of town (Fig. 2). The museum was developed as a discrete opportunity for visitors
to connect with the stories of the fires, whilst at the same time taking the stress off
local traders and the Visitor Information Centre about the 2009 fires. It opened on
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the 6th March 2010 in a portable building, and is a repository of memories, visual
stories, objects left from the fires. The ambition for the museum is bushfire
awareness and is currently run by volunteers, with growing interest from bushfire
education school groups. Some but by no means all of the objects salvaged from the
fires are on display in the museum or have or will be returned to their owners when
they are ready to receive them. Through the working bees at the museum students
were fortunate to be exposed to some of these stories not through direct oral
engagement but through engagement with the objects and the memories them-
selves. This provided for the development of the students’ personal understandings
of the impact of the fires.

One final aspect of the studio is an acknowledgement that in Disaster scenarios
no one person acts alone, nor can a single designer, working alone come up with a
solution to a complex set of problems. The studio therefore initially adopted a
collaborative approach to problem identification where all 37 students worked as a
group to research the context of the fires. Students were divided into 6 groups to
prepare a joint background report for mid semester (Fig. 3). The report titled—
What is the present context of Marysville and how did we get here? The report
explored the impact of Black Saturday on the township of Marysville through all
phases of the disaster management cycle. This was followed by a class discussion
on the ‘problems’ and possible ways of intervening using small catalectic moments.
In order to facilitate this the studio drew on the metaphor of urban weaving (Till

Fig. 2 Working bee at the Phoenix Museum
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2017) to allow places for intervention that did not involve large-scale visions of
what Marysville could be in the future. And so while the primary goal of the studio
was to contribute to greater understanding of the role of problem identification and
definition in design, a secondary aim is to begin to ‘stitch’ the urban design
framework into the study area through small, locally specific interventions.

5 Conclusion

There is no doubt that designers will increasingly be called upon to work in disaster
response and recovery into the future. Within this context ‘sustainability’ needs to
become more than a leitmotif but rather as a framework for thinking about and
intervening to address the long-term processes of recovery and resilience. How then
do we as educators equip students with the necessary skills to work in such envi-
ronments in a way that acknowledges, engages with and honors what has gone
before? How do we foster the confidence to step back from problem/solution
approach and instead take the time necessary to develop both a nuanced under-
standing of the problem as well as a design approach that empowers those
involved?

Fig. 3 Structure of the studio
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This studio was one small attempt to address these issues. First it demonstrates
the complexity of the recovery process from an event such as black Saturday.
Following this the students are invited to lead the research to identify a/or the
‘problem’. The key act of the educators as facilitators in this case is to work with
the students to develop an understanding and framework of how the project can
progress beyond their studio. A university semester is undoubtedly too short in
which to go through an empowerment design process, and perhaps this is part of the
reason that most design studios employ the ‘problem/solution’ model to rapidly
identify and attempt to solve problems. This studio aims to disrupt this short-term
approach and employed a novel approach to deliver an experience in a long and
patient process within a narrow window of time.
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A Diversity of Eco-Developments:
An Overview and Comparison
of Sustainability in Six Eco-Developments

Dexter Villanueva and Edmund Horan

Abstract The notion that our future will be determined by how sustainable we
make urban regions has gained momentum over the past few decades with countries
all over the world now aspiring towards sustainable urban development. While
several sustainability assessment tools are available as means of accreditation for
these developments, the subjective nature of weighting and scoring, lack of rep-
resentation of the social and economic dimensions and overall interpretation of
indicators represented in these tools has garnered increasing attention and discus-
sion in academia. This paper attempts to formulate a multi-dimensional pathway to
guide the formation of a substantial comparative framework for a wide diversity
of eco-developments. This method may be helpful in shedding light on
eco-development trends from which sustainability assessment tools can base their
frameworks to address shortcomings.

Keywords Ecocities � Sustainability assessment tools � Eco-developments

1 Introduction

Over the past few decades, concepts of sustainable development have manifested in
a diversity of ecocities, towns, districts and villages, with countries all over the
world aspiring towards sustainable urban development. However, it is found that
certain claims of sustainability are met with scepticism; terms such as ‘carbon zero’
and ‘climate positive’ for example, used to describe some successful
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eco-developments are not always clearly defined (Rauland and Newman 2015). To
address the challenges of urban sustainability, several assessment tools have been
developed to aid with decision-making processes allowing for more verifiable
means of achieving sustainability. Under increasing attention and scrutiny, it has
been found that ambiguities in weighting and scoring, and deficits in the coverage
of social, economic and institutional dimensions of sustainability in several sus-
tainability assessment tools (Sharifi and Murayama 2013) all raise concerns
regarding the integrity of these tools.

This paper represents exploratory work towards the process of crystallising
meaningful holistic criteria in order to gain a more objective analysis of sustain-
ability performance and the possibility of developing sustainability analysis criteria,
which can be applied across a wide variety of eco-developments.

2 Critical Analysis of the Current Scenario
of Sustainability Assessment Tools (SATs)

Many Sustainability Assessment Tools have been developed over the past few
decades and are under constant review and revision as they continue to mature.
Although the diversity of assessment tools testifies to its complex and contextual
nature, literature has presented common trends amongst these tools. In order to gain
some perspective in their evolution, the themes explored in this review will begin
with the core principles of sustainability relating to the trends in how these are
included in SAT frameworks. Then, sustainability criteria will be explored in terms
of how they are weighted and scored. Lastly, the topic of sustainability indicators
used in sustainability tools will be discussed in terms of their efficacy in monitoring
progress. These three themes were chosen with the intention of providing a setting
with which past influences, current analysis and possible future directives may be
observed.

3 The Pillars of Sustainability in Sustainability
Assessment Tools

While interpretations of sustainability and sustainable development have varied, the
core of sustainability is defined as the balance between environmental, social and
economic aspects concerning our basic needs and wants. In the Johannesburg
World Summit for Sustainable Development (2002), the inclusion of an institu-
tional dimension emerged in order to address the driving forces behind environ-
mental and development problems, which led to the proposal and categorisation of
institutional indicators (Spangenberg, Pfahl and Deller 2002). These indicators
however, were criticised for not adequately addressing the institutional dimension
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due to minimal data availability, lack of clarity and non-relevancy (Spangenberg
et al. 2002). Relating this pathway of sustainability pillars in SATs, Sharifi and
Murayama (2013), in their critical analysis of seven neighbourhood sustainability
assessment tools have found several lack the coverage of the institutional dimen-
sion. In this analysis, it is made explicit that sustainability includes institutional
aspects as its fourth dimension. However, there does not seem to be an explicit
mention of the kinds of specific indicators and criteria sought out to make this
claim. Furthermore, the analysis does not seem to explain possible reasons as to
why institutional dimensions were excluded in SATs. Dawodu, Akinwolemiwa and
Cheshmehzangi (2017) make point of this, and make the argument in relating this to
the initial criticisms of early proposals of the institutional indicators.

When considering the conventional three pillars of sustainability adopted in
SATs, there seems to be a growing consensus towards the emphasis of environ-
mental aspects of sustainability over social and economic aspects. Though this trend
has been suggested and/or acknowledged in studies from Ameen, Mourshed and Li
(2015), Berardi (2013), Dawodu et al. (2017), Haapio (2012) and Medved (2016),
literature has revealed varying perspectives on how indicators have been assigned
under the pillars, revealing some interesting disparities. One instance can be
highlighted in a comparison of the economic coverage analysis for the sustainability
tool, Comprehensive Assessment System for Built Environment Efficiency – Urban
Development (CASBEE-UD). In Sharifi and Murayama’s analysis, one of the
frameworks was developed consolidating criteria into themes; Resources and
environment, Transport, Social, Economic, Location/Site selection, Pattern and
design and Innovation. Indicators from the seven case studies are categorised
accordingly under these themes, and compared based on the percentage of coverage
across these themes. This method revealed CASBEE-UD as having no indicators
relating to the economic theme. On the other hand, Dawodu et al. based their study
on the multi-dimensional nature of indicators, characterising the Point Aspect
(one-dimensional consideration of indicator), Linear Aspect (two-dimensional) and
Planar Aspect (three-dimensional) in terms of Tractability, Relationality,
Adaptability and Contextuality. This study revealed that when considering indi-
cators in a multi-dimensional perspective, CASBEE-UD incorporates economic
considerations, albeit as offshoots of social and environmental considerations.
Sharifi and Murayama do not seem to clarify whether multi-dimensional consid-
erations were made when categorising indicators. Haapio (2012) and Ameen et al.
(2015) have acknowledged the multi-categorical nature of indicators; Haapio gives
an example of pedestrian and bicycle ways as possibly being categorised in both
Transport and Well-being themes, while Ameen et al. have recognised the possi-
bility of indicators affecting all dimensions of sustainability.
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3.1 Sustainability Criteria—Weighting and Scoring

Many sustainability tools acknowledge the complexity of applying sustainability in
developments, and this has led to the practice of weighting and scoring to address
this in SATs. The idea of weighting and scoring is to place emphasis on the
significance of different criteria and aid in gauging priorities. However, the
objectivity of weighting and scoring does not seem to be well established according
to literature. Ambiguities in weighting and scoring of sustainability criteria have
been indicated to be recurring issues with sustainability assessment tools (Sharifi
and Murayama 2013), and this results from the largely subjective nature of
weighting and scoring different criteria (Garde 2009; Vakili-Ardebili and
Boussabaine 2007). Retzlaff (2009) further adds to this by claiming “any assign-
ment of weights is essentially a subjective exercise”.

Nonetheless, Sharifi and Murayama’s analysis provides some insight on how
some SATs have attempted to form a more objective basis in weighting and
scoring. Similar weighting strategies were undertaken in the tools, LEED-ND,
Ecocity (ECC), and VicUrban’s Sustainable Community Rating (SCR), where the
impact of each criterion were considered in assigning weights. The criteria are
benchmarked based on standards from various institutes and organisations and
points are awarded for meeting and exceeding these. Though the aspect of
weighting here is where the practice becomes prone to subjectivity, Sharifi and
Murayama recognise the benchmarking process of verification with several insti-
tutes and organisations as a good effort towards a more objective analysis.

3.2 Performance Monitoring

Performance monitoring becomes a crucial theme to consider in SATs as this
provides future directives for developments to maintain the sustainability standards
achieved. Consistent monitoring will help to identify problems as they arise, which
can facilitate decision making towards targeting these areas. However, it has been
noted in SAT analysis’ that many SATs, including the major and internationally
well-known ones (LEED-ND, CASBEE-UD and BREEAM Communities) are
primarily static. Sharifi and Murayama demonstrate this in the Presentation of
Results section of their analysis. They claim that out of seven tools, only one (Haute
Qualité Environnementale et Economique Réhabilitation/High Quality
Environment and Economic Regeneration [HQE2R]) accounted for temporal
changes in sustainability indicators. Berardi (2013), providing an analysis of the
major SATs previously mentioned, also recognises the static nature of current
SATs, stating that these systems are barely influential in the day-to-day lives of
communities as these are primarily prescribed by developers only, and that there is
need to incentivise continuous monitoring while increasing interactivity. This fol-
lows suit with claims that public participation (King 2016) and diverse stakeholder
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input (Ameen et al. 2015) are important in the monitoring of sustainability in
developments. Still, with findings in the Participation section of Sharifi and
Murayama’s study, it is revealed that only HQE2R and Ecocity tools set a frame-
work for public participation of the choice of core criteria.

4 Methodology and Approach

With the aim of exploring the diversity of eco-developments, sustainability initia-
tives of selected eco-developments is investigated in two phases. First, initiatives are
mapped out on the basis of multi-dimensional aspects to provide a simple yet bal-
anced overview of how developments present sustainability. For simplicity, only the
three main pillars are included in this overview, hence eco-developments is analysed
in terms of Environment (E), Social (S), Economic (Ec), Enviro-Social (E-S),
Enviro-Economic (E-Ec), Socio-Economic (S-Ec) and Enviro-Socio-Economic
(E-S-Ec) perspectives. In exploring different eco-development scales, the selected
eco-developments consist of both neighbourhood (Hammarby Sjöstad, Kronsberg,
Vauban) and ‘village’ scale developments (BedZED, Findhorn, Crystal Waters).
‘Village’ scale refers to eco-developments with populations in the hundreds.

In phase 2, an in-depth analysis of eco-developments is then formulated based
on the gaps revealed in phase 1for which focus-point (qualitative) indicators are
considered in attempting to flesh out these dimensions in the comparative frame-
work. Due to their prevalence and tangibility compared with social and economic
indicators, temporal indicators for environmental aspects will be prioritised.
Indicators are organised based on themes comprising the elements of a sustainable
neighbourhood. These are:

• Natural Resources and Waste Conservation
• Sustainable Transport
• Sustainable Urban Planning and Ecology
• Socio-Enviro-centric economy
• Institutional initiatives

Only themes most representative of the focus-point and temporal indicators are
applied in demonstrating how eco-developments compare within these frameworks.
The provision of both these types of indicators will provide a more balanced
framework when comparing developments as focus points help to determine what
needs to be targeted, while temporal indicators measure the performance of those
once they’re implemented.
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5 Phase 1—Multidimensional Overview
of Eco-Developments

Sustainability initiatives featured are consolidated to give a simple overview of how
sustainability is addressed in the various eco-developments. Tables 1 and 2 use
Findhorn as an example to demonstrate how sustainability initiatives can be
interpreted with respect to multi-dimensional considerations; the same approach is
applied to the other eco-developments (Fig. 1).

All eco-developments seem to present environmental initiativesmost prominently,
while economic and E-S-Ec are the least featured. Economic sustainability initiatives
appear to be addressed mainly in terms of environmental and social aspects of sus-
tainability such as mix-use development (Socio-Economic), community-owned
renewable energy systems (Enviro-Economic) and hosting permaculture workshops

Table 1 Environmental, social and economic initiatives of Findhorn

Environment Social Economic

– Ecologically
benign building
design

– Wildlife corridors
– Wind energy
supply

– Biological
wastewater
treatment

– Biomass boiler
– Comprehensive
recycling system

– Rainwater
harvesting

– Microgeneration
hydropower

– Shared facilities
– Local food production
– Internationally linked communities
– Local activities—visitation for local
school

– Findhorn applied ecovillage living and
ecovillage design education forum

– Findhorn foundation
supports 400 jobs
(locally?)

Table 2 Multi-dimensional initiatives in Findhorn

E-S E-Ec S-Ec E-S-Ec

– Open
recreational
green spaces

– Bike &
pedestrian
friendly

– Car sharing club
– Community
owned wind
turbines

– Findhorn
consultancy

– Findhorn caravan park
tourism enhancement

– Local exchange trade
system

– Organic food
cooperative

– Outreach workshops
– Community forum

Ecovillage
workshops—
permaculture

242 D. Villanueva and E. Horan

usha.iyer-raniga@rmit.edu.au



(Enviro-Socio-Economic). While social initiatives appear most prominently for
Vauban, social aspects in general appear spread across the multi-dimensional aspects.
Hence, the importance of social and economic aspects seems most relevant when
considered in relation to each other dimensions and the environmental dimension.

6 Framework Formulation and Analysis

It is revealed that the general trend in the way sustainability is featured in
eco-developments is centred in environmental aspects, while social and economic
dimensions do indeed fall behind. Therefore, in an attempt to ‘flesh-out’ the social
and economic dimensions, focus-point indicators will be targeted for the formu-
lation of a comparative framework. With the environmental aspect already well
established, temporal indicators will be prioritised to gain an idea of their perfor-
mance. To demonstrate the application of temporal and focus point frameworks,
“Natural Resources and Waste Conservation” and “Sustainable Transport” are used
to represent the former, while “Socio-Enviro-centric economy” will demonstrate the
latter (Table 3).

Fig. 1 Sustainability initiative distribution
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6.1 Natural Resource and Waste Conservation

Consumption of resources were categorised in three main sources; energy, water
and waste and were measured on a per capita basis. Renewable energy supply was
based on the percentage of energy used as renewable sources which include solar,
wind, biogas, CHP and wastewater energy. Recycled water was based on the
combined percentage of non-mains water usage which can include stormwater,
water treatment effluent, and rainwater capture. Waste recycling includes efforts to
recycle as well as energy and material gain from waste. Hammarby Sjöstad,
Kronsberg, Vauban and BedZED data were documented most widely, while
Findhorn and Crystal Water figures did not seem to be established in literature.

Hammarby Sjöstad was revealed to have the highest energy consumption, a
figure more than doubling when compared to the second highest, Kronsberg.
However, this figure, along with BedZED’s, accounts for both heat and electricity
consumption (Jernberg, Hedenskog and Huang 2015); this type of consumption
could not be verified in the case of Kronsberg and Vauban as they were converted
from gigajoules using the conversion factor of 277 kwh per gigajoule. Building
energy consumption was also highest in Hammarby Sjöstad when considering the
figure from Fraker (2013a). This, combined with the relatively low enthusiasm
towards sustainability when compared to developments such as Vauban and
Kronsberg, could possibly be a factor in higher consumption rates. Nonetheless,
some temporal changes can be observed here suggesting this is improving
according to the latest figures.

Water consumption of BedZED and Vauban was approximately half that of
Hammarby Sjöstad and Kronsberg. When accounting for the rate of recycled water
used however, it is possible that the larger developments of Kronsberg and
Hammarby Sjöstad may indeed have the largest consumption of mains water as
these developments do not include means of rainwater capture for reuse.

Household waste was significantly lower in Kronsberg than in other develop-
ments, owing to the encouragement of a low waste lifestyle and the inclusion of
several repair shops in the district. Hammarby Sjöstad virtually has all waste reused
as either for energy production and recycling, with 1% being hazardous waste
which is disposed (Iveroth, Johansson and Brandt 2013).

Crystal Waters, BedZED and Findhorn were counted to provide some potential
for passive housing, though these were not explicitly mentioned, instead only
featuring elements of passive housing such as solar orientation, or in Findhorn’s
case, referring these to as ‘Ecological housing’. The most ambitious targets came
from Vauban and Kronsberg, though Vauban provides a significantly higher pro-
portion of not only passive housing but ‘Energy-Plus’ housing as well.
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6.2 Public Transport Sustainability

Sustainable transport here is measured as the distribution of transport preferences,
and the provision, distance and frequency of public transport options. In all cases
documented, private car use was the least chosen mode of transport compared to
pedestrian/cycling and public transport options; a good indicator of car-use
reduction initiatives being a success. The most preferred transport mode in all
documented cases except Vauban was public transit. Vauban’s figures however,
were taken prior to the connection of light rail to the district (Field 2011). No
official survey was conducted for Kronsberg, though anecdotally it is claimed to
have achieved these proportions more or less (Fraker 2013b). Though no data was
found for Crystal Waters, its location on steep ridges makes car use a necessity to
travel between sites (Table 4).

Hammarby Sjöstad, Kronsberg, Vauban and BedZED appeared to be most well
connected in public transport provision, locality and frequency. Hammarby Sjöstad
was shown to lead in this manner, with major transport nodes being no more than
350 m from the furthest residential areas and a frequency of services of no more
than 10 min intervals. As a rural eco-village, Crystal Waters’ isolation means
private vehicle is the only means of reliable access.

Though Findhorn was documented to have the least car travel distances per
resident, these figures are presented in terms of ecological footprint (Tinsley and
George 2006); whether this figure measures actual distance travelled was unclear.
While Findhorn is less isolated than Crystal Waters, the only means of public
transport connection is a bus service with a frequency of every hour.

6.3 Socio-Enviro-Centric Economy

It can be said that economic sustainability should be considered in reference to the
social and environmental implications which may be tied in economic activities in
order to enhance the liveability of an eco-development and foster well-being in
citizens. Here, several focus-points are consolidated with the aim of mapping out
how each development essentially adopts these elements of sustainability in their
respective economic and social frameworks, whilst still accounting for environ-
mental needs within them (Table 5).

Vauban sets itself up here as one of the most exemplary examples of community
building. Roots in community building development have allowed for strong
decision making power at the community level, fostering a real sense of
ownership. This bottom up approach set the foundation for a strong community,
featuring a number of community associations and local press for advertising local
events. Social diversity is high with a population consisting of young families to the
elderly, and accommodates students, researchers, eco-tourists and professionals
alike. Findhorn adheres to similar sets of community-based principles, featuring a
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well-connected community reaching locals and internationally. Findhorn
Foundation forms the hub of community interaction in the community, hosting
forums to provide advice and education to those interested in eco-village devel-
opment. While social diversity would be diverse with the interconnected commu-
nity set by Findhorn, local communities appear to be united by common
philosophical agendas, and so it is possible this attracts mostly those with similar
agendas.

Both Crystal Waters and Kronsberg also score fairly well in this analysis, both
hosting a number of community activities, local community gardens and implement
public input in plan decision making. Crystal Waters falls somewhat short in terms
of social networks and diversity, mainly due to its isolation and demographic of
mostly young families (Barton 2013). In Kronsberg’s case, local networks in
engaging communities also appears lacking, while there does not seem to be any
special social frameworks in particular.

Hammarby Sjöstad appears to score the least in these criteria having much to do
with the homogenous population of mostly wealthy residents. This resulted from a
change in government selling of the development to the private sector which saw an
increase in housing prices. While this has made it one of the most financially
successful in its area, this is not reflected well in this framework in addressing social
and environmental aspects of economic enhancement. Nonetheless, there are efforts
to increase community engages via the HS2020 community initiative and the
provision of small urban food boxes (Medved 2016)

Findhorn however, appears to do well in regard to socio-enviro-centric eco-
nomics, a diversity of activities from permaculture workshops to local markets and
a community energy cooperative. Vauban also hosts many of the same economic
initiatives, only missing out on a renewable energy cooperative among locals. As a
major contender in increasing the tourism profile of the area, Findhorn house prices
were found to be higher than the surrounding area. It is unknown if Findhorn has
subsidised housing of any sort.

7 Discussion of Comparisons and Limitations

7.1 Village Versus Neighbourhood Scales

With the intention of gaining some perspective between village and neighbourhood
scales, some discernible aspects can be drawn in this framework; isolation in typical
rural Eco developments appears to undermine overall sustainability in terms of
transport, and rural areas adopt LETS to facilitate economic activity. However, lack
of data remains a major drawback in deriving any real comparisons and insights, as
several quantitative figures were simply not available in literature for these scales of
development.
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7.2 Temporal Data

There were very limited instances of temporal changes observed, occurring only in
the ‘Building Energy Consumption’ and ‘Renewable Energy Provision’ indicators
for Hammarby Sjöstad. Even so, these figures were derived from separate and
different sources. Consistent monitoring is important in helping gauge the perfor-
mance of sustainability initiatives.

7.3 Data Verification

The methods used to derive figures are widely lacking in sources and assumptions
and/or estimates may have to be made when converting data. Figures for Kronsberg
and Vauban ‘Energy Consumption’ per capita converted from GJ to Kwh were
assumed to refer to electric energy only. Hence, consistency is lost and comparisons
can become redundant.

8 Additional Frameworks and Further Adjustments

The following are conceptual frameworks for further progress in the determination
of meaningful criteria in sustainable planning and ecological planning, and an
experimental mapping framework of institutional partnerships associated with
eco-developments (Tables 6 and 7).

With respect to further developing the focus-points constructed in the “Socio/
Enviro-centric economy” theme, temporal measures can be considered to track the
dynamics of community initiatives and activities, and monitor the successes of new
initiatives which aim to facilitate a stronger engagement from the local population.
Quantitative indicators of interest would include:

• No. of workshops for skills and training
• Proportion of population involved in local renewable energy cooperative
• Proportion of people involved in organic food cooperative

Table 6 Sustainable urban planning and ecology

Urban planning Urban ecology

• Mix-use
• Central amenities
• Access to diverse amenities
• Heterogeneous housing designs
• Bike/Pedestrian friendly design
• Maximum distance to local park (m)

• Proportion of open green space (%)
• Ecological construction materials
• Natural systems technologies and infrastructure
• Passive energy harnessing (orientation)
• Biodiversity enhancement
• Wildlife corridors
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• Proportion of people involved in LETS
• Proportion of people using local networks/forums
• Distribution of local population demographics (elderly, children, adults, teens,

ethnicity, income, etc.)
• Number of local community food gardens
• No. of community associations
• Proportion of people using community centre and frequency of use

9 Conclusions

In summary the following conclusions can be made

• A multi-dimensional perspective of sustainability can aid in calibrating aspects
addressed in sustainability initiatives, and provide some direction in determining
gaps in sustainability

• Quantitative performance data for rural eco-developments appears absent in
literature

• Temporal trends are not monitored consistently, and figures sometimes have to
be derived from separate sources

• Methodologies aren’t always given for figures presented

It is paramount that we are able to make meaningful comparisons in order to
learn from and acquire the best possible practices eco-developments have to offer.
The major challenge in achieving this is providing a balance between simplicity and
breadth, while considering target focus points to aid sustainability planning and
temporal indicators to provide future directives and guide sustainability action.

Table 7 Institutional partnerships and associations

Decision
making

No. of associated institutions and
organisations

Institutional programs and
partners

• Institutional
• Private

• Local council
• Stakeholder engagement
• Environmental management
• Community participation
• Community networks
• Investors
• Sustainability education and
awareness

• Research engagement
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Evolving a Locally Appropriate Indicator
System for Benchmarking Sustainable
Smart Cities in India

Sarbeswar Praharaj, Jung Hoon Han and Scott Hawken

Abstract Urban development initiatives in India are largely shaped by a ‘patch-
work of programmers’ launched periodically by the Government of India. Recently,
the Indian government has launched multiple urban transformation programmes
aiming at smart city development, urban renewal, and heritage development. But,
India’s urban policy interventions lacks effective mechanisms for measuring the
impact of such programmes over time. Indicator systems can provide insight into
local urban challenges and issues and offer a basis for measuring urban progress as
a result of public investments. Although there are multiple global indicator facilities
available for adoption, considerable challenges remain in selecting an appropriate
set of indicators for local conditions. With Indian urbanisation intensifying and an
accompanying proliferation of urban development programmes, there is an
increasing need for a set of indicators suited to local context. A local approach can
objectively measure the existing performance of Indian cities vis-a-vis quality of
life and sustainability, and can evaluate the outcome and benefits of new local urban
development programmes as they are implemented. To address this emerging need,
this research aims to provide a bridge between local urban performance and the
capacity to meet local and global standards. By the application of factor analysis
(Principal Component Analysis) on 59 indicators chosen from various urban sec-
tors, this study attempts to derive the most significant factors to measure the per-
formance of 98 Indian cities and assess their potential to become sustainable smart
cities. The study enhances the selection and development of policies by city makers.
It also establishes an approach to develop urban typologies for different Indian
cities. Such a categorisation makes the bewildering range of Indian cities and their
challenges easier to comprehend and address.
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1 Introduction

Resources for urban infrastructure development in the global south are scarce.
Urban investments therefore require a strategic approach that relies on objective
identification of advantage and disadvantages of cities before projects are developed
and substantial financial commitments are made. Assessment of sustainability
outcomes from investment is critical too vis-a-vis social, economic and environ-
mental benefits (Giddings et al. 2002). Measuring urban progress provide cities the
scope to adjust and tailor projects, address the urban deficiencies and lead to just
utilisation of scarce financial resources. There is a strong realisation among the
academic community that monitoring and review of outcomes from urban initia-
tives in the global south are not sufficiently robust to shape policies and imple-
mentation strategies over time (Kamath and Zachariah 2015; Shen et al. 2011). The
new batch of urban reforms therefore require “strong mechanisms for bench-
marking, review and support processes to ensure adequate resource commitment
and adjustments to implementation strategies over time” (Cities Alliance 2015).

The notion of urban competitiveness which has gained ground over last decade
rests heavily on the measures of sustainability. Often the outcomes from cross-city
comparisons on the measures of sustainability is used to highlight the competitive
advantage of cities on a regional scale. This is particularly important for cities as
they are not only competing for investment and jobs, but also for attracting gen-
eration Y and generation Z people (Harrison and Donnelly 2011). The people
Richard Florida termed as ‘Creative Class’ (Florida 2005), whose decision to move
into a city is influenced by its brand, image and sustained performance. Robust
assessment of cities across indicators of sustainability is therefore key to promoting
competitiveness and has great implications for local economy. Beyond cities and
regions, these assessments help countries to report against the Sustainable
Development Goals (SDG) and advance understanding of global progress on sus-
tainability targets.

Although benefits from sustainability assessment is well documented in public
policy, the methodology for such assessment and the measures have been incon-
sistent. There are diverse approaches towards ranking of cities based on parameters
related to sustainability, liveability, quality of life and of late smartness. These
thematic assessments use parameters that are often seemingly different from each
other, sometimes overlapped, leading to divergent outcomes from the assessments.
Moreover, the academic community has not given enough attention to take account
of complex links between indicators and variables (Jiang and Shen 2010) that can
potentially skew the ranking of cities. These sustainability rankings although are
important pointers of civic performance, often criticised due to the indicators of
assessment not tailored for specific contexts (Miller et al. 2013). Especially for
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global south, where cities are facing rapid urbanisation and dealing with unique
challenges, a different approach is essential for benchmarking cities with unique
indicators which can support informed policy targeting.

This paper offers a novel approach to urban sustainability assessment at the city
scale across 98 cities in India. Rather than merely adopting indicator sets from
established literature, we have identified unique measures suited to Indian context
to assess and compare performance of Indian cities. The indicators are defined in
this paper with due consideration that performance is not only about how sus-
tainable or smart a city is, but a more holistic and complex understanding about
measuring the advance of a city towards its capacity to deliver a better quality of
life and undertake transformative practices (Dameri and Rosenthal-Sabroux 2014).
This paper adopts robust statistical analysis to identify the most relevant factors that
influence the sustainability outcomes in cities and are non-correlated. This data
intensive, statistically sound investigation offers a methodology to transform urban
monitoring and shape policy in a profound way. Such approaches can help develop
emerging urban typologies, identify potential areas for optimization and establish
reference points for cities in designing policies to become sustainable and smart
cities.

2 Why Measuring Performance Is the Key to India’s
Urban Prosperity

The urban landscape in theworld’s largest democracy and fastest growing economy—
India, is changing dramatically than ever before. From 17.96% urbanisation level in
the year 1961, the share of urban population rose to 31.16% in the year 2011; and the
country is expected to house half of its population in urban areas by the year 2050
(Census of India 2011). By 2030, 590 million people will live in cities in India, with a
net increase of 270 million working age population from 2011. There will be 68
million plus cities in the country by 2030, whereas the entire Europe has only 35 such
urban agglomerations today (McKinsey and Company 2010). But, increasing pace of
urbanisation in India has not been matched by adequate planning, sector policies,
governance and infrastructure development. In fact, the Government of India is yet to
develop a country wide strategic policy for urban development. On the contrary, the
central governments approach has been sectarian and event based, rolling out schemes
and programmes as a firefighting measure without any objective assessment of the
outcomes. In this background, the Strategic Plan of Ministry of Urban Development,
Government of India for 2011–2016 commented that “to ensure competitiveness of
cities while offering basic services to citizens, urgent steps are required to harness the
opportunity that the scale of urbanisation presents and to avoid urban decay”
(Government of India 2011).

Seizing the existing challenges and despairing context of urbanisation, in 2015,
the Government of India has initiated a courageous mission to transform 100 urban

Evolving a Locally Appropriate Indicator System … 255

usha.iyer-raniga@rmit.edu.au



centres across the country into smart cities. The central objective of the initiative as
per the smart cities mission statement and guideline is to improve the quality of life
in cities with more investment in core infrastructure that leads to sustainable
development (Government of India 2015). The Government of India has also
launched several other high-visibility urban development programmes such as Atal
Mission for Rejuvenation and Urban Transformation (AMRUT), Housing for all,
Heritage City Development and Augmentation Yojana (HRIDAY) etc. While the
intent of these initiatives is promising, there is little emphasis on building moni-
toring frameworks and indicator systems that can offer quantification and objective
identification of issues and create opportunities for dialogue on local conditions
(Bhattacharya et al. 2016). There seems to be no lessons learnt from just concluded
Jawaharlal Nehru Urban Renewal Mission (JnNURM), the largest urban reform and
infrastructure development programme in India, that has often been criticized for
not achieving its intended objectives in infrastructure and housing development due
to weak monitoring and evaluation mechanisms (Grant Thornton 2011). These
programmes as it stands have more emphasis on physical outputs, in the form of
built infrastructure, and lack focus on measuring outcomes to assess the impacts of
the projects on the baseline conditions (Planning Commission 2012a, b). Therefore,
on the one hand, India’s present approach to policy making and project develop-
ment lacks frameworks for objective identification of targeted issues for urban
development; and on the other, it fails to measure how project implementation
impacts the society and the overall sustainability agenda.

We found that different agencies of the Government of India have made discrete
attempts in developing urban performance assessment framework. The Ministry of
Urban Development (MoUD) back in February 2009 launched a handbook on
service-level benchmarking (SLBs) to collate data on urban service levels and
facilitate comparison between cities and track changes in performance over time
(Ministry of Urban Development 2009). These SLB’s were extensively referred by
cities while preparing City Development Plans (CDPs) under JnNURM. But, this
initiative essentially remained as a tool that was used to make a case for seeking
investment for specific infrastructure and failed to emerge as a comprehensive
urban performance assessment model. The second major step towards developing
performance assessment of cities came under the National Mission for Sustainable
Habitat in 2011 (Town and Country Planning Organisation 2011). It attempted to
design parameters for measuring the sustainability of habitats within the constitu-
tionally provided framework for urban planning in India. However, the recom-
mendations remain in paper only and has not been meaningfully adopted in the
actual planning processes. In purview of the smart cities mission, the Bureau of
Indian Standards (BIS) has published Smart Cities—Indicators lCS 13.020.20 on
October 2016. The Indicators defined by BIS are accumulated from 17 different
sectors with 46 core indicators and 47 supporting indicators (Bureau of Indian
Standards 2016). However, we found these indicators were primarily picked up
from the ISO 37120:2014 Sustainable Development of Communities: Indicators for
city services and quality of life. Many of the indicators identified by BIS lack local
context awareness and does not suit Indian cities present state of development.
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What India needs is the measure of readiness of cities to become smart and not
assessment of how smart they are at present, which the current indictors are trying
to assess. Moreover, the data on high number of indicators are presently unavail-
able, practically making impossible for cities to use the framework.

The Ministry of Urban Development has recently published a set of ‘Liveability
Standards in Cities’ to develop ‘Liveability Index’ and rate cities. The publication
titled ‘Methodology for Collection and Computation of Liveability Standards in
Cities’ (Ministry of Urban Development 2017) lists a total of 79 indicators (57 Core
Indicators and 22 Supporting Indicators) grouped under 15 thematic categories.
These categories are designed as part of four broad pillars of sustainable devel-
opment—institutional, social, economic and physical. The document proposes to
develop various ‘Category Sub-Indexes’ and a composite ‘City Liveability Index’
based on the performance of cities against the various core and supporting indi-
cators. For calculating the index, a differential weightage is assigned against each
category. The physical infrastructure category is assigned with the highest weigh-
tage of 45%, whereas the category under economy is assigned 5% weightage.
Governance and social categories are equally weighted at 25% each. In First of its
kind, each of the indicators identified are matched with its reference in the SDG
targets.

Undoubtedly, this is the most significant step by Government of India towards
developing a comprehensive ranking of cities. However, various concerns have
emerged from a critical analysis of the prescribed methodology. The proposed
framework appears to be biased towards large cities as the designated benchmarks
are set very high. The smaller and medium sized towns and cities in India are set to
lose out in this ranking as the level of capacity and basic infrastructure in these
cities are much lower than their larger counterparts. It was essential for this
methodology, to devise differential benchmark standards according to the size of
cities. It would have been then possible to develop indexes for each category of
cities, providing a level playing field among similarly capacitated cities. Also, the
methodology fails to devise a mechanism to recognise and eliminate the causalities
among the indicators. For example, percentage of budget allocated towards cultural/
sports activities and the number of cultural/sports events hosted by city, which are
independently weighted in the given framework, does appear to have casual rela-
tion. A bi-variate correlation analysis was essential to determine and eliminate such
indicators which can potentially distort the outcomes from the index.

It is evident from the above analysis that the Government of India has shown
persistent interest in developing a sound methodology for ranking of cities based on
their performance. However, there is lack of continuity and linkage among the
different initiatives undertaken at different period by various central government
agencies. Also, an obvious lack of consensus is observed whether the ranking
should be devised on the level of sustainability, liveability or smartness; concepts
which are seemingly different from each other. With India’s urbanisation on the
verge of a massive leap, the time is now to converge the different initiatives into a
uniform concept and develop a statistically robust framework for performance
assessment of cities of different scale.
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3 Selecting Locally Appropriate Urban Sustainability
Indicators for India

Many researchers have attempted to document the level of sustainability in cities
using indicators to reveal the challenges that cities faces. In fact, the use of social
and economic indicators to inform policy decisions began as late as 1960s in the
west (Taylor 1981). Unfortunately, the initial boom in the ‘social indicators
movement’ has suffered setback in the late 20th century due to lack of sound
methodological basis of the early studies (Carley 1981) and missing links of those
research with policy concerns of the city makers (Knox 1978). Increasingly a need
was realised to change the selection process of indicators by focussing more on the
ones that are likely to produce the most accurate understanding about the status of
practice, rather than generating general information. The United Nations Statistical
Institute for Asia and Pacific in the year 2007 has contributed to this debate by
proposing a rule that indicators must be SMART—Specific, Measurable,
Achievable, Relevant and Time-related (UNSIAP 2007).

The research approach presented in this chapter here follows five basic principles
for indicator selection as outlined by Coombes and Wong: (1) availability of data;
(2) geographical unit consistency; (3) time-series prospects; (4) implementability;
and (5) interpretability (Coombes and Wong 1994). Data availability is one of the
most fundamental problem that has high impact on indicator based sustainability
assessment. This issue is more prominent in the developing world where data is
highly fragmented due to multiplicity of governance actors and lack of institutional
linkages. Moreover, a considerable share of data relevant to urban and regional
development policy rests with the private sector which often becomes inaccessible.
Therefore, both availability and access to data are critical for determining indicators
for measuring urban prosperity. The emphasis of this paper has been to identify
small number of basic yet critical indicators on which reliable data is available from
public data sources. We have taken specific care that lack of data availability does
not influence selection of proxy measures which is often found in academic
literature.

The challenges of scale mismatch which is also known as “Areal Unit Problem”
(Fotheringham and Wong 1991) is the second major concern as established in the
literature concerning to urban indicator system that heavily relies on spatial data. To
address this challenge, we have used data at the level of City Municipal Corporation
on a consistent basis. This helps in drawing meaningful comparisons at the city
scale. By using data from Census of India publications, we have ensured that the
data is highly reliable and that the time series analysis can be undertaken. Datasets
available from various Government of India publications and municipal websites
have been referred for collating data on urban governance and physical infras-
tructure delivery.

The core focus of this paper is to identify indicators that are locally appropriate
and have implications for public policy. As part of this research we have conducted
questionnaire survey of 179 urban development professionals across India, cutting
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across government, industry and academia. We have picked the indicators around
the most significant challenges and opportunities identified from those responses.
Basic infrastructure level, urban governance, education and health, community
awareness and behaviour were identified by respondents as key measures to India’s
urban prosperity. After identifying these categories, we have picked indicators
relating to each theme from established literature and Government of India pub-
lished indexes. We have also identified indicators that are never cited in literature
yet we believe significant for India’s present urban context. For example, per-
centage of non-slum households, female share of workers, percentage of house-
holds not defecating in open, percentage of households using bicycle etc. as
measures for urban performance is chosen in this study for the very first time in
such assessment. These indicators may seem to be quite elementary, but holds high
relevance in view of present state of Indian cities.

A total of 59 indicators were selected at the beginning of this study. Those were
grouped under 7 themes. After an initial analysis 12 measures were dropped as they
were highly correlated with other indicators. The final list of 47 indicators shown in
Table 1 is used as part of this analysis. Seven indicators were grouped under

Table 1 List of indicators used in the analysis

Demographic and social Population density in km/km2

Decadal population growth rate in percentage

Sex ratio

Female share of workers

Literacy rate

Creative and agile population (15–44 age group)

Percentage of non-slum households

Economic Per capita GDP

Work participation rate

Working age population

Share of main workers

Share of secondary and service sector workers

Education and health Gross enrolment ratio in higher education

Number of colleges/lakh population

Number of universities/lakh population

Number of college graduates each year

Hospital beds/1000 population

Number of physicians/1000 population

Physical infrastructure and services Road Density in km/km2

Mode Share of Public Transport

Percentage of households having access to treated tap water

Percentage of households with access to drinking water within premises

Percentage of households having electricity connection

Percentage of households having access to latrine within premises

Waste water connected to closed drainage (percentage of households)

(continued)
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demographic and social theme including, population density, population growth
rate, sex ratio, female share of workers, literacy rate, creative and agile age group
population and the share of non-slum population. Social development is often seen
as a weak link in India’s urban policy dynamics. The issues of women equality
(Chant 2013; Phadke 2007) and increasing concentration of poor communities in
the slums has not found its desired importance in the conventional master planned
development practice (Ghertner 2011). If India needs to move forward with its
urban development in a harmonious and sustainable way, these soft issues must be
brought into light so that adequate policy and resources are channelled to address
them.

The second group of 5 indicators were placed under economic potential of cities.
These indicators include, per capita GDP, work participation rate, working age
population, share of main workers and share of secondary and service sector
workers. Indian cities are seeing a trend of massive young working age population
emerging (James 2011). In keeping its economic momentum alive, India must
harness the benefits of demographic dividend and should create more job oppor-
tunities in the service sector (Chandrasekhar et al. 2006). These group of indicators
can substantially help in defining the level of economic performance of cities and
prospects of new policy interventions.

Six indicators were selected in the analysis under the education and health
category. Functions related to education and health does not come under the ambit
of municipal governance in India. Rather it is increasingly being privatised, which

Table 1 (continued)

Household level coverage of municipal solid waste (MSW)

Efficiency of collection of MSW (in percentage)

Extent of MSW recycled and recovered (in percentage)

Percentage of households having enclosed bathroom

Percentage of households availing banking services

Percentage of households having computer/laptop with Internet

Percentage of households using mobile phones

Shelter Percentage of households with condition of house as good

Percentage of households having permanent house structures

Percentage of households residing in own houses

Behavior and lifestyle Percentage of households using solar energy

Percentage of households using cleaner energy for cooking

Percentage of households having bicycle

Percentage of households not defecating in open

Governance Per capita municipal capital expenditure

Availability of Master plans

Availability of dedicated urban planning cadre within local bodies (ULB)

Availability of dedicated local government website

Status of publication of service level benchmarks

Status of setting up of single window civic service centres in ULB
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highly impacts the affordability of these services (Baru 2003). We as part of this
research are keen to investigate if education and health issues impact the overall
sustainability outcomes in cities.

A maximum of 14 indicators were selected under physical infrastructure and
municipal service delivery. These indicators were primarily concentrated around
level of water supply and waste water, sanitation and access to digital infrastructure.
Municipal service delivery is the weakest link in achieving India’s sustainable
urban development goals (McKinsey and Company 2010; Government of India
2011). Rapid urban growth in Indian cities and demand for civic services outpaces
the existing supply mechanism. These set of indicators will allow us to measure the
varying level of service delivery in cities and lead towards the identification of
advantage and disadvantages across the infrastructure sectors.

The remaining 13 indicators were grouped under three different themes; shelter,
behavior and lifestyle and governance. Housing has remained a critical sector in
India’s policy agenda reflected through various schemes laid out by Government of
India such as “Housing for all mission”, “Basic services for urban poor” and “Rajiv
Awas Yojana”. The measures grouped under ‘shelter’ category will indicate how
these initiatives has impacted the access to shelter in different cities across India. In
order to analyse the smart community potential, 4 different indicators were selected
that can measure sustainable behavioural practice across Indian cities. Six different
indicators are outlined to assess the governance efficiency in cities and to recognize
the potential for optimisation in urban management practice.

4 Methodology

To identify the most significant indicators that influence the sustainability outcomes
of cities in India, we have undertaken factor analysis using the dimension reduction
tool in SPSS statistical computer package. Factor analysis is particularly useful to
identify a relatively small number of factors which can represent the relationships
among large set of variables (Coombes and Wong 1994). Through this statistical
procedure, all the raw data are automatically standardised as Z-scores before the
most critical factors are extracted. The aim of this technique is to summarise as
much as possible the variance in the given dataset with the minimum number of
factors. Although the single-factor solution is the most popular choice (Thompson
2004), a multi-factor solution is expected in this case due to substantial number of
indicators used in the analysis and their heterogeneity. This technique has two
unique advantages; on the one hand, the method counters with the intercorrelation
within the dataset by producing a correlation matrix, and on the other, it provides an
automatic statistical weighting of each variable on each factor which can be used for
indexing or ranking.

In this research, we have used Principal Components Analysis (PCA) as the
extraction method to emphasize the variation and bring out strong patterns in the
dataset (Wold et al. 1987). We began the analysis by running a correlation
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coefficient model to understand the pattern of relationships among the variables. In
this stage, we have scanned the significance values for variables that are greater
than 0.05 and dropped 12 indicators from the initial list because of singularity in the
data. The final list of 47 indicators that are used for further analysis in this paper are
generally uncorrelated. In the next stage, we have conducted the
Kaiser-Meyer-Olkin measure of sampling adequacy and the Bartlett’s test of
sphericity test. This is to ensure that the dataset comply with the recommendation of
Kaiser (1974), that any values greater that 0.5 are acceptable (Field 2005). To find
out if the factor analysis as a technique was appropriate for the data set, we have
confirmed that the desirable Bartlett’s test significance value (p < 0.001) is
achieved.

Communalities and total variance are analysed as per Principal Components
method that can indicate the amount of variance in each variable that is accounted
for. From the communalities analysis output, we inspected for any values after
extraction that are below 0.5, which is generally considered unacceptable for
inclusion in further modelling stages. We then analysed the eigen values from the
total variances explained associated with each linear component (factor) after
extraction and after rotation. As SPSS is used for analysis, by default all the factors
with eigen values greater than 1 are extracted. This analysis has helped in deter-
mining the number of factors whose sum is equal to number of items which are
subjected to factor analysis. Lastly, rotated component matrix is presented in this
paper through application of Varimax with Kaiser Normalisation method. This
method is particularly suitable for this analysis as we have ensured that the variables
were non-correlated. The rotated component matrix provides the loading on each
factor and helps make interpretation of the analysis easier by flagging significantly
higher loadings (Kaiser 1958). In this analysis, we have designated the value of 0.4
and above as significant loadings for the ease of recognizing patterns in the dataset.

5 Analysis and Results

Table 2 highlights the SPSS outputs for the Kaiser-Meyer-Olkin measure of sam-
pling adequacy and the Bartlett’s test of sphericity. KMO values of 0.653 is
achieved, which is considered acceptable (>0.5) for such analysis. Bartlett’s Test of
Sphericity results shows a significance value of 0.000, which confirms that factor
analysis as a technique was suitable for the data set. The table also shows the

Table 2 KMO and Bartlett’s
test

Kaiser-Meyer-Olkin measure of sampling
adequacy

0.653

Bartlett’s test
of sphericity

Approx. Chi-Square 3484.119

df 1081

Sig. 0.000
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approximate Chi-Square value and difference value as default outputs from the
SPSS statistical computer package.

Table 3 represents the Communalities before and after extraction. Principal
Component Analysis works on an initial assumption that all variance is common;
therefore, before extraction the communalities are all given the value of 1.
Extraction communalities are estimates of the variance in each variable accounted
for by the components in the factor solution. For interpretation, we can say from the
Table 3 that 79.9% of the variance associated with variable 1 is common, or shared,
variance. More importantly, none of the variables selected for this study show a
value below 0.5 which we have identified as baseline value for communalities after
extraction. Therefore, there is no need for dropping any variable from the model as
they all seem to fit well with the factor solution.

Table 3 Communalities

Initial Extraction

Log population density 1.000 0.799

Population growth rate 1.000 0.887

Sex ratio 1.000 0.875

Female share of workers 1.000 0.830

Literacy rate 1.000 0.739

Creative and agile population 1.000 0.874

Percentage of non-slum households 1.000 0.689

Log per capita GDP 1.000 0.738

Work participation rate 1.000 0.790

Working age population 1.000 0.840

Main workers share 1.000 0.607

Secondary and service sector workers share 1.000 0.722

Gross enrolment ratio higher education 1.000 0.841

Colleges per lakh population 1.000 0.820

Universities lakh population 1.000 0.822

Log college pass outs each year 1.000 0.877

Secondary schools per 1000 children 1.000 0.655

Hospital beds per 1000 population 1.000 0.766

Physician per 1000 population 1.000 0.723

Road density in km per km2 1.000 0.729

Mode share of public transport 1.000 0.839

Average trip length in km 1.000 0.723

Access to treated tap water 1.000 0.777

Access to drinking water within premises 1.000 0.805

Households having electricity connection 1.000 0.781

Access to latrine within premises 1.000 0.721
(continued)
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Table 4 highlights the total variance explained by each of the underlying factor.
SPSS by default, divides the table into three sub-sections, i.e. initial eigen values,
extraction sums of squared loadings and rotation sums of squared loadings. For
analysis and the purpose of interpretation we are mostly concerned with the
extraction sums of squared loadings. It can be observed that the first factor accounts
for 20.520% of the variance, the second 12.522% and the third 7.378%. A total of
13 factors were extracted by SPSS that can be labelled as significant. These 13
factors have an eigen value above 1 which was identified as the baseline value for
this analysis. The 13 factors that were extracted define a cumulative 76.910% of the
variance in the dataset.

For ease of interpretation, in this paper we have presented the rotated component
matrix output instead of the simple component matrix output table before rotation.
Table 5 shows the loadings of the 47 variables on the 13 factors extracted. The
higher the absolute value of the loading, the more the factor contributes to the
variable. But, it is possible that in large datasets such as the one used for this
analysis, to see items with large loadings on several of the factors. The idea of
rotation is to reduce the number of factors on which the variables under investi-
gation have high loadings for the ease of interpretation. We have used the Varimax

Table 3 (continued)

Initial Extraction

% of households connected to closed drainage 1.000 0.808

Household level coverage of MSW 1.000 0.740

Efficiency of collection of MSW 1.000 0.689

Extent of MSW recycled and recovered 1.000 0.756

Households availing banking services 1.000 0.865

Households having enclosed bathroom 1.000 0.890

Households having Computer/laptop with internet 1.000 0.865

Households using mobile phones 1.000 0.801

Households with condition of house as good 1.000 0.769

Households having permanent house structures 1.000 0.837

Families residing in own houses 1.000 0.775

Households using solar energy 1.000 0.822

Households using cleaner energy for cooking 1.000 0.720

Households having bicycle 1.000 0.727

Percentage of households not defecating in open 1.000 0.778

Log per capita ULB capital expenditure 1.000 0.653

Availability of master plans 1.000 0.621

Dedicated urban planning cadre within ULB/DA 1.000 0.704

Dedicated local government website 1.000 0.725

Publication of service level benchmarks 1.000 0.822

Single window civic service centres in ULB 1.000 0.513

Extraction Method Principal Component Analysis
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with Kaiser Normalization method and suppressed smaller values below 0.4 to
achieve a simpler pattern. We can clearly see in Table 5 that variables associated
with economic potential loads highly on Factor (component) 1, while indicators on
basic service levels loads highly on Factor 2, and, education and health related
parameters are substantially loaded on Factor 3. These factors with high loadings
and clear patterns can be used as variables for further analysis.

6 Discussion and Way Forward

Classification of urban areas based on indicators is, in essence, a simplification by
which large volumes of data for a set of measures gets processed to achieve a
manageable and meaningful set of carefully measured groups (Mikelbank 2004).
This paper attempts to derive the most critical factors that can measure the readiness
of 98 Indian cities towards becoming sustainable smart cities. Using factor analysis
on the data derived from different sectors, i.e. demographic, social, economic,
education and health, basic infrastructure services, shelter, behavior and lifestyle
and governance, we have developed a structure among a large number of selected
variables that can generate insights into the state of cities. Rather than following an
arbitrary approach (Coombes and Wong 1994), we have derived indicators in a
systematic manner that can reliably lead to creation of sustainable city index for
Indian cities. From the very beginning, this study was shaped by seeking the
answers to basic questions, such as, ‘what is the connection of this study with
specific policy or programme objectives?’; and ‘what policy instruments can use
these findings? Our aim was to provide an assessment framework that can capture
how different central government schemes (JnNURM, Smart Cities Mission,
AMRUT etc.) have been impacting sustainability outcomes of Indian cities.

The results from the Principal Component Analysis suggest that the discussion
on urban performance assessment in Indian cities should concentrate around three
major topical issues: (1) social and economic opportunities, (2) access to education
and health services and (3) availability of core infrastructure. Social and economic
opportunities have emerged as the most significant measure. Social indicators such
as female share of workers, creative and agile populations, and economic indicators
including work participation rate, working age population, and share of service
sector workers has shown significant loadings on Factor 1 explaining one fifth of
the variance in the dataset. We have also observed highly significant loadings on
factors related to education and health that include, number of universities per lakh
population, number of college pass outs each year, hospital Beds per 1000
Population and Physician per 1000 Population. It is quite interesting to see that
while the Government of India’s Smart Cities Mission and other high profile urban
development programmes are concentrating on building digital applications and
high-tech urban precincts (Brookings 2016), the real need seems to rest with soft
issues around socially equitable development and knowledge and health capital.
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The significance of India’s demographic dividend, surging young and working
age population and its impact on urban landscape is being debated for long now.
A decade ago assessing the impacts of demographic dividend Chandrasekhar et al.
found that the absorption of Indian youth into the labour force is not as high as one
would expect (Chandrasekhar et al. 2006). This is primarily due to the poor
employability of the workforce, which is severely affected by a deficit in educa-
tional attainment and health as identified by Ernst & Young and the Federation of
Indian Chambers of Commerce and Industry in a report published in 2013 (Ernst &
Young and FICCI 2013). Clearly there is circular linkage between demographic
dividend, the need for jobs, skills and employability, access to education and health
infrastructure. In fact, Reddy and Tiwari while measuring urban sustainability in
India weighted education and health parameters more than any other measures
(Reddy and Tiwari 2016). These discussions indicate that Indian cities need to
emphasise on developing social infrastructure to promote sustainability, more than
developing digital services, which the current regime is aggressively promoting.
The significance of the social, economic, education and health factors in measuring
sustainability outcomes of cities emerged from this study is therefore well sub-
stantiated with previous findings in scientific literature.

The results from this study also indicate that access to basic services (treated
drinking water, waste water drainage, electricity and enclosed toilet-bathrooms) and
shelter have considerable loadings on Factor 2. This implies that any assessment on
urban sustainability performance of Indian cities must take into account the level of
household access to water and sanitation related services and access to housing.
This study outcome is strongly complimented by the observations of the High
Powered Expert Committee for Water Supply and Sewage Sector formed by the
Government of India in 2010 (Ministry of Urban Development 2010). The group
found that nearly 40% of the households in urban India does not have access to
piped water supply and 4861 out of the 5161 cities/towns in India do not have
sewerage network (National Mission for Sustainable Habitat 2011). The committee
recommended periodic benchmarking of water and sanitation services to assess the
level of sustainability of Indian cities vis-à-vis municipal service delivery. The
challenges around access to good quality housing is also echoed by many
researchers and agencies. The National Institute of Urban affairs in its report
highlighted that around 30% of the urban population in India live in poor quality,
overcrowded accommodation with inadequate or no provision for basic infras-
tructure and services (National Institute of Urban Affairs 2011). It remarked,
although public initiatives such as ‘Basic Services for Urban Poor’ conceived under
JNNURM and ‘Rajiv Awas Yojana’ has to some extent been able to address issues
around access to housing; persistent efforts are needed to improve housing delivery
mechanism for enhancing overall sustainability standards in Indian cities. It is quite
apparent from these discussions that housing and access to core services remains
the key to India’s urban sustainability. Therefore, indicator based assessments must
take account of these domains to ideally reflect the present state of Indian cities and
their future need.
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Although the results from this study are promising, it has limitations in regard to
sample size in the adopted statistical analysis. We have used factor analysis with a
sample size of 98, whereas a sample size of 200 or more is considered as standard
for such analysis. The deviation is justified as this paper primarily focusses on the
98 smart cities that are selected under the Governments of India’s Smart Cities
Mission. The focus of this paper is therefore more on targeting policy linkages of
such analysis rather than merely conforming to the sampling adequacy. In future,
we will explore the scope for increasing the sample size by including cities selected
under other complimentary initiatives sponsored by Government of India.
Furthermore, we will conduct cluster analysis and discriminant analysis to build
typology of advantage and disadvantages in Indian cities that will help in identi-
fication of patterns of growth and progress vis-a-vis sustainability. Analysis such as
these helps in improved targeting of policies and contribute to coordination of
different agencies through unification of the current ‘patchwork of programmers’
related to urban development. Outcomes from these studies also help in linking the
local urban performance with global development goals and sustainability targets.
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which has resulted in the share of the urban population increasing from 18% in
1960 to 31% in 2011. It is expected that this growth would further accelerate,
centred around cities, which are the existing centres of economic, social and urban
importance. Recognizing the significance of cities in its future, the Government of
India (GoI), in June 2015, launched the Smart Cities Mission (SCM), which focuses
on the sustainable and inclusive development of Indian cities. This research aims to
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namely Sustainable Development Goal 11 (SDG 11) and New Urban Agenda
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1 Introduction and Background

Every civilization that has come into existence since the last eight millennia has
gravitated towards a city-centric society (Pardo and Echavarren 2002). Be it,
Jericho, in ancient Israel or the later centres of urban excellence such as Harappa
(Indus Valley) or Samarkand (present-day Iran), cities grew from being mere trade
centres to political and academic seats of authority, exemplified by the Greek
city-states of Athens and Sparta. From ancient Rome to Constantinople, cities have
served as religious loci and eventual points of confluence of wealth and power
(Kostof 1993). Each city of importance, both in the past or the present, has its own
significance and has been identified by a key characteristic such as fashion, finance,
architecture or entertainment (Cohen 2006). The state of cities often signifies the
maturity or lack of it for any civilization. Eminent urban journalist Jane Jacobs in
her seminal work (Jacobs 1961), wrote, that “cities have the capability of providing
something for everybody, only because, and only when, they are created by
everybody”. Some of the greatest cities in history have been magnets for human
beings; attracting dwellers from near and far, with the promise of better quality of
life attained through meaningful employment and enterprise. But post the Second
World War, the world has seen an unprecedented rise in the number of cities and
their inhabitants leading to adverse impact on the living environment. This has
pushed the academic and bureaucratic discourse towards synthesizing a harmonious
solution to the current predicament.

2 Literature Review

Large scale human settlements, when not well conceived are often accused of
indulging in the indiscriminate use of natural resources, generating a large amount
of waste and impacting the environment negatively (Hiremath et al. 2013). There is
a growing consensus among nations, both developing and developed, to inhibit
impending global environmental crises and introduce a collaborative statute which
could be adopted and implemented by all. Being the foremost platform for inter-
national collaboration, the United Nations (UN) shifted its policy imperative from
the Millennium Development Goals (MDGs) to the SDGs (UN 2015a, b), which
establish the framework for development for the next fifteen years. The UN iden-
tified cities as the de facto centres of economic growth and has oriented the SDGs
for greater sensitization towards the environment and sustainable development for
all. Along with the SDGs, a framework for transformative commitments for sus-
tainable urban development was introduced into the discourses in the form of the
NUA (UN-Habitat 2016). Ratified by 193 member states of the UN, NUA is a
voluntary, non-binding statute to guide urban development in a holistic manner, in
accordance with the principles of SDGs.
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The 17 SDGs represent diverse areas of action but are interlinked such that
fulfilment of one goal may contribute to other goals too. Goal 11, as outlined in
SDGs, is of particular interest for urban development. The goal is dedicated to
‘Make cities inclusive, safe, resilient and sustainable’ (UN 2015a, b). According to
Cities Alliance 2015 “The SDGs have the most direct relevance for Habitat III due
to the inclusion of a stand-alone urban goal SDG 11, and the consideration of urban
issues in several targets of other goals”. The list of targets provided under SDG 11
has been included in Appendix 1.

The United Nations Conference on Housing and Sustainable Urban
Development (Habitat III) was aimed at ‘reinvigorating’ the global political
commitment to the sustainable development of towns, cities and other human
settlements, both rural and urban. UN-Habitat deliberated on arriving at a consensus
on an urban agenda that would commit countries to sustainable urbanization “which
is now more critical than ever as populations, social interactions, economic activ-
ities, and environmental impacts are increasingly concentrated in cities”
(UN-Habitat 2016). The product of that reinvigoration, along with pledges and new
obligations, is the New Urban Agenda. This agenda has set a new global strategy
around urbanization for the next two decades. The Agenda includes four key
transformative commitments for sustainable urban development:

• Sustainable urban development for social inclusion and ending poverty
• Sustainable and inclusive urban prosperity and opportunities for all
• Environmentally sustainable and resilient urban development
• Effective implementation: Building the urban governance structure and

Planning and managing urban spatial development (UN-Habitat 2016).

According to Cities Alliance 2015 “The SDGs reveal a substantial but implicit
urban dimension; the NUA could add value by formulating a clear aspirational
vision, which can mobilize relevant urban stakeholders and guide local imple-
mentation.” This thought has been one of the guiding elements of the current
research.

The India Habitat 3: National Report details out the ways in which these
international developments have had an overbearing effect on the long-term eco-
nomic development paradigm for India, as the cities here are no different from their
global counterparts (MoHUPA 2016). Coming from a long history of exceptional
cities amidst a largely agriculture-based hinterland (MGI 2013), India is now facing
an unprecedented rush of economic migrants to the existing pool of cities
(Ramaswamy and Madakam 2013), that are overstrained due to excessive popu-
lation and inadequate infrastructure (Hoelscher 2016). Today, urban India’s pop-
ulation constitutes approximately 32% of the national population and the resulting
urban activities, having accrued nearly 60% of the country’s gross domestic pro-
duct, have resulted in a noticeable shift in the structure of the Indian economy (MGI
2013). The potential of the urban economy, however, is crucially dependent on the
levels of employment, socio-economic and demographic profile, spatial planning,
inflation, investments (Kumar and Dahiya 2017). This rapid transition to a highly
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urbanized population has created several challenges for the planning, development,
and operation of cities that are stimulating new thinking among architects, urban
planners and designers, transportation engineers, utilities engineers, social scien-
tists, environmental scientists, public finance and policy experts, municipal gov-
ernment officials, and, most recently, information technologists (Harrison and
Donnelly 2011). As a measure to restrict further spread of decadence (MGI 2013) in
the cities, a series of structured federally funded programs have been introduced
over the years by the Indian government. Ambitious, mega projects such as the
Jawaharlal Nehru National Urban Renewal Mission (JNNURM) and Rajiv Awas
Yojna (RAY) were prime examples of many such schemes. Started with much
flourish, these programs failed to deliver on the expected infrastructure augmen-
tation and an integrated approach to urban development (World Economic Forum
2016). In 2014, the Indian government brought with it an array of urban devel-
opment initiatives that were designed to address the challenges and tap the
opportunities of urbanization (MoHUPA 2016). SCM, the flagship initiative of the
Indian government’s Ministry of Urban Development (MoUD), aims at stream-
lining urban growth and is one such mission which has been conceptualised to set
the course for developing the blueprint for future Indian cities and human
settlements.

Smart Cities provide a new form of instrumentation for observing the way
people use a built space and enable an insight in developing new approaches to
spatial development. Through new sources of information, cities hope to create
insight, innovation, opportunity and real jobs that will increase prosperity and
quality of life (Harrison and Donnelly 2011).

The objective of SCM is to promote cities that provide core infrastructure and
give a decent quality of life to its citizens, a clean and sustainable environment
and application of ‘Smart’ solutions. The focus of the mission is on sustainable and
inclusive development. In the mission statement issued by the GoI, the mission
“would set examples which may be replicated within and outside the cities, cata-
lysing the creation of similar smart cities in the various parts of the country”
(MoUD 2015). The development under SCM has been strategized such that local
area development is prioritised with the use of technological solutions that lead to
smart outcomes. Under the mission development is sought under two broad
categories:

The Area-based development (ABD), which concentrates on retrofitting and
redevelopment of existing areas within the city, to transform existing areas,
including slums, into better-planned ones, thereby improving the livability of the
whole city. There are three strategies adopted for ABD viz. retrofitting, redevel-
opment and Greenfield development.

Pan-city development concentrates on the application of selected smart solu-
tions to the existing city-wide infrastructure. These solutions focus on the use of
technology and relevant information to improvise on existing infrastructure and
services. These include measure such as intelligent transportation systems, smart
metering, integrated waste management, etc.
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The selected cities under the mission were expected to develop proposals and
subsequent implementation plans for a compact area which should include at least
one of the ABD strategies as well as a pan-city solution. Usage of ICT-enabled
‘smart’ solutions has been indicated as a priority feature.

Much like their European counterparts, the Indian smart cities would be deliv-
ering incremental benefits primarily through urban retrofitting that integrates
technological systems and solutions into existing economically developed cities
(Hoelscher 2016).

Prima facie, SCM and the other urban development missions are a strong step
ahead in imbibing these global sustainable development visions into India’s urban
policy mandate, supported by an implementable action plan.

But, with the shifting global focus towards inclusiveness, liveability, and sus-
tainability, will the Indian cities fulfil the expectations of its citizens? Are the Indian
cities capable of handling the current pressure as well as be resilient enough to
ensure a sustainable future for the generations to come?

The current study, aimed at assessing the hypothesis that ‘SCM translates the
vision of global treaties like SDGs and NUA into implementable action plans at
national and regional levels’ is part of an ongoing research project funded by the
School of Construction, RICS School of Built Environment (SBE).

3 Research Aim and Objectives

This research aims to assess and analyse the synchronisation achieved between
SCM, SDG 11 and NUA in the Indian context; twenty months post the com-
mencement of SCM.

The research has been designed with the following objectives:

• Study the principles of SDG 11, transformative commitments of NUA and
guidelines of SCM and identifying synergies between SDG 11, NUA and SCM

• Develop an assessment matrix for evaluating incorporation of sustainability
principles in SCM implementation tool—the smart city proposals

• Assess the smart city proposals of nineteen smart cities identified during the first
round of SCM in accordance with the assessment matrix

• Benchmark the achievements and lacunae of the mission implementation tools
in pursuit of developing safe, resilient and sustainable cities

• Suggest measures for SCM course-correction, if any, for addressing the prin-
ciples of sustainability.
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4 Research Methodology

Before identifying the synergies and the gaps between SDGs, NUA, and SCM, it is
important to understand each of them separately. Further, synergies between SDG
11 and NUA need to be identified and analysed. Once the similarities were
established, and anomalies identified, proposals of the nineteen1 identified cities
were assessed with respect to this matrix. Each city was scored for conformance to
inclusiveness and sustainability principles identified under the SDGs and NUA. To
do this, the following methodology was adopted (see Fig. 1).

To understand the linkage between an agenda of global importance and an urban
development program of national importance, the research team concentrated on
understanding the ethos and principles of SDG 11, NUA and SCM. To begin with,
the ten targets under SDG 11 and the transformative commitments for sustainable
urban development under the NUA were studied to establish the synergies between
the SDG 11 and commitments for NUA. These synergies were translated into a
matrix-based analytical framework. This matrix was further used to assess the
Smart City Proposals (SCPs)—the tool for implementation of SCM, for nineteen

Study SDG 11 and 
the related targets

Identify points of 
confluence between 

SDGs and NUA

Develop the SDG- 
NUA confluence 

matrix

Identify the 
transformative 

commitments of NUA

Study the SCM 
guidelines

Study the SCPs for 
the top 19 smart 

cities

Analyse the SCM 
guidelines from the 
purview of SDG 11 
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Document the 
development 

proposals (SCPs)
for the top 19 cities 
against the SDG-
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Analyse the gaps  in the 
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Identify the 
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11 and NUA

Assign 
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Identify the synergies 
and gaps  in the SCM 
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Develop a model 
framework for 

sustainable Smart City

Fig. 1 Research methodology adopted

1Out of the twenty smart cities selected by GoI, New Delhi Municipal Corporation (NDMC) has
been omitted from the analysis due to the unique governance characteristic of the ULB.
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cities with respect to addressing the principles of sustainability. Given the ele-
mentary stage of SCPs, the analysis was conducted by applying simple text analysis
technique.

A preliminary analysis of the SCM statement and guidelines with respect to the
SDGs reveal that the SCM guidelines, which define its broad framework for
development and implementation, conforms to eight out of ten SDG 11 targets
(80% conformance). The SCM guidelines do not take into cognizance Targets 11.8
“Support positive economic, social and environmental links between urban, peri-
urban and rural areas by strengthening national and regional development plan-
ning” and 11.10 “Support least developed countries, including through financial
and technical assistance, in building sustainable and resilient buildings utilizing
local materials”. The comparative analysis of SDG 11 targets and SCM guideline is
presented in Table 1.

5 Expert Consultation

To better understand the SCM from a broader perspective, the research team
approached several urban development experts including field practitioners, con-
sultants, and representative of multi-lateral agencies like UN-Habitat (UNH), India.
Based on these consultations it could be concluded that India’s flagship mission is
an excellent example of proactive approach with a matured thought process that
considers the world vision. Unlike preceding urban renewal schemes, the mission
has been strategized in a two-tiered format in which each state has been recognised
as a decision maker, and the respective Urban Local Body (ULB) of each city has
been recognized as the key implementing agency, whereas the central government’s
role has been relegated to an advisory one. SCM is perceived as the stepping stone
for introducing integrated planning in India. The mission is being heralded as a

Table 1 Comparative
analysis of SDG 11 and SCM
guideline

SDG 11 targetsa Provision in SCM guideline

11.1 Yes

11.2 Yes

11.3 Yes

11.4 Yes

11.5 Yes

11.6 Yes

11.7 Yes

11.8 No
11.9 Yes

11.10 No
aRefer Appendix 1 for SDG 11 targets
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remarkable step in contextualizing the global visions and providing clarity in the
envisaged course of urban development in India.

6 Analysis of Synergies Between the Global Agenda
and the Local Mission

To understand the extent to which India’s key urban development mission
addresses the principles of sustainability, it was important to first understand the
relationship between the two globally important agenda of sustainable development
and urban development. Figure 2 represents the methodology adopted for this
assessment and development of matrix.

The targets of SDG 11 were compared with the commitments of NUA to
establish the conformance and identify the outliers. A sample of this analysis has
been included in Fig. 3.

Similarly, the remaining targets under SDG 11 were compared with NUA
commitments.

It was found that forty-six transformative commitments of NUA conformed to
the ten targets of SDG 11 as depicted in Fig. 4.

However, few of the commitments like equal opportunities, contribution of
informal sector sustaining urban economies, etc. were found to align with other
SDGs, and three commitments including tenure security, harnessing ageing factor
and enabling policy framework for participatory planning and management of
urban development have been identified as stand-alone commitments based on the
current urban development patterns. These commitments have been highlighted in
Appendices 2 and 3.

The nineteen identified smart cities’ proposals were analysed with respect to the
matrix thus developed. The research primarily focused on analysing each city’s

Fig. 2 Methodology for development of assessment matrix
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Fig. 3 SDG 11 and transformative commitments of new urban agenda (partial matrix)

Fig. 4 NUA commitments with respect to SDG 11 targets
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vision, strategic goals and focus and the implementation plan detailed in SCPs with
respect to SDG-NUA analytical matrix. Points of conformity between the SCPs,
targets of SDG 11 and transformative commitments of NUA were awarded a “1”
and non-conformities were allocated “0”. Partial representation of the analytical
matrix may be found in Fig. 5.

Research Findings
Following emerged as essential elements of most SCPs while conducting the

analysis:
Affordable housing and provision of basic infrastructure services: 85% of

the cities analysed have provisions for affordable housing as well as slum
up-gradation in their SCPs. The focus has been on stimulating the supply of ade-
quate, suitable housing options for the impoverished sections of society. 50% of the
cities have the provisions to stimulate the supply of a variety of housing options. All
cities have mentioned implementation measures to improvise on existing basic
infrastructure facilities like water supply, sanitation as well as solid waste man-
agement. Service level up-gradation and implementation of smart solutions have
also been included to ensure standardized service delivery and monitoring facilities.

Sustainable and intelligent transportation systems: 90% of the cities have
identified sustainable, energy efficient and intelligent transportation systems as one
of the significant intervention areas. As per the needs of each city, improvised
transportation solutions have been identified. This feature of the SCPs emphasizes
the use of non-motorised transportation, providing access to pedestrian-friendly
walkways and identification of non-vehicle streets or zones, provision of public
transportation facilities, seamless multi-modal mobility and intelligent transport
management systems.

Cleaner cities and sustainable human settlements: As an effort to ensure
visible improvement in the areas of intervention, all cities have identified measures
to ‘clean-up’. This includes the provision of solid waste management facilities,
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settlements, including through the development of 
quality infrastructure and spatial planning, by 
adopting and implementing integrated, age- and 
gender-responsive policies and plans and 
ecosystem-based approach

NUA Transformative Commitment and description 

11.1 Ensure access 
for all to adequate, 
safe and affordable 
housing and basic 

services and 
upgrade slums

Smart Cities 

SDG 11 Target & 
Description 

Fig. 5 Partial analytical matrix
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24 � 7 water supply and sanitation facilities, digitalization of citizen services and
smart metering options for ease of monitoring and control. The introduction of
planned development approach is seen as an integral part of the SCPs (Bhattacharya
et al. 2015). Measures like transit-oriented development (TOD), mixed land-use,
and urban renewal have been suggested on a need basis to streamline the urban
development of the cities under consideration. Each city that has been analysed has
identified one or the other urban development strategy for implementation in the
identified area of intervention.

40% of the cities have identified implementation measures to include spatial
development strategies for urban extension and renewal. 40% of the cities have
identified long-term urban and territorial planning processes for water resource
management, an essential feature for sustainability of human settlements.

90% of the cities have committed themselves to adopt a smart-city approach that
makes use of opportunities from digitalization, clean energy, and technologies, as
well as innovative transport technologies.

Resource conservation and efficiency: As a signatory to the Paris Agreement
(UNFCC 2015), India needs to reduce its carbon footprint by 30–35% from its 2005
levels. In addition to this, India will have to diversify its power generation sources
and shift them significantly towards renewable energy sources to reduce volumes of
emissions per unit of GDP. In numbers, by 2025, India will need a 175-gigawatt
power production capacity from non-fossil fuel sources (NIUA 2015). As an
endeavour to encourage alternative sources of vehicular fuel, street lighting, sour-
cing of electricity and to give impetus to energy efficiency and water conservation,
the city plans have provisions to encourage use of electric vehicles, LED-powered
street lighting, tapping of solar and wind energy for power generation, encouraging
energy-efficient buildings and including provisions for rainwater harvesting. 90% of
the cities have identified measures to stimulate generation and use of renewable
energy, waste reduction, and water conservation.

Integrated rural-urban development approach: One of the targets of SDG 11
is aimed at supporting rural-urban continuum. NUA too has dedicated transfor-
mative commitments to address the need for an ‘integrated approach to support
territorial systems that address rural-urban continuum’ (UN-Habitat 2016). Even
though regional and urban planning approaches have been suggested to streamline
the existing urban sprawl, a consolidated/integrated urban development policy
approach is missing. None of the cities under analysis reported an intention to
address this transformative commitment of NUA. Consequently, there was no
visible emphasis for knowledge exchange with international and national organi-
zations for enhanced coordination in urban-rural development strategies.

Leveraging the proximity of resources to address sustainability challenges:
One of the key features of ensuring sustainability is to ensure that the use of local
material should be given precedence over distant sourcing (UNEP 2011). None of
the cities make provisions for bringing this aspect into practice. For example, a
significant proportion of construction work is envisaged as part of retrofitting and
redevelopment while none emphasize the need to source this development via local
means.
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Human rights of refugees and land tenure security: All SCPs are silent on
this aspect.

Inclusiveness, social equality and environmental sustainability: Inclusiveness
is one of the building blocks of SDGs and NUA. Even though the smart city
proposals have been developed after citizen consultations, adequate provisions are
not visible for ensuring age and gender responsive development. Only one city has
addressed this aspect. Similarly, only one city has identified the potential of har-
nessing experienced ageing population for its advantage. Even though 65% of the
cities express commitment to developing vibrant, sustainable and inclusive urban
economies, only 10% identify provisions to ensure business environments based on
the principles of sustainability.

Recognition of informal sector and eradicating poverty: Emphasis has been
placed on capitalising on the economic development of the city, but the role of
informal sector has not been duly recognised. Only two cities (10% of the sample
size) acknowledge the informal sector and address this aspect. Few provisions have
been suggested to empower and streamline the informal sector which forms the
backbone of our economy (Bhattacharya et al. 2015). SDGs identify eradication of
poverty as a salient feature of an ideal urban development, but only 20% of the
smart cities analysed have suggested measures incorporating/targeting this feature.

Climate Change Mitigation and Adaptation: India experiences climatic
extremities which pose a serious hazard to human health, safety, and wellbeing
(NDMA GoI 2016). Despite the risk of exposure, very few cities have identified this
feature as a priority action area in the city proposals. Only 20% of the cities cite
measures for addressing climate change impact.

Sustainable and resource efficient construction: Despite the scale of antici-
pated construction activity in India, only 20% of the cities identify sustainability
and resource efficiency in construction as an area of intervention.

Urban economies, productivity, and employment: As stated earlier, 65% of
the cities express commitment to the development of vibrant, sustainable and
inclusive urban economies, only 20% cities seek to promote full and productive
employment through identified measures and 25% cities seek to increase economic
productivity.

Disaster risk reduction and resilience: Many of the cities that are being
analysed are prone to natural disasters like earthquakes and cyclones and all urban
settlements are at a risk of human-made disasters (UNEP 2007). Despite this fact,
only 30% of the cities identify disaster risk reduction and resilience as a city plan
feature.

Considering a consolidated view of the cities’ performance, the research team
found that the SCPs of five cities exhibited more than 50% conformance to the
SDG11 targets and transformative commitments of NUA. Three cities’ plans
exhibited less than 25% conformance to SDG 11 targets as well as transformative
commitments of NUA. The conformance score for each city is presented in Table 2.
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7 Conclusions

It may be concluded that SCM is a commendable endeavour by the Indian gov-
ernment. The mission provides the basic framework to strengthen the core infras-
tructure and essential services. SCM has been successful in introducing layer of the
sustainable thought process in the overall urban development fabric.

Considering the fact that the selected smart cities would become ‘beacons of
excellence’ for the next tranche of seventy-eight smart cities (MoUD 2015), the
mission needs greater rigor of incorporating inclusiveness and sustainability as
guiding principles. Most of the cities have focused on adopting ICT based solutions
for monitoring and improving the existing civic services but their SCPs have not
outlines how they will address the ‘quadruple bottom-line’ (Deng et al. 2017) in its
entirety.

In most of the cities’ development plans, key sustainability characteristics such
as disaster resilience, climate change adaptation, rural-urban connect, use of local
material for construction, etc. have not been included.

Another conspicuous aspect is the fact that, the intervention areas in each of the
SCPs are relatively small as compared to the respective city sprawl. The suggested

Table 2 Smart city conformance score

Government of India ranking City Score Conformance percentage (%)

8 Vizag 35 58.3

17 Guwahati 34 56.0

13 Coimbatore 33 55.0

5 Kochi 30 50.0

1 Bhubaneswar 30 50.0

7 Jabalpur 27 45.0

4 Surat 26 43.3

15 Belagavi 26 43.3

18 Chennai 25 41.7

2 Pune 22 36.7

11 Indore 22 36.7

6 Ahmedabad 21 35.0

9 Solapur 21 35.0

14 Kakinada 20 33.3

19 Ludhiana 18 30.0

10 Davangere 17 28.3

20 Bhopal 14 23.3

3 Jaipur 11 18.3

16 Udaipur 7 11.7

Source For GoI rankings: MoUD, GoI (2015)
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interventions and action plans may work in a compact setting or isolated area but
the mission lacks a definitive framework to replicate the same on an absolute urban
scale.

In addition, the mission is seen to be focus on a ‘part-to-whole’ approach where
smaller interventions come together to make a larger impact. However, these ‘parts’
also have their own urban interactions with impact towards sustainable develop-
ment goals. The research team believes that if these ‘urban interactions’ are not duly
leveraged by the cities, the development could be highly fragmented and fail to
achieve the overarching sustainable goal. There is an imminent need to establish a
framework to “shift scales from the parcel, block and neighbourhood to district,
place, and region” (Chapple 2015).

As is evident, a long road remains ahead for Indian cities to take forward the
sustainability mandate. It is pertinent to put measures in place today to ensure that
urban development progresses in a “sustainable manner” and Indian cities emerge
to be at par with their global counterparts.

8 Limitations and Scope for Further Research

Having said that, the research team recognises the difference in timelines of SDGs,
NUA, and SCM. It also acknowledges the nascence of SCM as a flagship urban
development mission and thus the lapse in integration with the world vision. The
team also acknowledges the fact that the existing state of cities has not been
analysed with respect to the sustainability principles.

Given the preliminary stage of SCM implementation, the team has not com-
mented on the status of projects proposed in SCPs. This presents itself as a topic for
further research. In addition to this, once the project implementation begins, the
team would be assessing/evaluating the cities’ performance against global bench-
mark such as ISO 37120 in the future.
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Appendix 1: SDG 11 and Its Targets

SDG goal 11 targets

11.1 Ensure access for all to adequate, safe and affordable housing and basic services and
upgrade slums

11.2 Provide access to safe, affordable, accessible and sustainable transport systems for all,
improving 11.2 road safety, notably by expanding public transport, with special
attention to the needs of those in vulnerable situations, women, children, persons with
disabilities and older persons

11.3 Enhance inclusive and sustainable urbanization and capacity for participatory,
integrated and sustainable human settlement planning and management in all
countries

11.4 Strengthen efforts to protect and safeguard the world’s cultural and natural heritage

11.5 Significantly reduce the number of deaths and the number of people affected and
substantially decrease the direct economic losses relative to global gross domestic
product caused by disasters, including water-related disasters, with a focus on
protecting the poor and people in vulnerable situations

11.6 By 2030, reduce the adverse per capita environmental impact of cities, including by
paying special attention to air quality and municipal and other waste management

11.7 By 2030, provide universal access to safe, inclusive and accessible, green and public
spaces, in particular for women and children, older persons and persons with
disabilities

11.8 Support positive economic, social and environmental links between urban, peri-urban
and rural areas by strengthening national and regional development planning

11.9 By 2020, substantially increase the number of cities and human settlements adopting
and implementing integrated policies and plans towards inclusion, resource efficiency,
mitigation and 11.9 adaptation to climate change, resilience to disasters, and develop
and implement, in line with the Sendai Framework for Disaster Risk Reduction 2015–
2030, holistic disaster risk management at all levels

11.10 Support least developed countries, including through financial and technical
assistance, in building sustainable and resilient buildings utilizing local materials

Source UN (2015a, b). SDGs

Appendix 2: Other SDGs and Transformative
Commitments of NUA

SDG SDG description NUA Sr.
No.

NUA description

SDG 10 Reduced inequalities 1.4 Promoting equally shared opportunities
and benefits that urbanization can offer;
achieve their full human potential

SDG 10 Reduced inequalities 1.5
(continued)
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(continued)

SDG SDG description NUA Sr.
No.

NUA description

Ensuring full respect for the human
rights of refugees; strengthening
synergies between international
migration and development at the global,
regional, national, subnational and local
levels by ensuring safe, orderly and
regular migration through planned and
well-managed migration policies, and to
supporting local authorities in
establishing frameworks that enable the
positive contribution of migrants to
cities and strengthened urban-rural
linkages

SDG 8 Decent work and economic
growth

2.1 Sustained, inclusive and sustainable
economic growth, with full and
productive employment and decent work
for all

SDG 8 Decent work and economic
growth

2.15 Increasing economic productivity

Decent work and economic
growth

2.16 Promoting, as appropriate, full and
productive employment

SDG 12 Responsible consumption
and production

2.17 Commit ourselves to promoting an
enabling, fair and responsible business
environment based on the principles of
environmental sustainability

SDG 8 Decent work and economic
growth

2.18 Recognizing the contribution of the
working poor in the informal economy,
particularly women, including unpaid,
domestic and migrant workers, to the
urban economies, taking into account
national circumstances

SDG 9 Industry, innovation and
infrastructure

2.19 Sustaining and supporting urban
economies to transition progressively to
higher productivity through high-value
—added sectors, by promoting
diversification, technological upgrading,
research and innovation

SDG 4 Quality education 2.20 Harnessing the urban demographic
dividend, where applicable, and to
promoting access for youth to education,
skills development and employment

Source UN-Habitat (2016). New Urban Agenda
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Appendix 3: Standalone Commitments of NUA

Stand alone commitments

1.12 At the appropriate level of government, including subnational and local government,
increased security of tenure for all, recognizing the plurality of tenure types, and to 1.12
developing fit-for-purpose and age-, gender- and environment-responsive solutions
within the continuum of land and property rights, with particular attention to security of
land tenure for women as key to their empowerment, including through effective
administrative systems

2.21 Addressing the social, economic and spatial implications of ageing populations, where
applicable, and harnessing the ageing factor as an opportunity

4.1 Require enabling policy frameworks at the national, subnational and local levels,
integrated by participatory planning and management of urban spatial development

Source UN-Habitat (2016). New Urban Agenda
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The Housing Gap—Sydney, Australia

Janet Chappell and Nicole Campbell

Abstract The median house price in Sydney is $1.12 million (Domain,). For many
households, the gap between incomes and median house prices is wide. Those
ranging from pensioners to teachers earn less than the amount needed to service a
loan to buy a median-priced apartment—even if they had the necessary
$71,000 deposit (UrbanGrowth NSW 2016). Sydney recently leap-frogged
Vancouver becoming the second most expensive city in the world, behind Hong
Kong (Day et al. 2016). With population growth continuing to drive demand for
housing, the gap between incomes and house prices shows no sign of shrinking.
Landcom (formerly Urban Growth NSW), the NSW Government’s land and
housing development agency, is required to respond, as stipulated in the NSW
Government’s strategy ‘The government will…provide affordable housing in gov-
ernment-led urban renewal projects and on government-owned sites to meet the
shortfall in affordable housing’ (NSW Government 2014). There is an abundance
of academic research on housing and housing affordability This paper proposes a
very simple one-page diagram which details an analysis of housing price-points
compared to householder’s ability to pay. The purpose of keeping to just one page
is to respond to busy lives, short attention spans and the need to convey meaning in
that environment. Award wages are charted for example households and compared
with incomes needed to attain housing on a spectrum from social to private market
housing. There is need for diverse housing for rent or purchase for those on
moderate incomes and above and more subsidised Affordable Housing to rent for
those on very low to moderate incomes and more social housing safety net and the
private market can continue to take care of the high income households.
Households working in many occupations are affected, not solely those on very low
incomes. This supports looking to innovate in the private housing market with
excellent design, innovation and ingenuity in construction and financing and
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planning/regulatory efficiencies to increase the supply of both more rent-controlled
Affordable Housing and better overall housing affordability.

Keywords Housing � Affordability � City � Sustainability � Sydney

1 Introduction

Articulating the mismatch between incomes and household need, and available
housing, is vital to address failure to meet what the New Urban Agenda (Habitat 11
2016) refers to as the basic social function that a city should serve being the right to
adequate housing as a component of the right to an adequate standard of living
(along with drinking water, sanitation, food security, education etc.). Linked to this
provision of housing shelter, is the inter-related social system in our cities that
reduces inequality within countries—as is the focus of Goal 10 of the United
Nations Sustainable Development Goals, but also a key component of achieving
Goal 11 to make cities inclusive, safe, resilient and sustainable.

There is a broad and growing preoccupation on housing affordability in Australia
and particularly Sydney. In terms of research and opinion there is an enormous
amount of material. It would be impossible in a paper this size to chronicle com-
prehensively the situation and that is not the intention. Rather, this paper outlines
the process taken and response to this complexity and the diverse range of infor-
mation, viewpoints and confusing terminology that resulted eventually in one
simple diagram. The diagram summarises the critical thinking that took place
leading to identification of a broad section of the community that have very limited
housing choices within their budgets. The diagram encourages focus on the spec-
trum of areas that require action in relation to housing affordability and diversity.

This paper has three specific elements:
Part One contextualises the issue of housing affordability in metropolitan

Sydney and describes why the approach taken is to provide a holistic view of
housing need that takes in all income levels, all types of housing and tenures and
allays some widely held myths about who needs more affordable housing.

Part Two explains the critical thinking behind the diagram and explains all the
parts of the diagram itself—unpacking this simple visual tool with definitions of
key terms such as affordable housing and the housing gap, which gives this paper
its title and which uses the term, ‘diverse housing’ to explain the diagram and the
policy opportunities.

Part Three considers what the diagram identifies as the actions needed to
address housing affordability and diversity in metropolitan Sydney to support the
delivery of a broad range of housing provided by a broad mix of players and
involving collaboration across all levels of government and industry.
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2 Part 1 Context and Why This Approach

Key findings from a recent NSW Parliament review (Angus 2017) indicated that:

• Greater Sydney’s dwelling prices have risen by an average of 6.6% each year
since 1991

• Median price, Sept 1991: $158,000
• Median price, Sept 2016: $776,000.

• Median dwelling prices in Sydney are up to 69% higher than the NSW median
($618,000)

• Inner Sydney: $1.042 m (+69% NSW median)
• Middle Sydney: $840,000 (+36%)
• Outer Sydney: $685,000 (+11%).

• Sydney house prices have outpaced wage growth in NSW over the past 25 years

• Cumulative house price growth: 180%
• Cumulative wage growth: 99.6% (Angus 2017).

The main causes and challenges are well explained by the work of 100 Resilient
cities organisation (2017) which says:

Housing affordability is a significant problem in both the rental (Rental Affordability Index
2017) and owner occupied housing markets (Eslake 2017) across metropolitan Sydney.
Market prices for property are being driven up by population growth and immigration,
desirability of inner city living, demand for investment properties and low interest rates.
The fact that income growth has not kept up with purchase and rental prices compounds the
problem. The most affordable housing for buyers and renters alike is found in the west and
southwest of Sydney. These areas are located far from jobs forcing residents to commute
long distances to work. Poor public transport in the west and southwest mean this commute
is largely by car. This is particularly an issue as population growth is expected to be
strongest in the West Central and Southwest Districts, nearly doubling by 2031 to 2.7
million, about 45% of Metropolitan Sydney’s total population. There is also a lack of
diversity of housing catering to Sydney’s growing, aging and diverse population, with a
need for user centred and people driven responses to housing affordability issues, including
housing type and financing structures.

The median housing price in Sydney is now 12.2 times the median household income.
Rental affordability in metropolitan Sydney is in a critical position with the average
household required to spend 28% of income to access a rental dwelling, very close to the
30% housing stress threshold, and more than 30% within the inner city.

However, in addition to the key statistics, the main causes and challenges
broadly summarised above, there are many more issues and aspects, ideas and
contributing factors that stem from it.

For example about the need for private investment capital to fund housing such
as purpose build-to-rent apartments that are a common form of housing in many
other countries and attract good levels of private investment but not yet in Australia
(Fizzy Living). Other funding measures such as providing an aggregated bond
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model to improve lending conditions for the Community Housing sector as
described by Lawson (2014). Increasing levels of homelessness such as is measured
by the City of Sydney local government (2017).

There is also debate on the appropriate level of foreign investment in housing
which has lead to intervention by the Commonwealth Treasurer (Morrison 2017).
Regulation and governance discussion relating to housing affordability has included
debate about federal tax settings including negative gearing (Daley et al. 2016) and
capital gains tax and family home exclusion from asset testing for pensions.

State government based taxation such as land tax and stamp duty discouraging
relocation to appropriate accommodation is also an important area of policy dis-
cussion (NSW Business Chamber and NCOSS 2016).

Another related area of concern is the level of Australian household debt, which
is currently the second highest in the world after Switzerland (Angus 2017).

Also concerning are the wasted housing opportunities with ‘cling-film’ empty
apartments that investors are leaving uninhabited as reported by McKenny et al.
(2016)—once again recently responded to by the most recent Federal Budget
(2017).

Another global tourism impact affecting housing affordability is the rise of
holiday letting making housing out of reach for locals (Sansom 2016).

Another important element playing a large or small role in limiting housing
supply depending on who you ask, is anti-development sentiment by communities
in local areas, as mentioned by Fielding (2014).

Ageing in place and facilitating downsizing for empty nesters to free-up larger
homes for larger households is also topical (Saner et al 2017).

The rapid increases in house prices in Sydney has led to much hypothesising of
whether there is a real estate bubble or correction coming that may lead to better
affordability but devalue properties with large mortgages (Ryan 2017) which in-turn
leads to attention on whether bank lending practices may be too lax, leaving many
households exposed if such a price drop should occur or even if interest rates rise a
small amount (Shapiro 2017).

Meanwhile there are many ideas being floated to try to help a generation of
Sydney-siders to purchase their first home—for example by allowing them to use
their superannuation funds to put a deposit down on a home (Janda 2017) and the
consternation of many who see the inflationary effect this could create and other
unintended consequences.

All of the above issues are research-worthy, but there is one particularly fun-
damental conflict in Sydney’s populous—being the fact that one household’s
un-affordable housing nightmare is another household’s well-earned retirement nest
egg.

The net effect of the multitude of housing affordability related factors and
opposing forces is often polarising or paralysing action to address housing
affordability, and is certainly not a recipe for co-ordinated response.

The use of a diagram helps to overcome barriers that exist between different
cultures and expertise silos that occur for example between state and local gov-
ernment, between neighbours and prospective residents, between the social services
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sector and the private market housing development sector, between generations
who saw bricks ‘n mortar ownership as a must and millennials and everyone in
between.

A common language helps describe the way all these perspectives form part of a
picture.

In researching housing policy and through conversations with colleagues,
stakeholders, friends and family around the dinner table it becomes readily apparent
that:

• not everyone knows that social housing, housing affordability and Affordable
Housing are not the same thing

• depending on the socio-economic group you’re speaking to, affordability in one
person’s view is about how hard it is to buy a home to live in or invest in, while
others are referring to the basic need to get a roof overhead and avoid
homelessness

• local opposition to increased density and change is not always understood to be
linked to a lack of housing options in your area for adult children, downsizing or
ageing relatives

• the reason you may not have childcare places that allow parents to do paid work
might also be related to the cost of housing in the area

• people who qualify for Affordable Housing are not a bunch of undesirables but
were 60% of all households in 2011 i.e. most people

• the increasing need for housing supply is a factor of more births than deaths in
our city, divorce and ageing—immigration is not the main cause of population
growth in Sydney.

Drawing on the comprehensive academic research from the collective Australian
Housing and Urban Research Institute (AHURI 2017) and other operational sour-
ces, the approach taken in this paper has been to interpret the information
diagrammatically.

3 Part 2 The Diagram and Definitions

Consolidating key information on housing affordability into a simple diagram is the
approach that has been successfully applied by Landcom, the New South Wales
state government developer and state owned corporation.

The use of localised housing affordability data, coupled with need-based indi-
cators, has facilitated greater clarity by policy makers on the key housing afford-
ability issues. This approach has informed the development of Landcom’s Housing
Affordability and Diversity Policy (released in 2017). The diagram has also facil-
itated collaboration between Landcom and other government agencies as well as the
private development sector in terms of working with others toward a shared and
broadly understood purpose.
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Conveying meaning in a one-page diagram helps explain key terms and housing
types. It is obviously important to balance sophisticated information relating to a
truly complex topic, with the need to inform but not overwhelm the audience. This
may be an approach that is useful to other aspects of sustainability to better enable
action.

This particular diagram highlights the fundamental problem that incomes,
without inheritance contributions, do not match the cost of housing in Sydney. The
diagram also highlights the significant discrepancy between minimum Award
wages and actual housing costs.

The top section of the diagram shows household income levels—with lowest on
the left $0 income, through to highest on the right $200,000 per annum and beyond.

Below that (represented by coloured blocks) are the broad types of housing that
align in terms of ability to pay for affordably within the household budget, for that
household income range. These types of housing use terms like Affordable Housing
etc. are each defined below. These terms are used carefully since widely differing
definitions distracts attention from the matter at hand and a common language
allows discussions and hopefully solution-finding. From left:

Social Housing—the pale blue coloured arrow represents the households in the
community who qualify for Social Housing. That is, they earn less than 50% of the
median income level. It is important to understand that there is not a matching

Fig. 1 Diagram of incomes and housing

298 J. Chappell and N. Campbell

usha.iyer-raniga@rmit.edu.au



amount of homes for this group—many people struggle by in homelessness, or
paying more than they can afford in the private rental market, or in possibly
overcrowded housing shared, in their cars etc. while the waiting list for a 2 or 4
bedroom home is over 10 years in Sydney according to the Centre for Affordable
Housing. This could be described as ‘safety net housing’ paid for by broad based
taxation for those in the community that are most in need.

Affordable Housing—(the darker blue colour) is housing with controlled rents,
managed by Community Housing Providers who are not for profit organisations.
Households who qualify for Affordable Housing earn up to 120% of the median
income, however they can also earn less than 50% of the median income—therefore
overlapping with the Social Housing definition. At time of writing this is approxi-
mately a maximum of just over $90,000 gross per annum, but varies according to the
size of the household. As a rule of thumb, housing is usually considered affordable if it
costs less than 30% of gross household income (Centre for Affordable Housing
2017a, b, c).

Full Market housing—(shown in two shades of grey arrow), this is where
newly constructed housing is typically priced. The market will naturally provide
new housing to high income households. The lighter grey indicates the need to
move the grey arrow to the left to improve affordability, to meet the needs of more
than just the wealthiest households and investors. The price of land in Sydney along
with other demand forces such as low interest rates for bank loans mean that this is
now standard pricing of most existing housing stock as well as newly built homes.

Diverse Housing—This is a new term that is needed to span the very wide gap
shown in orange, between the affordable housing and full private market housing. It
can refer simply to the range of price points for purchase or rental and also refer to
having a range of tenure options such as long term rental, shared or community
ownership, and the suitability of housing types in matching household sizes, and
ways of living. In other words, the variety of housing should match the variety we
have in our community.

The bottom section of diagram shows a series of households as coloured dots.
This is a practical and real type of analysis which compares housing price-points

to householder’s ability to pay. Award wages (Fair Work Ombudsman 2017a, b)
are charted for example households and compared with incomes needed to attain
housing on along the housing spectrum.

The award wage data, is used to create fictitious examples of households with a
mix of occupations and part-time, full-time and home duties. What is immediately
apparent is that most households are on the left of the diagram. In other words,
many combinations of occupation, that are reasonably well remunerated and are
important to the ability for the city to function, are still a long way from the income
level needed to purchase housing in Sydney.

The mid-section of diagram also includes a number of key statistical markers.
These provide an indication of where in the housing spectrum various benchmark
incomes align. These include:
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• Minimum wage in Australia $34,980 p.a. (Fair Work Ombudsman 2017a, b)
• Newcastle median household income
• Parramatta LGA median household income
• Sydney Metro region median household income. When the 2011 census was

conducted, this was $75,244 p.a (ABS 2011). This is, it seems by regional and
national standards, a high income level. It may therefore come as a surprise to
many, that this level of income qualifies at the upper end of the range for
Affordable Housing. This income level would not be able to service a loan to
purchase a property and may also struggle to pay private market rent without
being in housing stress. That is, more than 30% of total income required to pay
for housing, leaving insufficient funds to cover the costs of food, utilities,
transport etc.

• City of Sydney local government area median household income
• The blue line shows that an income level of $134,000 (ANZ 2017) is required to

purchase the median 2 bedroom apartment which is at-time-of-writing $720,000
in metropolitan Sydney. This would require a deposit of $72,000 based on a
10% deposit for a principal and interest loan over 30 years for an owner
occupier—however some lenders may require 20% deposit. This is based on a
scenario where the household pays exactly 30% of their gross income to
mortgage payments however is conservative given it does not include the cost of
strata fees or maintenance costs or stamp duty payment on the transaction
(UrbanGrowth NSW 2016).

4 Part 3 What The Diagram Tell Us

The diagram indicates our housing is not suited to the Sydney metropolitan pop-
ulation in a number of ways:

• there is not enough Social Housing
• there is not enough Affordable Housing
• the market is focusing on providing for the wealthiest households
• there is a big gap between incomes and market housing costs.

There is broad consensus that we need more new homes in Sydney, for example
as put by Pradolin in the Australian Financial Review (2017), or at least, as put by
Pawson et al. (2015) that action to maximise supply is unquestionably part of the
required strategy but that alone will not resolve affordability issues. We need to
work on what sort of housing (author’s emphasis) we are supplying. Apart from the
need to reduce overheated demand for housing as Visentin quoted Phibbs (2016)
there are at least four key housing supply aspects to address:

1. Providing social housing to those most in need
2. Providing affordable housing to rent for those on very low to moderate incomes
3. Creating housing diversity to match the budgets and circumstances of a broader

range of renters and potential home owners on moderate incomes
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4. Maximising delivery of housing by community housing providers and industry
through innovation and leveraging a range of planning, design and financial
support.

If not addressed, the urban renewal projects, and probably all other new housing
developments occurring within and around metropolitan Sydney, will not feature
any housing that is ‘affordable’. Meaning housing that rents between $236 and
$567 per week, or for sale for between $224,000 and $538,000—considered
affordable for very low to moderate income households according to the Centre for
Affordable Housing (2017a, b, c).

There is need for diverse housing for rent or purchase for those on median
incomes and above and more subsidised Affordable Housing.

Households working in many occupations are affected, not solely those on very
low incomes. This supports looking to innovate in the private housing market with
excellent design, construction and planning/regulatory efficiencies to increase the
supply of more Affordable Housing and overall housing affordability.

The diagram also indicates the interconnectedness of the housing spectrum. If no
purchase options are available, especially for those on reasonably high incomes,
these households will necessarily rent and therefore compete for limited rental
properties with those for whom renting will be the only option for most if not all of
their lives. As described by Yates (2014) in her submission to the Senate Economic
References Committee on Affordable Housing—this increase in rental demand
from thwarted buyers in combination with a decline in social housing stock has
created additional demand pressures on the private rental market, felt most
severely at the lower end of the market.

Although homelessness is not shown on the diagram it could be considered that
by not meeting the needs of those in the middle to right hand upper incomes, the
result is to knock everyone to the left of the diagram and the extreme left is falling
off altogether into homelessness. A future expansion of this diagram would include
crisis accommodation and shelters on the left.

There is a need for the private sector/non-subsidised housing to contribute to
addressing affordability. The amount of housing needed for lower income house-
holds is too great to be met solely by the Community Housing Provider sector—a
combination of partly subsidised and responsive market housing is important.

The diagram obviously doesn’t show everything, but sets a framework to con-
sider related unsustainable outcomes of unaffordable housing, for example the
spatial effect. In Sydney, and other parts of the world, expensive housing clusters in
areas convenient to employment opportunity and high amenity. This has both social
and economic impact in compounding disadvantages such as income-earning
potential, requiring long distance commuting and the flow on effects on family and
leisure and environmental damage of sprawl, high levels of private vehicle travel
and an unhealthy monoculture in the wealthy exclusive areas and concentrations of
disadvantage many kilometres away. These differences and inequities are being
passed to future generations since some have benefited from enormous capital gain
windfalls on their homes allowing them to accumulate multiple properties, while
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others have been potentially homeless or couch surfing or in unstable rental
accommodation with the reduced educational/employment opportunities that can
stem from that for both adults and children in that situation.

This diagram provides a tool to speak to existing communities and the devel-
opment industry to help put forward the collective benefit of providing a range of
housing for a range of households to live in every part of Sydney.

5 Conclusion

A simple one-page diagram has proven to be a highly useful tool for Landcom in
focussing attention across a diversity of stakeholders on the housing affordability
challenges of metropolitan Sydney.

It has been successfully used as a point of reference for discourse between
different levels of government, across state agencies, academia, financiers, devel-
opers, not-for-profit organisations, and the general public.

One diagram combined with localised needs-based indicators, enables the use of
market data and other evidence to drive action and cooperation toward a sustainable
city with housing that is affordable, suitable, diverse and available for everyone.

Of course, there is no single step to resolve the housing affordability challenges.
A multi-pronged approach which includes public sector provided, not-for-profit
subsidised and private sector innovation are all needed across the spectrum of
social, affordable and diverse market housing—which are all important and inex-
tricably linked—because a failure at one point affects all.

There is a need for government to act and particularly on government owned
land (NSW Department of Planning 2014). How then, do we collectively respond?
Landcom is coalescing efforts toward collective government and private sector
delivery of more social, affordable and diverse private market housing, while also
encouraging industry to innovate. Landcom also has a key role across government
in ensuring optimal overall housing supply—which appropriately responds to the
diverse needs of our local communities.
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Creating Public Value Through
Collaborative Governance—Case Study:
The Strategic Development of the Bays
Precinct, Sydney Transformation Plan

Alexandra Vella and Campbell Nicole

Abstract The paper presents an approach developed by UrbanGrowth NSW
known as the City Transformation Life Cycle™ (UrbanGrowth NSW 2014a) and its
application to developing a 25-year urban renewal strategy (a transformation plan)
for an area known as The Bays Precinct, Sydney. This case study provides a
powerful demonstration of collaborative governance and public value creation
(Moore in Creating public value: strategic Management in government, Cambridge,
MA, Harvard University Press, 1995; Stoker in Public value management: a new
narrative for networked governance?, American Review of Public Administration,
2006). UrbanGrowth NSW, as the lead government agency, had the leadership
foresight to genuinely share its role as the ‘place-maker’ with other diverse actors to
establish the principles that ultimately underpin The Bays Precinct, Sydney
Transformation Plan (UrbanGrowth NSW 2014b, c).

Keywords Place-making � Urban transformation � Public value
Collaborative governance � Stakeholder participation

This paper is divided into four parts.
Part 1 identifies three significant challenges for associated with complex urban

transformation projects: managing broader public expectations; recognising cultural
impacts and appreciating the multitude of interdependencies associated with these
complex place-making projects. Other key theoretical concepts are also briefly
outlined: place-based leadership; governance, stakeholder engagement and public
value creation. UrbanGrowth NSW’s City Transformation Life Cycle™
(UrbanGrowth NSW 2014a) is described as a new approach to iterative business
planning for urban transformation, a process that embodies a collaborative and
organic approach to place making.
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Part 2 of the paper provides a detailed case study of how the City
Transformation Life Cycle™ (UrbanGrowth NSW 2014a) was applied to the
stakeholder engagement associated with the strategic development of a transfor-
mation plan for the Bays Precinct. The case study details the engagement approach
and the outputs that emerged from that engagement. It also relates the objectives to
deliver The Bays Precinct, Sydney Urban Transformation Program that are
underpinned by the twenty (20) high-level Principles of The Bays Precinct, Sydney
Transformation Plan (UrbanGrowth NSW 2015c) to the United Nations
Sustainable Development Goals (Australian Government 2015).

Part 3 of the paper assesses the degree to which the engagement process asso-
ciated with the development of The Bays Precinct, Sydney Transformation Plan
(UrbanGrowth NSW 2015c) demonstrated collaborative governance (see Ansell
and Gash 2007) as well as public value creation by applying Moore’s Public Value
Chain (Moore 2007 in Grant et al. 2014).

Part 4 concludes the paper and summarises key learnings arising from the public
engagement process.

1 Introduction

Urban transformation projects are by nature highly complex due to the need to
respond to broader public expectations, cultural impacts and the many interde-
pendencies associated with planning and delivering the project.

2 Broader Public Benefit Expectations

It is a public expectation that urban transformation projects are expected to be part
of the solution for broader complex issues like climate change and societal disad-
vantage (see Jones 1998).

Learnings from waterfront regeneration projects (Jones 1998) in the United
Kingdom and United States of America in late last century suggest these projects
were generating wider economic, social and environmental benefits at the expense
of local communities’ benefits. The later European experience in waterfront
regeneration like projects in Barcelona and Copenhagen had taken a more
place-based approach to “emphasise small-scale and publicly-orientated, as well as
innovative regeneration schemes” (Jones 1998, p. 440).

A land use framework and other inter-related plans endeavour to resolve value
conflicts through illustrating what balancing broader public benefit and local place
making means (Godschalk 2004). They change the urban environment and, as such,
it is important that an over-arching strategy (transformation plan) which underpins
them captures shared aspirations on what a place might be.
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2.1 Cultural Impacts

Because urban transformation projects change the urban environment, they impact
on how local people exist within it. The importance of place in these projects cannot
be underestimated; it is here where sustainable place shaping occurs, motivated by
values engrained in culture (Horlings 2015).

It is at the pedestrian scale where spaces are cherished by people and where
social practices occur (Friedmann 2010). These are the spaces in between buildings
(Hyslop 2014) that expand the public realm for social practices to express culture.

What is culture in the context of transformative projects? Landry’s discussion on
cultural literacy notes, “Culture is who we are, the sum of our beliefs, attitudes and
habits. It is seen in customary ways of behaving—making a living, eating,
expressing affection, getting ahead or, in the urban context, behaving in public
places.” (Landry 2006, pp. 245–249). Landry emphasises the criticality of appre-
ciating culture in times of “dramatic transformation” “because it is then that the
culture needs to absorb, digest and adjust. Acknowledging culture fosters change
through “creativity, innovation and renewal” which are critical ingredients in
sustainable change. However, if culture “feel threatened or weak” openness to
change may diminish.

Horlings (2015) muses that “Culture plays a mediating role between people or
society and the environment, influencing people’s intentions, way of life, sense of
place, practices, norms and rules. (Dessein, Battaglini, & Horlings, in press;
Horlings, in press). In its variety, culture—including tangible as well as intangible
aspects—is one of the sources as well as an outcome of distinctiveness between
places.” (Horlings 2015, p. 259). It could be argued that when urban transformation
is done in a sustainable way and with a focus on the common good, then people are
willing to accommodate change.

In examining why people would accommodate change and participate in
place-shaping processes O’Brien notes that “Transformation to sustainability is not
only driven by practices and political structures, but also by individual and shared
beliefs, values, worldwide views and paradigms that influence attitudes and
actions” (O’Brien 2012, 2013 in Horlings 2015, p. 259). It is the latter that moti-
vates stakeholders to find common ground.

Balancing broader public benefit and local place making necessitates a holistic
approach where introduction of new or renewal of built-form (housing, employment
and infrastructure uses) acknowledges culture, and culture confidently plays that
mediating role for the common good.

2.1.1 Many Interdependencies

Urban transformation projects comprise many different and interconnected parts
that are contemplated simultaneously—these interdependencies can be difficult to
grasp and take time to unravel.
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Landry (2006) discusses complexity and human mindset construction and sug-
gests it is not equipped with unravelling complex issues in the emerging world we
live. This is based on the evolution of cities from their initial industrial origins to
service-based cities. Landry (2006) proposes a conceptual framework that considers
the 20-year horizon and beyond—“through which it may be easier to focus on the
significant and strategic, to unravel the trivial from the profound, and to under-
stand timelines and connections” (Landry 2006, p. 191).

The success of achieving broader public benefit and authentic place making are
mutually dependent on each other. It begs the question of where does the stake-
holder thinking need to be to deal with complexity, interdependencies and those
broader issues?

3 Part 1: Theoretical Overview of Key Concepts

Successful urban transformation projects require consideration and application of a
broad array of theoretical concepts in both the planning and delivery of the project.
Some key concepts are outlined in this section.

3.1 Place-Based Leadership

The role of place-based leadership is core to informing the approach to stakeholder
engagement and, ultimately the decision-making process. Hambleton (2015)
identifies political, public managerial/professional, community, business and trade
union as the five roles of place-based leadership and notes that overlapping these
roles creates potential innovation zones. In this innovation zones lies the oppor-
tunity where “place-based leadership can shape the quality of the exchanges”
(Hambleton 2015, p. 127). While the innovation zones can be where conflicts could
arise, they can also represent areas of ‘common ground’.

Crosby et al. (2016), explored “orchestrated collaborative work” as a mecha-
nism for moving away from the traditional top-down business-as-usual approach to
stakeholder engagement and postulating an alternative approach where “leaders
must act as sponsors, champions, catalysts and implementers” (Crosby et al. 2016,
pp. 5–6). Employing multi-leadership roles helps break down barriers, legitimise
and energise collaboration, bring diverse skills and knowledge and deliberately and
appropriately disrupt the collaboration process to encourage stakeholders “to think
outside the box” (Crosby et al. 2016, pp. 5–6).

Other scholars (Crosby et al. 2016; Hambleton 2015; Horlings 2015; Stoker
2006), suggest place-based approaches are suited to complex-problem solving
through stakeholder engagement where the emphasis is placed on collaboration,
inclusiveness, taking a holistic view, adaptive, open, and interactive (learning
together).
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3.2 Stakeholder Engagement

Insights by Zivkovic (2015) in complex adaptive systems theory suggest that
communities are “complex adaptive systems and focus areas for building the
adaptive capacity of communities are: create a disequilibrium state, amplify action,
encourage self-organisation, stabilise feedback and enable information flows”
(Zivkovic 2015, pp. 2, 4–6).

A stakeholder engagement framework that includes an iterative process is nec-
essary in strategy formulation when dealing with complex problems. Complex
problems change character (Zivkovic 2015), and while a transformation plan for a
place will have a vision, principles and objectives, it is important as society evolves,
that the vision, principles and objectives are checked for relevance.

In the context of a complex urban transformation project, stakeholder engage-
ment is an iterative and cyclical process with a defined scope that can change over
the life of the transformation project. Urban transformation projects are 20–30-years
in the making and stakeholder engagement must be sustained over this period,
recognising that within the lifetime of the project new stakeholders will emerge
with new generations, each with new ideas.

3.3 Public Value

Public Value has been described in terms of citizens being ‘shareholders’ in their
community. “The value may be created through economic prosperity, social
cohesion or cultural development. Ultimately the value—such as better services,
enhanced trust, or social capital… is decided by the citizen… not just through the
ballot box, but through taking part in consultations and surveys, for example”
(Horner and Hazel 2005 in O’Flynn 2007).

…governments across Australia are continually engaged in Public Value Creation – defined
as the process of adding value to the public sector through the exercising of managerial
authority – all the time. However, managers cannot decide for themselves what Public
Value is. Rather, they should seek the views of all in a complex authorising environment
comprised of elected officials and a range of stakeholders…significant community
engagement is required to assess and measure Public Value, as opposed to private value
(Grant et al. 2014, p. 1).

Moore (1995) postulated the concept of Public Value by describing the rela-
tionships between public sector managers, elected representatives and other
stakeholders as ‘The Strategic Triangle’ (see Fig. 1), where the authorising envi-
ronment is aligned with the operational environment and administrative capabilities
to create public value (Moore 1995 in O’Flynn 2007).

Moore expanded this concept further to describe the “Public Value Chain” (see
Fig. 2)—which enables measurement of the public value created and critically
recognises that ‘outputs’ and the ultimate ‘outcomes’ are not the same. Assessing
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the ultimate ‘outcomes’ of a process is more indicative of the true public value
created (Moore 2007 in Grant et al. 2014).

3.4 Collaborative Governance

Closely connected to public value creation is the concept of collaborative or net-
worked governance. Stoker (2006) describes networked governance as “a particular

Fig. 1 Moore’s public value: the strategic triangle Grant et al. (2014). Adapted from Alford and
O’Flynn (2009, p. 173)

Fig. 2 Public value chain (Moore 2007 in Grant et al. 2014)
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framing of collective decision-making that is characterised by a trend for a wider
range of participants to be seen as legitimatemembers of the decision-making process
in the context of considerable uncertainty and complexity” (Stoker 2006, p. 41).
Building relationships based on values of mutual respect and shared learnings res-
onate with this approach. Ansell and Gash’s model for collaborative governance (see
Fig. 3) highlights the importance of trust as a critical factor in the success of collab-
orative governance mechanisms (Ansell and Gash 2007).

The rationale for the above model is that a citizenry actively engaged in shared
decision-making processes and operating based on mutual respect and trust is less
likely to disengage—which can strengthen governance structures because of
increased public scrutiny of the decisions and behaviours of the government.

4 Part 2: Case Study—Strategic Development
of the Transformation Plan for the Bays Precinct,
Sydney

In 2014, UrbanGrowth NSW (State-Owned Corporation) was tasked with leading
the transformation of The Bays Precinct, Sydney (The Bays Precinct)
(UrbanGrowth NSW 2014c, d).

The Bays Precinct is currently a place that sleeves the iconic Sydney Harbour
surrounded by well-established urban villages (see Fig. 4). The Bays Precinct. Its
waterways (94 ha of Sydney Harbour) and most of its land (95 ha) is Government

Fig. 3 Collaborative governance (Ansell and Gash 2007)
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owned and predominately used for port, maritime and commercial uses. However, a
significant part of its 5.5 km of foreshore is not publicly accessible. The Bays
Precinct contains several significant heritage items like White Bay Power Station
and Glebe Island Bridge.

The Bays Precinct has a rich indigenous, multicultural and industrial history of
transformative functions for Sydney and Australia. It was a place of trade between
Aboriginal clans to essential maritime commerce in the new colony to industrial
and recreation uses. In the early 1900s White Bay Power Station was built on the
shores of The Bays Precinct to power Sydney’s train network. The Bays Precinct
was used for Second World War purposes. Its current occupiers are Sydney Fish
Market, White Bay International Passenger Terminal and other maritime uses (The
People for Places and Spaces 2015).

Fig. 4 The Bays Precinct, Sydney (UrbanGrowth NSW 2015a, b, c, d)
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Recent history suggests that the place has importance not only to local com-
munity but also the wider population and visitors: “The area is of special interest
because it fulfils unique operational and recreational needs and has the potential to
meet a wider range of operational, open space and development needs. The
Precinct is where adjacent new and long standing residential, waterfront indus-
trial, waterfront commercial, recreational and cultural interests of different scales
come together… The future of the Bays Precinct is important to both the local
residential and business community, to the wider population of Sydney and New
South Wales and to visitors to the State.” (NSW Government 2012, pp. 9–10).

4.1 UrbanGrowth NSW’s City Transformation
Life Cycle™

UrbanGrowth NSW’s operations must have regard “to compliance with the prin-
ciples of Ecologically Sustainable Development contained in s6(2) of the Protection
of the Environment Administration Act 1991” (Landcom Act 2001). This Act states
that “ecologically sustainable development requires the effective integration of
economic and environmental considerations in decision-making processes”
(Protection of the Environment Administration Act 1991).

UrbanGrowth NSW’s City Transformation Life Cycle™ (UrbanGrowth NSW
2014a) recognises the importance of the above legislative requirements and cus-
tomises its stakeholder engagement processes that are based on practical experience
and consistent with the International Association for Public Participation (IAP2)
principles: collaborative; purposeful; proactive; accountable and; inclusive (IAP2
2014).

The City Transformation Life Cycle™ (UrbanGrowth NSW 2014a) (see Fig. 5),
endeavours to challenge the ‘business-as-usual approach’ to urban transformation
projects. Why challenge the ‘business-as-usual’ approach? We now function in a
highly connected globalised world with access to learnings, ideas and many
communication options. Our cities are evolving from industrial base to service base
(see Landry 2006). The world faces environmental and social challenges that drives
cities to be more sustainable.

Simply, it is expected that city projects individually and collectively contribute
to a city’s sustainability. In this example, managing complexity like cultural
impacts, many interdependencies and broader public benefit expectations required
leadership centred on place and involving citizens (Hambleton 2015; Stoker 2006)
to create public value.

The City Transformation Life Cycle™ (UrbanGrowth NSW 2014a) postulates
that urban transformation projects should be contemplated in four elements:
Thinking Cities, Funding Cities, Building Cities, and Living Cities suited to the
longer time-frames of these projects’ type and where change is a continuum.
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• Thinking Cities—Establishing a single ambition and objectives that focus on the
strategic, economic and cultural significance of a place.

• Funding Cities—Determining funding and finance model(s) that supports
investment certainty for the ambition and objectives.

• Building Cities—Integrating new and existing uses within a place and its sur-
rounds for example, land, water, infrastructure and services through transparent
processes and staged delivery.

• Living Cities—Creating sustainable places, spaces and opportunity centred on
resilience, happiness and prosperity and; through managing and monitoring,
review the strategy.

The City Transformation Lifecycle™ recognises that implementing urban
transformation projects is not linear and involves unravelling complex issues and as
such, the elements should be re-visited periodically and to act in response to effects
such as changes to the funding and finance setting, innovation and disruptive
events. Taking a non-linear approach is echoed in the recent World Economic
Forum Roadmap for Urban Transformation (World Economic Forum 2016).

Gradual change can lead to significant outcomes in the physical sense of a place
but also in people’s well-being and in the health of the environment in which they
live. Engagement with stakeholders about this type of change requires a mindset
motivated by vision (Landry 2006) as primacy and less on the built-form. The City
Transformation Life Cycle™ (UrbanGrowth NSW 2014a) approach was an attempt
to equip stakeholders for a non-traditional mindset in developing transformation
projects through broadening public participation in decision-making as a public
value creation opportunity.

Fig. 5 UrbanGrowth NSW:
City Transformation Life
Cycle™ (UrbanGrowth NSW
2014a)
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4.2 The Stakeholder Engagement Process
for the Development of the Transformation Plan

Transformation projects on public lands requires approaches that identify public
value, in the context of the potential economic, cultural and social benefits for the
local and broader community of Sydney.

For The Bays Precinct, these were challenging questions because over the
previous 15 years, The Bays Precinct had undergone extensive consultation on land
use issues, a strategic land-use framework and strategic planning principles (NSW
Government 2012). As such, some stakeholders had deep content knowledge, and
others, very little and there were often clear competing agendas. Public trust in the
process had also been eroded over this period.

The City Transformation Life Cycle™ (UrbanGrowth NSW 2014a) was applied
in the stakeholder engagement program in developing The Bays Precinct’s strategy
known as The Bays Precinct, Sydney Transformation Plan (The Transformation
Plan) (UrbanGrowth NSW 2015c). The stakeholder engagement program’s objec-
tives were:

• Ensure broad participation for Sydneysiders to be informed, consulted and
involved,

• Build relationships to increase opportunities for involvement and collaboration,
• Engage future users that may live, work or visit The Bays Precinct in the future,
• Listen and be responsive by acting on public participation feedback where

possible and,
• Demonstrate how feedback was considered clearly to all participants

(UrbanGrowth NSW 2016b, p. 2).

In the case of The Bays Precinct, treating community as a complex adaptive
system (see Zivkovic 2015), could enable a better understanding of the key chal-
lenge: its complexity and interdependencies, determine what the behaviour needs to
be and problem-solve through an interactive platform.

As a starting point for this engagement process, UrbanGrowth NSW utilised The
Bays Precinct Strategic Framework Report to the NSW Government (NSW
Government 2012) to establish an agreed baseline. While this Report did not
include a program to prioritise and resolve identified issues, it did offer valuable
insight into issues and opportunities that built on previous consultations—which
identified clear value conflicts between local and broader public benefits.

A key challenge in developing a land use framework for the Precinct is to balance the
economic and regional needs of broader Sydney with protection of local residential ame-
nity, enhancement of recreational and open space and foreshore access and urban renewal.
It is important that careful decisions are made for the best possible use of these valuable
lands. (NSW Government 2012, p. 4).

Addressing these value conflicts was essential for The Bays Precinct because its
transformation ambition is one that shifts it from an industrial place to a
service-based place and in doing so requires a leadership type that shifts the mindset
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appropriate for industrial city ambition to one that fits a service based city. This type
of leadership mindset is based on being visionary and courageous, (Landry 2006)
where many people have roles to play and where there is recognition that complex
urban regeneration projects have a timeframe that extends beyond political electoral
cycles.

At the time of the development of The Transformation Plan the goal for the Bays
Precinct in Government’s 20-year plan for Metropolitan Sydney Area (A Plan for
Growing Sydney) is to transform its “currently underused areas for the economic,
cultural and social benefit of Sydney and the State” (NSW Government 2014,
p. 26).

Subsequently, Government’s ambition for The Bays Precinct is “[T]o drive an
internationally competitive economy, through the creation of great destinations on
Sydney Harbour that will transform Sydney, New South Wales and Australia.”
(UrbanGrowth NSW 2015a, p. iii).

4.3 Anchor Events

Hambleton (2015) and Stoker (2006) emphasise the importance of creating
opportunities to exchange international learnings and share local knowledge as a
critical element in driving place-based change and realising the related public
benefit outcomes. Hambleton (2015) outlines a framework for understanding
international learnings based on formal and informal learning that can lead to
technical advancements, changes in policy, practice and governance.

Hambleton notes this application in examples of waterfront renewal projects in
the United Kingdom—Bristol Floating Harbour and Cardiff Bay, and United States
of America—Baltimore Inner Harbour. Equally important is the local knowledge
because this describes peoples’ experience in place—its identity, its beliefs, its
issues, its strengths and its environment. (Hambleton 2015). Stoker makes the point
of the “need to give more recognition to the legitimacy of a wide range of stake-
holders” this includes “neighbourhood leaders” who have the knowledge as
“users” (Stoker 2006, p. 47).

One of the key principles to drive the success of 10-Step Action Plan in the
World Economic Forum Roadmap for Urban Transformation is “learning from
other cities” (World Economic Forum 2016, p. 51). It also identifies the importance
of city identity and citizen-centric collaborative approaches in evolving in the
global context.

The Transformation Plan was built through utilising a staged approach through
creating platforms for participation and feedback. This approach was considered
innovative because it “helped to overcome the challenges that had stalled its
progress previously” (UrbanGrowth NSW 2016b, p. 8).

UrbanGrowth NSW established key anchor events that also generated publicity
that captured a wider audience. The anchor events were supported by smaller
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targeted activities with stakeholders. Information was gathered and shared through
a variety of ways reflecting different cognitive preferences (UrbanGrowth NSW
2016a, b).

These anchor events included: The Bays Precinct, Sydney International Summit
2014 and the Finance and Investment International Summit. Collectively, these
engagement activities brought together a broad range of stakeholders (350 partic-
ipants) from community, government, business, industry groups and academia with
local, national and international practitioners to primarily discuss learnings from
other cities and collaborate to develop a shared ambition.

These anchor events enabled formal and informal knowledge sharing through
one on one discussions to forums (see UrbanGrowth NSW 2016a, b). Knowledge
capture from the 1200 participants occurred via traditional and modern technology
tools and included 2700 feedback notes and 146,548 YouTube views of video
content during the consultation (see UrbanGrowth NSW 2016a, b).

Learnings arising from the Summits encouraged UrbanGrowth NSW to open up
the largely publicly inaccessible site to the public. “Discovery Day” (12 April 2015)
attracted 25,000 participants who experienced the place in its current state, learned
about its past and had the opportunity to contemplate its future (see
UrbanGrowth NSW 2016a, b).

The Sydneysiders Summit and Leadership Forums were held in May 2015 and
included opportunities for school students, industry, local residents and the broader
Sydney community to contribute their thoughts on the future for The Bays Precinct.
A discussion paper was developed to present the case for change, the rationale and
evidence-base that had informed the transformation scope, the project’s key chal-
lenges and possible mix of uses in The Bays Precinct (UrbanGrowth NSW 2015a)
as part of a broad public engagement program.

The Call for Great Ideas (UrbanGrowth NSW 2015b) was a further platform to
draw out innovative opportunities for The Bays Precinct. Two hundred and thirteen
submissions were made by local residents, interstate and overseas countries
(UrbanGrowth NSW 2016a, b). These ideas were assessed by an Independent
Assessment Panel supported by a Technical Advisory Panel and Community
Advisory Panel. The Independent Assessment Panel recommendations also
informed the development of The Transformation Plan.

4.4 Outputs—Principles for the Transformation Plan

Sessional Papers for The Bays Precinct, Sydney International Summit (2014c, d)
and the Finance and Investment International Summit were developed to set the
context and pose questions and ideas from local, national and international expe-
rience. The City Transformation Life Cycle™ (UrbanGrowth NSW 2014a) was
applied at these summits to ensure ongoing and interactive engagement that was
based on the following objectives for the strategy to develop The Transformation
Plan for The Bays Precinct:
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• develops a set of principles and ambitions for the Precinct that will contribute to
the long-term needs of an international, regional and local community

• ensures these ambitions can be delivered through innovative and resilient
funding models

• sees the design response as an essential outcome but not a driving part of the
process

• builds a platform for active and ongoing collaborations with the community,
stakeholders and partners

• installs transparent governance arrangements that enable more efficient deci-
sion making (UrbanGrowth NSW 2014a, p. 7).

These objectives reflected expectations associated with the strategy to develop
The Transformation Plan: long-term vision, evidence-based, collaborative and
transparent. Through an interactive process, UrbanGrowth NSW captured the
knowledge from these summits and co-created with stakeholders twenty
(20) high-level Principles (listed below) with the themes of: public benefit,
recognition of culture, transparency and long-term sustainable responses.

1. Build on the unique history of The Bays Precinct.
2. Establish a powerful and enduring governance model based on whole

of-government collaboration that fearlessly pursues public benefit.
3. Be transparent and communicate the issues and challenges we face and the

investments needed to realise the Precinct’s potential.
4. Allow the time to invest in genuine and early engagement with, and broad

acceptance of our plans from, all categories of the public, government and
industry.

5. Unlock public access to the Harbour’s edge and waterways along the entire
coastline.

6. Develop an overall Bays Precinct Transformation Program to prioritise major
projects and define the staging for integrated development and land use.

7. Establish a whole-of-precinct transport infrastructure plan early, based on
connectivity, accessibility and active transport

8. Prioritise planning for public spaces, White Bay Power Station and Sydney
Fish Market.

9. Generate optimal housing supply outcomes based on a model of diverse
housing options, the highest design principles and activated public spaces.

10. Ensure the land use and associated development is diverse, beautifully designed
and creates ‘great places and great spaces’.

11. Build the capacity for The Bays Precinct to be a place that contributes to
healthy, prosperous and resilient lifestyles.

12. Support economic development and growth that can drive a strong, digitally
connected, innovative and diverse knowledge economy.

13. Plan for future generations by being open to new ideas and embracing emerging
trends.
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14. Adopt world-class energy generation systems that maximise efficiency and
establish The Bays Precinct as the exemplar for ‘big city’ energy provision.

15. Introduce environmental and ecological systems to improve water quality,
address ongoing sources of water pollution and encourage public recreation.

16. Support the economic activities of maritime industries and celebrate the
authenticity of the working harbour.

17. Provide the platform for investment from Australia and abroad, and from public
and private sectors.

18. Incorporate a strong funding and financial strategy to enable innovative,
leading-edge and productive investment vehicles that promote investor appetite.

19. Seek broad sources of funding for urban transformation across a range of
investors, including superannuation and pension funds, and philanthropy.

20. Employ an ethical procurement process that optimises value for government
and taxpayers while being attractive to investors.

In September 2015, the Australian Federal Government endorsed the United
Nations Sustainable Development seventeen (17) Goals (see Australian
Government 2015). A number of these goals are pertinent to the objectives to
deliver The Bays Precinct, Sydney Urban Transformation Program that are
underpinned by the twenty (20) high-level Principles (see Table 1).

4.5 Outcomes

An important outcome from The Bays Precinct, Sydney International Summit 2014
and the Finance and Investment International Summit was the highly interactive
engagement process, which facilitated visionary thinking. Participants had the
benefit of shared knowledge and learnings, and started from an agreed baseline to
develop the strategy for The Transformation Plan for The Bays Precinct.

The final Transformation Plan’s objectives, mix of uses and inclusion of large
adjoining public space was significantly influenced by the feedback garnered
through the engagement process.

To demonstrate transparency and clarity on how the feedback influenced The
Transformation Plan and seek Government’s approval a companion document
(GHD 2015) was prepared. This companion document detailed “the changes from
the Discussion Paper to the [Transformation] Plan, and how the Discussion Paper
feedback and the Call for Great Ideas influenced changes”. It also highlighted that,
“It is clear in the ‘Informing the Transformation Plan’ document that the public
feedback and ideas had a strong influence on the final Plan” (UrbanGrowth NSW
2016a, b, p. 6).

The Transformation Plan translates the ambition for The Bays Precinct into a
policy framework (UrbanGrowth NSW 2015a, b, c, d, pp. 11–12) to guide
UrbanGrowth NSW in its collaboration with State agencies and other entities.
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This collaboration endeavours to bridge the divide between public policy and
market reality to maximise public value on public lands.

Through a cabinet process The Transformation Plan was adopted by the NSW
Government (UrbanGrowth 2015c).

Table 1 Comparison of sustainable development goals with the objectives for The Bays Precinct,
Sydney Urban Transformation Program

Sustainable
development goals

Sub goal The objectives for The Bays Precinct, Sydney Urban
Transformation Program

8 Decent work and
economic growth

8.2, 8.3,
8.5, 8.9

1. To deliver a hub of export-oriented
knowledge-intensive jobs that can increase Sydney’s
global competitiveness

10 Reduced inequalities
11 Sustainable cities
and communities

10.2
11.7

2. To deliver enduring, socially inclusive and great
places to benefit Sydney siders and national and
international communities

11 Sustainable cities
and communities

11.1 3. To deliver housing choices, including affordable
housing options, through design, finance and
construction excellence

11 Sustainable cities
and communities

11.2 4. To deliver a world-class mass and active transit
solution that unlocks the economic and human potential
of The Bays Precinct and demonstrates a model of
environmental excellence

11 Sustainable cities
and communities

11.7 5. To achieve building design excellence and quality
urban design in all destinations

3 Good health and well
being
6 Clean water and
sanitation

3.9
6.3

6. To provide ecological and marine water quality
improvements to enable abundant biodiversity

7 Affordable and clean
energy
9 Industry, innovation
and infrastructure
11 Sustainable cities
and communities

7.1
9.1
11.6

7. To deliver integrated utilities solutions that enable
advanced energy generation and technologies

4 Quality education
11 Sustainable cities
and communities
13 Climate action
14 Life below water
15 Life on land
16 Peace, justice and
strong institutions

4.7
11.3,
11.6, 11b
13.1
14.2
15.8,
15.9
16.7

8. To apply integrated planning within a land and water
context that considers strategic policy decisions and the
interrelationships between biophysical, social and
economic aspects

11 Sustainable cities
and communities

11.4 9. To celebrate heritage and culture by creating new
experiences throughout The Bays Precinct
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5 Part 4: Demonstration of Collaborative Governance
and Public Value Creation

In the context of The Transformation Plan for The Bays Precinct, if Moore’s model
for Public Value Creation is applied (see Moore 2007 in Grant et al. 2014), then
clearly the engagement process by UrbanGrowth NSW in the development of The
Transformation Plan for The Bays Precinct provides an applied demonstration of
public value creation.

The innovative approach taken by UrbanGrowth NSW to ‘share power’—and
genuinely open the decision-making to include other diverse points of view was a
clear departure from traditional bureaucratic ‘consultation’. While challenging to
undertake, the outputs of the engagement process have resulted in tangible out-
comes that reflect the high degree of stakeholder participation—in particular, the
underlying principles for The Transformation Plan that will guide the future
development of The Bays Precinct.

Similarly, in terms of collaborative governance, assessing the engagement
approach for the development of The Transformation Plan reflects the criteria
established by Ansell and Gash (2007) as demonstrated in Table 2:

Legacy learnings arising from developing a strategy for a complex urban
transformation project anchored by a commitment to broad public participation
include:

• Future proofing: The process enables future adaptation of the strategy so that the
Transformation Plan will remain relevant over the lifetime of the project. The
Transformation Plan is a living document (action-orientated and priorities) and
has capacity to respond to input by current generations as well as enable con-
tributions by future generations. The Transformation Plan “acts as a reference
and guiding document for practitioners over the life of the Transformation
Program” that outlines high-level spatial planning framework focused on
evidence-based analysis, integration and holistic thinking (UrbanGrowth 2015c,
pp. 57–70).

• Public value creation through collaborative governance: Enabling broader
public participation in decision-making has delivered a strategy with strong
support from stakeholders and established a strong foundation of public trust in
the process. The Transformation Plan embeds a commitment to ongoing public
engagement that includes a reference group, established through an open
expression of interest process.

• Embedding life-long learning opportunities, innovation and creativity into urban
transformation projects. The development of the strategy for The
Transformation Plan and the application of the City Transformation Lifecycle™
as the mechanism for broader stakeholder participation catalysed UrbanGrowth
NSW’s subsequent commitment to embedding learning and research programs
into all of its urban transformation projects (schools, vocational educational
providers and universities).
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Table 2 Assessment of collaborative governance principles applied to the transformation plan for
The Bays Precinct (adapted from Ansell and Gash 2007)

Criteria for collaborative governance Assessment of engagement process for the
transformation plan for The Bays Precinct

Was the City Transformation Life Cycle™
(UrbanGrowth NSW 2014a) and the
subsequent engagement strategy for The Bays
Precinct, Sydney transformation plan initiated
by public agencies or institutions?

Yes. Urbangrowth NSW (a state-owned
corporation) initiated the City Transformation
Life Cycle™ (UrbanGrowth NSW 2014a)
which established an iterative process for
engagement, starting from an agreed baseline
and working collaboratively to share
knowledge and learnings

Are participants in the forum non-state
actors?

Yes; international representatives with
expertise in urban transformation, local
residents, businesses and community
organisations actively participated in the initial,
The Bays Precinct, Sydney International
Summit and Finance and Investment
International Summit
Broader public participation occurred through
the Sydneysider Summit, leadership forums,
discovery day and public involvement in the
call for great ideas

Are participants engaged in decision-making
(not just consultation)?

Yes, the twenty (20) high-level principles that
underpin the transformation plan were
co-created by the participants at the initial
summits and UrbanGrowth NSW
Feedback was genuinely considered in the
development of the transformation plan and
this was reflected in a public document (GHD
2015), detailing how the feedback had been
incorporated into the plan
In addition, community and state agency
representatives were included on the
assessment panel for considering submissions
to the call for great ideas

Is the forum formally organized and does it
meet collectively?

The engagement activities were formally
organised—and an ongoing Bays Precinct
Reference Group continues to meet with
UrbanGrowth NSW on a regular basis

The forum aims to make decisions by
consensus (noting that may not always occur)

The engagement was not predicated on
achieving consensus but rather providing an
opportunity for everyone to be heard. The
twenty (20) high-level principles that underpin
the transformation plan were developed by
participants at the initial summits

The focus of the collaboration is on the public
policy or public management

Yes, the collaboration was focussed on
determining the future for an iconic waterfront
location in Sydney and the transformation plan
represents a key public policy document for the
NSW Government
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The success of the future implementation of The Transformation Plan is
dependent on effective decision-making by the implementers and stakeholders in
the areas of leadership, whole-of-government partnership, ongoing public
engagement, working with industry, assuring excellence through a design direc-
torate, holistic placemaking, efficient transport and mobility, precinct wide funding
and finance model and, open and transparent procurement at major project stages
(see UrbanGrowth NSW 2015c).

The Transformation Plan’s policy framework includes accountability through its
statement of commitments under the themes: diverse and socially inclusive; glob-
ally competitive; connected; heritage and culture; built environment and natural
environment and in the planning and urban design strategic framework process (see
UrbanGrowth NSW 2015c). It affords the opportunity through the organisation’s
sustainability policy and urban design framework that the delivery of these com-
mitments is monitored overtime.

6 Conclusion

This paper presented UrbanGrowth NSW: City Transformation Life Cycle™
(UrbanGrowth NSW 2014a) and its application to the developing an urban renewal
strategy for The Bays Precinct. It also reflected on the public engagement process
through understanding current practices in leadership suited to transformation
projects pursuing public value. These leadership practices are centred around
place-based leadership and the importance of place to citizens (Crosby et al. 2016;
Hambleton 2015; Horlings 2015; Stoker 2006; Zivkovic 2015).

The Bays Precinct key challenge evokes value conflicts between local and
broader public benefits. The high-level spatial planning framework in The
Transformation Plan aims to guide the transformation. This framework is under-
pinned by twenty (20) high-level Principles and feedback from stakeholders
throughout the strategy formulation phase. This was done by involving public from
the onset through an innovative engagement program and utilising UrbanGrowth
NSW: City Transformation Life Cycle™ (UrbanGrowth NSW 2014a).

In the past, progressing The Bays Precinct transformation was challenged by
complexity, concerns and mixed expectations. Using this model equipped stake-
holders through preparing the mindset that motivated by vision (Landry 2006).
Here preparedness met opportunity through the diverse activity base (be it
large-scale events or the many intimate encounters) that created the opportunity for
sharing ideas and knowledge that was captured, digested and utilised and shared
with the public.

By applying the City Transformation Life Cycle™ (UrbanGrowth NSW 2014a)
and embedding an iterative and deep approach to stakeholder engagement, The
Transformation Plan for the Bays Precinct, Sydney was delivered as a genuinely
co-created product. This demonstrated UrbanGrowth NSW’s strong commitment
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place-based leadership, collaborative governance and public value creation (Moore
1995; Stoker 2006).

Shortly after the adoption by the NSW Government of The Transformation Plan
for The Bays Precinct, the commitment to its core principles were tested by the
market. UrbanGrowth NSW released a Request For Proposals (February 2016) for
the development of one of the destinations, the White Bay Power Station.
Submissions closed in June 2016 and were assessed. All submissions were rejected
by UrbanGrowth NSW and the NSW Government because they were inconsistent
with The Transformation Plan (UrbanGrowth NSW 2016a, b).

This demonstrates that the rigour of the engagement processes used to develop
The Transformation Plan were highly valued by the NSW Government.

As the development of The Bays Precinct evolves over the next 20–30-years, the
public value created through the unique and iterative engagement processes enabled
by the City Transformation Life Cycle™ (UrbanGrowth NSW 2014a) will become
a lasting legacy and provides strong learnings for other complex urban transfor-
mation projects.
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Greening Regional Cities: The Role
of Government in Sustainability
Transitions

Simon Wright, Samantha Sharpe and Damien Giurco

Abstract The scale and complexity of the ‘wicked problems’ posed by sustain-
ability are forcing collaborations between unlikely partners. In many instances,
government is choosing to play a critical role in the sustainable innovation process.
Yet much of the innovation literature pushes to the fore the ingenuity of the firm,
leaving government to play a secondary supporting role. Drawing on ideas from
innovations and transitions theory on the role of government in supporting green
niches, this paper analyses the example of an evolving biomass project in regional
NSW. In particular, the paper focuses upon the role that regional government plays
in supporting this community-led collaboration. Based on circular economy prin-
ciples, the project aims to achieve energy independence whilst simultaneously
generating bio-products for the agricultural sector. Utilising a case study method-
ology including in-depth semi-structured interviews with more than 20 key stake-
holders from government, business and the local community, analysis of the data
suggests that government is a critical actor in the innovation process; plays a
multiplicity of roles across the network; and that these roles vary to a greater degree
than previously suggested in the literature. A number of factors are also identified
that shape these roles at different stages of the innovation process. This paper sheds
new light on the critical role played by government in facilitating and leading
sustainability transitions and contributes to our knowledge of sustainable innova-
tions more broadly. It also highlights a need for more research to improve our
understanding of appropriate actors at different stages of sustainability transitions.

Keywords Innovation � Role of government � Sustainability transitions
Green cities

S. Wright (&) � S. Sharpe � D. Giurco
Institute for Sustainable Futures, University of Technology Sydney,
235 Jones Street, Ultimo, NSW 2007, Australia
e-mail: simon.d.wright@student.uts.edu.au

© Springer International Publishing AG 2018
W. Leal Filho et al. (eds.), Sustainable Development Research in the Asia-Pacific
Region, World Sustainability Series, https://doi.org/10.1007/978-3-319-73293-0_19

327

usha.iyer-raniga@rmit.edu.au



1 Introduction: Third Party Actors and Innovation
for Sustainability

The role of third party actors in the innovation process recurs constantly in the
literatures, particularly in the formation and development of networks and within
innovation systems themselves. This cast of third party actors is considerable and
varied. Freeman (1991), for example, emphasises the need for diversity in the set of
actors within the national system of innovation including industry, government and
research institutes.

A broad range of terminology has been used to describe these invariably external
actors ranging from ‘third parties’ (Mantel and Rosegger 1987) and ‘intermediaries’
(Stankiewicz 1995) to ‘brokers’ (Hargadon and Sutton 1997; Provan and Human
1999) and ‘bridgers’ (Bessant and Rush 1995; Zaheer and McEvily 1999).
Unsurprisingly the roles of these actors can also be multifaceted. Social network
theory identifies other specific roles for third parties such as plugging holes and
bridging knowledge flows (Burt 1992). A host of other functions drawn from the
networks and innovation literatures can be identified that include acting as catalysts
for innovation, information brokers and intermediaries (Popp 2000), information
‘bridgers’ (Zaheer and McEvily 1999) and facilitating knowledge and technology
transfers ‘across people, organisations and industries’ (Hargadon and Sutton 1997).
In some instances, third parties can play a critical role, bringing credibility to a
network and enhancing connectedness; in other instances, the role of the third party
may be quite minor. For example, case study research of 22 innovation interme-
diaries in the UK identified a number of differing roles for third parties (Howells
2006). Studies on cross industry innovation conducted by Gassmann et al. (2011)
also define three high-level groups of innovation intermediaries, again playing
varying roles.

The sustainability literature carries a substantial body of research on third parties
in various forms and with broadly similar themes (Blacconiere and Northcut 1997;
Bush et al. 2015; Sbragia 2000; Van Kleef and Roome 2007). However, in the
context of sustainable development it becomes evident that the theoretical and
empirical research on the role of intermediaries in the innovation process itself is
relatively scarce (Patala et al. 2014). Hargreaves et al. (2013) reinforce this, arguing
that ‘very little work has examined the role of intermediaries in sustainability niches
and still less has examined the nature and extent of the roles they may play in
helping grassroots innovations to develop and grow.’

Indeed it is the role of government as an intermediary in the sustainable inno-
vation process that is most pertinent to this research. Drawing from the industrial
ecology literature of direct relevance to the CLEAN case study discussed later in
this chapter, there are contrasting and conflicting views about this role. Although
industrial ecology appears to promote collaborations between firms along with a
more holistic and sustainable approach to business rather than old style ‘command
and control’ by government (Ehrenfeld 2000; Lifset and Graedel 2002), there is
limited empirical evidence of this actually occurring. In fact, most research seems to
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advocate for government intervention, largely by capacity building through public
policy (Wallner 1999), legislation that supports project development (Carr 1998)
and the provision of economic and regulatory incentives for collaborative net-
working across regional platforms (Brand and de Bruijn 1999). Public sector
agencies also have a role to play in facilitating and supporting collaboration (Benz
and Fürst 2002).

Wading deeper into the broader sustainability literature, we see a varied land-
scape with a myriad of often contrary findings. Our introduction noted the com-
plexity and scale of many of the challenges emerging under the banner of
sustainability and the need for partnerships or multi-stakeholder collaborations
(Roberts 2000; Selman 1998). Government is not exempt from this and has started
to link with ‘unlikely partners’ through public/private partnerships to foster col-
laboration, access information and resources and reduce the risk associated with
innovation (Bocken et al. 2014). Drawing on transitions theory and with clear
implications for government as a creator of public policy, Van den Bergh et al.
(2011) conclude that there is no definitive ranking of the effectiveness of policy
instruments on environmental innovations.

With much in common with transitions theory and of direct relevance to the
theme of green infrastructure more broadly, the literature on public private part-
nerships or ‘PPPs’ unsurprisingly touches on a number of topics related to the role
of government. In their wide-ranging performance review of international PPPs,
Hodge and Greve (2007) remind us of the confusion surrounding these partnerships
and the contradictory results to date relating to roles and their effectiveness.
Importantly, a need for improved evaluation of programs is identified, particularly
in the social (and environmental) spheres.

Finally and of pertinence to this paper, again from the field of transitions theory,
is the potentially critical role played by government in supporting innovation in
green niches (Hargreaves et al. 2013; Smith et al. 2016), a theme that will be
explored in greater detail in the following paragraphs.

2 Greening Regional Cities—The Case of CLEAN Cowra

Cowra Low Emissions Action Network or ‘CLEAN’ was established in 2007 as a
community-led group originally to coordinate a bulk buy of solar. Since 2011
CLEAN has been collaborating with Local and State Governments, Industry and
Community to develop a local biomass to energy project. The goals of the project
are threefold—to empower the local agricultural community to generate their own
energy from organic waste streams using a model of decentralised energy gener-
ation; to distribute the energy through a localised network; and finally, to develop a
business model that allows for community involvement and investment.
Ultimately CLEAN is hoping to forge a template or framework for regional,
decentralised energy generation that is both scalable and replicable (Fig. 1).
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In many ways, the evolution of the CLEAN network has been typical of many
community collaborations. Led by a dynamic and committed local architect, the
network has relied on the goodwill and support of a range of third parties who have
been drawn to the project, primarily because of its highly innovative and unique
nature or by the passion and persistence of the lead entrepreneur with a strong
community focus. A range of technical and subject matter experts have given their
time to share knowledge and introduce other third parties to assist the CLEAN team
to take the project to the next stage. As a result of funding and in-kind support
primarily from state and local governments, the project achieved a recent critical
milestone, completing a week-long trial to assess the suitability of local biomass for
gas and energy generation. The project team is now engaged in capital raising for
the next stage, namely the much anticipated construction of a ‘proof of concept’
energy plant in the next 12 months. Ultimately CLEAN hopes to generate 12 MW
of renewable energy from local waste, sufficient to power every home in Cowra.

One major differentiator for CLEAN has been the high degree of support the
project has received from Government, both local and state. For example, Cowra
Council is a key stakeholder on a number of levels. Not only has Council provided
financial and in-kind support to the project, it will also be a significant potential
supplier of organic matter to CLEAN through its waste water treatment plant and as
a primary source of municipal solid waste for processing. To some degree Council
is also viewed as a surrogate and representative for local community (Fig. 2).

Fig. 1 The CLEAN process (CLEAN Cowra Inc. 2017)
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Another critical source of momentum has been the support received from the
New South Wales State Government’s Office of Environment and Heritage
(OEH) in the form of the much-feted Sustainability Advantage (‘SA’) Program
supported by the Regional CLEAN Energy Program (RCEP). The overarching
objective of SA is to increase the competitiveness and enhance the profitability of
member organisations striving to demonstrate environmental leadership in their
industry sector. This is achieved by assisting organisations to identify resource
efficiencies in the areas of waste, water and energy and to exploit these opportu-
nities through the support of a network of subsidised OEH-affiliated consultants. As
a finalist in the 2015 Global Circulars Accenture Award for Circular Economy
Pioneers, SA has been acknowledged as an effective and strategic broker in the
emerging circular economy, building bridges between unlikely collaborators and
traditional competitors. CLEAN epitomises this collaborative approach, indeed it is
the role of OEH within the CLEAN network that forms the focus of this paper.

Fig. 2 An overview of CLEAN’s stakeholders (CLEAN Cowra Inc. 2017)

Greening Regional Cities: The Role of Government … 331

usha.iyer-raniga@rmit.edu.au



3 Research Approach

Based on a review of the extant literature on innovations, networks and transition
studies, a number of potential research areas were identified that would significantly
enhance our knowledge of the role played by government in the sustainable
innovation process. These were concentrated into core research questions, specifi-
cally to explore the role of government in the CLEAN network and determine how
it influences the process of innovation more broadly.

In terms of research approach, qualitative enquiry was deemed most appropriate
determined by the research question and purpose (Maxwell 2012) A case study
methodology was adopted incorporating in-depth, semi-structured interviews with
21 key stakeholders from regional and state government agencies (3), local gov-
ernment (3), CLEAN Cowra Inc. (3), business and industry (3) agriculture and
horticulture (3), the local community (3), specialist bio-energy industry represen-
tatives (3) and ‘other’ technical and OEH affiliated consultants (3).

Using open ended questions, research participants were typically interviewed at
their place of work and interviews lasted around 40 min on average. The questions
posed in the course of the interview and hence the thematic headings in the dis-
cussion were strongly influenced by the academic literature and designed to address
the research question. Responses were recorded and subsequently transcribed
before being aggregated and analysed using established QDA software (NVivo).
Focusing on a sample set of interviews, themes or codes were attributed to portions
of the text and grouped under appropriate headers. Codes were then rationalised and
reorganised before being applied to the broader data set. A further process of
rationalisation and regrouping of codes was performed before a final analysis of the
data was undertaken.

Drawing on the work of Fontana and Frey (2000), ethical considerations of most
relevance included security of the participants during the interview, obtaining
informed consent from the respondents and ensuring privacy and confidentiality of
the data and the recordings.

4 The Role of Government—A Discussion
of Research Findings

In contrast to the management literature suggesting a restricted number of roles
played by intermediaries in the innovation process and extending the work
undertaken by Howells (2006), interview findings from CLEAN suggest that
government plays a wide variety of roles and that these roles vary across the
innovation cycle.
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4.1 Government as Banker and Funding Advisor

In an atmosphere of resource and capacity constraints that is typical of community
projects, it is perhaps unsurprising that one of the two most important and oft-cited
roles played by OEH should be as a funder or provider of funding advice.
Respondents acknowledged the critical role played by State Government in com-
mitting funding to the project by way of SA.

‘Was the funding important?’ ‘Very, we wouldn’t be where we are without it’.

They bring some money to the table which at the end of the day’s fairly crucial.

Funding typically created capacity for the project team, most notably enabling
the lead entrepreneur to dedicate time to project planning, engaging third party
assistance and building the CLEAN network.

Introductions to potential funders, sometimes in other State Government
departments, were seen as equally important to the successful continuation of the
project, as was the case with RCEP.

Well they brought money ok, the community grant was a very important milestone for the
project….

Equally, employing consultants through SA whose primary job was to work with
the project team to chase funding was both viewed positively by stakeholders and
proved successful, often enabling the project to move to the next stage of evolution.

so really my involvement for Cowra has been helping them go for grants…. and to some
degree that’s been supported by the state government, by the treasurer and her team.

Even without conscious introductions, the very presence of OEH as a key
supporter was often sufficient in itself to convince others to support and sometimes
even fund the project. Council in particular viewed the involvement of OEH as
enhancing the credibility and longevity of the project and an important reason to
lend their weight to the initiative.

… when you start getting the long term guys that are prepared to stand behind and put their
money where their mouth is and send representatives out, it’s a different game.

Whilst the funding in itself was undeniably important and created capacity in the
immediate term, the very act of supporting the project financially indicated that
government had belief in the project over the longer term. This delivered other
tangible and intangible benefits, most notably serving to energise the core network
and bring credibility and sustained interest to the project in the eyes of other
stakeholders, most importantly potential supporters and funders.

… key turning point was the initial Community Energy Grant 18 months into the project
which served to keep people involved and focused and generated lots of conversations.
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4.2 Government as a Relationship Bridger

Government as a ‘bridger’ or facilitator of relationships was identified by inter-
viewees as being equally as important as government’s role as a funder. For a
resource constrained community project in search of support and strategic advice,
identifying potential trusted collaborators willing to invest time in the project to
share expertise and progress the discussion is clearly critical. Moreover, consultants
and subject matter experts recommended by government avoided wasting valuable
time looking for appropriate advisors and ensured they were both credible and came
equipped with the prerequisite knowledge. Government’s commitment and interest
in successful outcomes for the project added a further driver to ensure the most
qualified individuals were singled out.

They are the facilitator, I guess, their role is to put you in touch with the right people to give
you access to the right people and right analysis and advice without you tripping over and
going down the wrong oath etc. etc. So OEH has provided good guidance in that respect.

The very fact that potential collaborators were requested by Government to assist
also ensured a degree of commitment on their part, not least because invariably they
sit on an approved panel of service providers and generate significant income from
the broader SA program.

Of significance to key stakeholders was government’s ability to link the project
to specialists from the private sector but also to contacts in other government
departments and of course to potential funding. Once finalised, this funding in turn
enabled CLEAN to employ some of these consultants on a short term basis to
progress the project to the next milestone and to extend the network.

Once we got the money from OEH… that gave us real cash to then spend on other
consultants so that sort of network started.

Whilst of less overt significance than perhaps much of the networks literature
suggests and although not cited explicitly by many interviewees, it is apparent that
the issue of trust sits beneath the surface of many of these conversations and
remains of particular relevance to relationships with potential collaborators. As
noted above, in connecting CLEAN to consultants, OEH lowers the risk inherent in
these engagements and instils credibility in the minds of the CLEAN network.

Yep, so sometimes we help them by weeding out the cowboys I guess, so helping them
with finding consultants who’ve got some wings under the belt in areas of expertise.

4.3 Bring Credibility, Provide Stability

The relative anonymity of the CLEAN project, at least in the early years, combined
with the volatility and uncertainty of the renewable energy landscape posed par-
ticular challenges in terms of attracting support and investment. Along with funding
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and facilitating relationships, bringing credibility to the project and providing sta-
bility were viewed by participants as a critical role and benefit delivered by gov-
ernment involvement. OEH’s willingness to invest both time and money in the
project both placated anxious stakeholders and attracted other key players who
would ordinarily struggle to engage in a project that might be perceived as higher
risk when compared to their day-to-day business.

Once one government entity is involved in it, it provides a lot of credibility.

This was particularly true of Local Government. Whilst hesitant to take a
leadership position, Local Government has recognised the enormous potential
benefits the project can deliver, both to local rate payers as well as to Council’s
bottom line through reduced costs for waste processing, landfill and energy.

They’ve been very supportive obviously in funding as well as attending meetings and
giving their input and their expertise… and that’s one of the reasons why… council has
joined….

Indeed, OEH acknowledges that through the SA program, delivering credibility
to the project to entice others to join is a key strategic objective.

The fact that I listen… and continue to come to meetings tells them that well maybe they do
have something to offer.

Credibility breeds interest and commitment which results in a degree of stability
for the project, a critical factor especially for community-led ventures scrambling
from one round of funding to the next.

They (OEH) bring support references and I think that allows it to gain momentum and I
think that was instrumental like I said in pulling some more money out of council so it
begins to snowball.

4.4 Support Specific Outcomes

Largely due to the strategic objectives of the SA program and the policy goals of
State Government, OEH has worked with CLEAN to provide funding or in-kind
support for specific outcomes. These have included resource audits, technical
reviews and assistance with funding applications. In some ways this has forced
structure and focus on what can definitely be described as a predominantly infor-
mal, loose and sometimes chaotic network, as well as instilling process and dis-
cipline to the project.

It’s great that they did come on board but I guess they could only really support
specific outcomes.

A more defined process and structure have certainly resulted in attracting unli-
kely partners to the project who have proven critical to it success. Again Council
would probably be the most significant of these.
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… support for the council to know, they want a robust process that’s gonna be ongoing, not
some sort of pie in the sky, they actually want to know that there’s a process behind it, I
guess that’s it.

Whilst enforced structure and process have enabled the project to progress and to
entice other parties to collaborate, it could be argued that it has obliged CLEAN to
take a different path towards its end goal. It is possible that Government inter-
vention has actually complicated the innovation process and delivered outcomes
that may be of limited relevance to the project but provide a means to an end, in this
instance further rounds of funding. This will be revisited later in the chapter.

4.5 Support Early Stage, Replicable Innovation

Much of the innovations literature typically portrays government as a minor actor in
the system. By contrast, empirical evidence from early stage innovations suggests
that government along with industry can play a key role in building momentum for
new products and services. Similarly, transitions theory advocates a critical role for
government in supporting grassroots innovation. CLEAN certainly seems to sup-
port this based upon the findings from a broad range of stakeholders, indeed support
for early stage innovation was cited as one of the most critical aspects of govern-
ment’s involvement in the project.

I don’t think it would’ve got off the ground without OEH. OEH opened the door to money,
to reinforce to A2 that if they put a good case up there was funding to push themselves
forward with turning ideas and vision into something more than that….

Stakeholders internal to the core network and external stakeholders alike
recognise the importance of government support in developing the project to proof
of concept. This is particularly important in the context of a community led project
which by definition tends to evolve more slowly than its industry-led counterpart,
largely due to resource constraints. Innovation in this instance tends to be char-
acterised by short bursts of activity and progress fuelled by an injection of capital or
expertise followed by periods of consolidation as results are reviewed and plans are
hatched to attract the next tranche of funding or in-kind support.

They were really important catalyst in getting the project started and that’s the hardest
thing.

Ideology and personal relationships are two factors that played a critical role in
Government’s decision to lend support to CLEAN’s early stage innovation. It is
apparent that the innovation in this instance stems less from product or technology
and more from the collective packaging of three distinct yet highly complementary
initiatives—decentralised energy, circular economy principles and a community led
project respectively. Many stakeholders cite the potential for this template to be
replicated across regional towns and cities and OEH in particular identify this as a
major motivator for their commitment to the project.
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Cowra support was due to replicable innovation, a look at a way to solve regional energy
and waste problems with a promising project, which needed support for proof of concept.

Government engagement was strengthened by the personal commitment of the
individual tasked by OEH to support the project. Across the network they were seen
by many stakeholders as a major asset and enabler for the project, both in terms of
finding ways to accommodate the project and its key stakeholders within a very
tightly defined sustainability program (SA) as well as her dedication and commit-
ment to ensure the project’s longevity and success.

My only experience with OEH has been A61 so it’s a very positive bonus for the network,
I’d sorta say A6’s almost part of that network as much as I am as, if not from a professional
role from a personal commitment to it.

Equally there is an acknowledgement by many stakeholders that beyond this
phase of early stage innovation, it is highly likely that Government will play a much
lesser role or indeed exit the network entirely at some point, particularly when
significant funding is needed closer to full commercialisation and implementation.

4.6 Accelerate the Project to the Next Stage

The early focus of government in the project was to support the network and take
the project to the next stage. Key network members identified this as an early
contribution of the SA program and helped determine the modus operandi for the
broader collaboration with OEH. Indeed, OEH themselves were conscious of this
and saw it as a means to deliver tangible successes, thus energising the network to
focus on next steps. This was achieved typically through the involvement of a
number of third parties subject matter experts, other personnel from within OEH
(e.g. RCEP) or funding or other in-kind support.

There was very early involvement and support around developing the project to the next
level.

The open, loose and agile nature of the network recognised by internal and
external members alike allows for the dynamic entry and exit of change agents
through the innovation process to inject specialist knowledge and momentum and
take the project to the next stage. OEH has facilitated much of this dynamic process
ideally suited for this kind of community network. In the words of OEH, they view
their role as saving valuable time or providing ‘shortcuts’ for the project or provide
resources when outside help is needed.
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4.7 Broker Knowledge, Plugging Gaps

Related to OEH’s ability and willingness to broker relationship has been their
ability to plug knowledge gaps particularly in terms of the development process. An
extensive network of more than 500 businesses has enabled OEH to build expe-
rience and knowledge across a broad range of sustainability projects and to share
this across the member network. Evidently this has yielded benefits for stakeholders
within CLEAN.

Their role is to put you in touch with the right people, to give you access to the right people
and right analysis and advice… OEH has provided good guidance in that respect.

They have a great understanding of the process and have ID’d I believe gaps in knowledge
and expertise.

Given OEH’s desire to replicate the model and share the template with similar
potential projects, a free flow of knowledge between parties has not only plugged
key gaps but has arguably accelerated the process of innovation, again facilitated by
an open and dynamic network structure.

4.8 Other Contingent Roles

A number of other roles played by State Government were identified by stake-
holders as being important to the network at varying times. Implicit in some of the
other roles mentioned is the ongoing stakeholder engagement undertaken by OEH
beyond the involvement of third party consultants. Perhaps the most critical of these
for both the community and the larger project has been the relationship with local
government which has emerged as a critical stakeholder. In a similar vein, the
commitment of OEH to a community-led venture has ensured that the ‘keep it local’
approach has continued past OEH’s involvement, something that would have
altogether more challenging with the entry of a private investor. On occasions, OEH
has also been viewed as a project manager and mediator, able to give technical
expertise and resolve issues hitherto unaddressed by the group. At other times, OEH
was seen as a critical yet trusted friend of the project, enabling them to obtain
unique perspectives on the working of the project and engage in conversations with
core members that might ordinarily have been improbable including offering advice
and guidance to the CLEAN team.

Other roles that emerged from interviewees included government as a risk taker
and accommodator respectively. Risk taking is perhaps more apparent, implicit as it
is in supporting early stage innovation in an emerging field such as renewable
energy. The adaptability and flexible approach necessary to accommodate this type
of undefined and emergent project in a program as well defined and established as
SA further demonstrates the extent of OEH’s belief and commitment to CLEAN as
a whole.
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Finally, OEH was seen to play a lead role in resource selection, allocation and
direction. OEH itself identifies resource stewardship as one of its three core func-
tions within the project, along with stakeholder engagement and investor
management.

5 Government Support of Innovation—
A Double Edged Sword?

The interview data from across the stakeholder group affirms a uniform set of
largely positive perceptions about the role of state government in the CLEAN
project. Yet all relationships experience peaks and troughs and stakeholders cer-
tainly saw the relationship with OEH as no exception.

Whilst undoubtedly a network enabler in many facets, stakeholders of all types
identified a number of challenges in a relationship of this nature. Funding and
program constraints, a not uncommon feature of programs reliant upon the public
purse, was the most cited impediment for network members both within and outside
of OEH. Breaking down the vision into fundable ‘chunks’ was a challenging and
sometimes frustrating exercise for all parties, as was the process of repositioning
these component parts such that they complied with the funding guidelines without
diluting the very essence of the project.

… in the course of ‘dumbing it down’ to meet government requirements for the grants, they
may be losing what they saw as innovative, the real thing that makes a real community
project.

Another feature of working with government is the vagaries of political cycles.
Whilst not a feature of this particular collaboration, a cloud of concern nevertheless
hung over the project with stakeholders worried about how long OEH would
remain a facilitating partner in the face of ministerial changes and funding pres-
sures. Similarly, given the relatively high risk nature of the project, many stake-
holders working with or for other government departments harboured concerns
about State Government’s longer term appetite for engagement in the project,
particularly in the face of project delays or failures. The relatively slow pace of
government decision making combined with the constraints attached to funding
served to prompt questions in the minds of the core network about whether a
slower, more circuitous route could have been avoided. Mention was made by a few
of other minor concerns about the relationship including the vacillating strategic
priorities of environmental programs, loss of key personnel and knowledge in head
office and the language barrier that existed between bureaucrats and industry.

In summary, only one in four stakeholders harboured any concerns relating to
government involvement in the project despite direct prompts in the course of the
interview. This was overshadowed by the overwhelming focus by respondents on
the positive roles played by OEH to support the CLEAN project.
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6 Conclusions: The Changing Role of Government

CLEAN is but one example of an highly innovative community waste to energy
project still at a relatively early stage of development. The most striking initial
observation from our data is that the CLEAN network has survived and prospered
due significantly to the intervention of government, in this instance OEH. That is
not to say that another suitor would not have materialised in due course and had a
greater or lesser impact.

Government has taken different approaches and played a number of different and
largely constructive roles in supporting this network. These have ranged from the
provision of small amounts of capital to pay for people and expertise at the early
stages of innovation to ongoing project advice and guidance; brokering relation-
ships with subject matter experts to bringing much needed credibility to the network
to enable stakeholders to engage directly with other parties. The impacts have been
many and varied, resulting in the acceleration of specific phases of the project and
continued if intermittent progression to the end goal.

Similar to all collaborations, issues arise that need to be addressed and differ-
ences emerge between parties. In the context of CLEAN, stakeholder concerns have
related to funding requirements and constraints, political cycles and government’s
usually low appetite for risk, the speed of government decision making and a host
of other minor concerns that whilst apparent but do not appear to have had a
significantly detrimental impact on the project.

This paper builds on broader research into third party intermediaries and extends
more recent research on the role of the government in supporting sustainability
transitions. The findings from CLEAN suggest that in this instance, government is
indeed a critical actor in these sustainability focused innovation networks, plays a
multiplicity of roles in these projects and that these roles vary to a greater degree
than previously suggested in the literature. Whilst the necessity of omnipresence is
far from proven, this case study provide some clear examples of where government
can and is able to make a considerable impact on innovation networks and provide
clear, acknowledged leadership in the area of sustainability in terms of tangible, on
ground projects, as well as education and the co-creation of a marketplace for
industrial waste.

This in itself is an important finding, not least since much of the existing lit-
erature sees government as a supporting rather than lead actor, focusing on the role
of the firm as a primary source of innovation. Similarly and at an international level,
much of the focus on the role of government in advancing sustainability has been at
a federal level with only limited coverage of the state, regional and arguably local
levels. Looking specifically at the literature on multi-stakeholder partnerships for
sustainability in the context of regional development, the role that local government
plays in the creation of sustainable development is largely ignored. Whilst not
explored in particular detail, this research touches on the critical role played by
local government as a funder, supporter and potential beneficiary of the CLEAN
project. Whilst a single case study is bounded by obvious limitations, it is hoped

340 S. Wright et al.

usha.iyer-raniga@rmit.edu.au



that this work will stimulate broader investigation into the potentially significant
role government might play in the sustainable innovation process.
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A Circular Economic Model
for a Sustainable City in South Asia

K. K. K. Sylva

Abstract In the process of development, beginning with the initial conceptual-
izations that involve any disturbance or alteration to the natural environment, it is
mandatory to consider sustainability, a concept which includes a set of consider-
ations that immerged to reduce global environmental threats. Since detrimental
effects of rapid development are not confined to the immediate context of appli-
cation, this consideration takes on ever greater urgency. Although rapid growths of
economies have been achieved in the South Asian region, the development patterns
that are observable are not conducive to either human society or to the natural
environment. This paper proposes a sustainable circular economic model for a
South Asian city by extending a case study done for a selected demographic and
ecological boundary in Sri Lanka. The model is based on the contemporary illus-
tration of ‘strong sustainability’ as three nested circles, which is different to the
traditional illustration of sustainability that uses the Venn diagram: the confluence
of the three pillars indicated by three circles. This concept paper, which elaborates
the afore-mentioned model, provides a basic guideline for further development of
cities in contexts rich in natural resources and habitats in South Asia, allowing for
the preservation or refinement of natural settings. The output of the research, the
Circular Economic Model applied to a Sri Lankan city, will serve as a model to
support the reduction of indiscreet development that is taking place, and allow the
user to envision appropriate routes towards sustainable development in the South
Asian region.
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1 Introduction: Sustainable Development Through
Economic Models

Detrimental effects of human activities have reached a state that cannot be rectified
by either natural or artificial means. The most visible environmental problems in the
twentieth century have been due to emissions and toxic waste (Ayres 2008), and
these local problems in the West, which began with industrialization, were not
limited to their geographical borders, but gave birth to global problems. Sharp
growth attempts of the East in the twenty first century added largely to this, making
environmental degradation the most critical problem for the sustainability of living
organisms. These unprecedented growth attempts have become endless and the
problems associated are not limited to environmental pollution, but have led to a
concurrent critical condition regarding the sustainability of human beings—a
resource shortage for our survival. In open economies, consumption was regarded
as a good sign and the success of the economy was measured by the amount of
throughput from the factors of production, a phenomenon identified as ‘cowboy
economy’ by Boulding (1966). Extraction from natural reservoirs counted as
positive while no consideration was given to the output as pollution until it reached
a stage at which it was not controlled naturally. Although many remedial measures
have been taken to rectify the resultant situation as end-of-pipe solutions—treat-
ment of waste and pollutants in air and water—most of these attempts do not
produce the expected outcomes because human activities that cause these
conditions have not been mitigated with these methods.

With the failure of attempts tomaintain expected standards of the environmentwith
end-of-pipe solutions, the next attempt was to formulate regulations to either reduce
the pollutants to accepted levels or eliminate the usage of such sources that contribute
to pollution as attempts of source reduction. The concept of sustainable, green
economies was developed within this context as a more appropriate survival strategy
for human beings to protect the environment for both the present and the future while
achieving economic growth. This contemporary concept ‘circular economy’ was
proposed by Boulding (1966 cited inWang et al. 2014) as a more appropriate solution
to both critical factors: pollution and resource scarcity. According to Wang et al.
(2014), a circular economy can transform a traditional linear economywhich depends
on raw resource consumption for growth, into a circular economy which relies on the
circulation of available resources. The basic principles used in this attempt are ‘re-
duce, reuse, and recycle’, which would lead to lesser consumption of raw resources
and lesser emission related to growth (Ghisellini et al. 2015).

This concept paper is based on a theoretical study carried out to apply sus-
tainable economic approaches to a Sri Lankan City, Gampaha, where environ-
mentally damaging development practices were observed (Department of Census
and Statistics 2014; CEA 2014; Atukorala 2011; Bambaradeniya 2008). The study
was then extended to investigate and verify the patterns of growth of several other
major cities—Kandy, Colombo, Galle, Badulla and Kurunegala—that share similar
conditions. The scope of the study was to build a generalized conceptual model of a
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sustainable city that would reduce the detrimental effects of economic growth and
development processors on the natural environment and on society. The context,
common to the selected cities in Sri Lanka, is generally rich in natural resources and
habitats and the practice until recent times was to secure these spaces as nature
reserves. However, recent unprecedented growth attempts have disregarded such
positive practices. Although many growth activities are taking place in these cities,
no collaboration takes place between the public and private sector investments
(Ministry of Power and Energy 2015; Atukorala 2011) in order to ensure sustain-
ability. Many ad hoc practices have been initiated by both the public and private
sectors that pay little or no attention to the system as a whole. Flooding and
landslides have been reported as common natural disasters in these cities mostly
due to human activities.

The proposed circular economic model focuses on upgrading indigenous
industries as the main economic source for the city as a pledge to environmental
friendliness. Native industries would allow higher adapting and adopting possi-
bilities for the inhabitants. Any extraneous additions to the economic system are to
be prevented by policies and indicators for sustainability. Considerations such as
green energy generation plans; waste management strategies; proper land use and
management of the built environment; watershed and water resources management
strategies were incorporated into the model to meet the targets of sustainability. The
goals of the model were to propose minimum disturbance to the living organisms
due to any development activity, to give priority to source reduction than
end-of-pipe solutions for sustainability, and to not compromise the non-use-valued
items in the process of development. Poverty reduction through education and
employment and a healthier society through indigenous approaches of healthcare
too were incorporated into the model for social wellbeing.

2 Methodology

First, a conceptual model for a sustainable city using the circular economic approach
was developed based on a study done on a selected demographic and ecological
boundary in Sri Lanka, the city of Gampaha. This model was then verified, in terms
of similar patterns pertaining to the existing conditions and growth trends, to be
applied to five other cities in Sri Lanka, namely Kandy, Colombo, Galle, Badulla and
Kurunegala. This conceptual application led to a generalized model.

The conceptual model for the city of Gampaha was developed on the basis of the
contemporary illustration of ‘strong sustainability,’ as three nested circles: the
economy exists within society, and both the economy and society exist within the
environment (Wu and Wu 2012). This conceptualization is different to the illus-
tration of sustainability presented by the Venn diagram that shows a confluence of
the three pillars indicated by three circles. The nested circles were selected
assuming that society has some control on the economy but it has less control on the
environment since the environment is shared with other societies who could either
support or oppose in protecting the environment.

A Circular Economic Model for a Sustainable City in South Asia 347

usha.iyer-raniga@rmit.edu.au



The proposed generalized model was conceptualized for contexts rich in natural
resources and habitats allowing for the preservation or refinement of natural set-
tings. Such contexts also allowed the model to maintain the wellbeing of society
within the boundary while development was taking place. All aspects of human
welfare proposed by Hueting (2008), such as the package of goods and services
produced, scarce environmental functions, leisure time, the distribution of scarce
goods, income distribution, the conditions under which scarce goods are acquired,
employment, and the future security of society were considered when building the
model.

3 Indicators for Sustainability

The measuring indicators were proposed to be more inclined towards source con-
trolling, also called ‘feed-in’ indicators in this paper, rather than end-of-pipe indi-
cators. But if the system is to add any pollutants to the environment, such as waste
water or emissions, indicators were proposed to allow for measuring and rectifying
any detrimental effects to the system.

Indicators were generated to represent the three pillars of sustainability: envi-
ronmental, social, and economic, through a comprehensive literature review
(UNDP—HDP 2015; Scott et al. 2014; Barbier and Markandya 2013; Puppim de
Oliveir 2012; Wu and Wu 2012; Arendse and Godfrey 2010; Ayres 2008; Geng and
Doberstein 2008; United Nations 2007; Zhijun and Nailing 2007; Milani 2005;
Nanayakkara 2005; Mederly et al. 2003; Victor 1991). Since society would not
have total control over the environment, the factors that could be controlled at the
level of society to prevent affluent entering the environment were given priority.
The environmental indicators were developed especially as feed-in indicators rather
than allowing the system to depend on end-of-pipe controls such as air quality,
water quality, etc. The proposed indicators are presented in Table 1.

In selecting social indicators, it was assumed that people who are employed and
who have a substantial income could afford to live a comfortable life (Hueting
2008). Since the city is planned in a way to offer many ‘green jobs’, it was assumed
that the unemployment factor would reduce with these green jobs. Although people
are employed, if the national grid cannot supply electricity to that group of people,
this may lead to a deprived society since access to many other facilities including
information and education depends on the availability of electricity. Therefore
access to electricity was included. Access to clean water was selected as a basic
need to prevent waterborne diseases and lead to a healthy society. Many natural
water sources are presently contaminated due to industrial activities taking place in
these regions. Therefore, it was expected that purified water should reach every
citizen. Although ‘happiness’ as a concept could be different from person to person,
this indicator was selected as an end-of-pipe indicator for societal wellbeing due to
its intersection with different facets of development.
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4 Common Zoning of the Cities

The six cities studied revealed that a common zoning pattern can be developed for
modeling purposes. Every city has a highly populated area towards the city center,
which has been defined as the ‘high residential zone’. Towards the suburbs of the
city there is a reduction in population and these areas are named ‘medium-low
residential zones.’ It was predicted that these areas would grow rapidly in popu-
lation. A common positive characteristic identified in the cities was the reservations,
especially for water sources such as rivers and lakes. Many types of sanctuaries
marked off for the purpose of maintaining environmental balance were also iden-
tified in these major cities. Some of these are: Udawatta Kele Sanctuary in the city
of Kandy, Viharamahadevi Park in the City of Colombo, Henarathgoda Botanical
Gardens in the City of Gampaha, Bickay Nature Reserve in the city of Galle,
Botanical Gardens in the city of Badulla, and the Badagamuwa conservation forest
in Kurunagala. Many possible areas to be developed as parks were also identified
and all these areas were commonly named as ‘park/reservation zone.’ Areas that
can be developed as indigenous industries in the region were termed ‘industrial
zones.’ Zoning of the city was carried out in order to create minimum disturbance to
the existing lifestyle of the residents and any other living organisms. The zoning for
Gampaha City is presented in Fig. 1.

Table 1 Proposed indicators for sustainability

Dimension of
sustainability

Feed-in indicators (source
controlling indicators)

End-of-pipe indicators

Environment % Natural forest cover % of waste reused

% Plantation cover % of waste recycled

Water quality in natural sources Natural disaster resilience
measures

Air quality at periphery of the city Air quality within the city

Soil quality at periphery of the city Soil quality within the city

% Green jobs % Non-green industries

% Green material inflow % Green product outflow

Society % Employed Happiness indicator

% of households with electricity % Access to education

% of households with access to
clean water

% Access to health facilities

Economy % Contribution to infrastructure
development

Contribution to GDP of the
country

% Contribution to indigenous
industrial development

% Contribution to GDP from small
(green) industries
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5 Development Plans for a Circular Economic Model

The model was divided into three main areas as economy, society, and environment
to comply with the sustainability model that illustrates ‘strong sustainability’ as
three nested circles. Planning of the economy was the first step in the proposed
development process and it was based on indigenous industries of the area. The
welfare of the society was then considered in relation to the proposed industries
while considering the possibility that some groups may seek employment in other
cities as well. Source reduction of pollution and watershed management were
incorporated in the planning activities. Consequently, it was expected that envi-
ronmental pollution would be at minimum levels and the wellbeing of society
would reach a high level through the new economic model.

5.1 The Economy of the Circular Economic
Model for the City

The economic plan was proposed based on the concept of green industries as a
source reduction mechanism to avoid possible pollution. As the cities selected still
have their original indigenous industries at a small scale, it was proposed to
improve such industries as the main measure of economic development. Many
cities have their traditional treatment facilities that provide ayurvedic treatment
(indigenous medicine) which is environmentally friendly. For example, Gampaha is
well known for ayurvedic treatment. For the development of the economy,

Fig. 1 Zoning of Gampaha city
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ayurvedic centers and educational facilities were proposed around the Gampaha
Wichramarachchi Ayurvedic Hospital and higher education institute. The Ayurveda
Teaching Hospital, Borella (Colombo) and the Institute of Indigenous Medicine too
are similar institutions that of indigenous industries that can be developed. In almost
all selected cities, the ayurvedic industry is growing in the form of spa treatment
centers at a small scale linked to the tourism industry. Many green industries in
relation to food, textile, furniture, livestock, and pottery, which are operating at a
small scale, are also proposed to be developed as supplementary industries for
production and generation of wealth of the system. All these income-generating
sources are selected based on the concept of source reduction of pollution. It is
proposed that these economic activities be located in the industrial park so that
minimum relocation of people is necessary, or be introduced as small industries in
the medium-to-low residential zones without disturbing the lifestyle of residents.
Tourism related industries are proposed to be integrated with the business oppor-
tunities in the green reservation stretchers identified. In addition, such industries can
also be developed around the ayurvedic spa centers in the city model to enable
income generation for city dwellers. The infrastructure and services related to all
these industries is an integral part of this development.

5.2 Society in the Circular Economic Model for the City

The wellbeing of the community is proposed to superimpose the economic plan.
Highly residential areas and medium-to-low residential areas are to be kept intact
without disturbance to the lifestyle of the residents. In the medium-to-low residential
areas, business centers are proposed to be developed in different locations for local as
well as foreign communities to purchase the production of the cities. Park lands are
proposed to provide the community with recreational facilities. Ayurvedic treatment
centers with green treatment approaches, which cater to tourists at present, are
proposed to be developed in order to provide general herbal healthcare facilities to
the community. To complete the circulation process of the model, it is also proposed
that rain water be collected in the residential zone, that the residential zone contribute
to the green cover, and it contribute towards the waste recycling process wherever
possible. Access to electricity will be provided either through the national grid or
through the energy generated from the waste circulation.

5.3 The Environment of the Circular Economic Model
for the City

The environment preserved as sanctuaries and reservations are proposed to be
protected or enhanced through the model. It is also proposed that the green cover in
community residential zones be improved by helping the community to grow
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indigenous plants and air and water cleaning plants. The secondary aims of the
proposal are to supply raw material for the main ayurvedic industry and to use any
waste for power and fertilizer production.

Three zones for watershed management are identified as the Retention Zone:
lowest elevations in the city; Detention Zone: shallow depth to bedrock (therefore
cannot infiltrate the rain water); and Infiltration Zone: greater depth of bedrock and
soil that accept infiltrating rainwater. In the Retention Zone, rain water retention is
facilitated with the use of basins or ponds, constructed wetlands, and subsurface
storage that are recommended in these areas. Medicinal plants that absorb harmful
chemicals and purify water are proposed to be planted to maintain the standards of
water quality in the area since the continent is abundant in such resources. In the
Detention Zone, rainwater harvesting, green rooftops, and vertical gardening are
recommended for detaining rainwater above ground. This zone is located within
residential areas of the model and it is recommended that the residents grow
medicinal plants on their rooftops or in gardens in the available areas as a water
detention mechanism as well as a secondary income-generation source. The
Infiltration Zone provides the best opportunity for rain water to infiltrate spaces
using vegetated swales, infiltration plants, rainwater trees, rainwater gardens, and
permeable pavements. Through watershed management it is expected to reduce the
detrimental effects of human triggered natural disasters such as landslides and
flooding. Green jobs and green raw materials will be a natural by-product of the
development of the proposed economic activities.

5.4 The Circulation of Resources in the Circular
Economic Model for the City

Green sources such as biomass, solar, and wind are proposed for energy and power
supply as a source reduction mechanism and to reduce the use of non-renewable
energy sources in the national energy supply scheme. A polygeneration plant is
proposed in a less residential area to supply the energy demands of the industries and
the community as direct supply or through the national grid which enables energy
storage facilities when there is excess production. In a polygeneration system, a
centralized gasification plant, a solar PV plant, and a wind turbine can be used in an
intergraded manner. Coconut residue, paddy residue, and Municipal Solid Waste
(MSW), which is in abundance, can be used as inputs for the gasification units.

In the development plan of the city, botanical gardens have been considered
wherever possible as a major contributor towards the natural beauty and the
enhancement of the tourist industry. As the bio-diversity of the Asian continent is
high, it is proposed that existing botanical gardens be upgraded or that such areas be
introduced as eco-tourism zones to add to the economic and social development of
the city. The surrounding area is proposed as public parks with walkways for
jogging and cycling tracks for the wellbeing of the community. Floral plants that
cleanse the air are proposed to be planted in these areas so that they overlap with the
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residential areas and improve the wellbeing of the dwellers while maintaining
ecological balance. Construction of tourist villas and cottages in the surrounding
area with ayurvedic spas which provide herbal and aroma therapy treatment is
proposed as a means of income generation. The area surrounded by the water ponds
proposed for water retention can also be used as public parks and recreational
facilities for city dwellers and for tourists. Well-planned floating markets and
floating restaurants could enhance the socioeconomic value of the area.

The model recommends maintaining the existing road and communication
networks by developing them to a better standard. Sub-routes and walkways in the
areas are proposed to be developed with provision for cycling facilities that do not
disturb pedestrians. The main items of the circular economic model are presented in
Fig. 2.

Circular Economic Model for a City in South AsiaSupply Chain

Raw material inflow and product distribu on
Recycled material (waste) circula on
Power distribu on

Economy

Societ

Environment

Water ou low
Quality monitoring
and treatment

Water inflow
Quality monitoring
and treatment

MSW Industrial
waste

Animal
waste

Agricultural
waste

Polygenera on Plant
Renewable energy

Electricity Heat Fuel Fer lizerEduca onal Ins tutes
Industrial development
Sustainable economies

Employment Opportuni es
Main industry/Sub industries
Tourism industry
Opportuni es at other ci es

Sub Industries

Shelter
Green residents

collec on of rain water
waste management
green cover improvement
small scale industrial

Main Industry

Recycled Products
Paper, Fer lizer and
Plas cs

Government service providers
Networking of ac vi es - 
supply chain
Maintenance of
infrastructure
Regula on of ac vi es

Collec on of
waste

Grid
Electricity

Value
added
Green
Product
ou low

Business Centers
For Green Products
Employment
opportuni es

Well-being
Leisure
Ayurvedic spa centers
Flood controlling
Tourism industry

Road and Communica on
network

smooth flow
cycling facili es
access for the differently
abled groups

Green Cover
Cul va on of raw
material for green
industries
watershed
management

Live stock
Fresh milk
Animal waste

Small Markets
Distribu on of green
products
Employment

Ecofriendly
raw material

inflow

Industrial
Waste

Agricultural
Waste

Animal Waste

MSW

...

.

.

.

.

....

.... .
. ...

.

.

..

..

..

Fig. 2 Circular economic model city for South Asia

A Circular Economic Model for a Sustainable City in South Asia 353

usha.iyer-raniga@rmit.edu.au



6 Stakeholder Analysis and Stakeholder
Collaboration Plan

The main stakeholders identified as beneficiaries of the development and applica-
tion of the proposed Circular Economic Model City is the government, industry,
residents and the eco-system. The government will benefit from the enhanced
economic contribution made by the city and the happiness factor that is expected to
be increased in this society with the introduction and development of the proposed
model. Industry, especially indigenous industries, will benefit by way of the value
addition to their products and better market opportunities. In addition, better dis-
tribution facilities for products will be encouraged by the model and the industries
will receive more focused attention to expand the market for their products. The
residents or the community will benefit through increased employment opportu-
nities; leisure facilities; health support; educational environments and access to
clean water; better transportation; and communication facilities. The eco-system
will benefit by the source reduction of pollutants to the environment and the
enhancement of the green cover. The watershed management superimposed on the
economic model will give an added advantage to the management of the eco-system
by preserving natural habitats and living organisms and by facilitating the
bio-diversity in the area. Prevention of natural disasters such as flooding and
landslide is expected due to proper water management systems. This would add
benefit to all the identified stakeholders by preventing unnecessary economic
damage and disturbance to the lives of the community while promoting eco-system
sustainability.

7 Corporate Social Responsibility (CSR) of Industries

The model expects the industries to be driven by a high level of corporate
responsiveness to adhere to the sustainability concepts by using a proactive strategy
to embed CSR into its activities. This would be done by taking a different approach
to answer the basic economic questions, for whom to produce, what to produce, and
how to produce. They should be able to first produce for the community within the
boundary established, allowing lesser preservation, storage, and transportation of
products, complying with the goals of a circular economy. They should also plan to
produce nature-friendly products either with new raw material supplied by the
community or using recycled inputs. Industry should comply with the requirement
of using environmentally-friendly methods of production while allowing sufficient
green employment opportunities for the community to fulfill CSR goals.
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8 Work Breakdown Structure and Scheduling

The application of the proposed circular economic model to the city should be
initiated by planning the economy. Simultaneously, the supply chain should be
strengthened by introducing regulations and responsibilities for government agen-
cies and the community as stakeholders. This move would ensure an uninterrupted
supply of raw materials because production has to be ensured by either government
agencies or identified public-private partnerships. The waste of the system should
then be directed for recycling or power generation through proper networking. The
work breakdown structure proposed is presented in Fig. 3.

9 Risk Analysis

Non-use values such as that of living beings, habitats, and endangered species will
not be at risk due to the application of the model because the very reason for the
proposed development process is to either not disturb these habitats or to enhance
favorable conditions for such habitats.

There would be a moderate risk of natural disasters until the system is estab-
lished with a superimposed watershed management plan which may take a few
years to come into effect. Community acceptance of the model is assumed to be low
and the impact of this factor would be high. With educational programs to make
people aware of the social wellbeing resulting from the model, this risk factor can
be minimized. After educating the community, it is expected that they would
comply with simple techniques that are to be introduced for source reduction of

•Development of  main industry of the city as the main economic contributor of the city
•Development of sub industries to support economy 
•Development of small-scale/home industries as an income generator for city dwellers
•Development of recycling and reusing industrial plants for waste management and income genera on

Economy

•Development of residen al areas to collect rain water
•Development of planta ons as a  a hobby and an addi onal income generator
•Development of facili es to manage waste for own heat produc on  and for city recycling process
•Development of park areas and walkways for recria onal facili es and leisure me ac vi es
•Development of cleaning facili es for waste water runoff before entering the ground water flow

Society

•Development of reserva ons as bio-divese centers
•Development of watershed management facili es around residen al and park areas
•Development of small-scale indegenius planta ons to balance the environment for living organisms
•Development of a polygenera on plant  as a source reduc on of pollu on

Environment

Fig. 3 Work breakdown structure
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environmental pollution. In order to initiate new immigrants into the model city,
frequent inspection and educational programs are proposed.

The highest risk factor identified was the integration and collaboration of
industry and public organizations in the region. The general expectation is that the
public sector will be less flexible in adjusting to new regulations. Applications of
the ‘Triple P’ concept—the Public-Private Partnership programs—were identified
as a preventive measure to circumvent this risk factor when implementing the
model. Through this approach, the private sector or industry would collaborate by
financing projects with substantial resources from the public sector to initiate
activities. This integration would assure sustainability of the supply chain for
production as well as for community cohesion building. The risk analysis matrix is
presented in Fig. 4. The other high risk areas such as supply chain management and
formulating and executing appropriate policies will be minimized by assigning
responsibilities to the bodies developed through public-private partnerships with
proper guidance regarding the smooth application of the model.

10 Intended Outcomes of the Circular Economic Model

The proposed Circular Economic Model will create little or no disturbance to
existing activities in the city and will consider the following areas:

• development of indigenous industries to upgrade the economy of the city
• development of residential, recreational, and green healthcare facilities for the

wellbeing of the society
• promotion of development activities based on ‘green concepts’ while adhering

to environmental policies and regulations for maintaining and upgrading the
environment as ‘feed-in’ indicators while providing end-of-pipe solutions to any
detrimental effects of development

Fig. 4 Risk matrix of the proposed circular economic model
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The expected outcomes of the circular economic model are: increase in green
production, better employment opportunities, healthier community, increase in
‘happiness,’ better waste management, enhancement of green cover, reduction of
the use of non-renewable resources for power generation, and reduction of flooding
and natural disasters through the superimposed watershed management in the
selected area. No major structural changes to the existing condition of the city are
proposed through the Circular Economic Model other than an enhancement of
traditional industries to upgrade the economy, which does not involve an addition
of high-tech solutions. Green technology and environmentally-friendly living are
promoted through the model, aiming for source controlling for environmental
protection rather than planning for end-of-pipe treatment of pollution. It is rec-
ommended that the context of application be further studied before applying this
model in order to identify any specific resources as raw material and related
industries.

References

Arendse, L., & Godfrey, L. (2010). Waste management indicators for national state of environment
reporting. South Africa: Environmentek, CSIR. http://www.unep.or.jp/ietc/kms/data/2010.pdf.
Last accessed December 12, 2016.

Atukorala, R. N. A. (2011). Gampaha as a prototype district in Sri Lanka. Available at: http://
www.ft.lk/2011/12/13/gampaha-as-a-prototype-district-in-sri-lanka. Last accessed October 15,
2016.

Ayres, R. U. (2008). Sustainability economics: Where do we stand? Ecological Economics, 67,
281–310. www.sciencedirect.com. Last accessed December 12, 2016.

Bambaradeniya, C. (2008). Western Province biodiversity and conservation action plan. [pdf] Sri
Lanka: Biodiversity Secretariat.

Barbier, E. B., & Markandya, A. (2013). A blueprint for a green economy (pp. 94–100). United
Kingdom: Routledge.

Boulding, K. E. (1966). The economics of the coming spaceship earth. www.ub.edu/
prometheus21/articulos/obsprometheus/BOULDING.pdf. Last accessed October 01, 2017.

Central Environmental Authority (CEA). (2014). District profile of Gampaha. Available at: http://
www.cea.lk/web/index.php/en/publication?id=101. Last accessed October 15, 2016.

Department of Census and Statistics. (2014).District statistical handbook. Sri Lanka: Gampaha. [pdf]
Available at: http://www.statistics.gov.lk/DistrictStatHBook.asp?District=Gampaha&Year=2014.
Last accessed October 15, 2016.

Geng, Y., & Doberstein, B. (2008). Developing the circular economy in China: Challenges and
opportunities for achieving leapfrog development. International Journal of Sustainable
Development and World Ecology, 15, 231–239.

Ghisellini, P., Cialani, B. C., & Ulgiati, C. S. (2015). A review on circular economy: The expected
transition to a balanced interplay of environmental and economic systems. Journal of Cleaner
Production, 114, 11–32.

Hueting, R. (2008). Why environmental sustainability can most probably not be attained with
growing production. In Proceedings of the First International Conference on Economic
De-Growth for Ecological Sustainability and Social Equity. Paris, 18–19 April 2008. Available
at: http://www.events.it-sudparis.eu/degrowthconference/en/appel/Degrowth%20Conference%
20-%20Proceedings.pdf. Last accessed October 01, 2017.

A Circular Economic Model for a Sustainable City in South Asia 357

usha.iyer-raniga@rmit.edu.au

http://www.unep.or.jp/ietc/kms/data/2010.pdf
http://www.ft.lk/2011/12/13/gampaha-as-a-prototype-district-in-sri-lanka
http://www.ft.lk/2011/12/13/gampaha-as-a-prototype-district-in-sri-lanka
http://www.ub.edu/prometheus21/articulos/obsprometheus/BOULDING.pdf
http://www.ub.edu/prometheus21/articulos/obsprometheus/BOULDING.pdf
http://www.cea.lk/web/index.php/en/publication?id=101
http://www.cea.lk/web/index.php/en/publication?id=101
http://www.statistics.gov.lk/DistrictStatHBook.asp?District=Gampaha&Year=2014
http://www.events.it-sudparis.eu/degrowthconference/en/appel/Degrowth%20Conference%20-%20Proceedings.pdf
http://www.events.it-sudparis.eu/degrowthconference/en/appel/Degrowth%20Conference%20-%20Proceedings.pdf


Mederly, P., Novacek, P., & Topercer, J. (2003). Sustainable development assessment: Quality and
sustainability of life indicators at global, national and regional level. Foresight, 5(5), 42–49.

Milani, B. (2005). Building materials in a green economy: Community-based strategies for
dematerialization. Ph.D. dissertation, Department of Adult Education, Community Development
and Counselling Psychology, Institute for Environmental Studies, University of Toronto.

Ministry of Power and Energy. (2015). Sri Lanka energy sector development plan for a
knowledge-based economy 2015–2015. [pdf] Ministry of Power and Energy. Available at: http://
powermin.gov.lk/sinhala/wp-content/uploads/2015/03/ENERGY_EMPOWERED_NATION_
2015_2025.pdf. Last accessed June 15, 2016.

Nanayakkara, A. G. W. (2005). Selected millennium development goals (MDG) indicators. [pdf]
Colombo: Department of Census and Statistics. Available at: http://www.statistics.gov.lk/mdg/
mdg.pdf.

Puppim de Oliveir, J. A. (2012). Green economy and good governance for sustainable
development: Opportunities, promises and concerns. Japan: United Nations University Press.

Scott, E. M., Cocchi, D., & Gemmell, J. C. (2014). Defining a fit for purpose statistically reliable
sustainability indicator. Sustainability Accounting, Management and Policy Journal, 5(3),
262–267.

United Nations. (2007). Indicators of sustainable development: Guidelines and methodologies.
New York: United Nations.

United Nations Development Programme 2015, Human Development Report. (2015). Work for
human development, Briefing note for countries on the 2015 Human Development Report Sri
Lanka.

Victor, P. A. (1991). Indicators of sustainable development: Some lessons from capital theory.
Ecological Economics, 4, 191–213.

Wang, P., Che, F., Fan, S., & Gu, C. (2014). Ownership governance, institutional pressures and
circular economy accounting information disclosure—An institutional theory and corporate
governance theory perspective. Chinese Management Studies, 8(3), 487–501.

Wu, J., &Wu,T. (2012). Sustainability indicators and indices: An overview. https://www.researchgate.
net/publication/228456338_Sustainability_indicators_and_indices_an_overview. Last accessed
October 01, 2017.

Zhijun, F., & Nailing, Y. (2007). Putting a circular economy into practice in China. Sustainability
Science, 2, 95–101.

358 K. K. K. Sylva

usha.iyer-raniga@rmit.edu.au

http://powermin.gov.lk/sinhala/wp-content/uploads/2015/03/ENERGY_EMPOWERED_NATION_2015_2025.pdf
http://powermin.gov.lk/sinhala/wp-content/uploads/2015/03/ENERGY_EMPOWERED_NATION_2015_2025.pdf
http://powermin.gov.lk/sinhala/wp-content/uploads/2015/03/ENERGY_EMPOWERED_NATION_2015_2025.pdf
http://www.statistics.gov.lk/mdg/mdg.pdf
http://www.statistics.gov.lk/mdg/mdg.pdf
https://www.researchgate.net/publication/228456338_Sustainability_indicators_and_indices_an_overview
https://www.researchgate.net/publication/228456338_Sustainability_indicators_and_indices_an_overview


Author Biography

K. K. K. Sylva has spent 17 years teaching, researching and consulting in engineering
management, sustainable development and related areas. She received her Bachelor’s in Civil
Engineering from the University of Peradeniya, Sri Lanka (1992) and went on to receive two
Master’s, one from AIT, Bangkok in Geotechnical Engineering (1995) and an MBA from the Post
Graduate Institute (PIM) of the University of Sri Jayawardenapura, Sri Lanka (2013). She is also in
the final stage of completing a Master’s in Sustainable Energy Engineering offered by KTH and
University of Gävle, Sweden. She first taught engineering management and sustainable
development at the University of Ruhuna, Faculty of Engineering (from 2000 to 2011), and has
been teaching the same areas at the University of Peradeniya since 2014. As an accredited
professional, she contributes to the GBCSL, (the Green Building Council of Sri Lanka) and to
other projects pertaining to sustainable development. She would like to thank KTH, Sweden and
the Open University of Sri Lanka for envisioning this area of study through the summer program
(2016) where initial work was laid out for the present study.

A Circular Economic Model for a Sustainable City in South Asia 359

usha.iyer-raniga@rmit.edu.au



Urban Regeneration Process: The Legacy
Village in the Urban City of Hong Kong
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Abstract It is increasingly recognized that embracing heritage conservation in
urban regeneration plan can enhance sustainable development. However, the
complex juxtaposition of conservation and urban regeneration has to be clearly
addressed in cities relying heavily in property development and economic growth.
The paper investigates the Nga Tsin Wai old village in the urban city of Hong
Kong. It aims to explore the contested roles of the key stakeholders in the debate of
the conservation and redevelopment of the village over the past twenty years. Focus
group meetings of the original inhabitants and in-depth interviews of different
stakeholders groups were conducted. The case vividly demonstrates the key chal-
lenges of integrating heritage conservation in the redevelopment of the old village
including incompatible interests of different stakeholders groups, fragmented
institutional arrangements, and lack of supportive government policies. This paper
recommends a stronger collaboration between urban planners, conservationists and
policy makers for better integration of the different regimes of economic devel-
opment, real estate development, land use planning, and housing and urban policy.
Most importantly, supportive government policy, especially in land use planning
throughout the whole process is fundamental to resolve the conflicts arise from
different interest groups.
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1 Introduction

Literature on urban regeneration and urban renewal has grown tremendously in the
last two decades. However, there is still no comprehensive definition of it. It can be
seen that the mode of urban redevelopment has evolved from urban reconstruction
to urban renewal around 1960s–1970s, to urban regeneration around 1980s–1990s
in the UK (Roberts 2000).

It has been stressed that regeneration should consider how physical, social and
economic initiatives can come together to deliver the best outcomes through a well
articulated strategy (Rhodes et al. 2007). Leary and McCarthy (2013) provides a
more useful definition which states that regeneration is “area-based intervention
which is public sector initiated, funded, supported, or inspired, aimed at producing
significant sustainable improvements in the conditions of local people, community
and places suffering from aspects of deprivation, often multiple in nature” (Leary
and McCarthy 2013, p. 9). It furthers supplement that private sector partners are
also vital for successful regeneration, and the role of community enterprises is also
emerging.

There also exists a contested relationship between heritage conservation and
regeneration and the tension are particularly difficult to address in the urban cities
undergoing rapid dynamic changes. Conservation has increasingly put emphasis on
preserving local culture and buildings with local significance rather than the World
Heritage sites. Redevelopment in old districts or towns inevitably has taken place
(Shin 2010; Ryberg-Webster and Kinahan 2014). Old villages in urban cities
usually has long history which dates back to at least a few thousands years ago.
These Villages contain rich cultural values and traditional customs for the future
generation to treasure. However, due to lack of maintenance, these villages usually
have deteriorated physical conditions which do not fit the modern standard of
living. In addition, with the fast changing political, economic, social and cultural
context, these historical villages fits uneasily with the surrounding urban setting and
poses challenges on the future role in which they can play in the regenerated city.
The case study of Nga Tsin Wai, the last village still surviving in the urban area in
Hong Kong is a case in point. It is a Walled villages which are now mainly
remained in the New Territories and this is what made the case of Nga Tsin Wai
Village so unique.

This study aims to explore the complex juxtapositions between heritage con-
servation and urban regeneration, using the case of an old village in Hong Kong.
A focus group with the previous and very few remaining inhabitants and in-depth
interviews with different stakeholders groups were conducted to gather the roles of
different stakeholders play in the debate on conservation and redevelopment which
has lasted for more than two decades. The case illustrates the many facets of
challenges of integration heritage conservation into the urban regeneration planning
process.
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2 Conservation Under Urban Regeneration

Urban regeneration has been predominantly driving by themes of property-led,
economic profit driven, improving living conditions, and meeting housing needs.
Scholars criticize the demolition in legacy cities as twenty-first century urban
renewal (Gratz 2010; Florida 2012).

Only until recently, historic preservation is increasingly recognized as an urban
renewal strategy (Ryberg 2012). However, it is by no means a straight forward
issue.

Most historic areas in the urban cities suffer deterioration and decay. In addition,
the mismatch between the historic area in regard to functions, location, image and
legal aspects and the contemporary needs is another major issue Doratli et al.
(2004). At the same time, the historic urban areas also face tremendous intensities
of redevelopment pressure. Doratli et al. (2004) states that successful revitalization
of historic urban quarters shows effective organizational, legal, financial mecha-
nisms and correct identification of the values which make the areas worthy to be
preserved and revitalized are all important considerations.

Under the trend of global urbanization and dynamic changing context in the
cities, the challenges in protecting the integrity in heritage conservation have been
even more severe. Although there has been a paradigm shift towards the conser-
vation of local cultures of local significance rather than preservation of monuments,
even with the unprecedented emphasis on heritage being promoted as economic
assets around the world, conservation of villages in urban cities is definitely not
without enormous opposing forces.

3 Urban Regeneration in Hong Kong

It was not until the mid-1980s, urban redevelopment of dilapidated old areas has
become one of the major concern of the Hong Kong government. A prominent
mode of delivering urban regeneration in Hong Kong was the Land Development
Corporation (LDC) established under the British administration as a statutory body
in 1988. The LDC is empowered to carry out and facilitate redevelopment project
within the older urban areas, either on its own or in joint-venture partnerships with
developers or owners (Ng 2002). The government established LDC with the view
that the private sector should be the dominant party in a redevelopment project and
the speed of the urban renewal could be accelerated by contracting out the rede-
velopment project to a specialist organization with strong development interests
(Adams and Hastings 2001). In the first phase of urban renewal, LCD adopted a
partnership approach working very closely with key private property developers
and this has aroused much criticisms (Adams and Hastings 2001). In the later stage,
it started to develop a different operational model for redevelopment which could
pursued on its own or in partnership with the existing owners in the early 1990s.
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However, this model has been a failure as illustrated in the pilot case of the K11
redevelopment project in Tsim Sha Tsui. Nga Tsin Wai Village was also one of the
twenty-five identified sites at this stage. Similar to the K11 project, the residents/
land owners rather sold their property or land to the private developer to get the
money instead of waiting for about twenty or thirty years for the uncertain profit.

Urban Renewal authority (URA) is a statutory quasi-government body estab-
lished in 2001 to replace the LDC to speed up renewal of old areas. A major
difficulty for URA to undertake redevelopment is the resumption of land. Under the
Urban Renewal Authority Ordinance (URAO) enacted in 2003, the URA may
apply to the Secretary for Planning and Lands (SPL) requesting him to recommend
to the Chief Executive in Council the resumption of land required for urban
renewal. Private interests of land can be resumed under the Land Resumption
Ordinance. Under the compensation policy, eligible owners of domestic properties
will be offered the statutory compensation and an ex-gratia home purchase allow-
ance or supplementary allowance as appropriate (Development Bureau 2011).
Although the URA may request resumption of land for redevelopment under the
Ordinance, it should consider acquiring land by agreement before making such a
request to SPL (Development Bureau 2011). However, the process of discussions
with existing owners was complex and lengthy (Adams and Hastings 2001) and
complains about unfair compensation and rehousing have often been heard from the
affected residents.

In contrary to LDC’s piece meal approach, URA recognized the need for a wider
district-based approach to urban regeneration. Heritage conservation’s and urban
renewal’s discourse did not clearly intersect until the URA adopted the 4R business
strategy, i.e., redevelopment, rehabilitation, preservation and revitalization, to
rejuvenate older urban areas. In addition, the awareness and request on heritage
conservation had been relatively low until the debate of the Star Ferry Pier and the
Queen’s pier conservation (Yung and Chan 2011). However, it is not difficult to
find criticism on the projects completed by the URA. The Lee Tung Street in
Wanchai which used to accommodate small businesses involved in printing of
traditional Chinese wedding invitation cards is one of the projects. The project has
been criticized for its lost of old atmosphere and local character in the wake of
redevelopment into luxury shopping street and residential towers.

4 Methodology

In the research study, qualitative methods were adopted. A detailed case study was
chosen and focus group meeting and in-depth interviews were carried out. Eleven
inhabitants living in the Nga Tsin Wai Village were invited to participate in the
focus group to understand their own experience and feelings on the place and the
ongoing physical changes over the last two to three decades. The focus group
meeting took around one and a half hour and was held at the Village office. After
that, twelve representative of the different stakeholders including Legislative
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Council members, scholars, concern groups members, former and current senior
staffs of Urban Renewal Authority (URA) and Antiquities and Monument Broad
(AAB) members, professional bodies’ members, Ng’s Clan residents and shop
owner were participated in the in-depth interviews. The interviews intend to obtain
the different stakeholders’ views on their concerns and the issue of conservation and
redevelopment of Nga Tsin Wai Village.

5 The Case of Nga Tsin Wai Village

– Historical background
The Nga Tsin Wai is located in the Kowloon City, at east Kowloon, Hong Kong
which was established in the form of an “unwalled” village and had existed
since Yuen dynasty (1206–1370). The village was established by the Ng, Chan
and Lee clans in the mid-14th century. During 1644–1661, Qing government
ordered those who lived along the coastal province, should remove inwards
50 km from the boundaries for defending the pirates. The Village was cleared.
In 1668, this policy ended and the inhabitants went back to the Village.
However, the pirates who came from Taiwan always plundered the villages. The
Ng’s Clan daily life was affected. In order to defend the village against the
bandit and pirate attack, Ng’s clan accomplished with Chan’sand Lee’s Clan,
whose lived in nearby buildings and villages to build a walled village in 1724
(Cheung 2013; Hase 1999). In the period of Japanese Occupations (1941–1945),
the villages nearby the Nga Tsin Wai were demolished by the Japanese gov-
ernment due to the construction of runway of Kai Tak Airport. Immigrates from
China came to occupy those villages in Kowloon after the World War II in
1949. The government regarded the village houses as squatters and the inhab-
itants were not allowed to rebuild. Thus, the government tried to construct
public housing in nearby areas and intended to clear the Nga Tsin Wai Village in
1965 (Public Record Office 1965). There had been about 110 households and
one thousand people lived in the Village (Focus group meeting, 2016). The
village covers an area of approximately 0.4 ha. The village houses are separated
by three streets and six narrow alleys in a rectangular grid layout (Fig. 1).
Apart from the architecture or relics, the location, setting, pattern and spatial
layout of a walled village are also worth preserving. The village can be entered
from the central axis of the village and the parallel rolls of village houses, are
very unique. In regard to the broader setting, the village is located in front of the
Kowloon Walled City, has its own river (now named Kai Tak nullah) for
protection which is set beside the Kowloon Bay, and there are all significantly
different from the other remaining Walled Villages in Hong Kong. The village is
also rich in intangible values which should be retained. These values include
strong social network, sense of place and belonging within the village.
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– Redevelopment until Now 1970–2016
The Evolution of the redevelopment-conservation debate of Nga Tsin Wai has
lasted for more than four decades. Starting in the late 1970s, the developer,
Cheung Kong Properties Limited had acquired and demolished two-third of the
village houses in the Village. The redevelopment project of Nga Tsin Wai
Village, with an area of about 6000 square meters, was one of the 25 urban
renewal projects announced by the former Land Development Corporation in
1998. The Antiquities Advisory Board (AAB) discussed this project in
December, 1994 and raised no objection to the redevelopment. They
re-confirmed their decisions subsequently in 1999 and 2000. During the nego-
tiation with LDC, the residents were not satisfied with the compensation offered
and the acquisition of land failed. The residents started to negotiate with the
private developer for the sale of their houses. However, they were also not
satisfied with the price offered by the developer which they thought the price
would not allow them to buy another flat elsewhere.
In fact, the inhabitants were eager to start the redevelopment program for
improving their living conditions since 2005. In 2006, the developer had already
obtained about 70% of land in the Village. The developer has returned all the
acquired land to the government and let the government and URA to acquire all
the remaining land because URA is entitled to acquire land under the Urban
Renewal Authority Ordinance and the Land Resumption Ordinance. During the

Fig. 1 Nga Tsin Wai Village. Source URA website (2017)
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interviews, the villagers’ representative said that the developer offered about HK
$1.8 million to buy the house before the URA took over the project, whereas the
URA offered HK$4 million for the compensation after several years later. Thus,
more residents, especially the indigenous inhabitants were willing to leave.
After acquisition, URA and the private developer joined together in partnership
to develop the site. The negotiation between the developer and the government,
definitely involves a lot of uncovered deals and business considerations.
In response to the growing community concerns on heritage conservation in
Hong Kong, URA engaged a conservation consultant team in 2006. The URA
announced its plans to redevelop Nga Tsin Wai Village and partner with the
developer in 2007 and proposed the “Nga Tsin Wai Village Project” Hong Kong
Legislative Council (2007). The proposal (Fig. 2) proposed to construct a
conservation park and develop two 40 meters high residential blocks of 750
residential flats on the two sides which claimed to balance the old and the new
setting Anonymous (2015). Eight village houses will be kept for reconstruction
as retails and the three historic relics designated as Grade 3 historic building by
AAB on 4th March, 2014 will be conserved (Antiquities and Monument
Advisory Broad 2016). However, unlike declared monuments, graded historic
buildings do not have statutory protection.

Fig. 2 Redevelopment scheme proposed by URA. Source Legislative Council Panel on Home
Affairs Subcommittee on Heritage Conservation (2007)
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The URA submitted an application requesting the resumption of land for
implementation of the redevelopment project under the URAO in July 2009.
Twenty private land ownership have been resumed under the Lands Resumption
Ordinance in Oct. 2011. URA proposed compensation to the tenants, however,
some tenants were dissatisfied with the compensation offered by the URA and
set up a concern group for petition to government. The URA proposes to
relocate the affected shop tenants to the Nga Tsin Wai Village after the rede-
velopment is completed and offer a monthly rent of HK$600 for the first three
years and $3000 for the fourth year and $6000 for the fifth year. However, this
proposal was rejected by the shop owners and tenants. In 24th January, 2016,
URA completed the clearance of Nga Tsin Wai Village Anonymous (2016).
Table 1 is the summary of the key events happened in the redevelopment and
conservation debate of Nga Tsin Wai Village.

Table 1 Major Chronological events and the stakeholders involved in the redevelopment and
conservation of the Nga Tsin Wai Village

1970s Chun Kong Property Development started to buy the village houses and
demolished them

1994 The Antiquities Advisory Board raised no objection to the redevelopment of
NTW Village. AAB also subsequently reconfirmed it in 1999 and 2000

1998 Land Development Corporation (LDC) announced Nga Tsin Wai Village as
one of the 25 redevelopment projects

2001 URA was established and take over the 25 redevelopment projects from LDC

2005 Wong Tai Sin District Council requested URA to expedite the redevelopment
and to preserved the gatehouse, the embedded stone tablet, and the Tin Hau
Temple

2006 URA engaged internationally renowned conservation expert to carry out
conservation study and proposed the concept of “Conservation by Design”

2007 URA announced the project was commenced with partnership with the private
developer, Chun Kong Property Ltd.

2009 URA submitted an application requesting the resumption of land for
implementation of the redevelopment project under the URAO

July 2011 The Lands Department announced the resumption of land for the
implementation of the Nga Tsin Wai Village redevelopment project

Oct. 2011 The affected private land and property interests reverted to the Government
under the Lands Resumption Ordinance

2011 Concern group was set up for petition to government to express their
dissatisfaction towards the compensation and relocation arrangements

2014 The Ancestral Hall, Tin Hau Temple and the Entrance Gate are graded as Grade
3 historic building by AAB

Dec. 2015 The Lands Department issued an official notice in accordance with the Lands
Resumption Ordinance ordering the remaining illegal occupants to leave by 25
Jan. 2016

25th Jan.
2016

Clearance took place, the last two remaining occupants accepted the
compensation and left the Village
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Table 1 summarizes the different roles and interests of the different stakeholder
groups in the debate of redevelopment and conservation of Nga Tsin Wai Village.

6 Challenges of Integrating Heritage Conservation
in the Redevelopment of Nga Tsin Wai Village

The following issues are identified by intensive analysis of various kinds of sources
including government records, newspapers, and Legislative Council Hansards etc.
In addition, the issues were also raised by different stakeholders in the in-depth
interviews.

7 Difficulties in Fulfilling Different Stakeholders Groups’
Needs

– Incompatible interests of different stakeholders groups
There are many different stakeholder groups involved in the redevelopment and
conservation of the Nga Tsin Wai Village. They include the immediately
affected groups, such as residents group comprises of indigenous inhabitants,
inhabitants, tenants, shops owners and tenants. The general public and com-
munity including the Wong Tai Sin District council, Nga Tsin Wai Concern
group, professionals and academics. The public sector includes the LDC and
URA, the relevant government departments, and the commercial section which
is the private developer. Inevitably, there exists many incompatible interests of
the different stakeholder groups.
An official of the URA clearly expressed that the government has never stated
that it is a conservation project from the very first day. He claimed that URA has
been embracing its social responsibility in preserving the three historic relics
and the eight houses. From the developer’s view, the main concern is the selling
price of the completed residential units and it is very rare if they have thought
about the feasibility of self-financing for other alternative uses of the site if the
village was to be preserved.
Even within those groups which advocate for conservation of the village,
whether the integrity of the whole village has been kept is still controversial.
The legislators, concern group’s members and scholars prefer preserving the
whole or larger part of the village while others are satisfy with the latest pro-
posal of the URA to keep only the three historic buildings.

– Poor living condition of the Nga Tsin Wai Village
Some of the inhabitants indicated that prefer redevelopment. The inhabitants
sent a letter to Wong Tai Sin District Council, Lands Department, Home Affairs
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respectively for expressing their urgent needs for redevelopment (Wong Tai Sin
District Council 2005).

We request the URA to redevelop the Village. We only want to improve our living
condition ……and have standard facilities inside our house. If the village is preserved as
heritage, URA could not undertake redevelopment. Our living condition cannot be
improved.’…….Nowadays, somebody or legislators who oppose the redevelopment of Nga
Tsin Wai Village, do not have any properties rights or they are not the indigenous of the
village. Neither redevelopment nor preservation of the village does affect them much. They
do not realize the villagers’ utmost urgent housing needs.

In a focus group interview, an inhabitant told that

My grandfather kept this house for my father and my father kept this house for me.
However, in my son generation, he can’t live in the house because it is no deteriorated.

A member of AAB doubts if anyone would consider the wills of those inhabitants.

Nobody want to move in, the condition of the place is poor. I will move out if I have had
money and live outside……This is a social status problem. …….I will be labeled as “poor
guy” by others if I stilllive there.

– Authenticity of the Nga Tsin Wai Village after regeneration
It is also questioned that whether the authenticity of the village can be preserved.
Since many of the original village houses have been demolished or seriously
deteriorated, it is at the most a reconstruction of the place for people to recall the
memories and history of the Nga Tsin Wai Village, or at worst it will become a
‘Disney land’ type of imitation.

A former official of URA emphasized that it is only a redevelopment projects
and add some conservation elements inside while some stakeholders groups com-
plained that the proposal could not keep the authenticity and its value of the village.
The Urban Renewal official claimed that

If nobody lives inside, what do we preserve?

An AAB member raised that after the regeneration, Nga Tsin Wai Village will
become a park, the use has been changed, it is not a place for residence.

I don’t think it is a conservation project… however, to make it to become a park is better
than doing nothing, at least there are a few historic structures there.

In his opinion, the intangibles can hardly be preserved as people have all left. It
is hope that the preservation of the temple and provision of the park can allow some
traditional customs to be held there after regeneration. However, the URA official
expressed that

there is no intangible value there since there is no one remained in the village, how can
there be any traditional custom. Thus, there is hardly any intangible to be preserved.

On the other hand, a member of a professional body thought that it is not the
physical buildings which can be conserved, it is the culture and the traditional
customs which can create social cohesion and maintain the social networks.
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For instance, if there is a place for gather the villagers who had moved out to join
the special festival and traditional events. In regard to URA’s redevelopment pro-
posal, he concerned the continuity of its cultural value after the completion of the
residential buildings. He worried that if the developer is the one to manage the
conservation park and he said

Would the inhabitants still be allowed to hold their own traditional cultural events in the
park, particularly during the festival?

8 Knowledge About Property Rights—Inhabitants,
Occupants and Developers

The awareness of respecting property rights has increased in the society, particu-
larly after 1970s. “Properties right above all things” tends to be in the mindset of
the public and the developers. Therefore, it is a complex issue when the private
owners have the property rights of the heritage buildings and use it as means to
object conservation.

In the case of Nga Tsin Wai Village, the knowledge of property rights varies
among the inhabitants in the different time period. In the old days, the inhabitants in
Nga Tsin Wai had weak knowledge about property and land rights. This is very
different from those indigenous villagers of the big clans in the rural areas who have
a strong sense of having the privileges of the small house policy.

On the other hand, Nga Tsin Wai Village is located in the south of the Boundary.
Street which all land are included in the cession of Kowloon to the Britain. Unlike
rented land in the New Territories, the British government has the right to develop
the surrendered land. Thus, the government did not see Nga Tsin Wai as a village in
the urban areas as those traditional village in the New Territories nor see the
villages as indigenous inhabitants who have the legal land ownership in the colonial
period. The government has recorded these village houses as squatter houses. As a
result, the village houses have been confiscated by government easily in the old
days. When their ancestors were under the ruling of the British government, most of
their cultivated lands were confiscated by the government with little compensation
because they have no legal proof of their ownership. The inhabitants said that “Our
ancestors with little knowledge about this, even the confiscated land lots were
published in the Gazettes.” In government’s view point, Nga Tsin Wai and all the
other villages in the New Kowloon should be demolished to make way for public
housing, this was agreed by the Legislative Council in the Colonial period.

In contrary, during the redevelopment undertaken by the URA, the inhabitants
have stronger awareness of their property rights. They thought that they have been
living there for the previous several generations without any deed, they do not
accept that they cannot continue to live there. With the implementation of the
compensation mechanism, they have been negotiated with URA for the amount
they expected. For the non-residents, stores’ owners, they claimed that they brought
their stores with the village chief in the early years, but did not have a reasonable
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relocation nor compensation for their loss of property rights. In 2016, the remaining
shop owners have attempted to ask for a rent of HK$600 per month forever.
The URA official sees this is unreasonable compensation and said that “they have
only occupied the land without having the legal right and refused to leave.”

In regard to the developer’s concerns, as it has already obtained 70% of the land
at the end of 1990s and this has made the government very difficult to undertake
conservation of the entire village. A concern group’s member stressed that the
developer has much more power than the URA in the redevelopment of Nga Tsin
Wai Village. Although the government stipulated that URA has the authority to
acquired land for urban renewal under the Urban Renewal Authority Ordinance and
the Land Resumption Ordinance, URA may need to go through the litigation
process if the developer is dissatisfied with the compensation for his deprivation of
their property rights. One possible way the government could do is to utilize the
Town Planning control to restrict the developers’ development rights with rea-
sonable planning conditions. The URA official claimed that the major obstacle is to
make the developers to compromise with their redevelopment with a sub-theme of
conservation as they would reduce the full development potential of the site. In fact,
this is very difficult to be implemented, or even not feasible under the current town
planning system. The ex-URA official and also a current AAB member said that

the other more possible control mechanisms may be to impose some restrictions to the
development and/or land use through the lease conditions or the building control
mechanism.

9 Unsupportive and Inflexible Land Use Planning Policy

– The issue of private property rights
In the case of Nga Tsin Wai Village, the compensation for properties rights to
the land owners was the major issue of preservation. The developer owns
majority of the land interests of the village. If the government wants to acquire
the land for heritage conservation, it involves a huge amount of public money in
order to purchase the land. In the last few decades, the private developer had
bought the village houses and demolished them one by one, except those which
are not owned by a single land owner such as the temple, the ancestral hall, the
gatehouse (Interview with ex-AAB member, 2016).
An architect who is a member of the concern group, had suggested to use the
transfer of development rights to compensate the developer in exchange of the
preservation of a large part of the village in 2003. He suggested keeping
the same plot ratio and exchanging the land for carpark near the adjacent public
housing estate which was owned by the Housing Authority. However, the
Housing Authority refused the exchange of land proposal and claimed that the
authority is not responsible for preservation. The legislator, scholar and concern
groups all criticized the lack of cooperation between the different government
departments.
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– Land use zoning
Another land use planning policy which could possibly be better utilized to
enhance preservation of an area is the zoning mechanism. However, the Town
planning had done the opposite. An Antiquities Advisory Board (AAB) member
indicated that Nga Tsin Wai Village has been zoned “R/C” (residential/
commercial) since the 70s, thus, it has become more likely to attract developers
for demolition of the village houses than for preservation. On contrary, if it is
zoned “V” zone as those located in the New Territories, it would be much more
difficult to rezone it to “R/C” and they would not be easily redeveloped Building
and Land Department (1959). However, when you look back to history, the
cession of Kowloon made all land had a 999 years ownership term whereas the
land in New Territories is only leased until Hong Kong was returned to China in
1997 and now the lease is granted for another 50 years. In addition, since the
government has recorded the village houses as squatter area, it would be very
unlikely to designate Nga Tsin Wai Village as a ‘V’ zone as those traditional
villages in the New Territories.

– Maintenance and improvement of village houses
In general, the government provided no financial support for the maintenance of
the village houses in the previous years. The government had also not provided
any subsidize for the improvement works for the living quality such as problem
of water leakage, sanitary provisions, and air conditionings, etc.
There has also been some saying of the inhabitants that since the villages houses
were recorded as squatter houses by the government after the World War II, no
alteration nor additional works to these illegal structures were permitted.
However, there has been no clear evidence on the extent of maintenance works
that were allowed. Some residents did spent their money to do minor repair
works such as rectifying water leakage or adding insulation materials on the
roof. In general, lack of maintenance has accelerated the pace of deterioration of
the village houses.

10 Conclusion and Policy Implications

The case of Nga Tsin Wai Village portrays the many facets of issues in regeneration
of old urban areas, especially in historical villages which contain valuable history
and culture which is worth preserving. On one hand, land in urban area is always
scared and land value is extremely high in cities like Hong Kong, thus, redevel-
opment is inevitable. The challenge is how to make a balance or a tradeoff between
redevelopment and conservation. It also poses the question whether the two cannot
be co-existed.

This paper analyzes the redevelopment story of the old urban village in the past
few decades. It suggests the government decision makers and the relevant depart-
ments to explore the opportunities and feasibility of imposing restrictions on buying
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and selling of the historic properties, and the development potential through town
planning control and land administration mechanism. Property rights and devel-
opment rights may not necessarily be always complementary. There is room to
explore whether the land owner can remain the property rights and have the
restricted development rights.

Public policy making is dominant by quantitative approach and in contrast, the
concepts related to heritage conservation are in general difficult to measure, such as
character, collective and individual memory, place identity, etc.) The contribution
of heritage preservation in urban revitalization is long-term, thus, a more com-
prehensive assessment of the heritage values and what is worth preserving can
enhance incorporating the conservation element into regeneration and redevelop-
ment projects.
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Characteristics of Ridesharing
as a Sustainable Transport Tool in Metro
Manila

Jose Regin F. Regidor and Ma Sheilah G. Napalang

Abstract The increasing requirement for mobility in urban centers and the
declining level of service of public transportation has led to worsening congestion.
The introduction of smartphone application-based modes of transportation has been
described as an innovative strategy to address the problem. This paper presents the
outcomes of studies on ridesharing in Metro Manila where ridesharing services are
classified under Transport Network Services (TNCs). The main objective is to
determine the reasons behind the popularity of ridesharing services, specifically
Uber and GrabCar, in Metro Manila, and the corresponding decline of preference
and patronage of conventional taxis. A comparative analysis of TNCs and con-
ventional taxis is presented using key indicators. These include travel speed, reli-
ability, passenger expense, and quality of service. For completeness, the study
included GrabTaxi services, which represented a basic upgrade of conventional
taxis through an app-based system designed to facilitate getting rides. Travel diaries
from regular users of ridesharing services were collected and analyzed. Other
surveys performed included perception surveys among commuters using TNCs and
conventional taxis. Based from the results of the analysis, ridesharing services,
specifically Uber and GrabCar are preferred over conventional taxis. TNCs perform
better in terms of reliability and safety. Uber and GrabCar were found to have better
quality of service compared to conventional taxis. Meanwhile, it was also found
that the advantages and attractiveness of ridesharing are very similar to
app-enhanced taxis (i.e., GrabTaxi). The study presents recommendations on how
both ridesharing and conventional taxis may be improved in the context of sus-
tainable transport as ridesharing is perceived to reduce dependence on private cars
but at the same time attracts commuters away from other public transport modes in
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Metro Manila, including the necessity of government to regulate certain aspects of
the TNC operations.

Keywords Ridesharing � Uber � Grab � Conventional taxis � Quality of service
Reliability

1 Introduction

The United Nations (2012) estimates that 50% of the world’s population now reside
in urban centers and projects that this will reach 80% by 2050. The Philippines is an
example of this phenomenon where urban population increased from 29% in 1955
to 45% in 2015. By 2050, it is projected that the urban population of the Philippines
will reach 60%. This increase in urban population has consequently increased the
need for mobility in urban centers. In a study conducted by the Japan International
Cooperation Agency (JICA 2014), the traffic demand in Metro Manila was esti-
mated at 12.8 million trips per day and 69% of these total trips use public trans-
portation. However, transportation infrastructure development is slow and many
projects including much-delayed mass transit lines are only beginning to be con-
structed, in the final stages of design or scheduled for bidding out for the private
sector to implement. Due to this, innovative application-based modes of trans-
portation have become popular in key urban centers in the Philippines, particularly
in Metro Manila where the urban transportation problem is perceived to be most
severe.

This paper seeks to describe the characteristics of application-based modes of
public transportation currently operating in the Philippines. Issues and concerns
pertaining to their operations are identified and discussed. The paper also attempts
to evaluate how and if these modes contribute to the promotion of sustainable
transportation. Included, too, are discussions on the role and responses of the
government in as far as regulation is concerned.

2 Sustainable Transportation

Although there are several definitions of sustainable transportation found in liter-
ature, this paper adopts that of the Centre for Sustainable Transportation (CST
2005, as quoted by Littman 2016, p. 8), which reads:

A sustainable transportation system is one that:

– Allows the basic access needs of individuals and societies to be met safely and
in a manner consistent with human and ecosystem health, and with equity within
and between generations;
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– Is affordable, operates efficiently, offers choice of transport mode, and supports
a vibrant economy;

– Limits emissions and waste within the planet’s ability to absorb them, minimizes
consumption of non-renewable resources, limits consumption of renewable
resources to the sustainable yield level, reuses and recycles its components, and
minimizes the use of land and the production of noise.

The above quoted characterization of sustainable transportation is accepted by
many experts including the Transportation Research Board’s (TRB) Sustainable
Transportation Indicators Subcommittee and the European Council of Ministers of
Transport (Litman 2016). This paper will focus on four aspects of sustainable
transportation in its analysis of emerging modes of public transportation: (1) effi-
ciency, as manifested in reliability of service, (2) safety, (3) affordability, and
(4) minimization of consumption of non-renewable resources such as fuel by
reducing congestion.

3 Ridesharing and Ridesourcing

Ridesharing refers to a mode of transportation in which individual travelers share a
vehicle for a trip and split travel costs such as gas, toll, and parking fees with others
that have similar itineraries and time schedules. Conceptually, ridesharing combines
the flexibility and speed of private cars with the reduced cost of fixed line systems,
at the expense of convenience (Furuhata et al. 2013). Ridesharing is a powerful
strategy to address traffic congestion, fuel emissions and gasoline dependency.
A simple concept is followed: fill up empty seats to maximize the vehicle’s
occupancy potential and reduce vehicles on the roadway. Unlike taxis and
Transportation Network Companies (TNCs), drivers are not motivated by profit but
by reduced travel cost. Passengers also have a common origin and destination with
the driver (Rayle et al. 2014; Shaheen 2014).

On the other hand, ridesourcing companies utilize technology to provide
on-demand transport services with the promise of higher reliability and reduced
wait times (Rayle et al. 2014). These are generally referred to Transportation
Network Companies (TNCs) and defined as ‘an organization that provides
pre-arranged transportation services for compensation using an internet-based
technology application or a digital platform technology to connect passengers with
drivers using their own personal vehicles’ (DOTC 2015).
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4 App-Based Public Transportation in Metro Manila

Based on the definition given in the previous sub-section, the more prominent
innovation in the transportation system operating in the Philippines is ridesourcing
as described in the following sections.

4.1 Grab

Grab started with GrabTaxi, a subsidiary of Malaysia’s MyTeksi, which is a
smartphone-based hailing and booking service first introduced in Metro Manila in
2013 (Grab Philippines). The service was later opened in three other major urban
centers, Cebu City, Davao City, and Iloilo City, and expanded its operations to
other cities as well. The company has expanded its services to include GrabCar
(private cars that can be hired through the application on demand and is much like
Uber) and Grab Express (express delivery service). At one time, the company
attempted to provide motorcycle taxi service on demand via GrabBike. This was
disallowed by the LTFRB as motorcycle taxis are officially illegal in the
Philippines.

4.2 Uber

Uber was introduced in the Philippines in 2013. Unlike GrabTaxi, Uber provides
pre-arranged transportation services for compensation, using an online-enabled
application or platform technology to connect passengers with drivers using their
own personal, non-commercial vehicles (Dela Paz 2015).

In 2016, Uber introduced its ride-sharing services, UberPool and
UberHop. UberPool matches riders ‘coming from the same area heading at the same
direction at the same time’ for more efficient energy use and reduction of fuel
emissions (UberPool 2016a). On the other hand, UberHop ‘enables riders heading
in the same direction to share a ride during rush hour for a flat fare’ (UberHop
2016b). As of April 2016, there were 9 pick-up and drop-off points in Quezon City,
Mandaluyong City, and Makati City during the morning service and 9 “pick-up”
and “drop-off” points in the three cities, with Bonifacio Global City (BGC), a mixed
use development, as an additional area for the evening service.
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4.3 Other Ridesharing and Ridesourcing Services

Another service available in Metro Manila is Wunder, a carpooling service, which
was introduced in 2016. This service was established in Germany and is probably
operating closest to the original concept of carpooling in that it mainly depends on
available vehicles for the typical commutes in the morning (e.g., home to work-
place) and afternoon (e.g., workplace to home). That is, vehicles generally have
only two trips per day and do not roam the streets for passengers like Grab and Uber
vehicles. It claims the following benefits (Wunder 2016):

• Sharing costs and saving money
• Meeting new people
• Reducing the number of cars on the road
• Avoid crowded public transportation
• Helping the environment

A new entrant into the transportation market in Metro Manila is the ridesourcing
motorcycle taxi service called “Angkas” (backride in the local language). It is
unclear who developed or manages the smartphone application for this service.
However, it is enterprising enough to take advantage of the worsening traffic sit-
uation in Metro Manila coupled with the surge in the number of motorcycles.
Motorcycle taxis are generally illegal in the Philippines and particularly in urban
areas mainly due to safety concerns but are unregulated yet popular in rural areas
where there is a lack of public transport services and poor road infrastructure. Grab,
for example, ceased operations of its GrabBike when the LTFRB issued a memo
reminding about the prohibition against such services for public transportation.

5 Government Regulations of TNC/TNVS

In the Philippines, the Land Transportation Franchising and Regulatory Board
(LTFRB), a line agency under the Department of Transportation (DOTr) is tasked
with economic regulatory functions for road public transport services. It has the
authority over public land transport services in terms of:

a. Route/area of operation prescription and regulation in terms of viable route
capacities;

b. Issuance of the Certificate of Public Convenience (CPC), otherwise called as
franchise, to entities worthy to be public transport operators with corresponding
franchising terms and conditions;

c. Prescription of fares/charges on public transport services;
d. Promulgation and enforcement of rules and regulations pertaining to public

transport service operations.
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The Agency is tasked to ensure the safety of passengers as well as safeguard
them against sudden increase in fares, beyond their paying capacity. Towards the
fulfillment of these tasks, the LTFRB monitors the entry of new public trans-
portation providers.

Hence, when e-hailing transport services where introduced in the Philippines, the
LTFRB issued guidelines in the form of four Memorandum Orders (LTFRB 2015a,
b, c, d) to regulate the operation of the two key players: Transportation Network
Companies (TNCs) and its contractor/partner, the Transportation Network Vehicle
Service (TNVS). The requirements are summarized in Table 1.

It must be highlighted that one of the key requirements is the requirement for
TNCs to obtain permit to operate is the passenger insurance coverage, which is not
covered by the comprehensive vehicle insurance. Another safeguard for passenger
well-being, apart from the NBI and PNP clearances, is the requirement for drivers to
be accredited by the TNC, hence improving accountability. Even with the stringent
regulation for entry, the number of applications for transport network vehicle service
(TNVS) has ballooned to almost 30,000 in 2016 from only 3000 in 2015 (Tan 2016).

Another aspect of ridesourcing services that have been subject to deliberation for
regulation is the matter of surge pricing, or the spiking of fares during peak periods
due to increased demand. It was reported that during the Christmas rush in 2016,
surge prices in Metro Manila were reported to vary between ₱2000 and ₱28,000 per
ride (CNN Philippines 2016). This has prompted the LTFRB to issue a memo-
randum to the two prominent apps-based services in Metro Manila to put a cap on
their fares. Specifically, Uber is directed “that the maximum allowable price surge

Table 1 TNC/TNVS requirements

For submission upon
application

For submission upon hearing

• Formal offer of documentary
evidence

• Motion for Application of
Provision Authority

• Filled out application form
• Publication in major
newspapers

• Proof of Citizenship
• Proof of Good Standing
(TNC)

• Proof of Accreditation of the
Vehicle (TNC)

• Photocopy of Passenger Insurance Policy (LTFRB Board
Accredited Insurance Provider)

• List of TNVS drivers and vehicles
• 2 copies of operator data sheet with recent 2″ � 2″ picture
• Statement of Financial Capability Form and Proof of
Entries

• ITR or BIR Certificate of Registration
• Certificate of Business Name (DTI)
• Location Map of Garage or Address of Operator

Requirements for the
applicants driver/s

Requirements for the applicant’s vehicle

• Proof of accreditation of the
Driver by TNC

• Professional Drivers’ License
• NBI Clearance
• PNP Clearance

• OR/CR with Year Model or Delivery Receipt/Sales
Invoice
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on the fare shall be twice the rates for time covered and distance travelled excluding
the base fare”. It likewise directed Grab Philippines to “lower its fare per kilometer
from ₱12.00–₱16.00 to ₱10.00–₱14.00 depending on the type of vehicle used.”

The LTFRB stopped granting franchises to Uber in July 2016 due to complaints
from taxi companies. It also ordered Angkas and Wunder to cease operations due to
safety concerns (i.e., absence of passenger insurance) without a proper franchise.

6 Basic Characteristics of Ridesourcing in Metro Manila

The number of TNVS vehicles has quickly overtaken the number of conventional
taxis in Metro Manila. Data from the LTFRB has shown that as of 2015, for
example, there were 3628 ordinary taxis registered in the National Capital Region
(NCR) while TNVS units were at 9735 or almost triple the number of taxis. Almost
all the TNVS units are either Uber (76.64%) or Grab (23.36%) vehicles with the
exception of ordinary taxis that are registered also as GrabTaxis. It is reasonable to
assume that since then, there has been a significant increase in the number of TNCs
due in part to their popularity that has translated into an attractive option for those
looking for income through transportation service provision.

Since it was first introduced in late 2014, the number of Uber users, as denoted
by the number of sign-ups has grown to over 433,000 (Uber 2016a, b), most of
whom are from within Metro Manila but with more recent registrations from sur-
rounding provinces.

6.1 Trip Purpose

Based on the 2016 Uber Manila survey covering 1450 respondents out of the
15,360 users who received the survey instrument, the most popular trip purposes for
use are commuting to work/home (67%), social activities (49%), going shopping
(30%), and travelling to/from business meetings (29%). Figure 1 shows the out-
comes of the survey conducted by Uber where respondents could provide multiple
answers for their trip purposes. This can be compared with the results of the study
by Nistal and Regidor (2016) that covered both Uber and Grab Car. Figure 1 shows
the main trip purposes of Uber and Grab Car users.

6.2 Passenger Profiles, Preferences and Perceptions

Out of the total number of respondents of the Uber Manila Survey (2016), 57% do
not own a car and 43% own one. Of those owning a car, 52% indicated that they are
driving less and 15% stated that they have not changed frequency of driving due to
Uber.
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The respondents’ profiles in the study by Nistal and Regidor (2016) indicated
that users of both ordinary taxis and Uber belong to the middle income class. This is
shown in Fig. 2.

In a study by Dela Peña and Dizon (2016), the reasons for passengers preferring
GrabTaxi to conventional taxis are mainly according to convenience, reliability, and
safety. These are shown in Fig. 3, where responses are categorized accordingly.

Convenience appears to be the top reason for preference of app-enhanced taxis
for a variety of reasons, including easy access of service through smartphone
application, reducing the necessity to wait at curbside as when hailing regular taxi
and the fare has already been set prior to the ride, eliminating negotiations with the
driver. Incidentally, convenience was also found to be the top reason for preferring

Fig. 1 Primary trip purposes of Uber and Grab Car users (Nistal and Regidor 2016, with
permission)

Fig. 2 Income Class Distribution of Respondents (Nistal and Regidor 2016, with permission)
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ridesourcing services like Uber and Grab in the study by Paronda, Regidor and
Napalang (2016); with safety coming in second and reliability third.

One key indicator for reliability is waiting time, which in the study of Dela Peña
and Dizon (2016) is perceived to be longer for regular taxis, with an average
weighted mean of 10.11 min for taxis and 9.27 min for GrabTaxi as shown in
Fig. 4.

Convenient: 718
Safe: 406
Reliable: 629

Fig. 3 Reasons for preference of GrabTaxi over regular taxi (Dela Peña and Dizon 2016, with
permission)

Fig. 4 Perceived waiting time for Regular Taxi and GrabTaxi (Dela Peña and Dizon 2016, with
permission)
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Transportation Network Vehicle Services (TNVS) are perceived by commuters
to have the potential to contribute to the overall transportation system efficiency by
(1) improving private and public transportation connectivity, (2) make ride-sharing
more convenient, and (3) reduce need for self-driving according to the survey by
Uber Philippines (2016).

7 Evaluation of Ridesourcing Services

The ridesourcing services in Metro Manila can be evaluated from the perspective of
sustainable transport. In this case, sustainability is discussed in terms of reliability,
safety, affordability, and traffic congestion reduction. These are discussed in the
following sections.

7.1 Reliability

Recent researches on e-hailing services like Uber and GrabTaxi and their variants in
the Philippines have revealed that these have delivered on their promise of
improved reliability and shorter waiting time for the most part. However, there have
been reported instances when drivers of these services refuse to book passengers
during inclement weather or holiday rush, particularly when the known destination
is congested.

7.2 Safety

To date, there have only been a few reported cases of threats to the safety and
security of passengers using TNVS in Metro Manila with a bigger concern
expressed for drivers taking advantage of passengers during times of high demand
(Lozada 2015). In fact, safety is the second highest rated reason for commuters to
choose TNVS over regular taxis. However, the bigger issue is the lack of insurance
for passengers using TNVS, which are largely non-commercial private vehicles.
Comprehensive vehicle insurance only covers damage to own property as well as
that of the third party in case of road crashes and does not include passengers.

7.3 Affordability

Ride hailing services like Grab used to allow passengers to offer tips to TNVS
drivers to book a ride. This was perceived as a form of bidding practice where the
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driver will have the option to choose the passenger with the highest tip. In addition,
as mentioned in the sub-section on regulation of TNCs/TNVS, fares can spike
drastically during peak periods and inclement weather due to surge pricing. These
pricing mechanisms puts the commuters at the disadvantage and will potentially
hinder those that are not willing to pay more from availing of the ridesourcing
services. The 2016 Forbes survey conducted by Ford Motor Company confirmed
that “60% of the Filipino respondents said their commutes are getting more
expensive, mainly because of higher fares, higher fuel costs, and choosing taxis and
ride-hailing services over cheaper options” (Tordesilla 2016). Grab removed this
option for tipping and drivers can no longer use this as basis for choosing
passengers.

Uber has long incorporated surge pricing in their fares. Surge pricing is basically
additional charges levied on passengers for times when traffic congestion is severe
and/or there are a limited number of Uber vehicles available for engagement. Surge
pricing is typically used as an incentive to Uber drivers to go into an area where
there is a demand for their services. This, of course, originally was premised on the
assumption that most Uber drivers were part-timers and not operating like taxis.

7.4 Reduction of Congestion

Based on the data from Uber, the availability of TNVS has reduced the need for
self-driving. Due to this, demand for parking spaces may be reduced. In fact, TNVS
has been used in New Jersey as a parking solution (Hawkins 2016). However, it still
does not address the issue of extensive utilization of low occupancy vehicles like
private cars and taxis/TNVS which has been identified as one of the root causes of
congestion in urban centers. It is, however, commendable that there are recent
initiatives from the TNCs to move towards ridesharing (i.e., UberPool and
UberHop) and improved access to mass transportation (i.e., Grab to MRT promo
launched in the Metro Manila for a limited period where passengers booking a trip
to any of the MRT stations will be given 50 peso discounts on their fares).

8 Conclusion

Although it has been established in the studies that have been conducted and cited
in this paper that apps-based transportation services provide attractive alternatives
to the riding public, it is also clear that most users are those who mainly use taxis or
other public transport modes rather than commuters shifting from private vehicles
(Dela Peña and Dizon 2016; Nistal 2016; Paronda et al. 2016). Add to this the
industry report that TNVS have boosted car sales in the Philippines (Lorenciana
2017), with small sedan model cars being the most popular among people who have
the intention of using these for Uber or Grab. As such, the experience in Metro
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Manila is far from what ridesharing/ridesourcing companies claim as their contri-
bution towards achieving sustainable transport. In fact, it can be argued that TNVS
popularity has led to more vehicles roaming Metro Manila roads as their operations
are practically like that of taxis, with most Uber and Grab vehicles being driven
full-time rather than part-time.

It is also clear that government regulations are necessary to protect the rights and
well-being of the commuters. Moreover, it is also the government’s task to ensure
that ridesharing and ridesourcing should be part of rational, integrated transport
system, complementing other more efficient and higher-capacity modes.

To ensure that the potential benefits of TNVS are realized for a sustainable
transportation system, the following issues must be addressed:

• Mode shift—it must be evaluated whether passengers shifted from lower or
higher capacity vehicles. If it is the latter, then this could translate to increase in
car use, thereby exacerbating congestion. On the other hand, when passengers
shifted from private transport to Uber/Grab, then this does not necessarily mean
less car use because the Uber/Grab car simply replaced the private vehicle in
terms of road space usage.

• Trip chain—there is also a need to determine the typical trip chains for
multi-mode use by commuter, whether Uber or Grab served the main mode or
used for the initial or last miles.
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Analysis of Rooftop Solar Photovoltaic
System Across the Indian States:
Learnings for Sustainable Infrastructure

Brijesh Bhatt and Anjula Negi

Abstract Facing twin challenges of providing energy access to its citizens and
complying with international protocols on climate change mitigation, India has set
ambitious targets for solar power generation. A major policy initiative was
undertaken with the launch of Jawaharlal Nehru National Solar Mission (JNNSM)
in January 2010. JNNSM aimed to increase solar power capacity from 0.0178 GW
(Gigawatt) in 2010 to 22 GW by the year 2022. With the new government for-
mation in 2014, these targets were increased fivefold to 100 GW by the year 2022.
However, most solar power projects are large utility scale (LUS) in comparison to
rooftop solar photovoltaic (RSPV). LUS projects have long gestation period and
require huge tracts of land; a scarce resource given India’s high population density.
Consequently, adequate attention needs to be given to RSPV. RSPV also increases
overall system efficiency as transmission and distribution losses are minimized.
Targets for RSPV projects in JNNSM have been enhanced to 40% of the total solar
targets. This target does appear formidable as it has to be implemented across the
Indian states, which have varying RSPV policy outlook. Thus, whether state wide
policy measures would support this scaling up may need to be understood. While
there is sufficient literature focusing on the success of LUS solar projects, limited
literature exists on challenges and successes of RSPV in India. Based on literature
review and semi-structured interviews with key stakeholders, the study identifies
few scaling up challenges (or barriers) for the adoption of RSPV. Thereafter, the
study maps if policies of states having high RSPV installed capacity, have
addressed the identified barriers. Given multiple challenges and an evolving sector,
inter alia, major issues collated in the study include wide spectrum of regulations
across states, varying consumer tariffs, market readiness for adopting RSPV, lack of
awareness amongst consumers, anchors and skilled persons missing to support the
initiative and limited institutional capacities, low usage of subsidies offered and
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high installation costs. In conclusion, from the comparative analysis of RSPV
policies of top three states having high installed capacity, the study examines how
these challenges have been addressed therein, and further, the paper identifies
policy features that can lead to the creation of sustainable infrastructure for RSPV.

Keywords Roof solar photovoltaic � Renewables � Electricity � Barriers
Sustainable infrastructure

1 Introduction

Sustainable infrastructure development and universal access to renewable energy
are complementary in nature. At 21st meeting of Conference of Parties (COP 21), a
global summit of climate change convention held at Paris, India presented one of
the goals to increase non-fossil based electricity to 40% by the year 2030
(UNNFCC 2017). Presently, the renewable generation capacity of India is mere
17% and comprises of four sources; wind, solar, small hydro, biomass cogeneration
and waste to energy1. Solar, followed by the wind has the second largest installed
capacity among renewables. Although the proportion of solar is low, India has high
solar energy potential, capable of producing 5000 trillion kW of clean energy, with
around 300 sunny days in a year and national average solar insolation of 4–
7 kWh per m2 per day (MNRE 2012). Harnessing this efficiently, can reduce
energy deficit of the entire country and with near nil carbon emissions (MNRE
2012). Solar energy can be harnessed using either solar photovoltaic (PV) or
concentrated solar thermal technology. International Energy Agency
(IEA) forecasts that by the year 2050, solar photovoltaic and concentrated solar
thermal would contribute about 16 and 11% of the total electricity consumption
respectively in the world (IEA 2014). In India, the majority of installed solar
capacity is based on solar photovoltaic technology (Hairat and Gosh 2017).

The solar PV plant of larger capacity (in MW2) with PV modules mounted on
the ground are known as large utility scale (LUS) whereas, plants of smaller
capacity (in kW3) with PV modules mounted on consumers rooftop are known as
rooftop solar photovoltaic (RSPV). LUS are not best suited with regards to grid
stability and efficient resource utilization. RSPV has following advantages over
LUS (Gosh et al. 2015; CARE 2015):

1As on 31st May 2017, the total generation capacity of India is 330 GW. Thermal comprising of
coal, gas, and diesel has the largest generation capacity of 67%. Nuclear and hydro forms 2 and
13% of total generation capacity respectively.
2MW = Megawatts.
3KW = Kilowatts.
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• Avoids additional land requirement dedicated to energy generation as RSPV
uses rooftops that otherwise may remain unused

• Reduced transmission and distribution losses as power is produced near point of
consumption

• Lower gestation period
• Reduction in system congestion and reduced requirement of transmission

networks
• Development towards smarter grid with more decentralized generation
• Social advantages like capacity building of local electricians, involves house-

holds thereby increasing awareness about power consumption

Unlike world largest solar capacity countries i.e. China and Germany, which
have a high share of RSPV,4 India has witnessed growth in solar capacity through
LUS plants. While total solar capacity is 12.289 GW (as on 31st May 2017), RSPV
capacity was only 0.740 GW (as on 31st March 2017). Thus, RSPV remains
negligible expanse in country’s total solar capacity.

The estimated technical and market potential for RSPV is about 352 and
124 GW respectively5 (Martin and Ryor 2016). Acknowledging this potential, there
is sufficient policy thrust from the new central government, under JNNSM which
targets to set up 40 GW RSPV capacity by the year 2022. Annual targets have been
prescribed for all states to achieve it. However, experiences of previous imple-
mentation programs as reflected in RSPV installed capacity data (Fig. 1) shows that
RSPV segment has lagged and yet to take off. The literature on technology adoption
explains such phenomenon by the existence of barriers, which hinder adoption of
technology (Sorrell et al. 2004; Fleiter 2007; Cogno et al. 2013). Since
Indian RSVP industry is at its nascent stage, identification and addressal of these
barriers is crucial for achieving these targets of RSPV. Thus, the study firstly
collates these barriers. Thereafter, acknowledging these formidable national targets
that have to be executed in tandem with the states having varying RSPV policy
outlook the study investigates whether state wide policy measures support this
scaling up? Paper analyses, if (and how) existing solar/RSPV policies and regu-
lations are addressing identified barriers. This is necessary as it has been experi-
enced that policies and regulations, especially state-level policies are the key factors
in enhancing technology adoption in infrastructure sector (Pollitt et al. 2012;
Schmid 2011). The study analyses aspects under various solar policies of RSPV
across top three Indian states categorized as having the highest installed capacity,
both scholarly and project implementation literature.

Following this introduction, in the next section, a short literature review of
Indian and global policy experience for promotion of solar is discussed. Section 2.1
describes the methodology of for identification of barriers and policy analysis.
Section 2.2 discusses various barriers or challenges based on literature review and

4For Germany over 98% of solar capacity consists of RSPV.
5While market potential accounts for economic considerations and consumer acceptance, technical
potential does not.
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interviews with key stakeholders. Section 5 analyses how policies at state level
address the challenges identified. Section 6 concludes and comprehends scalability
factors that the Indian states will engage in order to achieve the 40 GW target of
RSPV.

2 Literature Review—Indian and Global Overview
of Solar Policy Framework

Globally policies have a major role in the promotion of solar energy. A brief
review of studies addressing policies for solar and RSPV usage in India and
internationally is presented below.

2.1 Review of Solar and RSPV Sector in India: Stimuli
for Growth

Although India is among the leading countries with high solar potential, in policy
and planning, solar was first discussed as a technology for electricity generation in
3rd five-year plan6 (1961–66) only. However, in the next two five-year plans, focus
remained on hydro and thermal. Only in the 6th plan (1980–85), solar was
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Fig. 1 Installed capacity of RSPV and targets. Source Martin and Ryor (2016)

6Five-year plan are integrated nationalized economic programs which lay foundation plans for
economic growth of a country (Kapoor et al. 2014). Five-year plan are developed, executed and
monitored by the erstwhile planning commission (now NITI Aayog) of India.
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identified as an energy source for decentralized rural areas and potential industrial
uses. The Department of Non-Conventional Energy Sources was established during
this plan period, with an objective to provide funding and strengthening research
and demonstration of various renewable technologies including solar (Kapoor et al.
2014). Subsequent five-year plans allocated funding support for research on solar
PV module technologies and setting up programs for electrifying remote villages
through solar photovoltaic. A separate Ministry of New and Renewable Energy
(MNRE) was established in 2006. In the 11th plan (2007–2012), primarily for
climate change and energy independence reasons, country’s first major policy
initiative to promote solar energy—JNNSM; was undertaken as one of the missions
under its National Action Plan on Climate Change (NAPCC).

Before discussing features and outcomes of JNNSM, a brief overview of key
legislative changes in the electricity sector is necessary since it provides the insti-
tutional structure for policy implementation, including JNNSM. Private participa-
tion in Indian power sector began with liberalization in 1990s. Liberalisation
involved a series of legislative changes, most significantly enactment of the
Electricity Act, 2003 (EA 2003). EA 2003 provided several enabling provisions for
the promotion of renewable energy and entrusted independent regulatory com-
missions at central and state level to implement these provisions. For example,
Section 86 (1)(e), mandates that state regulatory commission shall specify mini-
mum purchase obligations from renewable sources; Section 61(h), mandates
appropriate commission shall specify the terms and conditions for determination of
tariffs from renewable sources. Thus, having a backdrop of a good regulatory
regime is a key factor for implementation of various laws for the promotion of
renewables. EA 2003 also specifies that central government should bring two
policies namely, National Electricity Policy and Tariff Policy and amend them
suitably if needed. Accordingly, government enacted the National Electricity Policy
in 2005, which promotes renewables and emphasises that the share of renewable
electricity needs to be increased progressively. In 2006, the Tariff Policy was first
enacted, and a revised Tariff Policy in 2016, which has a provision of renewable
generation obligation (RGO) for conventional power generators. Thus, showcasing
a conducive legislative environment for renewables.

Specifically for the promotion of solar the JNNSM was launched in January
2010 that targeted to install 22 GW solar capacity by 2022, in three phases; phase I
(2010–12), phase II (2013–17) and phase III (2017–22). Using both grid connected
and decentralized off-grid technologies, JNNSM has different targets, guidelines
and mechanism/tools for different solar technologies in different phases as shown in
Table 1.

Since launch of JNNSM solar capacity in India grew in a steadfast manner. In
2010, total installed capacity of solar power in India was 0.0178 GW; it reached
0.5069 GW by early 2012 and to 2.75 GW by mid-2014 (Fig. 1). This increase in
four years is largely attributed to the launch of the JNNSM. Before introduction of
JNNSM deployment of renewable capacity including solar was largely driven by
individual subsidies approved by MNRE (Yenneti 2016). Supported by enabling
legislative framework, JNNSM introduced market mechanisms with various tools

Analysis of Rooftop Solar Photovoltaic System … 397

usha.iyer-raniga@rmit.edu.au



like renewable/solar purchase obligations, renewable energy certificates, viability
gap funding, feed-in-tariff, accelerated depreciation etc. to promote and increase
private participation in solar capacity addition (Rohankar et al. 2016). As described
earlier, with a new government at the central (national) level, targets of JNNSM
were revised to 100 GW in 2015, including 40 GW of RSPV by 2022. To achieve
this, state wise targets were set by the government. Targets for Northern, Western,
Southern and Eastern regions are about 31, 28.4, 26.5 and 12.2 GW respectively
(Kar et al. 2016).

Besides JNNSM, the central government has initiated various other schemes for
promotion of solar energy. For instance, government of India has created a Solar
City Programme under MNRE to support 60 Indian cites in development of
renewable energy and energy efficiency projects aimed to reduce conventional
energy demand by 10% (MNRE undated).

Alongside above efforts at central level, several states are encouraging solar/
renewable through independent state solar/renewable policies. In 2009, beginning
with Gujarat, presently 25 Indian States have formulated their own policies and
regulations for promotion of RSPV. States are at different development stages of
policies and there is considerable variation in their framing.

To an extent, the JNNSM was largely successful to promote LUS as RSPV
capacity still remains low. Under JNNSM phase I, the “Rooftop PV and Small Solar
Power Generation Programme” was also initiated however, installed RSPV
capacity reached only 0.285 GW7 in October 2014 and 0.525 GW in October 2015
(Martin and Ryor 2016). It is argued that despite having many advantages, RSPV is

Table 1 JNNSM targets and achievement

S. No. Phase/
Period

Segment

Grid connected—LUS
and RSPV

Off-grid Solar collector

Target
(MW)

Achievement
(MW)

Target
(MW)

Achievement
(MW)

Target
(million m2)

Achievement
(million m2)

1 Phase I
(2010–13)

1000–2000 1466 200 223 7 6.92

2 Phase II
(2013–2017)

4000–10,000 – 1000 – 15 –

3 Phase III
(2017–2022)

20,000 – 2000 – 20 –

7Exact data of RSPV installed capacity is not available for various limitations including a large
number of consumers (as revealed by MNRE officials—interview dated March 2017). These
figures are from a report by Bridge to India.

398 B. Bhatt and A. Negi

usha.iyer-raniga@rmit.edu.au



3–5 years behind LUS. As on 31 March 2016, India has an installed solar RSPV
capacity of 0.740 GW,8 which constitutes only 8% of total solar capacity
(9.235 GW9). This accounts for merely 3% of total installed capacity of India.

Figure 2 shows total installed RSPV capacity across different states and central
government departments like ministry of railways. Figure 3 shows, variation in
RSPV installed capacity of different states between January 2017 and December
2016. As Fig. 2 shows, Tamil Nadu, Punjab, Maharashtra, Karnataka, and Haryana
are states with highest RSPV capacity. In terms of capacity addition during these six
month period, it was highest in the state of Punjab as shown in Fig. 3.
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Fig. 3 State wise installed capacity for solar rooftop. Source Bridge to India (2015, 2016)

8Source: Bridge to India 2016.
9Data as on 31 January 2017, as per CEA and MNRE.
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Despite having same central level subsidies, RSPV installed capacity vary
widely across states. This reflects that RSPV faces different types of challenges that
may be needed to be addressed by the policy and regulations in states concerned.
Section 2.1 presents different challenges faced in promotion of RSPV but, before
that an attempt to review global experience in promotion of solar in general and
RSPV in particular has been made.

2.2 Global Landscape of Rooftop Solar Photovoltaic
(RSPV) and Policy Levers

China leads in cumulative installed RSPV capacities at 43.5 GW, Germany, Japan,
USA and Italy follow at 39.7, 34.4, 25.6 and 18.9 GW respectively. Remaining
countries of the world lag behind and are below the 10 GW mark. India stands at 2
GW installed capacity in 2015 (IEA 2016; MNRE 2017).

Policy instruments have been hailed as one of the key attributes that could lead
to rapid expansion of solar energy market. These fiscal mechanisms showcase a
wide application variety from feed-in-tariffs (FiT), to subsidies or grants to specific
credits or other financial investment routes (Timilsina et al. 2011).
Self-consumption is becoming a major driver of a change from traditional energy to
RSPV installations in the energy market, buoyed by policies such as FiT, net
metering or net billing, placing Prosumers (both, producer and consumer) on the
rise (IEA 2015). Globally and at national level in India, various policy methods or
schemes that have augmented or promoted creation of sustainable infrastructure
through residential RSPV are showcased as checkmark ticks against given countries
in Table 2.

In Germany over 98% of solar capacity consists of RSPV. Germany released its
policy on Energy Efficiency Strategy for Buildings, developed under National
Action Plan on Energy Efficiency (NAPE) in 2015. Herein, 35% of the total energy
consumption and one third of greenhouse gas emissions were taking place in the
building sector, covering residential and non-residential buildings. Before this
policy came into place, Germany’s Energiewende had presented a fundamental
transition by moving to a decarbonised energy system mainly based on renewable
energy like solar and wind energy (Matschoss 2013). In Japan, the RSPV model
show cases favourability for large-scale centralised RSPV systems. As tariffs are
above the retail electricity prices, self-consumption is not incentivized. FiT program
has been used to remunerate excess RSPV electricity not self-consumed for systems
below 10 kW. USA offers tax credits granted by federal US government that the
market finds very positive. In 2014, few states in USA have offered Value-of-Solar
Tariff (VOST) as an option to net-metering. Financing is largely through indirect
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public funding and/or absorbed by utilities along with third party financing alter-
natives. Californian Solar Initiative has been financed similarly for around 60% of
the installed residential systems, and third parties are allowed to benefit from tax
breaks. Thus, absorbing high up-front investment through solar leases (IEA 2015).

In China, rooftop PV initiative is driven by a committed FiT scheme. Financing
mechanism is through a surcharge paid by electricity users. German markets are
driven by self-consumption rather than supply to the grid, consumers receive a high
premium, are incentivised by more than 30%, and are paid above the retail elec-
tricity price.

International Solar Alliance (ISA) is supported by 120 countries and is having a
collective commitment of mobilising more than 1000 billion US Dollar of invest-
ments for affordable solar energy by 2030 (COP21 2015). Main premise of ISA is
that solar energy technologies have made significant progress and can be considered
for meeting a sustainable energy supply demand (Goel 2016). Declining technology
costs, in particular, solar photovoltaic (PV) module prices halving between 2010
and 2012, accounting for a fifth of the increase of modern renewable energy
consumption (GTF 2015). In 2015, total grid connected installed capacity globally
amounted to 225.6 GW (IEA 2016). In summary of the above backdrop, it can be

Table 2 Policy specific support for RSPVs in 6 countries

Schemesa Australia Germany India Italy Japan USA

Direct capital subsidy √ √ √ √ √

Green electricity schemes (GES) √ √ √ √

PV specific GES √

Renewable Portfolio standards (RPS) √ √ √ √ √

Solar set aside RPS √ √

Financing schemes √ √ √ √ √

Tax credits/tax benefits √ √ √ √ √ √

Net metering/Net billing/
Self-consumption incentives

√ √ √ √ √ √

Sustainable building requirements √ √
aSchemes narrated in Table 2 are explained as follows: Direct capital subsidy to hold up-front cost
barriers, for specific PV equipments or total installed PV system cost, Green electricity scheme that
allows consumers to purchase green electricity usually at a premium price, Solar set aside RPs, that
mandate utilities to source a portion of electricity through solar electricity supplies, Investment
funds (one of the financing schemes along with subsidies, generation based incentives etc.) that
focus on wealth creation using PV, Tax credits, that allows some or all expense to be deducted
from taxable income streams for PV installations, Tax benefits, allowing accelerated depreciation
on investments in RE devices, Sustainable building requirements: means changing norms for
development of new buildings, across function/type to include PV and in order to lessen the energy
requirements
Source Sundaray et al. (2014)
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inferred that suitable policy measures addressing the local needs, markets driven by
self-consumption, incentivising financing mechanism to adopt RSPV, wide appli-
cation solar PV technology and its declining costs may lead to significant progress
in meeting the solar energy supply side.

3 Research Methodology

Research methodology has been guided keeping in mind collation of policy features
that may help in scaling up the activities and adoption of RSPV and limited to
Indian context. The barriers to adoption of RSPV were identified in two steps. First,
based on literature review a list of key issues were identified. Literature review was
undertaken at global and India level in order to understand features, broadly cat-
egorised such as regulatory provisions, commercial aspects, financial mechanism
and technology requirements that may help support the solar sector. Thereafter,
semi-structured interviews were conducted with key stakeholders. These stake-
holder were chosen from higher levels in bureaucracy from the concerned ministry,
i.e. MNRE, scientists from MNRE, high level bureaucrat in the state of Telangana
(which is one of latest states to roll out the solar energy policy), consultants who are
working in this sector and supporting various state governments in policy formu-
lation, seniors officials from Rural Electrification Corporation under Ministry of
Power and one developer who has been implementing roof top solar PV technology
in residences across north Indian states. Consequent to identification of the list, it
was discussed with these stakeholders and finalized. Finally, existing policies for
top three states chosen based on highest share of RSPV installed capacities were
reviewed. Review was undertaken to identify, if and how these challenges are
addressed in the policy. Thus, making an attempt to understand how solar policies
and regulations were addressing barriers to RSPV adoption, through comparative
analysis of states policies and regulations.

4 Challenges for Scaling Up RSPV

Challenges faced for scaling up of RSPV can be broadly classified into regulatory,
commercial and implementation, financial and technical. This is based on a review
of various implementation reports, scientific literature and discussions with key
stakeholders (Annexure 1). Table 3 summarizes key challenges faced in promotion
of RSPV.
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4.1 Regulatory Issues

Regulators can greatly enhance RSPV adoption by prescribing and enforcing a set
of standard rules and regulations, which can reduce transaction costs and gestation
period associated with installation of RSPV. Regulators approve tariff trajectory for
consumers, specify interconnection standards, details of energy accounting, billing,
monitoring and verification, banking facilities from utilities, dispute redressal
mechanism etc. All these factors influence RSPV adoption. Clear and simple
institutional structure along with defined timelines would help to bring about
greater transparency and accountability in the programme. Following are some of
the key developmental issues faced in these areas;

a. Net metering versus gross metering, but its operationalization

The grid connected RSPV work either on net-metering or gross metering basis.
In a net-metering system, surplus power generated after consumers own

Table 3 Key challenges faced in promotion of RSVP

Challenges for promotion of RSPV Source

Regulatory issues

Net metering or gross metering but its
operationalization

Gambhir et al. (2012), Thakur and Chakraborty
(2016), Hairat and Gosh (2017)

Lack of market/commitment for green
energy

UK AID, Gosh et al (2015), Rohankar et al. (2016),
Hairat and Gosh (2017)

Skewed consumer tariffs Verma et al. (2016)

Commercial and implementation issues

Lack of awareness amongst consumers/
stakeholders

Goel (2016), Verma et al. (2016), Martin and Ryor
(2016)

Lack of skilled manpower Martin and Ryor (2016)

Insufficient political involvement and
support

Kapoor and Dwivedi (2017), UKAID (2016)

Rooftop availability WB IFC 2014 Gandinagar: 81

Financial issues

High upfront installation cost and need
of appropriate business models

Narula and Reddy (2015), Gambhir et al. (2012),
Kapoor and Dwivedi (2017), Kappagantu et al.
(2015), Sukh and Mandavilli (2016)

Convoluted subsidies and poorly
managed financing options

Kapoor and Dwivedi (2017)

Financial health of distribution utilities Ghosh et al. (2015)

Technical issues

Quality and efficiency of solar PVs Sharda (2015), Manju and Sagar (2017)

Connectivity issues at low voltage and
poor distribution grid/infrastructure

Chattopadhyay (2014), Magal et al. (2014), Sukh
and Mandavilli (2016)

Forecasting and grid balancing issues Chattopadhyay (2014), Magal et al. (2014), Richts
et al. (2015)
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consumption is transferred to the grid and consumer is billed only for ‘net’ elec-
tricity (total consumption minus own production). In a Gross metering system,
entire solar power generated is supplied to the grid at government offered tariffs
known as FiT. Though the debate on comparative advantages and disadvantages
between gross metering and net-metering approach continues, many studies con-
clude that net-metering approach (to encourage in situ generation primarily for
self-consumption) better suits Indian conditions where distribution sector is weak
(Gambhir et al. 2012; Thakur and Chakraborty 2016; Hairat and Gosh 2017; CARE
2015). Different states are at different stages of development of metering regulations
and majority of state regulators have adopted net metering system. Whilst regula-
tions can be improved, the real challenge lies in their operationalization. Lack of
enforcement results in poor clarity of process at utility level and involves multiple
permissions causing delays. It is suggested that regulators require utilities to collect
and publicly make available data on connection requirement, new interconnections
etc. and should penalize for non-compliance. In many cases, consumers reported
confusion and uncertainty about net-metering specifications like maximum RSPV
system size and compared to load, transformer loading, length of contract signed
with utility etc. (Martin and Ryor 2016). Effectiveness in net metering covers
aspects of meter locations, accuracy of reading, types of meters, sealing etc. needing
classification and mitigation. Customer confidence would need to be built along
with setting up of proper energy accounting processes.

b. Lack of market/commitment for green energy

Regulatory commissions need to ensure that the mechanisms for promotion of
green power like renewable purchase obligation (RPO) or solar purchase obliga-
tions (SPO) function adequately. Since, per unit cost of electricity generated from
RSPV will be higher compared to LUS projects, utilities might not prefer power
purchase from RSPV for fulfilling their RPO obligations10 (UKAID, Gosh et al.
2015; Rohankar et al. 2016; Hairat and Gosh 2017).

c. Consumer tariffs

Consumer tariff is the most important driver for adoption of RSPV. Tariffs vary
state wise, consumer category wise and connection type. Highest tariffs are paid by
industrial and commercial consumers followed by residential and agricultural
consumer. Artificially suppressed tariff because of deep structural and political
reasons, weakens the economic case for adoption of RSPV for some consumers e.g.
residential and agricultural (Verma et al. 2016). For example, higher/increasing
power tariff in Tamil Naidu and Maharashtra enhanced RSPV adoption (UKAID
2016). Financial support may be required for installations of rooftop systems in

10To promote RSPV, it is suggested that regulators can adjust RPO benefits from RSPV for
utilities as it has a comparative advantage of avoided transmission and distribution losses
(UKAID).
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residential and institutional premises, where utility tariffs are still not at par with
solar rooftop levelised cost of energy (Ayog 2015).

4.2 Commercial and Implementation Issues

Key commercial and implementation issues are:

a. Lack of awareness amongst consumers/stakeholders

Consumers as well as developers face problem of lack of information and
asymmetric information regarding the government policies, available incentives and
advanced PV technologies (Verma et al. 2016; Martin and Ryor 2016; Goel 2016).
People still believe that solar power is very expensive and pose apprehension about
technical feasibility of RSPV. This often results lack of thrust, poor conceptual
understanding among stakeholder as well as spillover effects like high cost of
capital as lending agencies perceive RSPV as a high risk asset class (Verma et al.
2016). Higher level of public awareness in Tamil Naidu is reported a key factor for
higher adoption rates of RSPV (UKAID 2016). Hence, need for high level of public
awareness and information penetration mechanism as to rightly educate consumers
on economic and technical aspects associated with usage of RSPV.

b. Lack of skilled manpower to manage and drive RSPV industry

For its smaller system sizes, RSPV industry is more labour intensive than LUS,
hence the availability of skilled workforce to design, install and maintain RSPV is
reported a big challenge11 (UKAID 2016). Besides this, capacity need to be built
for key stakeholders like utilities, banks and regulators for greater understanding of
functioning, technical issues related to integration with grid and its impact thereon.
Limited institutional capacity of utilities (in terms of lack of capacity for syn-
chronization and interconnection, lack of capacity among meter readers etc.) was a
key barrier reported in a pilot study with residential consumers in south India
(Martin and Ryor 2016).

c. Insufficient political involvement and support

Distribution utilities are a key stakeholder in all RSPV business models. In long
term, RSPV installation might lead to utility’s loss of consumers, hence, reduction
in revenue. Some utilities might not support RSPV for these reasons. As most of the
utilities are government owned, firm political signals or anchoring also matters.
Ministers at central and state level should emphasize on utilities to actively support
RSPV (UKAID 2016; Kapoor and Dwivedi 2017).

11Although this has positive side as well since it will generate more employment. It is estimated
that 40 GW will generate 500,000 short term jobs and 140,000 long term jobs across country
(UKAID).
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4.3 Financial Issues

Key financial issues are:

a. High installation cost and need of appropriate business models

Even though the cost of PV modules have shown a declining trend, upfront
installation costs remain high (minimum of approx. INR 75,000/kW). The payback
period is long, varying from 6 to 10 years (depending on consumer tariff). Hence,
remain a key barrier to RSPV adoption. Addressing this would require innovative
financing mechanisms in order to provide finances through debt arrangement or
other third party arrangement. Narula and Reddy (2015) examine financial viability
of RSPV for current cost and electricity tariff in Delhi, for two business models
(self-owned and third party owned).12 They found that for smaller size (2.5 and
5 kWp), only self-owned model is financially viable along with 30% subsidy.
Whereas, for large size (greater than or equal to 10 kWp) both self-owned and third
party owned are financially viable without subsidy. At prevailing tariff structure,
Gambhir et al. (2012) shows that it makes financial sense for those consumers
paying higher tariffs (like commercial) to install RSPV. State would need to pro-
mote and demonstrate cases of sustainable business models in residential, com-
mercial and industrial sector to attract private investments (Kapoor and Dwivedi
2017; Kappagantu et al. 2015).

b. Convoluted subsidies and poorly managed financing options

Subsidies were introduced to enhance solar power adoption. 30% subsidy on
capital cost (for residential customers) is provided by central government. However,
not releasing subsidies on time, poor advocacy such as media reports claiming
cancellation of these subsides, had a large negative impact on RSPV adoption as
experienced in the state of Tamil Nadu (Kapoor and Dwivedi 2017).

c. Financial health of distribution utilities

Ghosh et al. (2015) assessed financial feasibility of RSPV for industrial, resi-
dential and off-grid rooftops in the state of Karnataka. Study found that RSPV is not
being adopted because distribution utility has imposed a condition of RSPV size not
to exceed 75% of the consumer’s connected load owing to its poor financial health.
Because of this cap, RSPV generation can not exceed monthly consumption and
consumers will have less incentives to install RSPV. The study concluded that the

12Under self-owned business model (also known as CAPEX model), roof owner invests and owns
RSPV system whereas in third party model (also known as OPEX model), a third party (separate
from roof owner and utility) invests and owns RSPV system. Only 10% of existing RSPV capacity
is built on third party business model. Though, it offers many benefits like access to low cost
financing, greater ability to take and mitigate risks, economies of scale and greater effectiveness of
utilizing government incentives/tax benefits, it is yet to take up because of high contract default
arising from rapid declining cost of solar energy (Goel 2016).
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cap is the stumbling block and unless it is removed RSPV adoption can never gain
momentum.

4.4 Technical

Key technical issues are:

a. Quality and efficiency of solar PVs

According to Sharda (2015) poor quality of solar module is an issue faced by
many RSPV consumers. Since, most of the RSPV components are imported, per-
formance of these technologies in Indian conditions are not known fully as they are
in the developing stages (Manju and Sagar 2017).

b. Connectivity issues at low voltage and poor distribution grid/infrastructure

Technical issues like connectivity issues at low voltage or clarifying appropriate
voltage has been an issue and needs to be aligned (Chattopadhyay 2014; Magal
et al. 2014; Sukh and Mandavilli 2016). Thus, containing erratic behaviour of low
voltage through appropriate protection system would need to be commissioned.

c. Forecasting and grid balancing issues

Energy security and grid stability is another aspect that may be impacted due to
multiple supply sources (Chattopadhyay 2014; Magal et al. 2014; Richts et al.
2015).

5 Are Policies Addressing Identified Challenges/Barriers
for Scaling Up RSPV Initiatives

With a view to understand whether the policies rolled out by the top three Indian
states, namely, Tamil Nadu, Punjab and Maharashtra have addressed few of the
above mentioned challenges, Table 4 provides a comparative summary context of
such policy measures adopted.13

From the above it is evident that States may still need to undertake many
measure to scale up the RSPV implementation. While net metering has been pro-
vided by many States, processes or systems for effective implementation and
monitoring of net metering remain unclear. Aspects of innovative financing for
tackling high installation cost will need to be introduced, though incentives are
limited to grant of subsidies. A political anchor appears missing in all the three
states. It is interesting to note that all the top three states recognise RSPV potential

13Annexure 2 summarizes key measures of solar policies of some states.
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and more for self-consumption, than as a method to sale electricity by consumers.
Policies have already capped or restricted the overall RSPV capacity to the rated
capacity of the distribution transformer of utilities. Thus, acknowledging high solar
future potential and in cognisance of helping tackle the financial health of distri-
bution companies. Lack of roof top availability has not been addressed by these
states, thus, technical issues like forecasting and grid balancing has also remained
untouched.

A review of few other policies, for example for the state of Haryana, new aspects
pertaining to residential RSPV segment and its scalability has also come for fore-
front. Haryana has prescribed minimum area limits of 500 square yards for
mandatory RSPV installation while giving incentive to existing building. This may
bring forth the aspects of minimum roof top requirements in area terms as well. It
may be inferred that RSPV installation cannot be looked at single lens for all
residential category and that policies must specifically address rooftop area needs.
These aspects can be included at the national level in the mid-term corrections
requirements of JNNSM too and also for various states to adopt. Though the study
is limited in covering these area based aspects and planning standards that may be
covered at state and municipal levels and other related technological and con-
struction parameters. These maybe examined in detail in future research.

Thus, based on above analysis it can be concluded that while solar/RSPV
policies and regulations address some barriers, other challenges to a greater extent
depend on efficient functioning of entire power sector and requires cohesive
interventions at sector level. For example, charging tariff that is reflective of actual
cost of supply, which would make economics of RSPV more sustainable. However,
this is another area that requires investigation at implementation level, and remains
a research area to be explored in future.

6 Limitations of the Study

The study is largely based on secondary sources looking at comparative policy
review of top three states and primary discussions with few key stakeholders. One
of the key stakeholders are the consumers who have installed RSPV systems.
Challenges being faced at the consumer end for implementation of solar at resi-
dential sector, especially towards installation, commercial and financial issues, and
regulatory provisions remain as yet to be identified. Thus, in future these aspects
may be covered as a research area.
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7 Conclusions and Way Forward

From the above analysis it is evident that while many measures are being taken to
sustain the RSPV power provisioning across states, and a policy path has been laid,
many issues still need to be addressed. For scaling up RSPV initiatives, and to reach
to a national goal of 40 GW for RSPV sector, the national and state machineries in
tandem may need to spearhead many measures covering policy aspects on imple-
mentation and monitoring of these schemes. Majority states have adopted
self-consumption through net metering and largely based on PV technologies,
making it a tried and tested model. Excess power is either not paid or is paid at
average power procurement cost or can be banked for a limited period. States have
adopted measures to reduce the negative influence of sale of electricity though
RSPV that may affect the businesses of distribution utilities, and consequently may
be resisted by them. The top most three states studied have identified the overall
distribution capacity limit, in words means promotion of self-consumption over sale
for the residential sector.

Planning aspects, such as planning standards at national, state and municipal
levels may have to be introduced as mid-term correction to JNNSM. Also, other
challenges in power sector that impact the solar capacity development like the
average cost of supply being higher than tariff charged to consumer may have to
relooked in the long run for making the economics of RSPV more sustainable.
Challenges being faced at the consumer end where RSPV has been installed need to
be identified through primary research.

Given the nascent stage of RSPV industry, this analysis may be utilised by
various states, policy makers, manufactures and distributors for consistent provi-
sioning of RSPV. In all, the ending thought is a positive and sustainable growth
model, largely self-consumption driven for the residential sector that may lead to
creation of sustainable infrastructure.

Annexure 1

See Table 5.

Table 5 List of semi-structured interviews conducted

Organization type Persons interviewed

Government/Ministry 5

Project consultant 1

Developer 1

Total 7
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Annexure 2

See Table 6.

Table 6 Summary of solar policies of some key states

Tamil Nadu(TN), stands at 1st position, has 14% of all India rooftop installed capacity

1. Proposed to generate 3000 MW of solar energy by 2015—1500 MW utility scale; 350 MW
solar rooftops and 1150 MW under REC mechanism

2. Solar purchase obligation (SPO) along with net metering: For certain categories of consumers
(like HT and LT commercial) it mandates SPO, starting with 3% till December 2013 and 6%
from January 2014

3. Domestic rooftop generation based incentives (GBI): GBI of INR 2 per unit for first two years,
INR 1 per unit for next two years and INR 0.5 per unit for subsequent 2 years will be provided
for all solar or solar-wind hybrid rooftops being installed before 31 March 2014

4. Tariff based competitive bidding for procurement, as well as REC and carbon credit benefits
5. Exemption from payment of electricity tax to 100% on electricity generated, for 5 years

Punjab, 2nd position, 12%
1. Targets 1000 MW of solar power generation by 2022, net metering allowed, cover 3rd party
2. Technical assistance: Technical assistance provided for grid interfacing and power wheeling
3. PV projects exempted from obtaining any NOC/consent under pollution control laws
4. For consumer, maximum capacity of RSPV to be 80% of sanctioned connected load
5. Technical specification for equipment’s, energy meters specified, with o&m procedures
6. Solar Renewable Purchase Obligation (SRPO): Quantum of electricity consumed from RSPV

system by consumers shall qualify towards compliance of SRPO for the distribution licensee

Maharashtra, 3rd position, 11%
1. SRPO: Regulation allows, quantum of electricity consumed from RSPV by consumers shall

qualify towards compliance of SRPO for the distribution licensee
2. Detailed technical specification for net-metering arrangement with energy accounting and

settlement mechanism
3. Regulation lays procedure for application and registration for installing RSPV system, with

renewable energy certificate mechanism

Karnataka, 4th position, 8%
1. Targets 3% of projected power consumption i.e. minimum 2000 MW, solar power capacity by
2021. It constitutes 1600 MW large utility scale and 400 MW rooftop solar

2. Both net-metering as well as gross-metering arrangements are promoted
3. State government promotes energy-efficient design standards with options like grid tied

building integrated PV (BIPV) based building architecture
4. State government contemplates to amend building by laws in respect of floor area ratio

(FAR) in co-ordination with local government and urban development department to exempt
FAR

Haryana, 4th position, 8%
1. Mandatory installation of Solar Power Plant (SPP) of 3–5% of connected load, else

provision of penalty. Extended to select categories of connected load, an extract below:
• New Residential buildings having 500 square yards and above
• Existing residential buildings to be provided with financial incentives to promote RSPV
• All government and private educational institutes with 30 kW and above
• All private hospitals, commercial and industrial establishments with 50 kW and above

(continued)
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Table 6 (continued)

Tamil Nadu(TN), stands at 1st position, has 14% of all India rooftop installed capacity

• All housing complexes with plot size of 0.5 acre and above
2. Net metering for captive use has been incentivised by Regulator, adjusted at 90% of the

electricity consumption, during 1 year, with financial incentive of 25 paisa per unit in their
bills on the solar power generated

3. Use of rooftop of Government buildings and vacant Land on lease/rent basis to IPPs/
RESCOa for setting up solar power projects

4. Expenses for power evacuation shall be borne by the State transmission utility for Extra
High Voltage (EHV)/High Voltage (HV) transmission line up to a distance of 10 km from
inter connection point

5. Waiving off electricity related charges: All electricity taxes and cess, electricity duty,
wheeling charges, cross subsidy charges, Transmission and distribution charges and
surcharges will be totally waived off for roof top solar power projects

6. Price preference shall be given to IPPs
7. Banking of solar power generated by eligible producers, utilised within a year from date of
banking power, and not to be utilised during peak hour loadings
8. Exemptions for solar power projects from many departments on:
• Land use approvals, external development charges scrutiny fee and infrastructure
development charges from TCPOb till valid purchase power agreement

• Forest dept. and environment clearances from Haryana Pollution Control Board
• 100% exemption from payment of fee and stamp duty charges for registration of rent/lease
deed for the land required

Gujarat, 5th position, 6%
1. State capital subsidy of Rs. 10,000 per kW, given to private residential consumer, after

successful installation, up to Rs. 20,000 per consumer, first 100,000 applicants to be
considered initially. Installation limited up to 2 kW for scheme purposes, while sanctioned
load/capacity of plant can go up to 100% of contracted load

2. Enabling provision for public awareness by listing Empanelled Agencies (EA) for
residential rooftop solar PV systems. EA’s role to design the system with all accessories and
equipment, supply, Install, Commission and maintain it for 5 years with free replacement of
guaranteed parts against manufacturing defects. EA will obtain all necessary approvals

Uttar Pradesh, 5th Position, 6%
1. Promoting Self consumption/captive use: Installation of Grid connected Rooftop Solar

Photovoltaic will be based on Net Energy Metering /Net Energy Billing method
2. Mandatory are reservation for Government institutions: By Government/public

institutions at least 25% area of the chair area of its office building for RSPV
3. Nodal Agency earmarked, to facilitate in eligible entities in availing subsidy or benefit from

Central/State Government: Uttar Pradesh New and Renewable Energy Development Agency
shall be the Nodal Agency

4. Empanelment of system integrators: Nodal Agency shall empanel system integrator(s) for
the implementation of target capacity

Kerala, 5th Position, 6%
1. Solar Procurement Obligation (SPO): Mandatory for all Commercial consumers having

above 20 kVA connected load, Industrial users with above 50 kVA connected load
• All HT/EHT consumers and high consuming domestic consumers with more than 500 units
per month shall have to procure 0.25% of their energy consumed through SPO and clause
with 10% increase per annum

(continued)
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Sustainable Subdivision Design
and Energy Consumption of Households
in the Hot and Humid Tropical Climate
of Darwin

S. Safarova, S. T. Garnett, E. Halawa, J. B. Trombley, L. Law
and J. van Hoof

Abstract This paper examines the relationship between sustainable subdivision
design principals, local microclimate, and household electricity consumption. The
energy-efficient subdivision design principals, energy consumption, and adjustment
behaviour of 36 households were investigated in two suburbs of the city of Darwin.
The participating households completed a questionnaire on family structure, ther-
mal preferences, and behavioural adjustment to the indoor environment. Electricity
consumption of households was recorded at 30-min intervals from Nov 2015 to
Aug 2016. The Muirhead suburb, designed with energy-efficiency and
climate-responsive design principals, has 16.9 lots per ha in dense areas and a
minimum lot area of 450 m2. Another suburb, Lyons, has 14.4 lots per ha and a
minimum lot area of 525 m2. Households were divided by lot areas into three
categories: category 1 (450–610 m2), category 2 (611–710 m2), and category 3
(>710 m2). In Muirhead, the average daily consumption of category one household
in the warmer wet season was 98 Wh/m2 per person compared to 154 Wh/m2pp in
Lyons. In the cooler, dry season 48 Wh/m2pp in Muirhead and 87 Wh/m2pp in
Lyons. The cooling load calculated using multiple regression analysis showed that
the main difference in energy consumption between two suburbs was in the base
load. Thus, the energy-efficiency and climate-responsive design principals, applied
to the subdivision, mitigate the impact of urban heat on cooling energy con-
sumption in the hot and humid climate of Darwin. These are preliminary results and
further investigation of the factors that have an impact on energy consumption of
participating households is continuing.
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1 Introduction: Energy Efficiency of Households
and Urban Density

One of the objectives of the Australia’s National Strategy for Ecologically
Sustainable Development is to achieve more sustainable use of energy in urban
areas through the efficient subdivision and building design and promotion of
research aimed at improvement of the residential development standards related to
energy efficient sustainable urban form (Department of Environment and Energy
1992). One of the design concepts of sustainable urban form is density, the ratio of
people or dwelling units to the land area. High density can minimize energy con-
sumption and costs of resource transportation (Jabareen 2006). An increase of urban
density and reduction of energy demand are two of the more challenging tasks that
modern urban planners have to deal with in hot and humid tropical cities. An
increase in air temperature due to the urban heat island effect can result in an
increase in demand for cooling energy. There are many factors that have to be
considered by urban planners in order to mitigate the effect of urban heat (Crawford
et al. 2009). Previous research showed that the important mitigation factors are
shading of urban structures and provision of unobstructed wind flow (Lin et al.
2010; Lin 2016; Ng 2016). The wind plays important role in the dissipation of heat
in the urban environment (Ng 2016). Therefore, tropical urban cities should be
designed with parallel streets aligned to the prevailing breezes, with parks and open
spaces connected by breezeways that allow the unobstructed flow from the wind-
ward to the leeward side of a city. The wind flow also provides natural ventilation in
buildings designed for passive cooling and therefore might influence the cooling
energy demand (Baker 1987; Givoni 1994).

The goal of achieving energy efficient development should be supported by the
implementation mechanisms outlined in planning and building regulations. There
are two views how the energy-efficiency of developments can be achieved through
planning regulations. One highlights the necessity of an introduction of develop-
ment assessment tools, while the other suggests the introduction of guidance on the
climate-responsive design of subdivisions into planning policies (Colia and March
2012; Clark 2001; Berke and Conroy 2000). Both approaches require feedback
from case studies that provide a better understanding of the relationship between
subdivision design, climatic conditions, and household energy consumption. The
real life data on household energy consumption is becoming vital in the wake of
global warming and widening of the tropical belt (Seidel and Rendel 2007). The
study of the relationship between energy-efficient subdivision design, thermal
preferences of occupants, and their preferred methods to adjust the indoor condi-
tions can provide the basis for guidelines and forecasting tools (Feriadi and Wong
2004; Hwang et al. 2009). The aim of this study is to provide a case study of
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subdivision design aimed to employ prevailing breezes and mitigate the effect of
urban heat in the hot and humid tropical climate and develop recommendations for
tropical subdivision design guidelines. The main objective of this paper is to
investigate the impact of hot and humid climatic conditions on cooling energy
consumption of households living in suburbs that differ in density and subdivision
design.

2 Case Study

The impact of increased density and subdivision design on household energy
consumption was investigated in the tropical city of Darwin, Australia. The
Northern Territory Planning Scheme has minimum lot size requirements outlined
for different residential zones. The requirement for lot size in single dwelling
(SD) zone is not less than 800 m2, while for SD in greenfield areas it is no less than
450 m2. The planning scheme outlines that the lot configuration and orientation
should allow a dwelling to take advantage of prevailing breezes. The minimum side
and rear setback for buildings in single dwelling zones is 1.5 m from the wall to the
lot boundary. However, the subdivision design guidelines do not include examples
of lot orientation or configuration, street orientation or the layout of street blocks
that would provide better wind flow.

The research was undertaken in the build-up, the wet and the dry seasons. The
build-up is pre-monsoonal period followed by the wet season and characterised by
light winds, isolated showers, and thunderstorms. In total 36 households from two
neighbouring suburbs (Muirhead and Lyons) participated in this study. Muirhead
and Lyons are both greenfield developments. Muirhead was designed as a higher
density neighbourhood with 16.9 lots per ha and a minimum lot area of 450 m2.
The subdivision has parallel streets aligned to the prevailing breezes in north-wet/
south-east or north-east/south/west directions (Fig. 1). The majority of lots have
greater depth than width. The guidelines for Muirhead require a 4.5 m side setback
between lot boundaries and buildings, 80% permeable fencing, and deciduous
vegetation to provide unobstructed flow for breezes. Another requirement outlined
in guidelines is minimum 6 star house energy rating. Parallel roads, local parks, and
natural areas of open space are planned to provide breeze paths. Muirhead was still
in the development stage when this research has started and had ongoing con-
struction works. Lyons was designed with the continuous line of houses built along
the main road on the east side in (Fig. 1). Lyons has 14.4 lots per hectare with a
525 m2 minimum lot area. The majority of construction works have been com-
pleted in Lyons by 2011.

Participating households were divided into three categories by lot area: category 1
(450–610 m2), category 2 (611–710 m2), and category 3 (>710 m2). The charac-
teristics of participating households are presented in Table 1.
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In Muirhead, 16 participating households lived in a single storey, heavyweight
construction houses and two households lived in lightweight construction houses
built on concrete slabs on the ground. The majority of lots orientated with the long
axis in north-northwest direction. In Lyons, 16 participating households lived in a
single storey, heavyweight construction houses, one household in a two-storey
house with a ground floor of heavyweight construction and a lightweight con-
struction for the upper level and one household lived in an elevated house of
lightweight construction. All habitable rooms in houses had air-conditioning

Fig. 1 Cadastre Map of Muirhead and Lyons suburbs

Table 1 Characteristics of participating households

Lot category Number of
households

Average
conditioned
area (m2)

Average
number of
household
members

M L M L M L

I (450–610 m2) 10 2 114 156 3 2

II (611–710 m2) 7 9 137 149 4 3

III (>710 m2) 1 7 149 134 4 4

M—Muirhead, L—Lyons
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installed. The majority of houses had split system air-conditioners installed. All
participating households had solar water heaters installed. In Muirhead, only two of
the participating households had swimming pools compared to five households with
pools in Lyons.

3 Methods

A survey questionnaire was developed to investigate the occupants’ preferred
method of climate control of the indoor environment. Surveys of participants in the
‘build-up’, wet and dry seasons were conducted in living rooms of houses in
Muirhead and Lyons. Participants were asked to choose the preferred adjustment
from the list, such as operation frequency of air-conditioners and fans or opening
windows and doors.

A weather station was installed in Muirhead to collect half-hourly air tempera-
ture, humidity, wind speed, and wind direction data from January 2016 to January
2017. The wind monitor was installed 7 m above the ground. Half-hourly energy
consumption data for participating households was collected from the Power and
Water Corporation from December 2015 to January 2017. The average energy
consumption of participating households in each suburb was used for comparative
analysis. The half-hourly data was aggregated to calculate the daily average
household energy consumption in each suburb. The average daily energy con-
sumption of households per conditioned square meter and per household member
was used for comparative analysis within the different lot categories. A multivariate
regression analysis was applied to determine the base load and cooling energy
consumption of the average household in each suburb.

4 Results and Discussion

4.1 Weather Data

The weather data collected from the weather station in Muirhead showed that
monthly mean temperature was between 28–30 °C all year except the period from
June to August when mean temperature was 24.7–27.3 °C with the minimum
monthly mean temperature of 24.7 °C recorded in July 2016 (Fig. 2a). The max-
imum monthly mean temperature was recorded in March and November 2016 at
29.9 °C. The monthly maximum temperatures were around 35 °C from January to
April and from October to December. These results correlate with the Bureau of
Meteorology report for Darwin stating that record warm temperatures were in
several individual months including January, February, March, and April in 2016.
The monthly mean relative humidity reached its maximum 80% in the wet season,
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February and December 2016 (Fig. 2b). However, the monthly mean relative
humidity stayed above 60% throughout the year. The monthly mean wind speed
remained below 2 m/s during the whole year. The maximum wind speed was 7 m/s
(Fig. 2c). The direction of much of the wind within the 2–4 m/s speed range was
between north-northwest and north-northeast. The high percentage of breezes from
north-east and south-east was recorded in the dry season.

Fig. 2 Weather data collected from the reference station in Muirhead: a air temperature, b relative
humidity, c wind speed
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4.2 Survey

The survey analysis showed that the total percentage of votes for ‘always’ and
‘often’ open windows was the highest in the dry season (94% votes in Lyons and
88% votes in Muirhead). In Muirhead, the percentage of respondents who preferred
to open windows ‘always’ decreased from 35% in the build-up to 21% in the wet,
and increased to 44% in the dry season. In Lyons, the percentage of votes for
‘always’ open windows decreased from 50% in the build-up to 45% in the wet
season and increased to 61% in the dry season. Overall the percentage of respon-
dents who preferred to open doors ‘always’ or ‘often’ increased from 60% in the
build-up to 100% in the dry season in both suburbs. The higher percentage of
participants using windows and doors in the dry season can be explained by lower
air temperature and humidity compared to the wet season and the build-up
(Fig. 2a), and north-easterly and south-easterly prevailing breezes. The air tem-
perature in July 2016 (dry season) was 20.3–30 °C compared to 26.8–33 °C in
November 2016 (build-up). The lower percentage of respondents that preferred to
have open windows and doors during the build-up and the wet season in Muirhead
was due to several reasons. First, the respondents complained about the amount of
dust in the air from construction works in the suburb. Second, the majority of
respondents in Muirhead were 25–44 years old and were dissatisfied with air
temperature above 28 °C compared to respondents in Lyons who in the majority
were over 45 years old and were dissatisfied with temperatures above 30 °C. The
participants in Lyons, who preferred not to open windows but used open doors,
complained about the short distance between the neighbouring houses and men-
tioned that most of the time in the build-up and the wet season the air movement
through windows was not enough for thermal comfort. Some of the participants
preferred to have closed windows and doors in the wet season to avoid humid air
entering the room and instead run fans.

The fans were observed in use in the majority of houses in both suburbs during
the build-up and the wet season because respondents were not able to attain thermal
comfort through natural ventilation alone. It correlated well with the survey results
that showed the operation of fans as the most preferred adjustment method in the
build-up and the wet season. In Muirhead 84% and in Lyons 90% of respondents
preferred to ‘always’ operate a fan/fans in the build-up and during the wet season,
compared to 50 and 61% in the dry season.

The percentage of Muirhead respondents who preferred to operate
air-conditioners ‘always’ or ‘often’ increased from 70% in the build-up to 83% in
the wet, and decreased to 28% in the dry season. The percentage of Lyons
respondents who preferred to operate air-conditioners ‘always’ or ‘often’ reduced
from 40% in the wet to 17% in the dry season. None of the respondents had the
air-conditioner in use at the time of the survey in the dry season. While in the wet
season, there were 67% of Muirhead respondents and 40% of Lyons respondents
filling out a questionnaire in an air-conditioned room.
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4.3 Energy Consumption

The half-hourly energy consumption of households was investigated in both sub-
urbs. The average half-hourly energy consumption was 0.6 kWh in Muirhead and
0.7 kWh in Lyons. The average energy consumption of Muirhead households was
below 0.6 kWh from 24:00 to 15:30. After 15:30 energy consumption increased
steadily from 0.6 to 0.9 kWh at 18:00, remained at 0.9 kWh until 20:30 then
reduced to 0.6 kWh at 23:00 (Fig. 3). The average energy consumption of Lyons
households was around 0.7 kWh between 24:00 and 14:00, steadily increased from
0.7 to 1.1 kWh between 16:30 and 19:00, remained at 1.1 kWh until 20:00, and
steadily reduced to 0.7 kWh at 23:30. The average energy consumption across all
hours in Muirhead was lower than in Lyons except in the afternoon (13.00–13.30)
when the consumptions were equal. All months had a similar trend, except February
2016 when Muirhead households consumed in average by 0.04–0.3 kWh more than
Lyons households between 9:30 and 17:30 with the maximum difference of 0.3
kWh observed at 13:00.

Weekly profile showed that average energy consumption increased on weekends
in Muirhead and Lyons (Fig. 4). The average daily consumption of Muirhead
households was by about 10 kWh higher on weekends compared to weekdays. On
weekends the average energy consumption of Lyons households increased by
4 kWh. Muirhead households in average consumed by 6–7 kWh less than Lyons
households every day of the week. A similar trend was observed across all months.

The annual profile of the average daily energy consumption shows that con-
sumption was lower during June–August 2016 (dry season) than the rest of the year
(Fig. 5). The average daily consumption in Muirhead was lower than in Lyons
across all months and ranged from 16 kWh in July 2016 to 35 kWh in February
2016. In Lyons, the average daily consumption ranged from 23 kWh in July 2016
to 41 kWh in November 2016. The annual profile shows the connection between
survey results for Muirhead participants (83% preferred to always operate
air-conditioners in wet season) and an increase in energy consumption in February–
March 2016. While survey results in Lyons did not have the connection with energy
consumption in the build-up or wet seasons. There were only 40% of participants in

Fig. 3 Half-hourly profile of the average energy consumption
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Lyons who preferred to operate air-conditioners ‘always’ or ‘often’ compared to
83% in Muirhead, but average daily energy consumption ranged between 38–
41 kWh in Lyons compared to 30–35 kWh in Muirhead during the build-up and the
wet seasons. The average daily energy consumption in Muirhead in July was by
7 kWh less than in Lyons.

The annual profile of energy consumption of households in different lot area
categories is presented in Fig. 6. The daily energy consumption was investigated
per square meter of conditioned area and per household member. The average
energy consumption of Muirhead households in the first category was higher than
average consumption of Lyons households in the same category in January,
February, and April 2016, but lower for the rest of the year. The highest average
daily consumption of 98 Wh/m2pp was in April 2016 and the lowest consumption
of 48 Wh/m2pp was in July 2016 (Fig. 6a). The average energy consumption of
Lyons households ranged from 59 Wh/m2pp in February 2016 to 154 Wh/m2pp in
December 2016.

Muirhead households in the second lot category consistently consumed less than
Lyons households in the same category. In Muirhead, the highest average daily
consumption of 74 Wh/m2pp was in November 2016. In Lyons, highest average
energy consumption of 123 Wh/m2pp was in March 2016 (Fig. 6b). The high
consumption in March and November 2016 correlates with the maximum mean
temperature recorded by the weather station in the same months (Fig. 2a).

Fig. 4 The weekly profile of the average energy consumption. M—Muirhead, L—Lyons

Fig. 5 Annual profile of average daily energy consumption: M—Muirhead, L—Lyons
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The average energy consumption of the Muirhead household in the third lot
category was higher than the average consumption of Lyons households in the same
category in March, April, October and December 2016. In Muirhead, the highest
average consumption of 82 Wh/m2pp was recorded in January 2016 and the lowest
consumption of 33 Wh/m2pp in August 2016. Data for September 2016 con-
sumption of the Muirhead household in this category was not available therefore is
not presented in the graph. Lyons seven households in the third category had
highest average consumption of 85 Wh/m2pp in November 2016 and lowest con-
sumption of 40 Wh/m2pp in July 2016.

Fig. 6 Annual profile of daily energy consumption of households: a lot category 1; b lot category
2 and c lot category 3. M—Muirhead, L—Lyons
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4.4 Cooling Energy Consumption

The difference between annual and daily profiles of household energy consumption
in two suburbs showed the necessity to investigate cooling energy alone. The main
weather variables that impact energy consumption in the tropical climate are
temperature and humidity. Therefore, the cooling energy should include sensible
and latent loads. Previous studies on cooling energy are based on cooling degree
days (CDD) or cooling degree hours (CDH) that quantify how outside temperature
is warmer than the indoor base temperature and the duration of the cooling required
(Durmayaz et al. 2000). Total cooling degree hours for a day can be expressed as:

CDH ¼
X24

i¼1

Tout � Tbð Þþ ð1Þ

where Tout is outdoor temperature (dry bulb temperature) and Tb is the base tem-
perature indoors. In this study, the decision was made to use wet bulb temperature
(WBT) as the base temperature to take account for both humidity and temperature
(Krese et al. 2012). The correlation analysis of daily average energy consumption
and CDHw was performed for WBT base values of 15, 17, 18, 18.5, 19, and 19.5 °C.
The best correlation with the daily energy consumption data for both suburbs was
found to be with a CDHw base of 18 °C, which had a Pearson coefficient 0.812 for
Muirhead and 0.802 for Lyons with p < 0.001. Therefore CDHw with the base 18 °C
WBT, daily mean wind speed and mean wind direction were included as predictor
parameters in multivariate regression analysis of daily average consumption. The
results of regression analysis are presented in Tables 2, 3 and 4.

According to regression models, the average daily base load is 14.9 kWh for
Muirhead households and 22.1 kWh for Lyons household. Wind speed and wind
direction both have a negative relationship with energy consumption at significant p
values for both suburbs. The cooling load calculated based on regression models is
shown in Table 5. The cooling load of the average household in Muirhead is higher

Table 2 Regression model for daily average energy consumption of Muirhead households

Model Unstandardized
coefficients

Standardized
coefficients

t p 95.0%
confidence
interval for B

B Std. error Beta Lower
bound

Upper
bound

Base load (kWh) 14.9 0.8 19.062 0.000 13.390 16.472

Ws (m/s) −0.5 0.2 −0.093 −2.870 0.004 −0.864 −0.161

Wdr (rad. deg.) −0.7 0.2 −0.111 −2.996 0.003 −1.117 −0.231

CDHw 0.108 0.004 0.875 24.030 0.000 0.099 0.117
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by 2 kWh in most months but this difference is within the standard error of both
models.

The Muirhead model describes 67% of the variation in daily energy consump-
tion of the average household. The Lyons model describes 68%. The outputs of the
models and observed energy consumption are presented in Fig. 7. Based on data
analysis and model output the days with high residuals are mainly weekends, public
and school holidays. The model showed that the main difference in household
energy consumption in Muirhead and Lyons is due to the base load.

Table 3 Regression model for daily average energy consumption of Lyons households

Model Unstandardized
coefficients

Standardized
coefficients

t p 95.0%
confidence
interval for B

B Std. error Beta Lower
bound

Upper
bound

Base load (kWh) 22.1 0.7 31.770 0.000 20.761 23.503

Ws (m/s) −0.33 0.2 −0.070 −2.093 0.037 −0.645 −0.020

Wdr (rad. deg.) −0.620 0.2 −0.118 −3.101 0.002 −1.014 −0.227

CDHw 0.093 0.004 0.868 23.329 0.000 0.085 0.101

Table 4 Regression model
summary

Model R R2 Adjusted R2 Std. error of
the estimate

Muirhead 0.82 0.67 0.66 3.6

Lyons 0.83 0.68 0.68 4.1

Table 5 Cooling load based
on models

Months Daily cooling load (kWh)

Muirhead
±3.6 kWh std. error

Lyons
±4.1 kWh std. error

January 16.1 14

February 17.2 14.8

March 18.3 15.8

April 15.3 13.3

May 13.7 11.9

June 9 7.8

July 2.3 2.1

August 3.9 3.5

September 13.2 11.4

October 13.6 11.8

November 15.8 13.6

December 16.5 14.3
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5 Conclusion

This study investigated the energy consumption of households in two suburbs of
Darwin. The results of this study showed that most of the participating households
in both suburbs preferred to use open windows and doors during the dry season.
The survey responses correlate well with low energy consumption in July and
August 2016. During the build-up and wet seasons, the majority of households in
Muirhead preferred to use air-conditioners, which correlates well with an increase
in energy consumption during these seasons. However, there was no correlation of
the preferences of Lyons households for the build-up and wet seasons with energy
consumption for those seasons. The energy consumption of the average household
in Lyons was consistently higher than in Muirhead. The regression analysis showed
that the difference in energy consumption was due to the base load. Thus, the
participating households in two suburbs used in average the same amount of energy
on cooling. In conclusion, the subdivision designed with consideration of
energy-efficiency and climate–responsive design principals mitigates the impact of
urban heat on cooling energy consumption in the hot and humid tropical climate.

This study results showed that the performance criteria for subdivision design
and lot configuration and orientation in the local planning scheme should be
reviewed. The subdivision guidelines should include climate-responsive design
principals that are crucial for the future sustainability of the development in hot and
humid tropical cities. The guidelines should include recommendations for con-
nectivity of breezeways, the maximum size of the street block, and the minimum

Fig. 7 Daily energy consumption of the average household in Muirhead (a) and Lyons (b)
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ratio of the floor area to lot area. The guidelines should present the best examples of
climate-responsive design in the region. The research and audits of the actual
energy performance of urban developments conducted at a larger scale on a regular
basis will provide the case studies for guidelines and planning policies and data for
energy consumption forecasting tools. Considering the high preference of occu-
pants to use air-conditioners for thermal comfort in the build-up and the wet season
further research aimed to improve the thermal performance of the tropical houses is
recommended.

This study is subject to several limitations. First, there was limited number of
households willing to participate in this study and the survey results are only
applicable to the research area. Second, because of limited time, data, and resources
the study focused only on the cooling energy consumption and did not research
other household energy uses. These are preliminary results and further investigation
of the factors that have an impact on energy consumption of participating house-
holds is continuing.
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The Role of Biochar in Sustainable
Agriculture, and Climate Change
Mitigation for Sustainable Cities

Sandra Rodrigues and Edmund Horan

Abstract Sustainable development is facing a transformation. One solution finding
its place as a key strategy in a number of sustainable development goal areas is
biochar. Biochar is a geo-engineered bi-product that is similar in appearance to
charcoal which differs from charcoal in that the organic biomass waste from which
it is created is heated in an enclosed chamber to low temperatures and deprived of
oxygen. This paper investigates the latest studies in crop productivity, commercial
viabilities, and the socio-economic options of biochar production at a local and
international level in the pursuit of sustainability and climate change mitigation. In
terms of sustainability the uptake of biochar as a model for sustainable agriculture is
steadily gaining momentum due to its agronomic potential for crop yields, organic
soil carbon, carbon sequestration and climate change mitigation. The economic
viability of biochar production varies markedly around the world. The most
promising opportunities for soil carbon sequestration have derived from voluntary
carbon markets and government initiatives such as Australia’s Emissions Reduction
Fund. The scheme promoted the integration of biochar in land use management
practices at a farm scale. If biochar is to have a more profound impact on a global
scale, then countries need to adopt a sustainable biochar strategy which is universal
along with standardised sustainability protocols.
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1 Introduction: Origins from Terra Preta de Indio
to Terra Preta Nova

International standard guidelines define biochar as “a solid material obtained from
thermochemical conversion of biomass in an oxygen limited environment” (IBI
2015). Although biochar is similar to charcoal it does differ from charcoal in that
biomass such as wood, manure, leaves and so on is heated in an enclosed chamber
to regulated low temperatures (<700 °C) and deprived of oxygen (Lehmann and
Joseph 2009).

Biochar is being developed worldwide via a range of pyrolysis technologies with
two functions in mind. Firstly, as a soil amendment to improve soil productivity,
increase carbon sinks, and improve soil water filtration. Secondly as an environ-
mental management strategy to mitigate greenhouse gas emissions through the
conversion of biomass into carbon sequestration products such as biochar, bio-oil
and syngas (IBI 2015; Lehmann and Joseph 2009).

Similar to Australia, the Amazon has very poor soils of low fertility with the
exception of the highly fertile terra preta soils which are high in soil organic matter
and nutrients such as nitrogen, phosphorus, potassium and calcium including a high
char content resulting from forest fires and in-field burning practices (Sohi et al.
2009).

The terra preta nova geo-engineered soils (biochar) originated from a concept
developed by Wim Sombroek who “promoted the idea of developing new dark
earths as carbon stores and sinks for intensive cultivation” (Woods and Denevan
2009). The main drive for this new technology is that terra preta soils are gradually
losing soil fertility through the loss of essential micro-nutrients; therefore, we need
to invest in developing geo-engineered solutions that actually retain nutrient
capacity in terra preta soils and other poor soils worldwide (Sombroek et al. 2002).

Anthropogenic black soils are quite predominant in the Amazon region with
localized estimates of approximately 50,000 ha of terra preta between the Tapajos
and Curua Una rivers, south of Santarem (Woods and Denevan 2009), with some
patches known to vary in size from 5 to 300 ha in many places (Sombroek et al.
2002). Terra mulata soils share a synergy with terra preta soils influenced by daily
activities and land use from pre-Columbian tribes with settlement in the region
ranging from 3000 to 8000 years old (Denevan 1996; Glaser and Birk 2012). Land
use practices have also undergone tremendous change following post-Columbian
settlement by the Portuguese about five centuries ago beginning with the landing of
Pedro Alvares Cabral on Brazilian soil in the year 1500 (Nowell 1936).

What remains of these pre-Columbian people and settlements is still a mystery,
and so is their ancient methods of agriculture. What is clear though is that there is a
strong association between the formation of terra preta soils and kitchen middens
(garbage mounds). Terra preta soils are a result of discarded waste (organic and
inorganic) in waste pits situated adjacent to living areas within the settlement
(Myers et al. 2003). Over the centuries settlements have been used and reclaimed by

438 S. Rodrigues and E. Horan

usha.iyer-raniga@rmit.edu.au



different indigenous groups and the waste disposal has accumulated and broken
down into soil organic matter.

1.1 Contemporary Indigenous Practices

The Kayapo are a native Amazonian group which practices sustainable agriculture
involving the use of a biochar process. Their village of Gorotire is located in the
southern area of Para and Northern Mato Grosso in Brazil on the margins of the Rio
Fresco, a tributary of the Xingu River (Hecht 2003). The village of Gorotire was
occupied by the Kayapo around the 1930s, following displacement from their
traditional territory away from European sorcery i.e. disease. According to Hecht
(2003, p. 358) oral accounts suggest that “the ancestors of the Gorotire group, lived
in one ancestral village until the end of the nineteenth century”.

The Kayapo use low intensity “cool fires” to control weeds, reduce biomass in
grasslands and forest understories, create fire breaks, stimulate new plant growth,
stimulate seed germination, and enhance soil fertility in certain vegetation types
(Hecht 2003). The practice of low combustion burning creates one of the main
components of soil stability in Amazonian Dark Earths—charcoal of different
shapes and sizes. Nutrient additions involve the mulching of palm material in the
fields which is afterwards burned; in field cooking hearths: sweet potato, manioc
and corn with the ashes spread over the fields when cooled; and crumbled ant and
termite mounds as a soil amendment (Hecht 2003).

The Kayapo use a form of mosaic burning, selectively choosing patches to be
burned. Determining the right time to burn is chosen by the elders and chiefs of the
tribe. However, it has to occur before the ‘birth’ of the August moon and before the
buds of the Piqui tree reach blooming maturity (Posey 1985).

The Kayapo have been creating ‘forest islands’ for as long as they can
remember. These forest patches are a key aspect to the long-term sustainability of
the Amazonian environment, its wildlife and its people. Posey (1985, p. 142)
describes the creation of forest islands as “an interesting process. Compost heaps
are prepared in existing forest patches from sticks, woody limbs, and leaves. These
are allowed to rot, then beaten with sticks to produce a mulch. This mulch is
subsequently taken to a selected spot in the campo and piled onto the ground. Slight
depressions in the surface are usually sought out because they are more likely to
retain moisture”.

The author further describes how “these depressions are filled with the mulch,
which is mixed with soil from mounds of a termite (Nasutitermes) called rorote,
and smashed up bits of the nest of an ant called mrum kudja (Azteca Sp.). Living
ants and termites are included in the mixture. The resulting mounds of earth, called
apete-nu (newly formed vegetation clumps), are generally one to two metres in
diameter and 50–60 cm deep. The apete-nu are usually formed in August and
September during the first rains of the wet season and then nurtured by the Kayapo
as they pass along the savanna trails to their gardens (puru-nu). Over the years, the
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apete-nu ‘grow’ into large ape-ti (large forest islands with many tall trees about 1
hectare in size over a 10-year period)” (Posey 1985, p. 142).

The Kayapo have demonstrated that land management practices that integrate
and benefit the whole ecosystem including its people can be sustainable. Through a
process of adding mulch, ash, charcoal, ant and termite mounds, and a systematic
mosaic burning management of selective areas, there is opportunity to build resi-
lience and associated benefits in plant communities for food production and
medicines, to encourage wildlife, attract game and birds, firewood, materials for
daily living (i.e. weaving material for baskets and wood for bows and arrows), and
other flow on effects such as soil fertility (Posey 1985).

2 International Contemporary Case Studies

There is a certain urgency to establish biochar’s credibility not only to reduce
greenhouse gas emissions and sequester carbon but to also have agronomic benefit
for food production and soil health. In this section, we examine three case studies
and evaluate their benefits and constraints.

2.1 Case Study: Growing Cacao in the
Toledo District of Belize

In order to combat the common fungal disease monilia, a frequent management
practice in cacao orchards involves the trimming back of extra tree foliage to
increase the air flow between cacao trees and shade trees. This creates an amount of
pruning waste which in the past was left to decompose or burnt in situ (slash and
burn) thus releasing carbon dioxide into the atmosphere (CG 2014).

By providing farmers with financial incentive in the form of carbon payments to
stimulate interest and uptake in the cacao orchards of Toledo, biochar was produced
using the biomass pruning waste as a feedstock resulting in a more sustainable
solution to waste management and a reduction in atmospheric emissions from
previous slash and burn practices (CG 2014).

In the space of twelve months of applying locally made biochar from pruning
waste from cacao and shade trees, to a mixture of age stands there was noticeably
more growth, higher yields of cacao pods, and an increased resilience to the fungal
disease monilia. The use of biochar for enhancing productivity has also instigated a
fundamental change in how farmers produce their cocoa seedlings (CG 2014).

Traditionally these once grafted would have been planted directly into the soil
and left to natural variability to ascertain its survival rate. In the new approach the
cocoa seedlings are grown in the nursery for a longer period of time (*8 months)
using biochar as a soil amendment. The biochar’s water retention capacity reduced
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water usage by 50%, and within three months a 100% growth rate was observed in
the number of seedlings that attained an 8-mm diameter (CG 2014).

One of the key constraints seeing this farming initiative into the future is that its
current levels of biomass waste are not sustainable to produce the quantity and
quality of biochar needed to support the local cocoa industry. Additional sources of
sustainable feedstock such as sawmill residues and rice husks were investigated and
found to be suitable (CG 2014).

The use of these additional feedstocks will change the biochar’s chemical
characteristics and nutrient availability, and therefore will have a differing effect on
the growth and establishment of seedlings in the nursery and as a soil amendment of
cocoa trees in the orchards. Looking into the future, the introduction of biochar in
Toledo’s cocoa orchards will support the propagation and growth of at least 45,000
cacao plants per year and social, economic and environmental benefits to farmers
and their community (CG 2014).

2.2 Case Study: Growing Brussels Sprouts in San Mateo
County, California

Between the spring of 2012 and the fall of 2014, a field trial was conducted on two
test plots involving three treatments, raw biochar, poultry manure compost, and a
biochar-compost mix to test the effect on brussels sprout response to crop yield, soil
health, nitrate leaching, and soil carbon sequestration (RCD 2016).

The field trial suggested that the raw biochar and the biochar-compost mix
treatments resulted in a neutral or negative effect on brussels sprout yield. The
exception was the poultry manure compost which resulted in a neutral or positive
effect on brussels sprout yield. In fact, during the second harvest in the fall of 2013
all the treatments including the control treatment experienced the lowest brussels
sprout yields in the course of the three-year trial although no conclusive explana-
tions were determined (RCD 2016).

In previous biochar studies liming and pH have been suggested as important
contributing factors in stimulating plant growth (Macdonald et al. 2014) especially
as brussels sprouts need a pH greater than 6.5 for optimum growth (RCD 2016). In
this instance the application of liming was not found to have any significant effect
on brussels sprouts yield. Furthermore, it was noted that one of the plots had
exhibited significantly higher soil organic matter (SOM). It was suggested that
SOM in addition to water and nutrient retention perhaps provided the stimulus for
the increase in the plot’s crop yield in contrast to the other plot where the treatments
had no effect on SOM levels (RCD 2016).

Weather and site-specific factors may have played an integral part in the out-
come of the crop yields in the two plots. Extreme weather variations went from hot
summers with little rainfall to minimum rainfall late in the season which may have
had some influence on the lower crop yields experienced in the second harvest
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(RCD 2016). In addition, plot specific differences such as using different brussels
sprout varieties, the amount of site shade, and variation in soil conditions may have
had some influence on the one treatment (poultry manure compost) that produced a
positive crop yield result in the first harvest (RCD 2016).

This project indicates that we have much to learn about the use of biochar in
agriculture and the nuances between the varying nutritional aspects and the growth
requirements of different crops.

2.3 Case Study: Growing Soybeans and Forage Biomass
in Quebec, Canada

One of the largest biochar field trials currently underway pertains to the growing of
soybeans and forage biomass in Quebec, Canada. Established in May 2008, the
field trial used a commercial biochar (CQuestTM) made from wood waste utilizing
the fast pyrolysis process and applied to a clay loam soil. Due to a loss of 30% of
biochar material in the initial application, the biochar plot only received an appli-
cation rate of 3.9 t/ha instead of the anticipated 5.6 t/ha rate. Liming of the clay
loam soil was also concurrently incorporated with the biochar amendment to a
depth of 20 cm and lime was also applied to the control plot (Husk and Major
2009).

The first crop of soybean seeds (Glycine max (L.) Merr.) was planted in the soil
early June 2008 and harvested four months later. The second crop of forage biomass
was a mixture of rye grass (Lolium multiflorum Lam.), red clover (Trifolium pre-
tense L.), timothy (Phleum pretense L.), and oats (Avena sativa L.) was planted in
early June 2009 and harvested two months later due to an extremely wet season.
Biological soil parameters are good indicators of soil health. During the second year
of rotational cropping the earthworm density and endomycorrhizal fungi colo-
nization was on average greater in the biochar amended plot (Husk and Major
2009).

Morphological parameters indicated that plant height for soybean was greater in
the biochar amended plot and the number of root nodules and seed pods was lower
with biochar. For the oats, the most significant difference occurred in plant height,
root and total plant length in the biochar amended plot before the harvest. After
harvesting the oats only root length remained significant whilst the number of oat
seeds per plant increased, however, it was not significant (Husk and Major 2009).

In terms of yield and plant density, the first harvest of soybean produced a 20%
yield increase and notable increases in soybean plant density ranging from 11%
(one 4 m2 quadrat) to 68% (50 plants on 2 adjacent rows) in the biochar amended
soil. In the second harvest, soya yield increased by 17% and the remaining forage
biomass yield increased by 99% with biochar whilst forage plant density exceeded
its expectations at 102% (Husk and Major 2009).
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In the third year of the trial, forage seeding included a mixture of rye grass (Lolium
multiflorum Lam.), red clover (Trifolium pretense L.), and timothy (Phleum pretense
L.) with no re-seeding of oats. Above ground plant biomass, moisture content, total
dry matter yield, and forage nutritional quality all increased in the biochar amended
plot. The notable exception was the plant fibre content showing low levels in the
biochar amended soil which is ideal for this forage crop (Husk and Major 2011).

In terms of plant variety distribution, the biochar amended plot had a higher per-
centage of clover (51%) followedby ryegrass (44%) in comparisonwith the control plot
which was inversely dominated by 60% ryegrass and 35% clover. In assessing the
forage biomass benefits for milk production, it was estimated that the forage grown in
the biochar amended soil had an overall increase in projected milk production ranging
from16.4% increase inmilkpermetric ton to 43.6% increase inmilk per daywhilstmilk
per hectare resulted in a 19.6% increase (Husk and Major 2011).

Of all the case studies examined in this section only the Quebec study had an
appropriate field trial design that included replication and statistical analysis based
on the International Biochar Initiative’s biochar standards aimed at standardizing
testing and measurement of biochar internationally (IBI 2015).

3 Economic Assessment of Biochar Application

Van Zwieten et al. (2009) argues that in order for biochar to become viable and
sustainable it has to have an economic value and an associated carbon market price.
In their study, commercially available poultry litter, green waste, and paper mill
biochar were evaluated using field derived data and found to have an economic
value of $329, $85, and $72/tonne respectively which included a carbon trading
value of $38/ton for poultry litter, $73/ton for green waste, and $40/ton for paper
mill. In addition, the authors also estimated that poultry litter biochar applied at two
application rates of 10 and 50 t/ha to sweet corn generated an economic benefit of
$465 and $1100/t respectively (Van Zwieten et al. 2009).

In contrast in evaluating biochar application to soil based on two methods,
broadcast-and-disk (BAD) and trench-and-fill (TAF), Williams and Arnott (2010)
applied commercially available hardwood waste biochar (CQuest™) utilizing the
BAD method at rates of 2.5 t/acre to 50 t/acre, and found that costs ranged from $29
to $300/acre whilst for TAF application the rates ranged from 5 to 75 t/acre with
costs ranging from $26 to $1280/acre. This potential high cost of application via the
two methods would need to be offset by tariffs and a market mechanism to become
viable including development of innovative application method solutions that are
both cost effective and sustainable (Williams and Arnott 2010).

The compendium of available published literature (Collison et al. 2009; Joseph
2009; McCarl et al. 2009; Shackley et al. 2011) merely focuses on short term
economic scenarios whilst what is actually needed is a cost benefit analysis that
goes beyond the next 20 years and which incorporates all aspects of production and
soil amendment application of biochar (Dickinson et al. 2015). This is an important
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determinant in establishing whether the adoption of biochar by farmers will have an
economic benefit or an economic deficit for their investment in soil carbon land
management practices presently and into the future.

4 Agriculture and Soil Carbon Sequestration Potential
in Australia

There has been considerable interest in storing and retaining carbon in soils for a
number of decades since it was determined that healthy soils are productive soils.
As a potential soil amendment biochar has a number of functions including the
capacity to sequester greenhouse gas emissions as a mitigation strategy to ame-
liorate climate change. It is argued that “soils hold the largest terrestrial store of
organic carbon. Globally, estimated stores of organic C are approximately 684–724
Gt (1 Gt = 1015 g = 1 Pg) in the top 30 cm, 1200–1550 Gt in the uppermost metre
of soil and around 2300–2450 Gt in the upper 2 or 3 m” (Viscarra Rossel et al.
2014, p. 2954).

The current accumulated carbon stocks have been heavily influenced by zonal
climate, lithology, soil type, biota, and Australia’s 200-year-old agricultural land
use practices. It is noted that the combination of low temperatures and waterlogging
tends to slow down the process of decomposition and mineralization of organic
carbon which leads to carbon persisting in the soil for much more extended periods
of time. This is particularly relevant to southern Australia states i.e. Victoria and
Tasmania (Viscarra Rossel et al. 2014).

Downie et al. (2011) argues that there is potential to further increase soil carbon
stocks and soil fertility through anthropogenic derived amendments such as biochar
and charcoal, as evidenced by the highly fertile soils of the Amazon (terra preta de
indio), North-West Europe (plaggen soils), and the ancient agricultural terraced
soils of the Andes. Australia shares similarities with the Amazon, as its
pre-European anthropogenic soils were also created as a result of traditional
cooking earths and refuse mounds over generational timelines (Downie et al. 2011).

To date very little is known about Australia’s dark earths or Terra Preta Australis
(TPA) soils but by their very existence it is possible that Australian soils generally
ascribed as being quite nutrient poor have the potential to play a bigger role in
climate change amelioration, food security and agricultural sustainability (Downie
et al. 2011). In the study conducted by Downie et al. (2011) around 30 oven
mounds were identified above the flood zone of the Murray River along the New
South Wales-Victoria border and classified as Cumulic Anthroposol soils.

Radiocarbon dating places the soils between 650 and 1609 years BP which is
consistent with earlier discoveries in the 1970s dated between 600 and 3500 years
BP. These dates therefore support the theory of continuous organic black carbon
persistence in Australian soils for hundreds to thousands of years (Downie et al.
2011). Soil sampling estimated the average increase of the total carbon mean within
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the top 30 cm to be 3.35%. If this level of increase in soil carbon could be achieved
through the integration of biochar to the top 30 cm layers across the 42 million ha
of cropped soils, Australia would be able to sequester approximately 23 Gt CO2−e

(Downie et al. 2011).

4.1 Australia’s Emissions Reduction Fund

The Emissions Reduction Fund (ERF) is a voluntary scheme set up by the
Australian Government with the functional objective of firstly meeting our climate
change international commitments under the Kyoto Protocol, and secondly to
achieve Australia’s emission reduction target of 5% below 2000 levels by the year
2020 by stimulating economic incentives to organizations and individuals to take
up emission reduction mitigation strategies and technologies (DEE 2016).

The ERF was enacted through the Carbon Credits (Carbon Farming Initiative)
Act 2011, the Carbon Credits (Carbon Farming Initiative) Regulations 2011, and
the Carbon Credits (Carbon Farming Initiative) Rule 2015 (CER 2016). The ERF
scheme offers eight project types which includes soil carbon and agriculture and
rewards businesses and community through crediting and purchasing of carbon
credits. For businesses, a safeguard mechanism has also been included to deter
double dipping (DE 2016).

The soil carbon projects are aimed specifically at building soil carbon through a
change in farming practices and hopes to achieve a reduction of 7.8Mt CO2−e through
existing projects that include biocharwhilst agricultural based projects have generated
emission reductions so far of 1.0 Mt CO2−e stemming from beef cattle, milking cows,
methane from effluent waste at piggeries, and nitrous oxide emissions in irrigated
cotton farms through improved fertilizer efficiency (DE 2016).

Crediting occurs when registered ERF businesses that reduce emissions through
a range of approved activities are credited with one Australian Carbon Credit Unit
(ACCU) for every tonne of reduced emissions or every tonne of sequestered soil
carbon. Once the credited ACCU’s have been issued by the Clean Energy Regulator
(CER), businesses can then sell their ACCU credits at auction to the Australian
Government via the CER or through voluntary carbon markets (DE 2016).

5 Conclusion: Future Options for Biochar in Supporting
Sustainable Development Goals

Biochar has a greater global potential future, one that supports amelioration of
climate change and greenhouse gas emissions in addition to soil carbon seques-
tration. This will underpin agricultural production serving our future sustainable
cities. While some evidence demonstrates that Australian indigenous people
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practised a form of biochar enriched land management, 200 years of colonial
agricultural processes have significantly diminished this process. We have much to
learn from sustainable land management practised by indigenous people in
Australia and across the Pacific to the indigenous tribes in South America.

As an environmental management strategy for farmers in order for biochar to
become viable and sustainable it has to have an economic value and an associated
carbon market price that ultimately provides incentives for uptake. Even with
incentives the market prices need to be at an economic value that provides eco-
nomic returns not economic losses.

Biochar’s credibility is its premise founded on sustainability principles. It is
estimated that the global maximum sustainable technical potential of biochar to
mitigate climate change is about 12% of anthropogenic related emissions. However,
there is still a lot of uncertainty and sustainability challenges surrounding sus-
tainable sourcing of feedstock quality and quantity.

The introduction of international guidelines and standards across the biochar
industry should see biochar’s profile raised across all levels of government and
industry. To date the global biochar industry has grown to twice the size reported in
2013s state of the industry report so the future for biochar looks promising if the
reported barriers and constraints can be overcome.
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Synchronization of Sustainable
Development with Land Development

Kristopher Adam Orlowski

Abstract Sustainable development, particularly the word sustainable has been
overused and misused to the extent that its true meaning is no longer thought of
especially in the field of land development. There are intrinsic conflicts between the
notions surrounding the development of land and sustainability which is heightened
by society and its values. These are the fundaments for the knowledge gap existing
between uniting true sustainability with that of land development that is accustomed
modern society in terms of definition and notion, let alone a model. This has led to
three objectives of this research project which include; (1) Scrutinization of how
development of land since the Industrial Age has conferred to our notions of
sustainability; (2) Exploring possible synergies and tradeoffs between land devel-
opment and sustainable development; (3) Identifying the possible ways and
implications of the change towards a sustainable society. A strong methodology
evolved around an integrated conceptual frame work is used which involves
multi-scale perspectives in aiming to achieve comprehensive insight on this com-
plex issue. Significant outcomes are expected which are not already prevalent in
literature, principally, exploration of synergies and tradeoffs between sustainable
development and land development that can be exploited and handled to put for-
ward the ideals of true sustainable land development.
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1 Introduction

The word sustainable is overly misused in the context of land development to the
extent that its core meaning is forgotten or rather ignored (DuFault and Kho1 2015).
Land development and management is now becoming a concern due to the growth
in population and rapid urbanization. The scarcity of land will affect everybody in
the most dramatic ways as it is core to our survival on numerous levels from food
production to livelihood.

Sustainability and land development in their own right have an innate conflict
due to the underlying competing principles. This complex issue revolves around the
notion that growth is not sustainable and thus current practices of land development
are also not sustainable. Values of accumulation and consumption are deep rooted
in society and are amongst the prime root sources leading to land degradation.
Therefore it is clear that a profound change, right down to our individual character
is needed to ensure new norms to be established in society so that conduct on a
national and global scale will pursue sustainability resulting in appropriate out-
comes from both sustainability and land development perspectives.

The Project Scope of this area of study is restricted to the topics of sustainable
development and land development which will be looked into on individual,
societal and global scales. The timeframe in question is from the beginning of the
Industrial Revolution to the present and futurity.

The definition of Sustainable development for the purposes of this study is that
Sustainable Development is the progression towards sustainability. In its richest
sense, sustainability is the ability to continue to act or behave a certain way
indefinitely.

As Jonathon Porritt, Chairman of the British Government Sustainable
Development Commission eloquently put it “If something is sustainable, it means
we can go on doing it indefinitely. If it isn’t, we can’t” (Poole 2005).

The definition of Land development for the purposes of this study is that the
development of land simply refers to the human impact on a parcel of land or in the
general sense ground area. It may involve:

(a) anthropogenic altering of the landforms from a natural or current state to a
desired state for ease of use or other benefits

(b) building and constructing on top or within landforms for the benefit (usually
economic) of the owner or users of the land
Such purposes of land development and its uses are those evolved around
housing, agriculture, infrastructure or industry.

Combining sustainability and land development we get the term Sustainable land
development which is the term that relates the development of land to the ideals of
sustainability. Essentially it’s sustainable development in an applied manner. In this
sense we can discreetly list a number of key goals as shown in Table 1 that
sustainable land development would achieve.
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Ideally resources are to be shared and communities equally consume and pro-
duce in the same manner. That is the equity principle that overrides cadastral
boundaries.

2 Literature Review

There have been numerous studies into perceived forms of sustainable development
of land. Perceived in the sense that none are self-sufficient or otherwise meet all the
goals listed in Table 1 (p. 2). One of the more recent and ‘greener’ models of land
development is that of CSD (Conservation Subdivision), also known as
Conservation Development. The former term was made popular by Arendt et al.
(1996) (Arendt 1999a, b, 2004). In essence CSD maximizes open space, which act
as the organizing structure of the development which is in the form of a series of
protected lands which encompasses the area and supremely interconnect with
neighbouring communities as a conserved natural system. This does not necessarily
mean the development must have fewer buildings nor does it mean that there will
always be less profit for a developer (Soule 2000). Houses are closer together and
lots are generally smaller, they are arranged to preserve as much land as possible.
The cost benefits for developers and utility service providers are primarily in the
form of savings from not having to construct as much infrastructure such as those
evolved around roads, pathways, drainage, sewerage, water, gas and electricity
(Mohamed 2006).

Fiscal benefits are plentiful as there are decrease costs in: maintenance of public
infrastructure, providing fire and ambulance services, and police protection to even
collecting garbage. However lack of incentives to compensate for reduced profits

Table 1 Sustainable land development desirables

Item Goal

Water and food Sufficient quantity and quality to meet the demand on the
dependent population
Furthermore a healthy and stable seasonal ground water
level and cycle is to be maintained

Greenhouse gas
emissions

Not more than that of the natural environment,
which the land is over can absorb

Air Free from toxic pollutants

Energy Derived only from renewable sources that are part of closed lifecycles

Natural resources No depletion over time, full recycling with no unusable waste

Biodiversity Promoted and preserved

Equity Across society in all forms (educational, intergenerational,
privileges, rights, legal and health)
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from lots has been identified as a barrier by numerous authors claiming this to be a
primary economic factor against CSD (Allen et al. 2012; Bosworth 2007; Bowman
and Thompson 2009; Carter 2009). However this is not without challenge, it’s been
contended that in fact in conservation development houses not only sell for more,
they sell faster and also save on construction costs when compared to houses built
in a conventional development (Bowman et al. 2009). This demonstrates how
uncertain and undeveloped the field of conservation subdivision is and that there is
every opportunity to capitalise on this type of development that can profit industry
and the environment.

Considerations around environment are inherently prioritised in CSD design due
to the development revolving around open space and protected lands. Therefore
there are benefits to biodiversity and wildlife when good CSD incorporates sensi-
tive protected land such as riparian areas (Lenth et al. 2006). This can be extended
to claim conservation of scenic views, historic and archaeological features, recre-
ational provision and perhaps most significantly farmland conservation.
Conservation of farming land is a pressing issue as shown in developing countries
where there are rural households that participate in agricultural activities but do not
have enough land to even produce food for their family, and this problem will only
increase with rising population (Timmer 2015).

It must be noted that CSD does not encompass anything more than allocation of
space to residential area and open areas. There is so much more that needs to be
taken into consideration when building for the future. It has been established that
for human society to be sustainable, we must not confine ourselves only with our
relationship with the environment, rather we should be concerned with the nature of
society and the way it is organised (Espinosa Salazar and Walker 2011). Therefore a
primarily hard sustainable view, encompassing holistic considerations including
issues of population, growth and values which can lend together with the principles
of conservation development in order to better resolve sustainable land
development.

There is a limitation in that even when we develop a theoretical sustainable land
development model, land management is powerfully governed by laws and regu-
lations, as well as public expenditure priorities (Bank 2006). How to best alter these
laws and regulations to promote sustainable land development is outside the scope
of this project, however, it is an opportunity for further research.

Conservational design of subdivision coupled with current best practices in
home design, newest technologies in energy and efficiency and values akin to
preservation is where current industry and society is up to in terms of progression
towards sustainability in a land development context.

Currently, works in the fields of sustainability and land development are argu-
ably miss-focused, in that there is a seemingly overwhelming consensus in that we
shall adapt our model of land development to fit into popular sustainability prin-
ciples rather than starting with fundamental sustainability principles and evolve
land development around them. That is, the notion of sustainability itself must be
part of the core to any application of it so as to keep the meaning of the word
prevalent and meaningful.
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The knowledge gap is in that of the uniting of true sustainability (that which can
continue indefinitely) with that of land development accustomed modern society in
terms of definition and notions, let alone a model. Formed from the literature
review, the intention of addressing these particular research questions outlined
below is to provide new insight into the issue.

How does the development of land since the Industrial Age confer to our notions
of sustainability?

What are possible synergies and tradeoffs that can be drawn from land devel-
opment and sustainable development?

In what ways and with what implications can the change towards a sustainable
society be brought about?

The multidimensional issues of sustainable development and land development
ought to be looked at on different scales. This is due to complexity of the problem
as this issue changes in terms of its own composition when looked at from different
scales. Simply put multiple scale problems hold different properties on different
levels, the problem with this is that the “existence of distinguishable complete
mechanisms” acting on different scales (Brackbill and Cohen 2014). Therefore
using a multi-scale approach such as that proposed for this project (individual,
societal and global) in applying the methodology gives possibility to insight with a
comprehensive system perspective.

A conceptual framework is used as the basis of outlining methodology. This
exploits the nature of the issue and the method of applying perspective of different
scales as it has been demonstrated and concluded that conceptual frameworks are a
qualified and proficient way to tackle issues covering small and large scales
(Maxwell 2009; Ravitch and Riggan 2012). Since the topic of synchronization of
sustainable development with land development encompasses diverse ideas (many
conflicting), it is necessary to use an open methodology which can accommodate
this need. The use of a conceptual framework meets this need as it is a principally a
method to organize ideas to achieve the purpose of a research project (Shields,
Patricia and Rangarjan 2013).

3 Methodology

The research in question will be directed in a three tiered manner which is evolved
around the scale or boundary of consideration. The three levels of scales that are
being referred to are:

1. Individual
2. Societal
3. Global

An overarching progression of contemplation and analysis is recognized and
followed with a mindset of any of the former scales or boundaries of consideration.
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This is referred to as the conceptual framework and is simplified graphically in
Fig. 1.

4 Method

Keeping in mind the three levels of scales throughout each stage, the conceptual
framework in use begins with characterization of sustainable development and land
development in their own respected lights, which is as they are perceived currently
as an individual entity.

Stemming from these characteristic description are links of association between
the two. They are revolved around the:

(a) notions one may comprehend that are associated between sustainable devel-
opment and land development.

(b) implications of pursuing either land development or sustainable development
on the feasibility and state of the other (Fig. 2).

The butterfly diagram shows that the understanding sustainable development and
land development as their own sense and detailing the notions and implications
between them permits an informed finding of a synchronized sustainable devel-
opment and land development schema. The conception and constitution of such a
schema will entail thought experiments and conversant and well-versed conjecture.

Analysis of synchronization between sustainable development and land devel-
opment will yield distinct synergies and tradeoffs which may be exploited and
handled.

Fig. 1 Conceptual framework Orlowski (2017)
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5 Discussion

Tables 2 and 3 have been created with the aim to aid in comparison and under-
standing a rounded and holistic view of the issues in question and further develop
them in the context of synchronizing sustainable development with land develop-
ment. In fact, it is shown that all current prominent notions and views are com-
patible with this research and together offer a balanced view.

The conundrum of synchronized Land development and Sustainable develop-
ment is shown in Fig. 3. There are clear differences in the core principles and
concepts between the two on all scales; individual, societal and global. Based upon
current notions and the implications of these notions on the item itself one can
source what these notions must have their own implications of affecting the item
itself in order to transform them into a state where they are in synchronization. That
is, that the idea and reality of land development is itself sustainable development.

The individual, societal and global nature of this issue as depicted in Fig. 3,
draws the need for understanding of all people and their belief and attitude system
in order to drive change towards sustainable land development. Ecological
Economics ‘Policy assessment and simulation of actor orientation for sustainable
development’ excellently rationalises this view:

Fig. 2 Butterfly diagram Orlowski (2017)
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Table 3 Coordination and organisation table of prominent notions and views

Notion/view Authors progression

Sustainability as an end state Finite amount of notions and implications of
these notions exist between sustainable
development and land development
These can be identified and characterized
We can synchronize the use and development of
land with sustainability based on these through
exploited the synergies and overcoming the
tradeoffs through policy

Sustainability development as an process Define the steps and short term goals needed to
implement change at multiple scales. Evaluation
at the end of each term on what the steps and
goals should be for the following term

Three pillar approach
• Social
• Ecological
• Economic

Synchronization of Land development with
Sustainable development would bring the social
and ecological aspects to the forefront of
decision making as compared to the current
economic approval for land development

Dualistic
Relationship between humanity and nature

Use of this dualistic principle to establish
balance and trade-offs between undeveloped
natural land and developed land

Dematerialization
Reducing the amount of matter and the
energy throughput per economic activity
unit
Resocialization
Increase well-being per economic activity
unit

If adherence to resocialization and
dematerialization became a norm, then the
compounding the reduction in the need to
economic activity with the reduction of
consequence of economic activity would
provide the framework for sustainable use of
land

Fig. 3 The conundrum of synchronized land development and sustainable development Orlowski
(2017)
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Sustainable development is not arbitrary. It has to remain within the strict boundaries of an
accessibility space that is defined by physical constraints (laws of nature, causal relation-
ships, physical environment, solar energy flow, material resource stocks, carrying capacity),
by constraints of time and system laws (delays, inertia, permissible rates of change,
feedback, and self-organization), and by the constraints of human actors (intellectual and
organizational ability, culture, ethics and values, technology, social and political system)
(Bossel 2000). Behaviour is shaped by the perceptions of these constraints by the human
actors, not by their actual state. These perceptions—the cognitions of actors—are therefore
powerful determinants of future development, and must be properly accounted for in policy
assessments and development studies. (Bossel 2000)

Thus value systems and perceptions are the underlying resistors but also
prospective drivers for the shift to a sustainable society.

As value systems and perceptions take time to change, particular additional
measures can be implemented in order to bring about this desired state more
promptly. One of such is described below in the context of synchronizing sus-
tainable development and land development through the understanding of syn-
ergies, tradeoffs and their implications to better shape the measure to be emplaced.

Idea: Ensure everyone has a right to use of land. Take away the ‘right’ to
purchase land/property that you directly will not use. Modify land tenure for
companies to only use land for ‘best use’ based upon geographic/inherit suitability
for current needs/demands from society. Meaning take away the privilege to pri-
vatise monopoly of land and exploitation of land.

Synergies

• Increase liquidity in the market which further allows for rapid development and
change

• Equity principle is met at a basic level
• Encourages higher density living as population increases
• Tackles the core primer to the threat of humanity, overconsumption. Creates a

foundation for rapid change in other aspects of consumption, such as food,
water, resources and goods

• Technology advancements, especially in the 3D cadastre
• Concentration of wealth limited in not only in itself occurring but its impact on

the environment
• Affordability of living is significantly increased
• Transparency in the cadastre and relevant information can be made open
• Institutes favourable outlook from travellers to host nations/regions
• Will draw out a sense of belonging for each individual
• No homelessness and lower poverty levels

Tradeoffs

• Traditional economics of land abolished
• New norms needs to be established
• Travelling overseas or to regions where you do not know anyone may be more

difficult
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• Each property must have a “permanent” registered “user”, nobody can be a
“user” of two properties simultaneously

• Nations/states have more control of foreigners but locals have more freedom
• Conformity in the way people travel and stay in a nation other than their own
• Lower immigration and increase in ‘us and you’ mentality between nations

Implications

• Cooperation on a large scale necessary to ensure best use of land
• Cooperation on a societal scale to create this norm
• Cooperation on an individual scale to live this way and ideally advocate

Such thought experiments which utilises the conceptual framework as presented
in Fig. 1 may lead to new understandings, holistic views and potential steps to work
towards true sustainability, one of which can be implemented today for a planned
and controlled indefinite future.

This process of thought experiment can be carried out on current land systems
such as CSD (conservation sub division) in which are clearly not sustainable due to
it being built around growth. A hard sustainable view, encompassing holistic
considerations including issues of population, growth and values which can lend
together with the principles of conservation development in order to better resolve
sustainable land development enough so that the notion will change from land
development to land redevelopment.

6 Conclusion

The methodology used is that of a conceptual framework which is geared around
the foci of the set of research questions presented in this paper. The method outlined
encompasses this conceptual framework and procedurally outlines the relationships
and associations between elements. In doing so, it addresses in detail each research
question and hence achieves the project outcomes.

An integrated conceptual frame work has been used involving multi-scale per-
spectives which has achieved its aim in providing comprehensive insight on this
complex issue of the synchronization of sustainable development with land
development.

The project outcomes are that of answering the proposed research questions. The
proposed research questions are formed from the basis of a detailed literature
review into the topic of sustainable development and land development. The
intention of addressing these particular research questions is to provide new insight
into the issue.

They are as follows:
How does the development of land since the Industrial Age confer to our notions

of sustainability?
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The rapid increase of use of land for resources to bring us here today has drawn
us to question our current trend and motivation with the concern for the future. The
word sustainable is often termed to describe this awareness in many aspects to the
level in which it has been overused and misused to the extent that its true meaning
is no longer thought of especially in the field of land development. The intrinsic
conflicts between the notions surrounding the development of land and sustain-
ability is heightened by society and its values. Thus there is a need to unite true
sustainability; that of which ensures the ability to continue to act or behave a certain
way indefinitely with that of land development.

What are possible synergies and tradeoffs that can be drawn from land devel-
opment and sustainable development?

There are numerous potential synergies in synchronizing sustainable develop-
ment with land development, some of the more prevalent ones are as follows:

• Increase liquidity in the market which further allows for rapid development and
change

• Technology advancements. Especially in the 3D cadastre
• Concentration of wealth is limited
• Housing affordability is increased
• Transparency in the cadastre and open information can be established simply
• Institutes favourable outlook from travellers to host nations/regions
• Tackles the core primer to the threat of humanity, overconsumption. Creates a

foundation for rapid change in other aspects of consumption, such as food,
water, resources and goods

• Will draw out a sense of belonging for each individual

Tradeoffs are required to in order to facilitate this synchronization. Primarily
there are two:

1. Traditional economics of land abolished
2. New norms needs to be established

In what ways and with what implication can the change towards a sustainable
society be brought about?

Value systems and perceptions are the underlying resistors but also prospective
drivers for the shift to sustainable society.

As value systems and perceptions take time to change particular additional
measures can be implemented in order to bring about this desired state more
promptly. One of such is described in the context of synchronizing sustainable
development and land development through the understanding of synergies,
tradeoffs and their implications to better shape the measure to be emplaced. That is:
Ensure everyone has a right to use of land. Take away the ‘right’ to purchase land/
property that you directly will not use. Modify land tenure for companies to use
land for best use based upon geographic/inherit suitability current needs/demands
from society. Meaning take away the privilege to privatised monopoly of land and
exploitation of land.
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7 Recommendation

How to best alter laws which govern regulation of development of land in order that
they align and promote sustainable land development and how best to transform
their current norms voluntarily is an outstanding opportunity for further research
and development.
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Closed Loop Food Production
and the ‘Greening’ of Corrections
Facilities: Using Composted Kitchen
Waste for Fresh Food Production

Wes Death and Edmund Horan

Abstract Food represents a large proportion of putrescible waste in landfill in
Australia, with very little food waste processed to recover resources. This has
environmental impacts in the form of greenhouse gas generation and other exter-
nalities. Prisons typically waste high levels of food compared to the general com-
munity and, with the exception of a few small-scale and isolated composting
examples in Australian prisons, the majority of prison food waste is sent to landfill.
Internationally, especially in the U.S.A., the so-called ‘greening of corrections’ has
gained pace over the past few decades with the movement espousing similar
objectives to certain United Nations (UN) Sustainable Development Goals. The
literature suggests that prisoner participation in sustainability measures, environ-
mental stewardship programs, landscape gardening and or agricultural/horticultural
production decreases the chance of recidivism and is likely to improve the chance
of post-release employment in the sustainability industry. As part of the greening of
corrections, there are a number of examples of large-scale food waste composting
operations used as the basis for significant, and often lucrative, fresh food pro-
duction in prisons. Various U.S.A. prisons have demonstrated substantial waste
disposal savings and further savings on fertilizers and fresh produce as a result of
food waste composting processes. The types of food waste composting technologies
and techniques utilised in these U.S.A. prisons, the savings in waste disposal fees
and fertilizer costs, and the consequent food production could have beneficial
impacts if modified for Australian conditions.
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1 Introduction: Food Waste in Australia

Sustainability Victoria’s (SV) Statewide Waste and Resource Recovery
Infrastructure Plan (SWRRIP) found that in 2011–12 roughly 1,461,000 tonnes of
waste was sent to landfill (Sustainability Victoria 2015). Of the waste sent to
landfill, 929,000 tonnes was food waste and of this approximately 31,000 tonnes
were recovered for processing (Sustainability Victoria 2015). The Victorian
Organics Resource Recovery Strategy (VORRS) found that only 4% of food waste
across all sectors was recovered (SV 2015).

There are various environmental impacts of food waste to landfill. A 2009 report
by the Department of Environment, Water, Heritage and the Arts (‘The Full Cost of
Landfill Disposal in Australia’) discusses “externalities” that include impacts on the
environment, human health or social amenity of food waste to landfill (Department
of Environment and Energy 2009).

The Intergovernmental Panel on Climate Change found that food waste is a
significant contributor to greenhouse gas (GHG) emissions and accountable for
approximately 5% of the global greenhouse budget. Bogner et al. (2008) found that
this 5% consists of methane (CH4) emission from anaerobic decomposition of solid
waste and carbon dioxide (CO2) from wastewater decomposition.

A significant proportion of prison waste comes from food. Lou and Nair’s
(2009) study at Hakea prison in Western Australia (WA) found that 68.2% of the
prison’s daily waste stream sent to landfill was putrescible waste and that 89.9% of
that was food waste. While it is unknown exactly how much food waste in Australia
comes from prisons, a community waste stream analysis conducted by Griffin et al.
(2009) in the United States of America (U.S.A.) found that prison food waste per
person was around three times as high as household food waste.

While there is little published information about large-scale composting or food
waste processing in Australian prisons, there are some examples in New South
Wales (N.S.W.) and Queensland where prisoners have been involved in small-scale
processing or composting food waste for use in prison gardens (Department of
Attorney General and Justice 2012; Department of Community Safety 2010). One
particular success story is the Alexander Maconochie Centre, a minimum-maximum
security prison in the Australian Capital Territory (A.C.T.), which uses vermiculture
to compost food waste destined for the prison’s gardens. A. Penders (personal
communication, 5 April 2017) reported that between 560–700 l of food waste and
additional shredded paper is put into their worm farms each week. With this com-
posted food waste being used to enrich the soil, A. Penders (Email correspondence, 5
April 2017) advised that the prison produced around 5800 kg of vegetables during
2015–16. However, there was no information available in the literature relating to
state-wide corrections organics recovery strategies, suggesting that the use of kitchen
waste to support food production in prisons is not done systemically.

Davis et al. (2016) define Closed Loop systems as: “systems that are designed to
incorporate waste back into one or more stages of production”. There is little
published information regarding Closed Loop food production in Australian
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prisons. While there is information about food production from kitchen waste in
prisons internationally, mainly in the U.S.A., there is little published about the
process of establishing such closed loop food production systems. There is a dearth
of published case studies where prisons sought to close the production loop and
described the entire process, including successes, failures or lessons learned.
Therefore, there is very little information available that might guide the process for
new programs that is based on past trial and error.

In the U.S.A., there is a body of research regarding food waste processing/
composting in prisons, mostly in Washington State and New York State but with
examples in many other states. It appears that U.S.A. prisons processing food waste
to compost utilise the product on-site, either with landscaping or in food production,
with some prisons donating their compost locally or selling it to prison employees.
Mendrey (2013) provides Washington State’s Sustainability in Prisons Project
(SPP) as an example of a prison network that has implemented on-site food waste
processing and food production and through this enjoyed substantial financial
savings, prisoner job training and improved sustainability performance.

The reason as to why Australian States and Territories have not followed suit
with network-wide strategies such as those employed in U.S.A. prisons is not clear
and may vary across the States and Territories. However, there are indications that
policies are taking shape and that the practical implementation of composting ini-
tiatives should follow.

There is recognition at the South Australian state level that correctional facilities
are significant generators of waste (Zero Waste SA 2010). Such recognition has led
to the generation of waste reduction targets at the Victorian state level. For example,
the Victorian Department of Justice and Regulation specified in their 2014–15
Annual Report that they aim to reduce food waste to landfill by 10% compared to
2014–15 levels (Department of Justice and Regulation 2014–15). The Victorian
State government has expressed interest in using food waste as the fuel for compost
to increase on-site food production. Specifically, their 2013–14 Annual Report
mentioned the installation of waste digesters to convert food and green waste into
fertilizer for on-site horticultural production (Department of Justice and Regulation
2013–14).

While there is little experience with food waste to compost programs in
Australian prisons, there is ample information from the U.S.A. corrections setting
to guide both implementation and sustainability locally.

2 Composting in Prisons

A number of U.S.A. correctional facilities have documented both implementation
of composting programs and their successes. With regards to program set-up, there
is literature detailing composting techniques and technologies used to process food
waste in prisons (Smith et al. 2006; WRAP, Bush et al. 2015). There are also some
key case studies that discuss these different techniques and technologies and their
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suitability in different settings. These studies address some of the important factors
that affected the efficiency of composting systems, including why they were suited
to their particular corrections environment, and discuss other issues like food waste
separation techniques and skills training (Emerson 2014; Goldstein 2003; Marion
2000; Ulrich and Nadkarni 2009).

Similarly, there is a convincing body of research in the U.S.A. justice system
confirming that food waste composting programs have significantly reduced
organic waste to landfill. For example, Ulrich and Nadkarni (2009) found that
Cedar Creek Corrections Centre (C.C.C.C.) in Washington State removed around
30.2 kg of organic waste from landfill per prisoner per annum due to their com-
posting programs (2009). Flammer (2014) found that a correctional facility with
3500 prisoners in San Diego County California uses large vermicomposting beds to
process 15 tonnes of food waste per annum. As a consequence of the diversion of
food waste from landfill and food waste processing on-site, there is evidence that
composting has delivered significant financial benefits to participating prisons. For
example, Emerson (2014) provided the example of Waymart Correctional Facility
in Pennsylvania housing 1400 prisoners that saves approximately USD $30,000 per
annum on waste disposal costs. Marion (2000) stated that Gowanda Correctional
Facility in New York realised annual waste disposal savings of up to USD $89,959
by composting their food and yard waste in a covered windrow composting facility.

3 Agricultural and Horticultural Production in Prisons

Growing food in prisons can be a lucrative exercise and there is a significant body
of published literature showing its high monetary value. In the U.S.A., there is a
great deal of information confirming that in-house agricultural and horticultural
production can significantly decrease the prison network’s reliance on external
suppliers, and deliver significant food mile and carbon emission reductions
alongside triple bottom line benefits. As a surrogate measure of this benefit,
MacCready (2014) found that some states in the U.S.A. have passed legislation
requiring the establishment of prison gardens, mainly on the basis that the measures
save the state money.

Bush et al. (2015) advised that across Washington State, approximately
77,110 kg of fresh produce is grown in correctional facilities. In Florida, Sherman
(2014) estimated that during 2013–14, the value of produce grown in Florida
correctional facilities was USD $4.5 million with a budget of USD $1 million
(weight of crop was 4.03 million kg). Sherman (2014) estimated that this was equal
to savings of USD $3.5 million. In the Australian context, N.S.W. and W.A. appear
to have published the most information regarding successful food production in
prisons. Information sourced from the Department of Corrective Services W.A.
Annual Reports indicate 100% self-sufficiency in the supply of milk, eggs, and red
meat, while internal production of fruit and vegetables meets 70% of their
requirements (largely through three prison farms). Corrections W.A. reported that
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three prison farms supplied a total of 1,122,189 l of milk, 572,094 kg of meat and
110,337 dozens of eggs, which represented a total value of approximately
$7 million (WA Department of Corrective Services 2013). In addition, market
gardens in public prisons collectively produced vegetables to a value of $815,703
(WA Department of Corrective Services 2013).

However, there is no published information in the Australian context showing
how much, if any, of our prison’s agricultural/ horticultural production has utilised
composted food waste as fertilizer or feed. Such data is available in the U.S.A.
context. In Washington State at the CCCC, Ulrich and Nadkarni (2009) found that
compost made on-site met nearly all the facility’s fertilizer requirements and con-
tributed to an annual production of 5900 kg of fresh produce for use in the prison.
Similarly, Mendrey (2013) provides an example of a corrections centre in Shelton
(Washington State) that uses their compost to produce 6803 kg in food from food
waste, half of which is donated to local food banks. There is nothing demonstrably
unique about these U.S.A. facilities, and the evident horticultural skills of W.A.
prisons would clearly translate well to the processing of food waste to compost. If
this was realised, it would provide not only an alternate activity for prisoners but
also a substantial cost saving in terms of reduced waste removal and lower
expenditure on fertilizer.

4 Sustainability Programs in U.S.A. Prisons, Green Jobs
Training and Post-release Employment

Closed Loop food production is just one element of the ‘greening’ of Corrections—
a phenomenon that has gained significant momentum in the U.S.A., especially over
the past 20 years. The most widely publicised network of such prisons is the SPP in
Washington State.

The SPP was established in 2003 in partnership with Evergreen State College.
Broadly, the SPP seeks to increase the resource efficiency of prisons and to deliver a
range of environmental, personal or therapeutic benefits, alongside training pris-
oners in green industries. LeRoy et al. (2012) found that the SPP has delivered on
its overarching aim of achieving significant economic savings.

Other states in the U.S.A. have implemented similar measures to increase the
sustainability credentials of corrections. For example, in 2012 the Illinois
Department of Corrections unveiled a plan to create more efficient and sustainable
facilities, minimise resource use and maximise recycling, develop workplace skills
in sustainable industries, and develop links to green industries for post-release
employment in order to reduce recidivism (Illinois Department of Corrections
2012). Similarly, in 2012 the Ohio Department of Rehabilitation and Corrections
developed a 3-year strategic sustainability plan to reduce consumption of water and
electricity and decrease waste disposal costs. The program seeks to provide skills
training to offenders on environmental issues, green jobs skills and to develop links
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to green industries and employment opportunities. The program’s goal is to save
money, preserve the environment, and prepare inmates to lead sustainable lives post
release (Ohio Department of Rehabilitation and Correction 2012).

As a result of the UN Sustainable Development Summit in September 2015,
world leaders pledged to adopt 17 Sustainable Development Goals (SDGs)
including 169 targets effective from 1 January 2016. These goals, with the over-
arching aims of fighting inequality and injustice, fixing climate change and ending
extreme poverty, are designed to frame national policy agendas over the following
15 years. The prison sustainability reforms already discussed can achieve aspects of
the SDGs, namely the fourth and twelfth goals relating to “inclusive and quality
education for all (to) promote lifelong learning” and “sustainable consumption and
production patterns”, respectively (United Nations 2016). The priorities set out in
the aforementioned prison sustainability plans in Washington State and Ohio sought
to satisfy similar goals as articulated in the SDGs in regards to equal access to
affordable and quality technical education and the promotion of peace and
non-violence. Also, such measures also satisfy the twelfth SDG as they seek to
“substantially reduce waste generation through prevention, reduction, recycling and
reuse” (United Nations 2016).

While it is acknowledged that recidivism levels are hard to track due to a lack of
resources for monitoring, there is some evidence that prisoner participation in
sustainability/prison garden programs in the U.S.A. has reduced recidivism. One
example results from collaboration between the Insight Garden Program (IGP) and
the Planning Justice organisation at San Quentin prison in Marion County
California.

An element of Planning Justice’s work is to address injustices in the food
movement by promoting economic, social and food justice. In the IGP, prisoners
are trained in organic food production and permaculture and involved in the
planning, designing, building and maintaining of prison gardens and, most
importantly, attempts are made to link the participants with jobs in the industry
upon release. A 2011 survey conducted by IGP in MacCready (2014) found that
117 men employed post-release from 2003 to 09 re-offended 10% of the time
compared to 70% for non-program participants. MacCready (2014) also discussed
another program in a 2014 dissertation reporting similar levels of re-offending
(10%) for those involved in the program.

A similar study by Van Der Linden (2015) found that recidivism rates for
graduates of green programs were between 10–24% depending on the specific
program. Despite these positive findings indicating that participation in prison
sustainability programs decreases recidivism, Van Der Linden (2015) acknowl-
edges that data on the topic comes from small and self-selected samples.

While there appears to be a positive correlation between participants in Green
prison initiatives and decreased recidivism, there also seem to be positive impacts
upon post-release employment prospects. The U.S. Bureau of Labor Statistics found
that between 2010 and 2011 those employed in “green” jobs increased from 3.1 to
3.4 million (Elliott and Lindley 2017) and Morgan (2011) advised that some within
the not-for-profit sector believe that new green jobs should present increasing
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opportunities for ex-offenders in the U.S.A.; however, there is a lack of data con-
firming that prisoners have been able to obtain sustainability-focused jobs.
Unfortunately, due to the difficulty and expense involved in tracking ex-prisoners,
there are no reliable figures about green program participant post-release employ-
ment in the sustainability sector, environmental stewardship sector, landscape
gardening and/or the agricultural/horticultural industry. However, one study dis-
cussed by Clarke (2011) asking prisoners and prison staff about the benefits of
prisoner participation in SPP programs found that an increase in job skills and
employment prospects was the third highest perceived benefit behind interest in
environmental topics and positive social interactions. Furthermore, there are indi-
cations that participants were more resilient, had more life skills and were generally
more employment ready. According to various studies, horticulture as a form of
indirect therapy has a number of psychological benefits and healing outcomes that
impact upon employment prospects (Krasny 2015; MacCready 2014; Sevin 2015).
Rice and Remy (1998) refer to garden programs that cultivate “healthy self
development” with McGuinn and Relf proposing that juvenile offenders relish the
opportunity to prove that they can be successful in horticultural work and use such
success to develop a positive self image (Elings 2006).

5 Conclusion

It is clear that prisons produce significant waste, of which food represents a high
percentage. This paper provides evidence that food waste to landfill can have
associated externalities and represents a significant missed opportunity both in
terms of monetary savings and prisoner rehabilitation.

Despite Australia lagging behind countries like the U.S.A. in the institution of
Closed Loop programs, there appears to be a growing awareness amidst policy
makers that there are social, environmental and financial benefits of composting
prison food waste. There is some evidence in Australia that isolated measures have
been implemented where compost from food waste is being used to produce fresh
produce on-site. International examples demonstrate how composting food waste
on-site can deliver significant waste disposal savings and provide inputs for
meaningful on-site fresh fruit and vegetable production. That there are established
horticulture and agriculture programs already operating in Australian prisons sug-
gests that translating the findings from the U.S.A. correctional context is feasible.

Importantly, food waste to compost initiatives have formed a part of broader
prison sustainability reforms which include training in horticulture, landscaping,
environmental stewardship and gardening. Evidence is also available showing that
participating in such programs can be a form of indirect therapy for prisoners,
which in turn can reduce recidivism and improve prisoner post-release employment
prospects.
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In sum, the evidence base from our overseas counterparts suggests this myriad of
benefits is also available to Australian prisons, and creates a strong argument for
further research into Closed Loop food production in Australian prisons.
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Manifestos for Sustainable Development:
Sustainable Modular Steel-Precast
Concrete Building Construction System
for Dwellings in Singapore

Kian Heng Liew

Abstract Existing and ageing landed residential dwelling properties in Singapore
are continuously undergoing reconstruction and improvements. Due to the many
faceted architectural designs that are unique to each and every individual owner’s
brief, most of such constructions are non-repetitive and use of reinforced in situ
concrete with brickworks is commonly adopted. With recent drastic manpower
shortage, such traditional construction, which normally takes 6–12 months to
complete, is becoming very challenging. The use of sustainable modular
steel-precast concrete building construction system paves a path for future con-
struction of small-scale one-off design dwellings. This paper explores the imple-
mentation, implications, innovations and achievements of using this modular
system in one such project. This is likely the first project in Singapore to test-bed
such system for landed residential dwelling addition and alteration. It was con-
ceived by a professional engineer, the project expert with the full support of the
owner right from the onset. The paper offers professionals, builders, developers and
other stakeholders in sustainable development to meet their goals in such building
constructions.

Keywords Sustainability � Efficacies � Safety � Productivity � Steel-precast con-
crete � Dwellings � Green

1 Introduction

Singapore has been Southeast Asia’s most modern city in building constructions
and developments. The city blends Asian and colonial architectures and cultures. Its
unique ethnic tapestry exudes the construction of diverse and faceted architectural
designs. Its rapid rate of development due to economic progress and population
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shift signify the need for continual upgrade, reconstruction and improvement of
infrastructure and housing needs, landed residential dwellings in Singapore have
become a staple for unique designs. Due to the diverse society, each dwelling has
its own unique flavour, originating from the owner’s personal preference. This
introduces the demand for more complicated designs. Because of these diverse
architectural projects, and very limited compact land constraints, most of such
construction are non-repetitive and traditionally use reinforced in situ concrete with
brickworks. These offer a huge scope in the planning and designs for improvements
and redecoration works which is called as additions and alterations (A&A) in
Singapore. A&A is defined as minor works to an existing property. If the proposed
work is less than 50% of the existing landed house’s gross floor area (GFA),
external walls and structural elements, the proposal will be considered under A&A1

by the building authorities. Should there be an increase in GFA in the A&A, and
especially with multitude of varied designs, traditional formwork concreting is
normally adopted.

The construction sector in Singapore is seen as a low productivity sector because
of its “dangerous, dirty and demeaning”2 and evident employment of a sizable
number of foreign workers. This hiring comes from the circumstance that Singapore
nationally has a manpower shortage. Acute shortage is probably the biggest chal-
lenge for Singapore on a macro and micro scale, especially in the building and
construction industry. With these recent drastic manpower shortages, such tradi-
tional construction methods will take an even more extensive and lengthy time to
complete. These traditional constructions can take up to 6–12 months for such
A&A works. Furthermore, complications and problems such as site constraints,
noise and dust complaints, and potential damages to neighboring properties can
pose a gargantuan setback to the construction process. Thus, prolonging the time
and cost for the construction to be completed.

Pioneering the way forward, Singapore has done exceptionally well in public
housing, and should be looking at new ways to tackle modern construction prob-
lems in A&A to landed residential dwellings. With new technology available, these
problems may be mitigated in the immediate future. Sustainable modular
steel-cum-precast concrete construction method is possibly the next step forward by
using the best in steel and concrete.

This paper explores the implementation, implications, innovations and
achievements of using this modular system in one such A&A project. This is likely
the first project in Singapore to test-bed such system for landed residential dwelling
addition and alteration. It was conceived by a professional engineer, the project
expert with the full support of the owner right from the onset.

1https://www.ura.gov.sg/uol/circulars/2005/sep/dc05_21.
2http://www.nas.gov.sg/archivesonline/speeches/view-html?filename=2000052503.htm.
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2 Design

The design of this project used structural steel and precast concrete to meet the
owner’s requirement of a simple and cost-effective solution to blend in with the
existing semi-detached house. After much deliberation, modular structural steel and
pre-cast construction was considered the most suitable with the use of hollow steel
sections and pre-cast concrete slabs and walls. Aesthetically, the hollow steel
sections and pre-finished pre-cast walls and slabs combination was acceptably
appealing by the owner.

In addition to complying with all the government statutory requirements and
by-laws, the design of the project had to incorporate detailing of the structural and
architectural elements. How the elements were modularized into manageable por-
tions was meticulously deliberated. The design was to ensure that each module
could be fabricated, transported and installed to enable robust and stable conditions
through out construction as a permanent building.

Therefore, a raft foundation was proposed to be of cast in situ to receive the
structural steel modules and precast walls instead of several separate individual pad
footings. The structural steel was divided into seven modules. All steel was welded
in the workshop with the largest hollow section of 200 � 100 � 6 mm and all
joints between modules were innovatively bolted on site without any welding
(Figs. 1, 2, 3 and 4).

Fig. 1 3-D perspective
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The walls were 100 mm thick pre-cast in one long section, longest being from
the floor to the roof without any horizontal joints. There were eleven pre-cast panels
and eighteen pre-cast concrete slabs in total. The roof was constructed of light-
weight metal roofing sheet supported on steel C channel purlins connected to
100 � 100 � 6 mm hollow section rafters.

The major focus for the project was based around efficiency, productivity and
sustainability. Each step of the pre-construction, construction and post-construction
process was methodically thought-out to ensure that the most proficient way of
handling the project was possible. Unlike traditional construction, the use of a
modular construction is more labour-saving, cost-saving and time-saving.

Fig. 2 Structural steel modules

Fig. 3 Side elevation
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3 Labour-Saving

Traditional construction is a process whose primary structural elements are con-
structed entirely or largely on site. There are many problems and difficulties that
come with traditional construction method. Firstly, traditional construction is a
linear process that means that each construction step has to be completed before the
next can begin. This means that time is wasted and not utilized as efficiently as
possible. Secondly, weather and labour can greatly affect the construction process.
More specifically, weather damage and inconsistent labour yield can greatly affect
quality and productivity. In Singapore, there are monsoon periods that cause
extended periods of rainfall. The rain can potentially cause damage to construction
materials, machines and processes. Unlike machines, where productivity is constant
and expected, manual human labour is inconsistent and varied. Hence, the amount
of productive labour yield fluctuates constantly. Thirdly, since all construction
occurs on-site, the schedule is dependent on weather conditions. This significantly
interrupts the amount of on-site construction that can be done as well as
under-utilizes labour as they cannot work under inclement conditions.

The estimated man-days for traditional construction method compared with
modular construction method actually completed for the project is as shown below.
The labour savings of (1221 − 719 = 502 man-days) is estimated to be about 40%
(Table 1).

Another measure of labour saving is by comparison with the building authority
prevalent industry practices and Code on buildability. The buildability score was
created by the Building Construction Authority (BCA) of Singapore for all build-
ings to raise productivity in the built sector and reduce the reliance on foreign

Fig. 4 Front and back elevation
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workers.3 BCA calculates Buildable Design Score using the Code of Practice and
also Buildable Design Appraisal System (BDAS).

This Code sets out the requirements of minimum Buildable Design Score and
minimum Constructability Score for buildings, the method for determining the
Buildable Design Score and the Constructability Score as well as their submission
procedures. It also sets the requirements for the specific productive technologies

Fig. 5 Lifting and installing onto pre-fixed sleeves of first module on site

Table 1 Traditional versus modular construction man days

Work Traditional
(Man � Days)

Modular
(Man � Days)

Raft foundation 6 � 7 6 � 7

Structure (RC or Steel) 6 � 30 6 � 14

Concrete slab 10 � 30 8 � 14

Concrete walls 10 � 30 8 � 14

Roofing and skylight 4 � 14 4 � 14

Lift installation and commissioning 2 � 10 2 � 10

Electrical power, lighting and lightning system 3 � 21 3 � 18

Sanitary and water installation 3 � 7 3 � 5

Aluminum and glass works for windows, doors and lift 5 � 21 5 � 18

External works and drainage 5 � 10 5 � 10

Other finishing works 4 � 21 4 � 21

Total 1221 719

3https://www.bca.gov.sg/BuildableDesign/others/copbdnov2015.pdf.
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that need to be complied with by developments built on Government Land Sales
sites for which the technologies have been stipulated as land sales conditions.4

BDAS was developed as a means to measure the potential impact of building
design on the usage of labour.5 It consists of three components: Structural System,
Wall System and Other Buildable Design Features.

Table 2 shows the maximum points possible as scored by this project. Even
though BDAS buildability score only applies to buildings with a Gross Floor Area
(GFA) of 2000 m2 and above, and the project building covers less than 2000 m2,
this addition and alteration project still grades highly in the various Structural and
Wall system requirements (see Footnote 3).

The Labour Saving Index (LSI) is defined as: a value given to a particular
building system which reflects the relative difference in site labour productivity
associated with the various structural and wall systems. In certain instances, the LSI
could be further lowered to discourage the use of labour intensive elements or
components. A LSI is also given for the use of prefabricated reinforcement/cages in
cast in situ components (see Footnote 3).

As such, the points acquired by this project show that it complies optimally and
favourably with the requirements of the BCA for buildability. Thus, furthering the
project’s initiative to similarly push for more such productive and efficient con-
struction methods.

4 Time-Saving

As mentioned, traditional construction is a linear process where each step has to be
completed before the next can start. Looking an illustrated timeframe for this
modular construction method verses traditional construction method, the vast

Table 2 Labour saving index

Description Labour saving
index (points)

Pre-cast concrete system: full pre-cast 1.00

Structural steel system: steel beam and column (without concrete encasement) 1.00

Bonus points: innovative structural steel connections 2.00

Bonus points: recommended pre-cast joint types (� 65%) 3.00

Mechanical connection for vertical precast wall joints (� 65%) 2.00

Precast concrete wall: off-form precast concrete external walls and columns 1.00

Bonus points: design without complex form 3.00

4Ibid.
5https://www.bca.gov.sg/BuildableDesign/buildable_design_bdas.html.
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differences in construction and time efficiency can be realized. Table 3 illustrates
the comparative differences between both methods for this project.

As seen in the table above, the modular method takes about half the time to
complete, 90 days against 180 days, than a traditional would have taken. This is
50% time saving on completion. Upon reviewing, the reason for this drastic dif-
ference in time is a result of the simultaneous construction of foundations, modules
and pre-cast concrete. Unlike the traditional method (linear) that has to wait for the
foundations to be completed before on-site construction can begin level-by-level.

For this project, all columns, beams and walls were fabricated in modules in a
workshop before setting up at the construction site. Each steel member was
designed beforehand to fit specific site-verified dimensions. The productivity and
quality of the works were not affected by weather or machineries limitations.

Table 3 Schedule of traditional construction method versus modular construction method

Day
schedule
(traditional)

Traditional method Modular method Day
schedule
(modular)

1–2 Grading and site preparations Grading and site preparations 1–2

3–5 Foundation excavation,
compaction, services and
rebars

Foundation excavation,
compaction, services and rebars

3–5

Fabrication modules and
pre-cast concrete

3–14

6–9 Foundation concreting and
complete

Foundation concreting and
completion

6–9

10–14 Concrete curing and prep for
2nd storey R.C. columns

Concrete curing and prep for 1st
storey steel sleeves

10–14

15–25 Form work for 2nd storey Start shipping modules 15

Installation setting modules and
shipping of pre-cast concrete

16–19

Installation of pre-cast concrete
slabs and walls

18–23

26–46 Rebar and Concrete 2nd
storey

Roofing works 25–39

47–57 Form work for 3rd storey Electrical, lift and sanitary
works

40–58

57–77 Rebar and Concrete 3rd
storey

Aluminum and glass works 50–68

78–119 Wall and roofing works External works and drainage 60–70

110–150 Electrical, lift and sanitary
works

Finishes 60–81

140–161 Aluminum and glass works

150–160 External works and drainage

150–171 Finishes

Note Traditional method would take about around 180 days (6 months) while the modular method
actually took about 90 days (3 months) to complete this project
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Furthermore, inspection and welding tests were all done before the transportation to
the construction site.

The walls and slabs were also made in another workshop casting yard. The walls
and slabs were pre-finished with all recesses and holes and thus did not require any
further hacking works on site. Also, plastering work or skim coat did not need to be
applied on-site. Similarly, these were inspected and materials tested for quality
check.

With all steel welded, walls and slabs pre-cast, these just had to be installed. The
installation of the steel members was done by lifting the pre-fabricated steel
modules by a 100T crane, slotted into pre-installed sleeves on the foundation. The
pre-cast slabs were placed onto the structural steel to serve as a platform without the
need of erecting any scaffolds.

Consecutively pre-cast walls were clad onto the structural steel modules and
slotted into pre-installed dowel bars anchored into the raft foundation. All the
pre-cast slabs and walls were secured by innovative steel-concrete connections
using chemical anchor bolts without any welding on site.

5 Cost-Saving

Construction costs for traditional methods is normally misconceived to be cheaper
than modular methods. However, this trend may not be true as modular construc-
tion becomes more advanced and widespread.

For this project, the breakdown costs are as follows (Table 4).
The Gross Floor Area for this project is 90 m2. So the cost per GFA is S$2411

per m2. In Rider Levett Bucknall’s Singapore Construction Market Quarterly
report, the cost per CFA for landed residential semi-detached house is S$2450–S
$3300 per m2.6 CFA is defined as the area of all building enclosed covered spaces
measured to the outside face of the external walls including covered basement and
above ground car park areas (see Footnote 6). The Gross Floor Area of 90 m2 for
this project includes car porch and small canopies which is synonymous to CFA.

This project cost per GFA (hence CFA) is almost similar to Singapore’s resi-
dential landed semi-detached houses—similar to prevalent national construction
prices generally based on traditional method of construction. Hence, even for such a
small project, the unit cost is indeed competitive.

This proves that using modular construction is not the more expensive option.
Using innovative designs, such as without any external walls supported on beams
but instead directly onto the raft foundation in one full panel, innovative connec-
tions as well as adoption of optimum materials for modular construction can sub-
stantially lower the cost of the project.

6http://assets.rlb.com/production/2016/06/21003826/RLB-Construction-Market-Quarterly-Update-
Singapore-March-2016-1.pdf.

Manifestos for Sustainable Development: Sustainable Modular … 485

usha.iyer-raniga@rmit.edu.au

http://assets.rlb.com/production/2016/06/21003826/RLB-Construction-Market-Quarterly-Update-Singapore-March-2016-1.pdf
http://assets.rlb.com/production/2016/06/21003826/RLB-Construction-Market-Quarterly-Update-Singapore-March-2016-1.pdf


Should the cost of the lift be taken out, then the cost per GFA for building works
would be S$1856 per m2. This would be 23% lower than the lowest national
construction figure.

6 Sustainability

In Singapore, every building has to follow the Code for Environmental
Sustainability of Buildings. The code was put in place to establish environmentally
friendly practices for the planning, design and construction of buildings. The code
sets out the minimum environmental sustainability standard for buildings and
administrative requirements. It adopts the BCA’s Green Mark criteria as the com-
pliance method in assessing the environmental performance of a building devel-
opment. The minimum Green Mark score for building works related to a residential
building is 50 points and the maximum Green Mark score is 100 points.

Based on the GFA criteria, this project was not required to comply with the code.
However, even if it is assessed, this project strives to be as efficient and environ-
mentally sustainable as possible. Thus, using the code as a benchmark for com-
parison, one of the areas that was put into consideration for sustainability is the
structure’s Concrete Usage Index (CUI). CUI is an indicator of the amount of
concrete required to construct a superstructure that includes structural and

Table 4 Breakdown costs of project

Works Costs (S$)

Raft foundation 10,000

Structural steel 35,000

Pre-cast concrete supply 10,000

Pre-cast slab installation with self leveling screed/topping 9000

Pre-cast wall installation 8000

External works and drainage 5000

Roofing and skylight 17,000

Lift including installation and commissioning 50,000

Electrical power, lighting and lightning system 10,000

Sanitary hard wares supply 2000

Sanitary and water installation 6000

Aluminum and glass works for windows 20,000

Other finishing works 5000

Fees and other admin costs 30,000

Total 217,000
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non-structural elements. CUI is defined as volume of concrete in cubic metres (m3)
to cast a square metre (m2) of constructed floor area.7 The calculation of CUI does
not include concrete used for external works and sub-structural works such as
basements and foundations.8 Table 5 illustrates the total area, volume and CUI of
the concrete structure for this project.

In this part, the use of sustainable construction, recycling and the adoption of
building designs, construction practices and materials that are environmentally
friendly and sustainable are encouraged (see Footnote 7). There are prerequisite
requirements to achieve Green Mark GoldPlus and Green Mark Platinum. Attain 3
points for Green Mark GoldPlus and 5 points for Green Mark Platinum. Points are
calculated by CUI. Table 6 shows the breakdown for the point system.

As seen from Table 5, the CUI of the concrete structure achieved is 0.212. This
means that the points allocated is 5—Green Mark Platinum prerequisite is optimally
attained.

7 Safety

The Ministry of Manpower (MOM) of Singapore has put in place Workplace Safety
and Health Act (WSH). WSH covers safety, health and welfare of persons at work
in a workplace. It requires stakeholders to take reasonably practical steps for the
safety and health of workers and others affected by work.9 WSH is a vital part of a

Table 5 Building concrete area, volume and concrete usage index

Member Area (m2) Volume (m3) Total floor
area (m2)

Total volume (m3) Concrete usage
index (m3/m2)

Front Walls 5.37 0.537 73.0a 15.5 0.212

Side Walls 59.2 5.92

Back Walls 6.93 0.693

Interior Walls 4.97 0.497

Slabs 73.0 7.30

Parapet 5.33 0.533
aSame as floor slab area since total constructed floor is fully covered by precast slabs
The calculation of CUI is just a part of the Green Mark Scheme. It is under “Part 3—
Environmental Protection”. This part focuses on design, practice, and selection of materials and
resources that would reduce the environmental impact of built structures

7https://www.bca.gov.sg/SustainableConstruction/others/sc_cui_final.pdf.
8Ibid.
9http://www.mom.gov.sg/workplace-safety-and-health/workplace-safety-and-health-act/what-it-
covers.
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structure to develop good safety habits in all individuals, so as to build a strong
safety culture in workplaces. There are three guiding principles of WSH: reduce
risk at the source by requiring all stakeholders to remove or minimise the risk they
create, encourage industries to adopt greater ownership of safety and health out-
comes and impose higher penalties for poor safety management and outcomes (see
Footnote 9).

Safety is number one priority when it comes to construction. This project offers no
different opinion and planning on safety was from the onset. All pre-construction,
construction and post-construction methods were meticulously thought out to miti-
gate risks and increase safety. This modular method simplifies the construction pro-
cess and, in so doing, reducesworkplace health and safety risks by avoiding additional
and unnecessary construction processes.

Scaffolding platforms introduce many safety risks that could be easily nullified
by using this innovative modular construction method. The greatest risk presented
by scaffolding is falling from a high elevation. This is the most common scaffolding
hazard when working at heights.

The people under the scaffolds are also at risk due to falling debris, tools or
materials. Such were totally eradicated for this project.

The pre-cast walls, modular steel members and slabs were fitted together, like a
jigsaw puzzle prefinished without the need of additional building procedures such
as to external facade. This negates the need for any temporary works. Eliminating
scaffold platforms as there were no in situ casting, no concrete encasement, no
plastering and no skim coats ensured deliberate major reductions of risks on site. It
was deliberate eliminating risk at source by design from the onset.

This modular construction method only required a crane to construct. In this
project, a 100T crane was used to install pre-fabricated steel modules, pre-cast
slabs, pre-cast walls and roof.

Figure 6 shows workers guiding the crane operator to place concrete slabs that
are used for staging the construction processes. Thus, eliminating the need for
scaffold platforms. These slabs just have to be installed and slotted onto the steel
members. Concrete slabs are sturdier and provide a safer platform to work on than
scaffolds and staging. This is possibly the best, optimum and safest use of pre cast
slabs working at heights (Figs. 5 and 7).

Table 6 Breakdown of CUI
point allocation

Project CUI (m3/m2) Points allocation

� 0.70 1

� 0.60 2

� 0.50 3

� 0.40 4

� 0.35 5
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8 Implementation

Implementation was as stated previously, where pre-cast walls, pre-fabricated slabs
and steel members are installed in modules. Every project on site has its challenges.
For such a unique project, there were site issues anticipated, identified early and
attended to quickly. Some implications and improvements could be made and are
specified below.

Fig. 6 Lifting and placing of pre-cast slabs onto modules

Fig. 7 Lifting of pre-cast wall and installing and clad onto modules at side elevation
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Site measurements had to be adjusted and retaken constantly to tally with the
design dimensions. On-going fabrication of steel members, pre-cast slabs and
pre-cast walls had to be adjusted to meet actual site conditions. Further require-
ments, such as owner’s final detail information, like toilet pipe openings, and
clashes with existing obstruction of services also had to be taken into
consideration.

Delivery of the long span slabs and pre-cast walls required long trailers and
multiple sturdy supports to ensure that no cracking or excessive deflection mate-
rialized in the slabs and pre-cast walls due to vibrations created during trans-
portation. Lifting of slim 100 mm thick 9 m walls need special cranage skills to
avoid snapping. Road clearances had to be taken into account during transportation.
Different routes had to be planned beforehand to ensure that no obstructions could
appear along the trip.

On site, the large and long trailers and crane required traffic control throughout
the whole lifting and construction process. There were road restrictions when the
crane and trailer were parked side by side along the road.

Tolerances must be in good order. Otherwise, jacking would be needed to be
carried out to force fit the joints on-site. Furthermore, small gaps between slabs
were required to be filled due to slight site modifications. Special innovative con-
nections using chemical anchors had to be adjusted due to the presence of rebar in
concrete.

The roofing sheet could have been installed onto the roof rafters and purlin
entirely at ground level. However, due to site constraints, this could not be
implemented. Instead, the roofing sheets were placed after the rafters-purlins were
assembled. Mechanical and electrical services work started after structural work
was completed with the roof covered much earlier than traditional method.
Pre-form power point openings were made on the walls. All cables were laid on the
floor and buried with the topping. Water pipes were all placed above ceilings and
were concealed along existing walls of the house. Only waste water pipes were
exposed below the soffit of the slabs. The lift was installed concurrently with all the
mechanical and electrical works directly after the roof was totally completed.
Architectural works such as the aluminum windows, doors and glass for the toilets
and lifts were then installed followed by painting works. These were all completed
without the need for scaffolding platforms. Only movable ladders were used
throughout the whole duration of the project. Water proofing was done to all wet
areas in the building. Using special cementitious polymers with high strength
self-leveling flowable grout to level the floor slabs.

Final painting work was using low volatile organic compounds to improve air
quality, health and wellbeing of occupants. Thus complying with BCA’s Smart and
Healthy Building requirements.10 Such simple green concepts were initiated.

10https://www.bca.gov.sg/greenmark/others/GM_RB_2016_criteria_pilot.pdf.
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The Fire Safety Act in Singapore has no requirements for the structural steel to
be fire protected for such landed residential dwellings. This is a further advantage in
terms of efficacies and sustainability in addition to have an aesthetically appealing
structure to owner’s satisfaction.

9 Conclusion

This unique modular steel-precast concrete system of construction is safe, green and
sustainable and beneficial to all stakeholders.

This project has certainly opened a new door for construction in Singapore on
A&A projects for landed residential dwellings. It shows how modular construction
method can be an alternative to traditional construction method for small scale
addition and alteration works.

Modular construction is component based and pre-fabricated method that has its
merits. This project illustrates how well it scores on government authorities’
building guidelines. Green Mark, Constructability Score and Buildable Design
Appraisal System were just some of the standards and Code of practices that the
project scored well in—even though it did not have to comply. These BCA stan-
dards and strategic priorities are useful in sharing with global initiatives in sus-
tainability developments to meet their sustainable development goals. Housing
policy and sustainable urban development strategies in Australia too share common
priorities in this area of research.11

The project also minimized wastages, and observed good cleanliness and
clearing practices on site—no carpentry formwork was used and no laitance con-
crete or steel was left over. Lintels and stiffeners were also not required. In the
balance of steel and concrete construction design, this project illustrates that opti-
mum steel and optimum pre-cast concrete can give efficacies in productivity and
savings as well. Other examples of mitigating potential risks and faults were the
absence of welding on site and horizontal joinery. By removing the need for
welding on site, fire safety is improved. Without the need of horizontal joints,
possibilities of leakages were avoided.

This is an innovative modular model project that could be emulated and imple-
mented on all such residential dwelling developments in Singapore. If used for other
bigger developments, it would help to achieve Green Mark score of Platinum. As a
professional engineer, qualified person, acting as expert witness as well as adjudi-
cator on building construction disputes, the adoption of such optimum modular
system could increase the sustainable economy of Singapore and certainly reduce
many building disputes on noise, dust and damages widely prevalent in the industry.

11https://www.ahuri.edu.au/__data/assets/pdf_file/0012/2028/AHURI_Final_Report_No39_Housing_
policy_and_sustainable_urban_development.pdf.
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It also benefits society as it helps to mitigate conflicts due to leakages, because of its
innovative leak proof technology. Overall, the owner was satisfied with the outcome
on safety, cost, quality and delivery.

Though this project is small, it had a big impact on the construction industry in
Singapore. It was successfully test-bedded and was a proof of concept beyond
compliance requirements. Hence, more such innovative and sustainable building
construction could be adopted in sync with the authorities’ push for a safe and green
industry for Singapore and countries regionally as well as globally undertaking
similar works.
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1 Research Background and Introduction

Deakin University’s iDiDe (Intercultural Dialogue Through Design) is a student
study tour program for research and designing buildings for sustainable community
development and capacity building in rural communities. This mobility model has
made sustained contributions towards strengthening established and new partner-
ships through ongoing development of new projects, and mutual and long-term
commitments to the United Nations Sustainable Development Goals within the
Indo-Pacific region. As part of the iDiDe program, five multidisciplinary student
groups from Deakin have travelled to the Ampara region in Sri Lanka and initiated
the “Building Ampara” Project which is an integrated sustainable rural community
project concerned with long term sustainable development. It is a structured pro-
gram offering intercultural immersive learning experiences which utilizes a multi-
disciplinary and integrated perspective in sustainable design, eco-tourism, cultural
preservation, and rural community infrastructure development in the conceptuali-
sation (feasibility and design) and project development for realisation of prototype
buildings.

The hands-on experience from the iDiDe programme at Ampara in 2016
depicted that there is a clear and critical need to empower rural communities in this
part of the country to achieve United Nation’s Sustainable Development Goals
2015–2030. Rural communities in Ampara confront long term struggles where
progress in women empowerment, children education and income generation are
slow due to disparities between real community needs and top down policy driven
development initiatives in combination with sporadic volunteer and funding efforts
by both local and international “Not-for profit organisations”. Further, the other
critical findings are heavy disintegration in the building design and construction
processes, lack of application of sustainability principles and disintegration of
stakeholder groups and professionals from essential disciplines during building
design and construction processes, resulting in non-sustainable and poor building
outcomes. On the other hand, although the sustainability of building design and
construction processes has been frequently discussed in other research, it has been
mostly with reference to urban areas, urban population, urban problems or one or
more of the selected “sustainability” philosophies in the building domain among
many, again demonstrating a substantial disintegration. Accordingly a new research
challenge emerged through iDiDe: “Is there a need for an integrated framework for
sustainable building design and construction in the rural context”? Hence, the
outcomes of the iDiDe programme included a proposal for an integrated sustainable
vision for community development for Ampara, and a vision to implement an
integrated approach to sustainable building that could facilitate capacity building. It
basically offered a holistic community driven vision developed with rural com-
munity involvement that embraced co-design and co-building methods for three
prototype designs (Adaptable Classroom, Community Centre and Low Cost
House), with the identification of the following four key principles:
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• Participatory community based feasibility studies and concept design
development.

• Co-design and co-building techniques with community input and involvement.
• Use of local materials, local techniques, references of vernacular with new

vision and modern applications as a first option.
• Introduce the use of bamboo as a building material with longer term intentions

of instigating higher levels of government agency for a bamboo industry.
(Currently, the use of bamboo in of Sri Lanka was limited for crafting purposes.)

Accordingly, this paper aims to investigate the need to create an integrated
framework for sustainable building design and construction in the rural context with
a specific focus on the Ampara region of Sri Lanka.

2 Research Methodology

The findings from the recently completed iDiDe study program in Ampara provided
the initial underpinning and justification for the research gap to be addressed
through this paper: what are the needs to create an integrated framework for sus-
tainable building design and construction in the rural context? In order to address
this gap, initially identified critical community problems of rural communities in
Ampara through the iDiDe program, were further elaborated and compared with the
current situation in other developing countries through a critical literature synthesis.
Secondly, this literature synthesis was further expanded to review the principles/
philosophies of sustainable development in the built environment with an aim to
identify how and why such principles/philosophies could be adopted and improved
to suit the sustainable community development needs in the rural context, specif-
ically for the Ampara region. Context analysis, intercultural dialogue, interpersonal
communication and cross-cultural and multi-leveled collaboration alongside
supervised participation in community engagement activities were used as research
techniques when gaining hands-on experience through the iDiDe study program.

3 Critical Problems Confronted by Rural Communities:
“Ampara” as a Rural Region

It is worth distinguishing between urban and rural areas: an area which is not an
urban area is considered as a rural area. On the other hand, rural areas can be
defined as an areas where the population density is low. However, the existing
approaches to define the rural areas do only rely on population density. For
example, in Australia, there are three methods to define remoteness and rurality.
These three classifications are named: (1) Rural Remote and Metropolitan Areas
classification (RRMA); (2) Accessibility/Remoteness Index of Australia (ARIA);
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and (3) Australian Standard Geographical Classification (ASGC-RA) which are
respectively based on the size of a community, distance from population centres,
and access to services. In fact, the definition for rural places is different in different
countries for different periods and in different regions. For example, the Australian
government decided to use the ASGC system to replace the RRMA system for
administering remote and rural regions in 2009. In early Europe, a rural area was
defined as a place with less than 2000 people, now the OECD methodology clas-
sifies the areas with a population density below 150 inhabitants per km2 as rural
(European Commission 2017). In Sri Lanka, “rural sector is geographically
demarcated as the area outside the boundaries of local administrative authorities
of municipal councils and urban councils” (Wickramasinghe 2010). These local
authorities are named as such authorities based on the availability of developed
infrastructure that defines urban way of living by the Urban Development Authority
(Wickramasinghe 2010).

Although the first Millennium Development Goal to halve the number living in
poverty in 1990 has been achieved to a certain extent, much still remains to be done
around the World (United Nations 2015). In 2012, nearly 900 million people still
lived on less than $2 per day. Across 114 developing countries close to one billion
people live in poverty in rural areas, which translates into 70% of the total rural
population lives in poverty (Dixon 2015; Jazairy et al. 1992; World Bank 2016).
Moreover, there is a growing inequality of income in many developing countries
(OECD 2015). These differences are most evident in the rural areas. There are other
disparities in opportunities available for those living in rural areas; for example, in
health care, secondary education and employment opportunities.

In Sri Lanka, nine out of ten poor people live in rural areas. The poverty levels in
Sri Lanka rose up due to the 30-year civil conflict in the north and east of the
country which resulted in about 100,000 being killed and about 800,000 people
being displaced from their homes and sources of livelihood; and also due to the
2004 tsunami. Both these major catastrophes affected the east of Sri Lanka where
“Ampara” is located. Ampara is the main town of Ampara district which is one out
of the twenty five districts in Sri Lanka. Districts are the second-level administrative
divisions, and are included in a province. Ampara district is located in the Eastern
Province of Sri Lanka about 360 km from the capital Colombo—the capital city of
Sri Lanka. Ampara is situated in a lowland region experiencing a hot, humid,
tropical climate, with maximum temperatures between 25 and 30 °C year-long and
Relative Humidity a muggy 85%, creating uncomfortable conditions in the Sun for
much of the day (Johansson and Emmanuel 2006). Ampara district being the
geographically fourth largest district in Sri Lanka, spans a wider area providing
home to people from different ethnicities, religions, languages, income levels and so
on. While people living in and around the main towns of Ampara enjoy a certain
level of prosperity, there are plenty of remote and rural communities where people
do not even enjoy the bare minimum living standards.

The majority of the rural community of Ampara are small grade farmers. Apart
from poor people in rural areas in Ampara being affected by the 30-year conflict and
the tsunami disaster, agricultural growth in these areas has been sluggish.
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Small-scale farmers produce most of the agricultural output, but their production
systems are hampered by neglect, poor economies of scale, low investment levels
resulting from poor financial services, inappropriate or limited technology, frag-
mented landholding, post-harvest losses, inconsistent produce pricing and trade
policies, and market constraints. Accordingly, growing nature of poverty, inequality
of income and disparities in opportunities available for health care, secondary
education (especially for girls), gender equality, clean water and sanitation are the
most evident concerns in most of the rural areas of Ampara. There is a significant
lack of infrastructure such as roads, electricity, irrigation, communication facilities,
safe drinking water which limits people’s ability and opportunity to earn income
through off-farm activities.

Protection issues of women and children is another major concern in Ampara.
Due to the 30-year conflict and the devastating 2004 tsunami, there was an increase
in the number of households headed by women, which exposed economic
hardship. Sexual and domestic violence, poor capability of women to response to
domestic violence issues, lack of information regarding rights and opportunities,
under representation in family and local decision making opportunities, high child
mortality rates—especially at childbirth, lack of infrastructure that focuses on
preventative medicine, malnutrition due to lack of education and/or food security
etc. are some of the other persistent issues that justify the lack of women and
children protection at large. Moreover, women suffer from lack of financial control,
independence and responsibility due to lack of employment, skills, training and
leadership opportunities; lack of culture that facilitates employment and training for
young women (i.e.: their most obvious opportunity for security is to start a family);
no culture of financial responsibility and accountability for women in families; and
family responsibilities that hinder employment, financial and training opportunities
for women. There exists unevenly distributed family responsibilities between men
and women. Patriarchal social structures and hierarchy disadvantage women and
expose them to physical, social and financial vulnerability such as dowries, the
custom of women not being seen as a part of her husbands’ family, divorce rights,
marital rape etc. In summary, women in rural villages are unable to attain further
training or remain in education longer or gain financial independence due to per-
ceived or real lack of opportunities in these area. This leads women to focus solely
on family building activities. All these issues prevail in remote and rural parts of
Ampara, but extent of it is a matter that requires further research.

Accordingly, there is a critical requirement to address the above described
specific issues effecting the rural through appropriate rural-specific sustainable
development programmes. Hence, the next section is focused on how and why the
principles for rural sustainable development should vary from urban sustainable
development to further understand how the “sustainability” principles, framework
and theories in the building domain must be re-shaped to suit the rural contexts.
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4 Sustainable Development in Rural Context

Sustainable development had become an environmental catchphrase since the
recent past decades. It was embraced as the new paradigm of development by a
wide range of non-governmental as well as governmental organizations. There are
many definitions for sustainable development, but the most widely accepted defi-
nition is from Our Common Future, also known as the Brundtland Report, from the
United Nations World Commission on Environment and Development (WCED)
which was published in 1987: “Sustainable development is development that meets
the needs of the present without compromising the ability of future generations to
meet their own needs” (Du Pisani 2006, p. 89). This concept was embraced widely
due to fear that economic growth may threaten the health of the people and the
survival of the planet after the World War two. Until now, the action plan for
sustainable development, Agenda 21, has covered social and economic develop-
ment, the conservation and management of resources for development, strength-
ening the role of major groups involved in achieving sustainable development and
means of implantation; it tries to provide treatment for fundamental issues,
including the inequities between the rich and the poor, wasteful consumption and
the population explosion and integration of environment and development (Reid
2013).

There are also some definitions about sustainable development in rural areas, for
example, it is pointed out that sustainable development in rural areas means “a
stable socio-economic development of rural areas, volume increasing of agricul-
tural output, improvement of agricultural effectiveness, achievement of full-em-
ployment of rural population and increase in their level of living, rational land use”
(Belyaeva et al. 2016, p. 6890). The sustainable development in rural areas aims to
provide the balance between the preservation of the material and spiritual needs of
the countryside and trend of modernization (Nistreanu et al. 2009). Belyaeva et al.
(2016) also point out that the key aims of sustainable development in rural areas is
to make condition for achieving welfare for people, to create capacities of
self-developing, to protect cultural values, to preserve natural resources for repro-
ducing and long-term using in economic activities of tourism, crafts, agriculture,
trades, recreation, and other areas. Accordingly, it is evident that, sustainable
development in non-rural and rural areas both involves providing balances between
the environment and economic growth and improvement of welfare for population.
However rural area is a particular area with much specificity (Iagaru and Pompilica
2014), therefore it needs more comprehensive consideration according to economic,
cultural, social and environmental conditions.

The next section discusses the principles of sustainable development in the built
environment with an aim to identify the loopholes that diminishes the contribution
of building design and construction processes to sustainable rural community
development.
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5 Sustainable Development in the Building Domain

As we see it, the construction industry is responsible for shaping the world, whether
it be through urban or rural based buildings or infrastructure. While the construction
industry is a universal trade, different practices can be adopted amongst different
cultures, whether it, be due to legislation or current trends in a particular country.
With the built environment around the world being responsible for 30% of raw
materials used, 42% of energy use, 25% of water use, 12% of land use, 40% of
atmospheric emissions, 20% of water effluents and 25% of solid waste (DSEWPC
2012), there is a progressive attentiveness to the effect that the construction industry
has on the environment. Kibert et al. (2000) further reiterated this, stating that
“construction and operation of the built environment in countries apart of the
Organization for Economic Cooperation and Development (OECD) account for the
greatest consumption of material and energy resources of all economic sectors”.
Moreover, in both urban and rural areas, rapid development brings environmental
problems such as water pollution, air pollution and social issues such as rural to
urban migration and left-behind children. Somewhere over the years, this realisation
has been adopted by industry professionals, resulting in today’s industry being
heavily weighted towards ‘green’, “sustainable” and “regenerative” solutions.

5.1 Sustainable Development

Sustainable development includes three broad components; social, environmental
and economic often known as the ‘triple bottom line’, which brings environmental
responsibility, social awareness and economic profitability objectives to the fore in
the built environment and facilitates a wider community (Ali and Nsairat 2009). It
may be perceived as a long-term exercise carried out by various industries to
achieve sustainable development within the parameters of economic, social and
environmental cornerstones. Thus, construction industry which traditionally
focused on time, cost, and quality was shifted to a new paradigm by focusing
economic, environmental and social aspects. Such construction would bring envi-
ronmental responsibility, social awareness, and economic profitability to the fore in
the built environment and facilities to a wider community. Sustainability in con-
struction offers first-rate response to the present environmental and socio-economic
problems as it is an application of the principles of sustainable development to the
comprehensive construction cycle from the extraction of raw materials, through
planning, design and construction of buildings and infrastructure, until their final
deconstruction and management of the resultant waste (Yunus and Yang 2011). The
main challenge for the industry is to play an integral part in reducing the impacts of
its activities on the environment and local communities. Simply, how construction
development process can be aligned with community development for long-term
sustainability or to enhance the local resilience.

Review on Sustainable Building Design and Construction … 499

usha.iyer-raniga@rmit.edu.au



A sustainable community uses its resources to meet current needs while ensuring
that adequate resources are available for future generations. It seeks a better quality
of life for all its residents while maintaining nature’s ability to function over time by
minimizing waste, preventing pollution, promoting efficiency and developing local
resources to revitalize the local economy. Among many initiatives, designing
energy efficient and people friendly buildings is one of the important aspects of the
sustainable communities.

5.2 Green Development

In response to the serious and irretrievable climatic changes, the green revolution
has taken place in the building sector too. It proposes to basically alter the built
environment by creating energy efficient, healthy and productive buildings that cut
back the significant impacts of buildings on urban life and global environment
(United States Environmental Protection Agency (USEPA) 2009; United States
Green Building Council (USGBC) 2009 cited Gou et al. 2013). A paper on sus-
tainable development (2006) mentioned that in 1950–60s the “green” thought
began to be accepted worldwide as the “green movement” was lifted and performed
among western countries. The “green” thought intended to protect the natural
resources, alter human behavior, convene the ecological virtuous cycle of nature,
and make sure the safety of human existence. It finally has resulted in the modern
build green movement. By the end of 1980s, “sustainable development” had
become the worldwide program of action, and at the same time, ecology, sociology,
and other subjects extended to the architecture domain, and then the “green
architecture” concept came out naturally. The global sustainability goals have led to
the development of the green building movement. Further, green building is the
status of the effort in achieving sustainability in construction practices (Sinha et al.
2013). Hence, green building has become one of the greatest and emergent concepts
to date. Architects, Designers, and home owners are being guaranteed with the cost
saving potential, prominence of energy saving, contemporary look, and the sym-
biotic relationship with environment that green buildings possess (Isnin et al. 2012).
Thus, construction activities may not only include new building projects or
infrastructure and utilities alone, there is an emergent demand for converting
buildings towards green (Douglas 2006 cited in Isnin et al. 2012). A report by
McGraw Hill highlights the growth and demand ‘green’ design has placed on the
industry, with industry professionals seeing an increase in market share, from 13%
in 2009 to 60% at the time the report was released in 2013 (McGraw-Hill 2013). An
interesting development that came about from this survey was that the growth was
not just localized to common economized countries, it was a globally recognized
evolution. It appears that ‘green’ thinking has progressed a step further over the
years, with the thought process behind going green changing from the placebo of
‘doing the right thing’, to a practice required for businesses in order to obtain
consistent work.
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With such a heavy focus on being ‘green’ and having as little impact on the
environment as possible, the term sustainability has been thrown around more times
than that can be imagined when it comes to today’s construction industry. The
concept of being sustainable, as opposed to ‘green’ construction, sits with a heavy
presumption of there being a strong relationship between the two. However, it is
essential to distinguish between the two terms in order to understand why we
should be implementing these practices in urban and rural construction in the same
way. Green design is the process of developing a project with the intention of
environmental performance being as sufficient as that can be—this associated with
green buildings, are those structures that excel others in relation to their environ-
mental performance. Sustainability is a different thinking process opposed to green
construction. It is not about making a building more environmentally friendly, it is
about making the two elements co-exist without compromising the ability of future
generations to meet their own needs (World Commission on Environment and
Development 1987). In a way, green construction is just one of many directions one
can take in order to be more sustainable, but a building as such cannot be directly
sustainable (Gibberd 2001). It can be concluded that sustainability is more about
how a building can contribute to the ‘social, ecological and economic health of
where it functions’, whereas green design is primarily directed at ‘doing less harm’
or, more generally, reducing the degenerative consequences of human activity on
the health and the integrity of ecological systems’ (Cole 2012a).

5.3 Benchmarking: Green Development

Green design was the original answer to how we can make the construction industry
more environmentally friendly through the introduction of multiple ‘green’ initia-
tives, transitioning what was an unconventional exercise into a mainstream practice
(Kibert 2008). The success of green buildings depends on the quality and efficiency
of the green systems introduced. If the building installed with less quality system, it
will neither reach the environmental goals nor create the estimated benefits.
Therefore, the market demands a direction to differentiate green buildings from
traditional buildings through the use of standard, transparent, objective, and veri-
fiable measures of green, which guarantees that the minimum green requirements
have been reached (Lacouture et al. 2008). Hence, a range of green building
assessment tools have emerged in the past twenty years, which are used to assess
and benchmark the levels of achievement in the green revolution and to establish a
common language and standards of measurement to delineate green buildings
differentiating from traditional buildings (Yudelson 2008, cited in Gou et al. 2013).
Green assessment tools were primarily introduced to evaluate specific aspects of a
building, relating to sustainability goals (McKay 2007). Once measured, buildings
could be more easily compared with current and past building practices and other
green buildings. Wallhagen (2010) further verifies that the green assessment tools
could also be employed to create guidelines, benchmarks and ratings for building
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construction practices with low environmental impact, and also promote green
building practices around the world, acting as a stimulus for the green building
movement.

The first assessment tool introduced was the Building Research Establishment
Environmental Assessment Method (BREEAM) (Baldwin 1998 cited Lacouture
et al. 2008) and, the most representative and widely used green assessment tools are
Leadership in Energy and Environmental Design (LEED), Comprehensive
Assessment System for Building Environmental Efficiency (CASBEE), Green Star,
Green Building Index (GBI)—Malaysia, Green Mark—Singapore, Hong Kong
Building Environmental Assessment Method (HK-BEAM) and the Pearl Rating
System for Estidama (Sustainability) (Boonstra and Pettersen 2003; McKay 2007).
These assessment tools are designed to engage the minds of builders and architects
alike. Certifications are awarded based on the performance of the building measured
against explicitly declared criteria (Cole and Howard 2005), some examples being
indoor air quality, energy consumption or storm water management. While different
country may differ in their assessment tools, the baseline principles essentially are
the same across the board.

5.4 Adaptable and Resilient Development

As part of the 1992 Rio Declaration on Environment and Development, sustain-
ability should be integral across Sri Lankan development, as worldwide building
life-cycles account for 40% of CO2 emissions (Abeysundara et al. 2009). However,
as Sri Lankan rural buildings already consume minimal resources, only emitting
0.72t of CO2 per capita in 2011 against the world average of 4.9t, it instead faces
challenges to maintain sustainability as economic development occurs, already
rising to much as 226.4% from 1990 to 2011. The Asian Development Bank
estimates it must cut emissions growth by 50% by 2100 as part of a global effort to
stabilise climatic changes, which if continued unabated by 2050 sea average tem-
peratures will rise by 3 °C and sea levels will rise by 0.2–0.6 m devastating the
low-lying Ampara district (Bedford and Cook 2016). Similarly, extreme weather
events would increase in severity, such as the 2004 Tsunami which killed and
displaced thousands of people. Therefore, long-term focused integration of adapt-
able and resilient design features is also critical. Yet recommendations proposed
must consider Sri Lanka’s developing economic context, with only $2290 per
capita in 2010 against the world average of $9097. Despite this, it has a relatively
high Human Development index of 0.686 in 2011, which has potential to rapidly
and sustainably increase through these solutions (Kishnani 2012).
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5.5 Regenerative Development

After many years of substantial attention on the policy and practice of sustain-
ability, a question has been raised about the ability of “sustainable development” of
being really sustainable (Conte and Monno 2016; Blowers et al. 2012). Of course,
sustainability works well in the three broad pillars of social, environmental and
economic, but the ability of this original concept to “reestablish cooperation
between the natural and the human worlds for a mutual beneficial development” is
negative (Conte and Monno 2016). Therefore, what if “development” is “regen-
erative”? Regenerative development aims to create a thriving, healing and vital
outcome for all stakeholders. The term “regenerate” is generally concerned with
three things: a radical change for the better, the creation of a new spirit and return
energy to the source. The concept of regeneration attempts to recover the weakened
relationship between “human” and “planet”—in other words it addresses the “root
cause of human imbalance with the planet”. It is the process of cultivating the
capacity and capability of people, communities and other natural systems to renew,
sustain and thrive. While sustainable development approach is concerned with
minimization of depletion of natural resources and impact on the environment,
regenerative development approach is concerned with enabling natural resources
supply systems continually, self-renewing or regenerative in their operation (Cole
2012b; Hes and Plessis 2015). John Tillman Lyle introduced the term ‘regenerate
design’ as “an approach to the design of urban landscapes which enables them to
regenerate lost ecosystems” (Hes and Plessis 2015). In fact, “sustainable devel-
opment” will not be fully sustainable or attained without that development being
“regenerative”. In other words, regenerative development is not different from
sustainable development, but it is an essential constituent of sustainable develop-
ment, which is so far missing in theory and practice.

While green assessment evaluation tools such as BREEAM have become quite
popular as they provide benchmarks for measuring the rate of sustainability of
buildings and act as the guidelines of a development process, they have substantial
limitations in evaluating the economic, social and institutional aspects of sustain-
ability (Gou and Xie 2016; Conte and Monno 2016). Most of these tools are
focused excessively on environmental sustainability (Gou and Xie 2016).
Therefore, the need for a more integrated sustainability assessment approach has
been recognized by many researchers in the recent past (e.g. Gou and Xie 2016;
Conte and Monno 2016; Cole 2012b). They predominantly call for directing sus-
tainability assessment towards a regenerative approach.

There are a number of framework such as LENSES, Arup ArupSpeAR, REGEN,
Peter and Wills framework that offer unique and structured process for this
regenerative development process where as application of these framework largely
depends on the context in which they are used and the designers who use them
(Gou and Xie 2016). These framework do not actually provide new sustainability
evaluation systems or levels of certification (Gou and Xie 2016). Thus there is a
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crucial research need to establish a framework that allows assessment of sustain-
ability from a “regenerative development” angle.

6 Potential Integrated Framework for Sustainable
Building Design and Construction, in the Rural Context:
Why, How and What?

Across Asia, even when sustainable systems are employed, the fragmented design
process leads to implementation focused only on under-performing short-term
solutions (Kishnani 2012). The resultant lack of long-term sustainable planning
leads to issues, for example such as Sri Lankans desires for modern buildings to
feature ‘western’ Air Conditioning with short term (1–5 years) energy-efficiency
and low operational costs, but with increased long-term risks as availability and cost
of energy fluctuates (Kumara et al. 2016). The unintegrated design and construction
culture can be corrected via an Integrated Design and Construction Process.
Integration in the design process is “a methodological framework for correcting the
prevailing culture of short-termism and fragmentation” (Kishnani 2012).
“Continuity” feature built-in in the concept of regenerative development is of
course a good beginning to envisage an integrated approach for building design and
construction.

Currently in Sri Lanka, the high-level sustainability-related concepts in the
built-environment are mostly targeted at urban buildings, with minimal attention to
rural buildings, poor communities and their critical problems. However, the rural
built-environment is also in need of engrossing the essential sustainability princi-
ples to produce socially, environmentally, economically responsible design and
construction that will also enable co-evolution of human and natural world. The
purpose will be to provide reasonable solutions to the existing critical problems in
these rural areas on their specific issues e.g. poverty, women and children protection
and education which are often interlinked (Sect. 2 for further information on
context-specific community problems in Ampara). The current call for redirecting
sustainability assessment towards the regenerative approach further justifies the
need for a framework that encapsulates the requirements posed by different “sus-
tainability” philosophies into a single integrated framework. Such a framework will
essentially address how poor outcome and processes used to design and construct
buildings in rural areas can be negated. But given the diverse nature of existing
rural community problems, the framework shall be something that will incorporate
these rural community problems with a view to optimize the contribution of the
building design and construction processes to sustainable rural community
development.

Considering the context specific community issues in Ampara, such as social
and cultural barriers for women and children, poverty levels due to post-war and
livelihood instability, vulnerability to natural disasters and damages encountered

504 R. Palliyaguru et al.

usha.iyer-raniga@rmit.edu.au



from previous major natural disasters etc. certainly highlight the need for following
elements in a potential conceptual framework, in order to ensure that design and
construction is “truly” sustainable and integrated:

• Consider building performance beyond environmental impact and economical
returns;

• Incorporate quantitative metrics to map the physical and social context as well
as spatial relationships related to design and construction;

• Incorporate qualitative metrics to measure performance against how people
sense and feel in or around a building;

• Incorporate qualitative metrics to find out about cultural values, world views,
symbols, and social meanings associated with buildings to refine and improve
the process for integrated sustainable design, construction, building operation
and maintenance. This is particularly an opportunity to consider social and
cultural implications of design and construction processes by embracing com-
munity needs (including wellbeing, combating poverty, women and children
protection etc.) and establishing cooperation between the natural and human
worlds for mutual benefit and development;

• Consider establishing resilience in the built environment;

7 Conclusion and Way Forward

As an outcome, the paper presents a conceptual idea of an integrated building
design and framework for sustainable rural community development in Ampara
region of Sri Lanka with an ultimate goal of empowering its communities. It
demonstrates that expansion and modifications are possible for “sustainability”
philosophies when they are adopted and integrated for rural community develop-
ment with an eye to solving the pressing needs of these communities while utilizing
their strengths and opportunities. The findings specifically highlight the requirement
for considering “qualitative” aspects of sustainability such as how people sense and
feel in or around a building and cultural values, world views, symbols, and social
meanings associated with buildings. In addition, the importance of “quantitative”
aspects of the sustainability, such as set targets for environmental performance to
refine and improve the process for integrated sustainable designs, construction,
building operation and maintenance has been highlighted. Accordingly, adoption of
the integral sustainable design and construction (ISDC) theory and investigating its
appropriateness for rural contexts has been recognized as a direction for the way
forward of this research.
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Green Modular Concept of Sustainable
Kampong Cityblock in Indonesia

Budi Prayitno

Abstract The change in housing form from landed houses to more than 20-story
high-rise apartments that prioritizes the aspects of a high efficiency often no longer
considers the aspects of habitation culture. Kampongs as a form of urban vernacular
settlement that has a habitation culture of close-knit neighboring culture are very
vulnerable against high-rise urban living culture. This paper aims to analyze the
process of the habitation culture transformation through green-modular approach.
The green approach used in this model involves sustainable design principles of
‘co-habitation architecture concept’. The neighboring behavior of kampongs with a
very close neighboring culture needs to be approached by using sustainability
principles in the context of high rise kampong cityblock architecture. The concept
of co-working responds to the needs of social interaction; co-benefit concept
responds to the needs of accommodation to support informal economic activities;
and co-exist concept responds to the needs of harmony for tropical architecture that
utilizes a combination of natural thermal comfort system and artificial thermal
comfort system. Meanwhile, the modular approach used in this model involves the
principle of space efficiency coordinated in modular system and space effectiveness
principle that can respond to the needs of interaction space. The variations of
organic living units connected through a corridor system with pocket space are
hoped to be able to accommodate neighboring culture and informal economic
activities in a modular space coordination system.
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1 Introduction

Understanding sustainable design principles cannot be done only by fulfilling
normative standards from social, economic, and environment aspects. What is more
important is how we can meet the demand of local values. By taking an observation
case of sustainable building in urban area, this research attempts to dig into the local
values in social, economic, and environment aspects of a settlement transformation
phenomenon from landed settlement to high-rise settlement in an urban center area.
The transformations from horizontally landed living space in providing neighboring
activities, horizontally landed livelihoods/informal economic activities, and from
horizontally tropical environment to vertical high-rise settlement have different
local values that should be worked on in the context of sustainable green and smart
building.

Kampong, which is a typical landed settlement in Indonesia with its alley
architecture in an organic form, dominant neighboring/social interaction values, and
veranda and shady alleys, is experiencing a massive and intensive transformation
process into a vertical high-rise settlement. Relatively, the transformation of landed
settlement into low-rise settlement does not drastically change the social system,
livelihoods, and built environment system. This is very different from the trans-
formation of kampong settlement into high-rise settlement where the neighboring
system is highly regulated according to space utilization, efficiency, mobility, the
rigid function of the settlement, and the restricted usage of the passive thermal
comfort system.

Consequently, there are unsuitable living cultures, space isolations, monotony
built environment, environmental pressures, and the absence of urban democracy.
Rejuvenation projects in landed settlements and low-rise settlements that turn them
into high-rise settlements raise a lot of design problems relating to local identity loss
in social interaction or neighboring activities and livelihoods values (i.e.
home-based informal economic activities) and tropical thermal comfort values that
need to be adapted and applied in high-rise living culture and environment.

1.1 Sustainable Living Space

Kampong life, which has its own identity, must be maintained as one of the
common cores or an important defining concept that is very important. Identity of
space is the basic concept in creating the quality of place’s public environment as a
production of space (Perry 1945; Habraken 1972; Habraken et al. 1976; Cuttler
1976). Some designing theories of ideal city as a network/connection between
varied multi levels of settlements by considering modern urban function that
qualifies smart and green spirit become one of the references in settlement reju-
venation urban regeneration process. Sustainability approaches have existed in the
concept of ‘garden city’ to today’s green and smart urbanism, which are then
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adopted and adapted into many concepts of ideal city in order to harmonize urban
living style with natural and cultural local values (Eaton 2002).

Kampong living style that has a strong neighboring value is extremely vulner-
able to disappearing due to the demand of space utilization efficiency and limitation
in the use of tropical passive system principle in fulfilling thermal comfort.
Kampong alleys that function as a shared space to fulfill the needs of neighboring
culture have to be continuously adaptive to sustainable kampong cityblock design
(Prayitno 2013). The adaptive transformation can be done through the implemen-
tation of kampong alley into the corridor system configuration in high-rise kampong
cityblock construction.

Corridor configuration serves as a support system with varied housing areal unit
for the infill. This concept refers to a structural transformation theory in mass
building to support efficiency through modular coordination principles (Habraken
1972), which is then developed into ‘self-customized’ system from each of the
occupant (Habraken et al. 1976) and into the system of built environment entity
(Habrake 1983) that should be analyzed in a transformation system of ordinary
structure (Habraken 1998).

The variety of settlement transformation must be applied in a vertical settlement
system (Prayitno 1994). The transformation of kampong alley into vertical settle-
ment corridor must be able to provide the function of pocket shared space for
neighboring. The concept of co-habitation space in high-rise kampong cityblock is
a sustainability approach in an architectural engineering habitat.

1.2 Sustainable Livelihoods

The understanding of social sustainability in the context of kampong living culture,
other than its relation to neighboring culture, is its relation to economic sustain-
ability. This is due to the fact that most people in kampong society are of low
income people, who depend much on informal economic activities (livelihoods). In
this case, the process of kampong transformation into urban high rise settlement
needs an approach based on livelihood functions that can generate home-based
income (Clarke 1992). These informal economic activities are usually performed to
fulfill the needs of market segmentation that is proportionate with its level of service
scope (Clarke 1995) and for livelihoods and survival strategies (Chambers 1995).

The space for informal economic activities is closely related to a series of space
and territory conflicts between public and private realm (Madanipour 1999).
A territorial agreement in performing home-based economic activities in landed
kampong settlement is very flexible. This will be very different from the activities in
high rise settlement where the rules and regulations of space utility are so rigid that
the repressive control by the occupants of high rise settlement often creates social
conflicts. This leads to a loss of local values where the society tries to fulfill their
domestic needs in their closest neighborhood, such as in landed kampong
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settlement. In other words, the self-sustainability of kampong living culture from
the aspect of informal economic activities does not occur.

1.3 Sustainable Built Environment

The life in a landed kampong settlement in the tropics is characterized by verandah
tropical architecture with the principle of natural lighting and ventilation, also with
the principles of flat, shaded, and porous/ventilated walls. The transformation of
landed settlement into high rise settlement creates a very different type of space.
Limited construction type has to take into account effects of turbulence should they
use cross ventilation. The same goes with position, shape, and ventilation areas, in
which the direction and the speed of the wind count. This is why climate condition
and tropical ecology should be a foundation in developing these high rise multilevel
settlements. Wind circulation system for corridor ventilation or for settlement unit
becomes a challenge in designing sustainability in built environment habitat.
Vertical verandah settlement design principle can also implement shaded and
ventilated building façade, rooftop ecological corridor, and ecocell as the vertical
linkage integration (Yeang 2006). Installations of green pocket space in some sides
of the corridor and planting wall on some sides of building facade can give an
answer to built environment sustainability in the tropics.

Besides ventilation, natural light, shaded elements, and greenery utilizations,
extremely high rainfall in the tropics should also be taken into consideration in
sustainable built environment. Zero run off and rain water harvesting can be two of
the solutions to recycle natural energy. Psycho-social, bio-physical, and techno-
logical environment approaches are to recycle urban environmental energy (Cuttler
1976). The implementation of high-rise kampong cityblock in the tropics can give
an answer to transformation of horizontally built environment into high-rise ver-
tically built environment by applying eco spirit in creating sustainable built
environment.

2 Research Area and Methods

By selecting a highly densely populated area in urban center in East Jakarta for the
research area, this research attempts to observe the transformation of their habita-
tion kampong living culture. This research involves 3 types of observation area,
namely landed kampong settlement area, walk-up/low rise kampong settlement, and
high rise kampong settlement. The number of samples taken from each area is 90
households. The observation areas are highly densely populated in urban center in
East Jakarta. Kampung Pulo area and Kampung Melayu are selected for the landed
kampong settlements. Pulo Gadung area is selected for the walk up kampong
settlement, and Jatinegara Barat is selected for the high rise kampong settlement.
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Kampong Pulo is a settlement area with high density, with a population of 9597
and an area of 11.93 ha, making it 804 people/ha. Almost 8 ha is used for built-up
area. In addition, the landed kampong settlement in Kampong Pulo consists mostly
of second-story buildings because of the high risk of flood. The residents of
Kampong Pulo work in informal economic sector because of the limited access to
funding source and career fields. They have jobs such as shopkeepers, traders,
valets, porters, etc.

The daily routines done by the residents of Kampong Pulo are as follow. They
work in the morning and interact with their neighbors out in the afternoon and
evening. Activities with neighbors usually take place in public and semi-public
places such as on the streets, in communal rooms, street markets, pos ronda (a post/
gathering place for neighborhood night-watch), etc. Activities in semi-private
rooms are usually religious gatherings, arisan (regular neighborhood gathering),
soccer night (watching soccer games together), or simply hanging out and chatting
with one another. The occupants of low rise kampong settlement in Pulo Gadung
and high rise kampong settlement in Jatinegara Barat are occupants from settlement
relocation program from the flood plain of Ciliwung River near Kampong Pulo. The
program is a part of a river normalization program. Low-rise kampong settlement
Pulo Gadung and high-rise kampong settlement Jatinegara Barat is a low cost
apartment project in East Jakarta. This kampong aims to accommodate people who
have been relocated from the flood plain of Ciliwung River since June 2015
(Figs. 1, 2 and 3).

The data are collected through a questioner, interview, and observation. These
methods are conducted on the three locations by using five sustainability perfor-
mance aspects: neighboring, availability of verandah, availability of area for trad-
ing, availability of greenery, and housing type. The data, perceptions towards
sustainability performance obtained from the questioner and interview with resi-
dents. The results of the analysis are used as the basis for a design simulation using
Space Syntax to assess the level of interactions among neighbors and participative
interviews with the residents.

By using Space Syntax as the framework, the method uses visual integration
approach. In terms of scale, the author uses global and local approach. These two
scales are used to see the effect of the intangibility of space layout to be accessed in

Fig. 1 Sustainable alley in landed kampong settlement in the form of economic function for
informal business activities (left), social function for neighboring (middle) and environmental
function for greenery (right). (Source Author)
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a corridor form system with developed function. Space system is composed of two
main components, which are layout and configuration that affect movements and
access. Therefore, interactions in a space layout are affected (Hillier 1984).

Visibility that allows easy control and access will cause a pocket space on a
certain floor to have a better and stronger visual integration. A corridor form that
functions as a common space will be easily recognized if it has a high visibility
value. The pattern for placing pocket space in the right corridor will determine the
‘liveliness’ of the corridor space. One of the methods in Space Syntax that is used to
see the strength of a room is visual integration approach. Visual integration is direct
and indirect relationship among spaces in a system. A space with a high visual
integration value means that the space has a high accessibility value that it is easily
accessed by its users. By identifying high and low values of visual integration and
intangibility, it will be easy to plan an effective corridor form to be used for a public
space.

Fig. 2 Livable livelihoods activities in low-rise kampong settlement in the form of front-porch
business activities in ground floor (left), in balcony (middle) and in corridor (right). (Source
Author)

Fig. 3 Low sustainability performance values in high-rise kampong city-block settlement. There
are no space for informal economic activities (left), for neighboring activities (middle) and for
greenery (right). (Source Author)
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3 Sustainability Performance of Built Environment
Transformation

The results of the surveys and interview show that the sustainability performance
values of the landed kampong settlement are the highest among the three areas.
These values are: 94.4% for neighboring, 86.7% for verandah, 42.2% for trading
area, 45.6% for greenery, and 71.1% for housing type. The values for walk-up/low
rise kampong settlement are: 84.4% for neighboring, 75.6% for verandah, 32.2%
for trading area, 21.1% for greenery, and 36.7% for housing type. And the values
for high rise kampong settlement are: 18.9% for neighboring, 0% for verandah,
5.6% for trading area, 5.6% for greenery, and 6.7% for housing type (Fig. 4).

The observations on occurring activities and the configuration of the alleys in
landed kampong settlements, the corridors in walk up kampong settlement, and the
corridors in the high rise kampong settlement suggest that high level of neighbor
interactions that usually occur in pocket spaces in kampong alleys will get based on
the number of floors. The higher the settlement, the lower the level of interaction
among neighbors. This is due to the much higher efficiency demand on high rise
settlement buildings that must eliminate pocket spaces usually used for neighbor
interactions. Similarly, the housing types in landed kampong settlement are very
diverse, whereas the higher the building/apartment, the more uniform housing type
will be. This is based on the consideration of the space usage efficiency and the
construction cost. Neighboring culture, which is a utilization of a shared space of
kampong alleys that are constructed out of organic configuration of housing unit
with varied areal spaces and shapes in landed kampong settlement in Kampong
Pulo, shows a high level of interaction.

By looking at the precedents living activities through space syntax analysis in
the low rise and high rise kampong settlement, the interaction patterns can be
typologized into five patterns.

The following patterns are the results of the analyses on several models and unit
samples that are integrated with pocket spaces.

1. The opening factor of each unit towards pocket space determines its strength as
a space that is more public in nature. On the other hand, if the opening of a
residential unit moves away from the pocket space, it can be said that the space
has low space integration, and it tends to be private in nature (Fig 5).

Fig. 4 Sustainability performance of built environment transformation. (Source Author)
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2. The placement of a pocket space with a face-to-face pattern is stronger than
either crisscross or single pattern. The face-to-face pocket spaces relating to an
opening (door) can create a strong space integration (Fig. 6).

3. The longer the corridor, the stronger the corridor’s space integration, and the
weaker the space integration of pocket space in residential units (Fig. 7).

Fig. 5 Two integration values of two pocket spaces that are face to face in a double loaded
corridor. (Source Author)

Fig. 6 An integration value in a combined pocket space in a double loaded corridor. (Source
Author)
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4. The crisscross form of residential units and pocket spaces is an optimum
composition that increases the space integration of a pocket space in a linier
residential unit (Fig. 8).

5. The form of residential units and pocket space that is crisscrossed with a long
corridor does not affect the strength of the pocket space of residential units
(Fig. 9).

Several comparisons between alley type with and without pocket space through
space syntax simulation in landed kampong settlement shows a significant differ-
ence. There is no neighboring interaction in alley without pocket space because the
alley is only for circulation (through), while alley with pocket space has stopping
points where neighboring interaction frequently occur. Space use behavior in type
alley with pocket space can be transformed into s corridor design in low rise (walk
up) kampong settlement.

However, this does not happen in high rise kampong settlement because the
shared space in the corridor does not create social interaction. This is due to the
space condition where there is no furniture that supports social interaction because
of the strict regulations on public space use. Moreover, there is a rule that does not

Fig. 7 Integration value in a pocket space in a single loaded corridor. (Source Author)

Fig. 8 Integration value in a
crisscross pocket space in a
double loaded corridor.
(Source Author)
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allow the occupants to use the corridor at all, either as a semi private space or for a
semi public space, whereas people would usually use the corridor for their activity
extension, from private activity to semi private (where the corridor is used as a
guest room or from semi private activity to semi public in the form of home-based
informal economic activities, usually called front-porch business activities).
Because of the restriction on the corridor use, activities of semi private and semi
public territories become private space territory activities. In other words, they
internalize activities which they would usually “extend”. Consequently, social and
economic interactions do not occur in high rise kampong settlement.

This can be seen in the space syntax simulation result, which shows that high
space integration and connectivity values only in front of vertical circulation facility
(lift).

The same goes with green pocket space, which is usually constructed in landed
kampong settlement alley configuration that is adapted into the corridor system in
low rise kampong settlement. However, it does not exist in the corridor configu-
ration in high rise kampong cityblock settlement. This is because there is a strict
regulation on areal space use based on the quantity of space affectivity and effi-
ciency, without considering the thermal comfort capacity. Ventilation where air
should naturally circulate using passive natural cross ventilation principle was not
taken into account in building façade and wall designs in the housing unit. In
addition, photovoltaic as solar energy utilization is not applied in high rise kampong
settlement. Other energy utilization such as rain water harvesting component in
high rise kampong settlement is not applied. Planting wall or vertical plantation to
reduce sun radiation is not applied. Consequently, the sustainability value in the
transformation process from landed kampong settlement to high rise kampong
settlement is very low in terms of social (living space), economic (livelihoods), and
environmental aspect (built environment).

Fig. 9 Integration value in a crisscross pocket spaces in a double loaded corridor. (Source Author)
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4 Design Recommendation for Sustainable High Rise
Kampong Cityblock

Referring to the best practices from the past experience of transforming landed
kampong settlement into low rise walk-up kampong settlement and the lessons
learned from transformation failure in high rise kampong settlement, there are some
recommended design principles involving considerations related to theories with
housing type variations, ecology, and modular coordination spirit (Figs. 10, 11, 12,
13, 14 and 15).

Design principle 1 is a multi-level living space, which suggests independent
neighboring clusters that still consider vertical mobility efficiency in order that
self-sufficiency of the living space community can be achieved, with pocket spaces
as shared space that enable the occupants to have social interactions and to generate
income (livelihoods).

Design principle 2 is ecology spirit, which suggests green architecture elements
such as passive lighting system, natural air circulation, photovoltaic application,
and rain water harvesting to reduce energy use.

Design principle 3 is smart porta modular coordination, which suggests support
system such as the design of configuration system for building types based on
corridor system, which provides pocket space to support the flexibility (porta) of
areal variety and the type of the unit that are smart and modularly coordinated.

Fig. 10 Space modular system. (Source Author)
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Fig. 11 The variety of prototype module. (Source Author)

Fig. 12 Housing type modular system. (Source Author)
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Fig. 13 Variety of building layout. (Source Author)

Fig. 14 The variety of organic corridor-based living unit modular configuration. (Source Author)
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5 Conclusion

Based on the survey, interviews with the residents, and observations on of
neighbor-related activities, availability of trading space for low income residents
who are the majority in the kampong settlement, availability of verandah and
greenery (vegetation), it can be concluded that the transformation of landed set-
tlement village into low rise/walk up kampong settlement still has a good sus-
tainable performance value. In contrast, the transformation of the settlement into
high rise kampong settlement has a very low sustainability performance value.
From the results of this analysis the study carried out a participatory design sim-
ulation involving residents from the three settlement types.

Fig. 15 Schematic model of sustainable high rise kampong city block. (Source Author)
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The Unintended Consequence of Building
Sustainably in Australia

Tim Law and Mark Dewsbury

Abstract What makes a sustainable house? One might suggest it should be
energy-efficient, resilient to climate change and still comfortable. Indeed in
Australia, we see aspects of these three priorities being exercised: energy-efficiency
standards being introduced into residential requirements of the National
Construction Code in 2003, bushfire requirements expressed as a national standard
in 2009, and the constant demand for more efficient and round-the-clock climate
control. All these actions relate to Sustainable Development Goal (SDG) 13:
Climate Action. One might assume that these trends mark progress for both the
environment and the home owners. However there is a dark side to the story,
because in the very effort of reducing greenhouse gas emissions (also one of the
functional objective of the national construction code), the construction industry has
inadvertently implemented practices that have led to entrapment of moisture in
buildings, thus compromising their habitability. Using data from Tasmania, this
chapter shows how common mistakes in building science, design and construction
have led to a widespread increase of condensation in buildings located in cool
climates. Condensation has further led to other problems with mould and health
(SDG 3: Good Health and Well-being), making new code-compliant houses
potentially uninhabitable after experiencing their first winter. These challenges need
to be in the wider discussion of architecture, construction, indoor microbiology and
public health when sustainable housing standards are being promoted.
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1 Introduction

In Australia the building codes ensure that there are minimum standards for resi-
dential dwellings. Indeed when the codes were first written in 1988, structural
sufficiency, fire safety, health and amenity were the listed objectives. Home
occupants could have a legitimate expectation that any house bought should be safe,
healthy and have sufficient amenity. Subsequently, energy efficiency provisions
were introduced into the Building Code of Australia in 2003, starting as a
requirement for housing (ABCB 2010). Various states within Australia would
introduce different stated values of star ratings developed by the Nationwide House
Energy Rating Scheme (NatHERS) for residences. Australian states independently
and incrementally moved from the initial 4-star to the current 6-star requirements
for energy efficiency. Table 1 illustrates the introduction of the requirements over
time. The star ratings ascertain the amount of energy required to condition a house
(and to a lesser extent artificially light or heat pools) in MJ/m2 per annum and is
determined at the design and specification stage of a house.

National Construction Code (NCC) energy efficiency requirements timeline for
various building types (ABCB 2016).

After a major bushfire in the state of Victoria in 2009, also called “Black
Saturday” a new national standard (AS3959, 2009) was introduced to specify how
new buildings were to be designed around bushfire prone areas. Currently in
Victoria, without exemption all houses need to have some measure of bushfire
attack resistance. Part of the strategy invoked preventing embers from entering roof
spaces and a common construction method to deal with that is to lay glasswool
insulation blankets under the ridge and eaves of a metal roof to fill up the voids
under a profiled metal roof, reducing the chance of ember entry. However, this
approach also eliminates the option of naturally ventilating the roof space.

Table 1 National Construction Code (NCC) energy efficiency requirements timeline for various
building types ABCB (2016)

Housing Multi-residential Non-residential

2000 Announcement to mandate minimum energy efficiency requirements in the BCA

2003 Housing provisions
introduced

2005 Multi-residential buildings
provisions introduced

2006 Housing stringency
increased (5 star minimum)

Non-residential buildings
provisions introduced

2009 Announcement to increase stringency for all buildings

2010 Housing stringency
increased (6 star minimum)

Multi-residential buildings
stringency increased

Non-residential buildings
stringency increased
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In the 2010 update to the Building Code of Australia (BCA), besides increasing
the stringency of energy efficiency provisions, the new standard was included for
construction in bushfire-prone areas. The industry, in response to making buildings
more thermally efficient, had to also make them tighter. Air tightness of buildings
not only contained heat better, it was also better at keeping cinders from blowing
into the buildings. All these actions relate to Sustainable Development Goals (SDG)
13: Climate Action. One might assume that these trends mark progress for both the
environment and the homeowners.

However with increased air tightness, the industry started noticing a disturbing
new trend: many new residential buildings were encountering copious amounts of
condensation. The persistent damp from condensation has led to other problems
with mould and its deleterious effects on human health which compromise another
goal, SDG 3, that of ‘Good Health and Well-being’. Using data from Tasmania, this
chapter will demonstrate how common mistakes in building science, design and
construction have led to a widespread increase of condensation in buildings located
in cool climates.

Condensation is a complex phenomenon and requires as a background some
understanding of the psychrometry of air, vapour permeability and the temperature
of the condensing surface.

2 Psychrometry of Air

Where air moves freely it will carry moisture with it. Where air is stopped by a barrier,
moisture may still move through, assuming the air barrier was vapour
permeable (Babbitt 1939; Barre 1938). To understand the moisture content and
transport through building elements we turn to psychrometry, the study of moist air.
With any combination of two variables (typically being any combination of dry bulb
temperature, wet bulb temperature or relative humidity) one can locate the coordinates
on the psychrometric chart, and from there determine the dew point temperature, the
point at which air reaches saturation and any further cooling will result in precipitation.

Historically, vapour pressure management and condensation risk analysis were
taught within applicable technical and tertiary courses (Szokolay 2008), which
utilised Australian and international guidelines (CSIRO 1991a, b; van Straaten
1967). However, it appears that due to the general leakiness of historical Australian
construction practises and the general ‘de-sciencing’ of many technical and tertiary
training courses, which have often blamed pressures from funding arrangements,
this critical component of built fabric design and construction has been removed
from key learning outcomes and regulatory requirements. This combination of a
simplified professional education, the aspiration for more complex building
envelopes and the lack of guidance and regulation has established a significant
knowledge gap between the technical considerations required to safely achieve
more thermally efficient, structurally safe and healthy buildings and the current
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industry capacity of construction trades, building surveyors, environmental health
officers engineers and the building design professions.

Psychrometry is one of the principle tools building mechanical engineers use to
size and select air-conditioning equipment, and balance the loads between sensible
heat, where heating or refrigeration causes temperature change, and latent heat,
where energy is accounted for by a phase change like evaporation or dehumidifi-
cation without a change in temperature. However other fields have very limited
knowledge of psychrometry, if any at all. In the 2015 ABCB Condensation Survey,
less than a third of the respondents were aware of how to apply a hygrothermal
(condensation) analysis at the design stage.

Without a common understanding in psychrometrics it would be difficult to
appreciate the significance of air tightness, vapour permeability and thermal
bridging. Building scientist Lstiburek (2010) explains how a building envelope has
four principal functions which, in order of priority will be: rain control, air control,
vapour control and thermal control. It would seem self-evident that an occupant in a
cool climate would rather a house that was cold but dry, then one which was warm
but damp. Unfortunately the contrary is largely observed which could derive from
the emphasis on energy efficiency instead of vapour management in many
Australian houses. These three of Lstiburek’s four earlier principles are often
misunderstood or ignored. In contrast, whilst the industry well understands the
importance of rain control, the irony is that without understanding psychrometry,
we have created an environment for the production of ‘indoor rain’ through
condensation.

To illustrate this, in Fig. 1 we see psychrometric measurements during early
spring of a house in Tasmania, the southernmost state of Australia, and here coded
House-BN. The heat pump is run 24 h a day at a thermostat setting of 18 °C, a
typical heating system and setting for most houses in the temperate climates of
Australia. Measurements in the roof are coincident in time but presented separately

Fig. 1 Psychrometric charts of House-BN in Tasmania measured during late winter
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for clarity. Outdoor air, after being heated, increases in temperature and absolute
humidity before entering the roof space. In this space, the absolute humidity
increases further, indicative of moisture accumulation, and condenses against the
sarking, resulting in precipitation under the roof. A snippet of time-lapse photog-
raphy (Fig. 2) cross referenced against the temperature logs (Fig. 3) provided a
visual confirmation of the persistency of condensation, showing that even though
condensation was not continuously occurring, once the droplets formed they did not
dry out during the day. This persistence of moisture is observed throughout the
months of winter on time-lapse photography.

Fig. 2 Selection of time-lapse photography to show persistence of droplets throughout the day

Fig. 3 Temperature measurements in House-BN during same period, grey lines indicate timing
corresponding to above time-lapse photographs
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3 Vapour Diffusion, Air-Tightness and Permeability

When still air has different amounts of moisture, indicated by its Absolute Humidity
(AH), diffusion occurs naturally from higher to lower concentration. AH is calcu-
lated psychrometrically from measurements of temperature and RH and the values
in the living room compared to the site AH is illustrated in Fig. 4. The delta AH
shows that living AH is almost always higher than site AH with the mean difference
about 2.5 g of vapour per kg of dry air. This difference in AH highlights a need for
ventilation and a building fabric designed to manage vapour.

In House-BN the house occupant, typical of most Australians during winter,
does not ventilate the house at anytime throughout the day. We have corroborated
our measurements with an interview with the owner. Besides security and privacy,
the common conception is that it is most energy-efficient for the heat pump to be
run continuously instead of only when occupants are present. This also corresponds
to many occupants expectation that the house should already be comfortable before
they return home, without having to wait for the air and surface temperatures to be
comfortable. In Australia although there are no stipulations for space heating/
cooling temperatures, there is an indication of expectation of a range between 18–
26 °C, in the context of how energy consumption is to be calculated for a
performance-based verification method (Section JV3, ABCB 2016). To meet this
expectation of round the clock comfort, the most energy-efficient heating system are
heat pumps. Hence a cycle of self-reinforcement is produced, with the impression
that continuos space conditioning with heat pumps is the most energy-efficient and
cost-savvy approach to modern comfort.

Whilst this thinking is arguably reasonable, it leads to an important caveat, that
in a continuously conditioned space without ventilation, the entire burden of vapour
management is transferred to the building fabric of walls, floors and ceilings. Here,
the vapour can be managed by either infiltration at junctions and penetrations, or
allowed to permeate through the fabric. On a national average, Australian houses

Fig. 4 Frequency distribution of absolute humidity of site and living room air, and the difference
between the two values for House-BN

530 T. Law and M. Dewsbury

usha.iyer-raniga@rmit.edu.au



reportedly achieve 15.4 ACH@50 Pa (air changes per hour at a pressure difference
of 50 Pa) with houses in Hobart (Tasmania’s capital city) significantly more air-
tight, with an average 7.9 ACH@50 Pa (Ambrose 2015). Uncontrolled infiltration
is clearly not a viable way of managing moisture in cool climates. So instead of
having indoor air replaced by the relatively drier outdoor air, the vapour from
indoor air has to be allowed to diffuse through the building fabric of plasterboards,
insulation, building wrap and then exhausted by a ventilated cavity.

The most commonly used building wraps in Australia are foil-based, the
cheapest wrap to install. When punched with holes they are often advertised as
‘breathable’, a purely marketing term that carries no definition or control under the
relevant standard (AS4200, 1994). However when the space between studs is filled
with insulation batts, there is no free movement of air, so vapour does not ‘find’ its
way to those openings. Instead when vapour reach the foil wrap, it encounters an
impermeable surface and condenses against the wrap as it cools. In many cases, like
the common brick veneer construction, once the house is completed it is pro-
hibitively costly to replace a foil wrap with a vapour permeable one.

Ventilated cavities are not always required by code or by manufacturer’s details.
Thus even when a selected wall cladding is vapour impermeable, like sheet metal or
exterior insulation finishing systems (EIFS), many builders opt not to include wall
battening to create a ventilated cavity, fearing that the additional work will price
them out of a competitive tender. They in turn blame the architect or building
designer for not requiring battens in the drawings, who in turn claim they are not
required to know about the phenomenon of condensation, nor is there any leg-
islative stipulation to ventilate the wall cavity. Most owners are not cognisant of this
problem as the mould develops in the interstitial spaces. Even a borescope is of
limited use as the walls are packed with insulation. The cladding has to be peeled
back (Fig. 5) to reveal the extent of damage at House-MW2, which was newly built
and occupied for less than 2 months. To increase ventilation in roofs, walls and
sub-floors, the authors have developed design solutions to common architectural

Fig. 5 Often the true effect of condensation happens inside the wall framing. A builder helps
dismantle the sheet metal cladding that is hard fixed against the studs (no battens) causing the wrap
to be thermally bridged with the cold exterior. Indoor vapour, unable to pass through the foil wrap
condenses on the insulation which acts as a reservoir, keeping the studs and bottom plate a moist
breeding ground for mould
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details for the Tasmanian government (BSOL 2014) disseminated to the building
industry as a non-mandatory design guide. The intention was to offer designers with
alternative options that increased airflow in the interstitial spaces as a starting point,
and on this awareness to develop an appreciation for the more complex topics that
follow.

4 Condensing Surfaces in Buildings

Whilst psychrometry analyses the condition of moist air in a space, condensation
frequently occurs on surfaces with a temperature difference. The warm space (like a
heated living area) supplies the energy for air to hold more moisture in vapour state.
When this vapour laden air encounters a cold surface below its dew point it will
condense on it. In Fig. 6 the mid-roof and site (verandah) temperatures go House-BN
are compared against the dew point of the living room. The frequency distribution
show that for almost half the time, site temperature is below living dew point so
building components in thermal communication between these two spaces, like alu-
minium window frames, will result in condensation (Fig. 6). Similarly, the uninsu-
lated part of the ceilings will allow cold roof space to cause condensation on any
uninsulated part of the ceiling. Australia’s experience with the poorlymanaged Home
Insulation Program (Parker 2014) has raised awareness to the importance of leaving a
clear 200 mm around down lights to avoid fires (Standards Australia, 2007). This
however leaves an uninsulated area around the down light where mid roof tempera-
tures were below living dew point, which for House-BNwas 76% of the time (Fig. 7).
Two of these dripping down lights were directly above the master bed (Fig. 8).

Roofs have been observed to be a particularly problematic area as the ceiling
plenum covers many sources of moisture ingress and is itself one of the coldest
surfaces, especially with the radiative losses on a clear night. Figure 9 illustrates the
monthly average amount of radiation and daily measurements. However when

Fig. 6 An example of what happens when there is thermal bridge between site temperature and
living dew point: condensation on the aluminium frame of a south facing window
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overlaid with temperature of the roof sarking there is little correlation between
radiation and roof temperature, i.e. a day with higher than average radiation does
not appear to result in a higher than average roof temperature. Throughout winter,
the roof is colder than the living room, even on sunny days.

With a roof so cold, even the conventional thinking of ventilating the roof space
needs to be critically reconsidered. Figure 10 shows how the sarking is below site

Fig. 7 Top: time series plot of midroof temperature, site temperature and living room dew point.
Bottom: frequency distribution of difference in temperature, where a negative value indicates
condensation: site temperature versus living dew point, and midroof temperature versus dew point

Fig. 8 An example of what happens when there is thermal bridge between mid-roof temperature
and living dew point: condensation around the uninsulated downlight
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Fig. 9 Time series of solar radiation: dotted red line shows monthly average from the Australian
Solar Radiation Data Handbook (2006) of the nearest city Launceston, solid red line are
measurements by the Bureau of Meteorology, Australia (in MJ/m2). Temperatures measurements
in House-BN at roof sarking and inside living room

Fig. 10 Top: time series plot of sarking temperature, against the dew points of midroof, site, and
living. Bottom: frequency distribution of difference in temperature, where a negative value
indicates condensation: sarking temperature versus living dew point, sarking temperature versus
site dew point, and site temperature versus living dew point
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dew point more frequently (18% of the time) than it is below the roof dew point
(7% of the time). In other words if more ventilation were to be encouraged, this
particular roof would suffer even more condensation. Of particular concern is that
any air from the living room leaking into the roof cavity would most likely meet a
condensing surface (63% of the time). When the blower door apparatus was
modified to pressure test the roof (Fig. 11), we found major internal air leakages in
powerpoints and pocket doors. When the roof cavity was tested at 50 Pa it mea-
sured 71.2 ACH before 4 roof vents were installed and 72.7 ACH after (2.1%
increase). The roof vents, an example seen in Fig. 12, thus had little effect on the
leakiness of the roof. We can surmise that the source of moisture was primarily
from the habitable areas travelling through service and construction penetrations
into the roof cavity and condensing on the underside of the cool roof (Fig. 13).

Figure 14 compares the BN roof (white colour, sarking foil) with MW2 (green
colour, insulated foil blanket). Both roofs experience unshaded sun. It is apparent
the effect of roof colour where MW2 is able to benefit from solar absorptivity, even

Fig. 11 Blower door apparatus modified for testing roof cavity

Fig. 12 Installation of roof ventilation, in total 4 of these vents were installed

The Unintended Consequence of Building Sustainably in Australia 535

usha.iyer-raniga@rmit.edu.au



with a foil blanket. Without this insulation, the peaks would be even higher during
daytime to assist in drying the roof cavity.

The role of the roof to minimise condensation is not well understood, and
attempts to increase energy efficiency by adding insulation to ceilings result in a
variety of problems that exacerbate condensation. A number of common roofs are
illustrated in Fig. 15.

For the double pitched roofs like gable or hipped, orientation of the roof to the
winter sun is immaterial as there will always be part of the roof exposed to the sun
and this will increase the drying potential of the roof space, as long as it is well
ventilated. The standard pitch of 22.5° allows moisture to run along the underside

Fig. 13 The constantly wet, and often dripping underside of the roof

Fig. 14 Time-series and frequency distribution of (left) MW2 mid-tone coloued roof and (right)
BN white roof

536 T. Law and M. Dewsbury

usha.iyer-raniga@rmit.edu.au



of the roof and drain at the gutter, assuming it is not blocked by ceiling insulation.
When the roof is fitted and insulation installed after that, the installers are not able
to determine where the edge of the walls are and typically push the insulation hard
against the underside of the roof, creating a path for moisture to run into the ceiling.
Particular care also needs to be given to instances where vertical surfaces appear in
a roof, like when the ceiling is stepped in line with the site. Insulation installers
often forget to insulate the vertical surface as they should the entire ceiling with the
same level of insulation. Single pitched roofs like skillion roof are often used to
allow higher walls on the sunny side, but this orients the roof away from the sun
and limits its drying potential. Double lean-to roofs separate the two roofs and, for
the shaded side, limits both the solar exposure and ventilation opportunities. This
similarly affects the low pitched roof and butterfly roof, which has the same dis-
advantages and the additional problem of creating suspended droplets that will not
flow down into the gutter.

5 The Problem with Condensation

Dampness can affect up an estimated 10–50% of buildings in Australia, Europe,
India, Japan, and North America (WHO 2009; Anderset et al. 2011). The ABCB
Survey in Fig. 16 shows that respondents estimate that an overall one third of new
Australian buildings suffering from condensation problems, with minor variations
across climate types.

In many ways, condensation inside a building can be as bad as water ingress
arising from a building defect or faulty plumbing. However, as opposed to such
problems that typically occur in an ageing stock of buildings, most home owners
would not expect their brand new houses to have a moisture problem of this nature.
Unless something catastrophic happens, many will not even be aware they are
experiencing a moisture problem every bit as serious as a leak.

Fig. 15 Common roof types in houses, each can be potentially problematic with condensation in
winter
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In terms of structural safety, the moisture build up has been a cause for collapsed
ceilings when the ceiling insulation is overburdened with so much moisture the
furring channels could not support the additional weight. Additionally, constant
wetting and drying of timber trusses has the possibility of compromising the nail
plates, an alleged cause for the collapsing of a roof in 2002 at the Riverside Golf
Club, South Australia (James 2006; Palmer 2012). Moisture also accelerates fungal
and borer decay of untreated timber frames. In New Zealand the ‘wet building
syndrome’ that emerged from monolithic construction (a form of construction that
gives the building a seamless appearance) has resulted in many timber framed
buildings succumbing to structural damage. There an ongoing class action lawsuit
is filed by about 1000 claimants representing over 300 buildings for $250 million
against a plaster cladding manufacturer for the moisture related problems that are
common with this method of construction (Thorn 2016).

Although the structural damage from moisture can be serious, it is usually a
prolonged matter of a decade or more before a timber structure deteriorates to a
point it is deemed unsafe. In contrast, a mouldy dwelling can be deemed unhealthy
within its first winter. To understand the impact of mould better we have to another
field, that of mycology, with a focus on the health implications of mould.

Fig. 16 Distribution of responses by states in Australia to the question, “What do you believe is
the overall proportion of new residential buildings (both houses and apartments) affected by
condensation?” Sorted by climate zone as follows: Climate zone 1—High humidity summer, warm
winter; Climate zone 2—Warm humid summer, mild winter; Climate zone 3—Hot dry summer,
warm winter; Climate zone 4—Hot dry summer, cool winter; Climate zone 5—Warm temperate o
Climate zone; 6—Mild temperate; Climate zone 7—Cool temperate; Climate zone 8—Alpine;
Multiple—Respondents that work in more than one climate zone. Each “violin” shows the
distribution of state estimates, similarly to a smoothed histogram. The breadths are proportional to
the subsample sizes; the central dot and bars show the estimated mean and its standard error. The
horizontal line indicates the overall mean
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6 Mould Growth

Mycology is the study of fungi, a kingdom of which moulds are classified under.
Mould is a general term to describe microscopic filamentous fungi. Due to the
ubiquity of cellulose-based nutrient sources in timber-framed buildings lined with
paper-faced plasterboards, moulds can grow anywhere in a building with enough
moisture, and especially in the dark areas. By the time an occupant sees the mould
appearing on the painted walls it is most likely there would much more to be found
in the dark interstitial spaces behind the wall and ceiling lining. Mould is always an
indicator of damp, and if it cannot be traced to a cladding or plumbing leak then
condensation should be the seen as the most likely culprit.

The conditions that affect the rate of growth of mould is a combination of
available moisture and available nutrient. Figure 17 shows isopleths for the ger-
mination and growth of mould from the Australian Institute of Refrigeration,
Air-Conditioning and Heating (AIRAH 2016) and the World Health Organisation
(WHO 2009). Whilst in both cases, relative humidity (RH) has been presented as a
determiner of growth rate, it should be noted that the RH of air is an indirect
predictor of mould growth, microbiologists recognising that ‘the effects of relative
humidity on airborne microbes are complex and involve phase changes at the
molecular level’ (Kowalski 2005, p. 157). With so many aspects of aerobiological
behaviour not fully understood it is no wonder that in the ASHRAE (American
Society for Heating, Refrigeration and Air-conditioning Engineers) Position
Document on Airborne Infectious Diseases, the only mention of humidity is that
“humidity affects survival of the infectious agent although not always in predictable
ways.” (ASHRAE 2009, p. 5) Hence merely controlling RH in a space is a rather
blunt and energetically costly way of controlling microbes like moulds (Law 2013).

Rather that RH of air, fungal growth is predominantly controlled by the moisture
content of a substrate and is likely if the water activity (aw) of a material exceeds
0.76–0–96, depending on fungal species, temperature, time and composition of a

Fig. 17 Typical conditions that affect germination and growth rates for moulds as established by
AIRAH (2016) in its application manual “DA20 Humid Tropical Air Conditioning” and the WHO
(2009) “Guidelines for indoor air quality: dampness and mould”
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material (Pasanen et al. 1992). Barbosa-Cánovas et al. (2008) provide the following
formulation to determine the water activity based on substrate temperature and the
dew point temperature of the air around the sample.

aw ¼ exp
bTd

cþ Td
� bTs
cþ Ts

� �

where

aw water activity
Td dew point temperature
Ts AS3959
a 0.611 kPa
b 17.502 C−1
c 240.97 C

In Fig. 18, measurements were made of a House-MW2 in Tasmania. Based on
the living room temperature and dew point there would have been no instance when
the RH would have exceeded 80% (or 0.8 equivalent RH), let alone experience
condensation. However since the sheet metal cladding was not constructed with a
cavity, i.e. it was hard-fixed against the timber studs with a layer of vapour
impermeable wrap in-between, it would be valid to assume there was certain
amount of thermal bridging occurring around the timber frame, especially the top
and bottom plates of the wall structure. Using the outdoor temperature as Ts we see

Fig. 18 House-MW2 in Tasmania, measured in Sept 2014
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a very different profile of the aw for parts of the wall that were uninsulated, with
frequent occurrences of aw exceeding 0.8; and even exceeding 1.0 indicating the
availability of ‘free water’. If this water was not evaporated by the next day it will
accumulate, and over time provide a continuous period of dampness to permit
mould growth. In this house, condensation was visible around the windows and on
the kitchen vinyl flooring (see Fig. 19). Mould was observed in many instances on
walls (especially behind furniture (Fig. 20) and inside the walls and ceiling
(Fig. 21). Spore samples were collected on settle plates and the following genera
were identified: penicillium, zygomycete, cladosporium and aspergillus. After
occupying this house for about a month after construction, occupants of this house
were unwell with varying symptoms which were not present prior to occupation:
one parent had laryngitis and a child had constant headaches.

Fig. 19 Condensation forming on the kitchen flooring due to poorly installed insulation and a
vapour impermeable vinyl finish. Around the window reveals the thermal bridging of the structure
results in condensation

Fig. 20 Under the bed, the wall and carpet have limited exposure to the heating and experience
thermal bridging to the external walls
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7 Mould and Health

Mould can affect human health by an infectious route, typically through respiration,
and produce diseases like Aspergillosis, Histoplasmosis, Coccidioidomycosis
(Kendrick 2000). Alternatively, mould can cause toxicosis through skin contact,
inhalation or ingestion. Mycotoxins (mould toxins) are a secondary metabolite, so
they are not used in the primary function of growth and reproduction. These
mycotoxins accumulate and are then released sporadically (Kendrick 2000, p 145),
possibly for competitive exclusion depending on the antagonist (Zain 2011). This is
of particular concern in cool climates, as toxin production usually increases at low
temperatures (Wannemacher and Wiener 1997).

Concerned for the need to establish minimum safety standards to reoccupy
houses two years after Hurricane Katrina, detailed sampling and identification were
carried out in houses heavily contaminated with mould (Bloom et al. 2009).
Although the researchers established a case for the requirement for personal pro-
tective equipment for retuning residents, they found that the amounts of fungi in a
house did not correlate with the amount of mycotoxins. The ability for moulds to
create different mycotoxins at different rates under different conditions has made it
very difficult to establish the health impact under the conventional understanding of
toxicology: that the poison is in the dose. If one were to proceed on this trajectory,
trying to establish objective measures of health effects associated with mycotoxin
exposure in comparison with a control population, one would invariably come to
this conclusion: no definitive or causal relationship. And we see this repeatedly
(Page and Trout 2001; Kelman et al. 2004) and confirmed by Täubel and Hyvärinen
(2016) who state, “Support from epidemiological studies in clarifying potential
health effects upon indoor mycotoxin exposure is almost completely absent.”

However, the inability to establish a toxic dose has not prevented organisations
from laying unequivocal positions on the damage mould has on health. For example
the World Health Organistion (WHO 2009) in its extensive review of literature
concludes that, “Sufficient epidemiological evidence is available from studies
conducted in different countries and under different climatic conditions to show that

Fig. 21 Under the bed, the wall and carpet have limited exposure to the heating and experience
thermal bridging to the external walls
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the occupants of damp or mouldy buildings, both houses and public buildings, are
at increased risk of respiratory symptoms, respiratory infections and exacerbation of
asthma.” (p. 93) This is one of the most cited health impact of mould in damp
buildings and used in a number of position statements, like the American Industrial
Hygiene Association (AIHA 2013).

On another front, Shoemaker (2011) explains, “We now know that this idea from
toxicology has little bearing onmold illness, as indeedmold illness isn’t toxicological
at all, but is immunological instead.” As a physician, he found mould patients pre-
senting similar symptoms to those who suffered from dinoflagellate toxin exposure
(like during a toxic algal bloom) he treated elsewhere. These negatively charged
toxins (mostly called ionophores), do not get excreted but are reabsorbed further down
the gut. The accumulated toxics causes individualswith susceptible geneticmakeup to
have an over sensitised immune response that places them under chronic inflamma-
tion. Essentially, according to Shoemaker, they suffer more from the friendly fire of
their defencemechanism than from the invader itself. He has created a protocol around
the diagnosis and treatment of the syndrome termed CIRS-WDB, (Chronic
Inflammatory Response Syndrome in Water-Damaged Buildings) and estimates that
24% of the population have the genetic disposition to develop CIRS if they were
exposed to a WDB. Given that up to 40% of buildings in some countries have mould
(Sivasubramani et al. 2004) there is a high likelihood that susceptible patients will
encounter problematic buildings on a daily basis.

In Shoemaker’s treatment protocol, cholestyramine (CSM) therapy was found to
be particularly effective in eliminating biotoxins by preventing their reabsorption.
His research is featured in the active an growing Toxic Mould Support Australia
group (http://www.toxic-mould-support-australia.org). In an experiment involving
14 patients in a double-blind, placebo-controlled, clinical trial (Shoemaker and
House 2006), patients were (1) exposed to a WDB, (2) treated with CSM,
(3) ceased CSM, (4) re-exposed to the building that caused the sick building
syndrome and (5) treated with CSM again. CSM was provenThe researchers note,
“Health status continued to show marked improvement following CSM therapy
while the study participants avoided re-exposure to the WDBs. However, all par-
ticipants relapsed within 7 days of re-exposure to the WDBs.”

In their comprehensive literature review on the deleterious effects of biocontami-
nants, Thrasher and Crawley (2009) reach a similar conclusion, urging that the “medical
profession must recognize the importance of immediate removal of occupants from the
toxic environment.”Many would not see an urgency in leaving a mouldy building, and
many owners would rather remediate it than to abandon it entirely. The following
excerpt of a blog from a client of Thrasher is noteworthy (Adrienne 2014):

I made contact with a leading toxicologist in the field, Dr. Jack Thrasher, and he explained
that even with remediation, a systemic mold problem like ours was virtually impossible to
eradicate. On October 4, 2008 we vacated our home. As advised, we treated the home like a
fire—bringing nothing with us.

http://wholenewmom.com/health-concerns/black-mold-symptoms-mold-exposure-
symptoms/
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It is of immense consequence that a house can not only be deemed uninhabitable,
but irreparable as well. How sick does an occupant need to be before a house is
uninhabitable? How mouldy does a building need to be before it is considered
irreparable? And who should make the call? Internationally, the legal experts in this
area are the industrial hygienists (Peake 2015). In Tasmania, the Public Health Act
(State of Tasmania 1997) places these two responsibilities on the Environmental
Health Officers (EHOs) and Building Surveyors respectively. The EHOs in particular
have “very broad powers of entry and inspection” (Workplace Standards Tasmania
2009) and the authority to issue rectification notices and, upon non-compliance from
the owner, to follow up with closure orders. Despite efforts to introduce guidance in
understanding and remediating mould (Kemp and Neumeister-Kemp 2010a, b) there
are no mandatory standards for the determination of the severity and required reme-
diation of mouldy premises. Mould severity guidance to EHO’s (Department of
Health and Human Services, Tasmanian Government 2015) is superficial, based
largely on visual inspection of visible areas.Without understanding that dewpoint and
water activity interaction is most severe in the interstitial spaces, most EHOs will not
be able to look in the right places, much less require that the builder remove cladding
and lining for a proper evaluation. Moreover the lack of detailed guidance places
substantial responsibility on the EHO to make a subjective determination with
enormous consequence to the builder, surveyor, designer and occupant. It is unsur-
prising then that to date, closure orders and rectification notices have not been known
to be enforced for mould problems in Tasmania.

There is a significant resistance to the enforcement of the Public Health Act on
unhealthy premises. It not only impacts the building design and construction
industry, but the banking (home mortgages) and insurance industries as well. The
lack of commitment to the injurious presence of mould contrasts to other countries
where definitive positions are taken. In the United States, the National Association
of Home Builders has stated that “growth of any type of mold in a home is never
acceptable” (Small 2003). In Canada, the National Building Code (NRC CCC
2015) stresses that energy performance compliance “is not dependent on occupant
interaction” (Section 9.36.5.3, clause 5), but on the building fabric and any asso-
ciated automated mechanical systems. Taken together, the best practise would be to
have buildings designed and constructed robustly, and fitted out with automatic
ventilation systems if necessary, such that the occupants could use the house in any
reasonable way without fear of mould occurrence.

8 Conclusion

In order to even understand the significance of this problem, there is a need thus to
bridge three distinct disciplines and the match between three profiles: the building
profile, microbiological profile, and occupant health profile. Buildings need to be
understood in the building physics of psychrometry and vapour management from
design, specification and construction. This physical environment needs to be

544 T. Law and M. Dewsbury

usha.iyer-raniga@rmit.edu.au



studied with its impact on the biotoxin producing micro-organisms and their effect
on human immunology.

Condensation is a complex and systemic process with serious structural and
health repercussions. Many of the complexities cannot be understood by a single
discipline and there it is timely to address this using a multidisciplinary approach.
Condensation and subsequent mould growth appears to be a longstanding problem
with indications that it might have been recently exacerbated in Australia by
increased air tightness and thermal differentials that resulted from increased
energy-efficiency and bushfire legislature, and also increased market-driven
demands for thermal comfort.

The competitive building industry has led to inadequate consideration of vapour
management at the design stage and improper installation during construction.
Whilst there is acknowledgement of the condensation problem, there is widespread
reluctance by any party from the construction or healthcare sectors to take a
decisive and categorical position.

The Australian condensation experience highlights the imperative of taking a
generalist and over-arching view of sustainability, where all SDGs are considered
simultaneously. Any attempt to move one at the expense of the other can only lead
to a short-termed solution, and cannot be a truly sustainable effort. In this instance,
climate action (SDG 13) had been pursued at the expense of health and well-being
(SDG 3). Until this trend is arrested, we will continue to build thermally efficient
houses that compromise health and well-being.

In the iconic 1997 Australian movie The Castle the protagonist says, “It’s not a
house, it’s a home. A man’s home is his castle… You can’t just walk in and steal our
homes.” There is due indignation when one is robbed of his own home. Condensation
threatens to do exactly that. The irony with condensation is that this was far more
infrequent before energy efficiency standards pushed for higher thermal performance.
The insertion of sustainability considerations into the mission of the ABCB now
appears to challenge the prior objectives for safety, health and amenity. In extreme
cases, these new houses can become uninhabitable within their first winter. When one
in three Australian houses are damp enough to trigger one in four people to have a
chronic inflammatory response, we need to rethink if we have been too preoccupied
with one sustainable development goal and completely forgotten that the house is our
home, our castle. It is supposed to be our place to feel safe and healthy.
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