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PREFACE

Constructing Capability for Change

We are living in a rapidly changing world and the effects of climate change are beginning to impact on
every aspect of our lives. On 27 October 2015, temperatures of 48.4 °C were experienced in
Vredendal on the West Coast of South Africa. At the same time one of the strongest hurricanes ever
recorded approached the west coast of Mexico (Patricia). Droughts and temperatures significantly
above normal, attributed to a strongly developed El Nino (4 °C sea temperature above normal
anomaly in the Pacific), are currently being experienced in California, South Africa and Australia.

Given this situation, it is not only valuable to understand these changes; it is important that high
impact, positive change also occurs. Positive change must be informed by rigorous and targeted
research that can be readily and rapidly applied to counter climate change and develop more
sustainable built environments.

The papers at this conference characterise this positive approach. Papers include climatic studies that
enable the development of more intelligent and responsive built environments. Work on building
materials envisage, and minimise, environmental impacts. A considerable body of work propose
methodologies and tools to transform existing built environments to a more sustainable basis.
Modelling work explores how systems and feedback loops can enhance the performance of urban
environments and services. Papers on renewable energy, recycling and prefabrication conject and
refine systems that will become increasingly resource efficient. Finally, papers on education, policy
and regulations provide the ‘glue’ that can be used to embed smarter and more sustainable
approaches.

Capability for change is, therefore, being constructed! We would like to welcome you to the
conference and look forward to sharing, discussing and developing ideas, tools and plans needed
fora smarter and more sustainable built environment.

— /// “

=
Jeremy Gibberd Dirk Conradie
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PEER REVIEW STATEMENT

SASBE2015 is the fifth in a global conferences series, with previous events being organized in
Australia (2003), China (2006), The Netherlands (2009) and Brazil (2012). At global level, the
conference is hosted by CIB (International Council for Research and Innovation in Building and
Construction) Work Commission 116, which shares the conference name. The South African event is
collaboration between CSIR and the University of Pretoria and was held on 9, 10, 11 December 2015,
at the University of Pretoria, in Pretoria. The target audience of the conference are built environment
researchers and professionals, as well as government, business and non-government organisations
who have an interest in smart and sustainable built environments.

A full double blind peer-review process was followed for the conference. This included a double-blind
peer review process for all abstracts. A double-blind peer review of all full papers was also
undertaken. Reviews were undertaken by the Scientific Committee and facilitated by the Organising
Committee who communicated reviews to paper authors. The Scientific Committee was established
through peer recommendation and consists of highly experienced senior academics and built
environment professionals. A full list of members of the Scientific and Organising Committees is
available in the conference proceedings and on the conference website.

Full papers also received final editing and quality checks before being included in the proceedings.
The proceedings have been edited by Dr J Gibberd and Dr DCU Conradie and are published with the
ISBN number 978-0-7988-5624-9.

— //// “ JWVW/ .

Dr J Gibberd Dr DCU Conradie
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Abstract

Sustainability in the built environment has become an international imperative within the Architecture,
Construction, and Engineering (AEC) sector. While much has been written about the barriers to
sustainable construction in South Africa, the implementation of the concept is still a challenge. This
study thus employs an interpretative paradigm to add to what is known about the issues in South
Africa. The collection, categorization and analysis of interview transcripts and a review of the findings
in relation to the literature led to salient insights. Such insights show that education and experience
inform a designer’'s understanding of sustainable design and construction. Designers’ understanding
of sustainable design values affect their behaviour, attitude and likelihood to promote sustainable
practice. Change strategy that equips a project actor with knowledge and skill needed to do things
differently seems to be a major factor for embedding sustainability in the built environment. Solutions
to barriers that were identified include improved knowledge of sustainable design, construction and
the material usage. Most importantly, there is a need for a change in clients’ perception of the cost of
going green.

1. Background

Sustainability in the built environment has become an international imperative within the Architecture,
Construction, and Engineering (AEC) sector. Patterns of development in the past have largely
neglected the reality of natural resources and environmental issues. The ecological footprint of the
human race has exceeded the global carrying capacity of the Earth (Wackernagel & Rees, 1996).
This “overshoot”, as a result of upstream activities, comes with diverse symptoms that affect various
facets of daily living; environmental pollution, global warming, resource depletion and environmental
degradation, ozone layer depletion and economic downtown. These revelations have changed the
worldviews and spurred people across the globe to embrace paradigm shift towards environmental
responsiveness. Environmental responsibility in the form of new values, change in belief, attitude or
way of doing things became fundamental in the new worldview. This paradigm shift in the upstream
activities as a whole towards best practices could lead to cleaner industries and creation of industry
and resource sectors with a low environmental impact compared to its socio-economic impact.

Sustainability is a growing economic development model based on the knowledge that aims to
address the interdependence of economic growth and natural ecosystems and the adverse impact
economic activities can have on the environment (Bangdome-Dery & Kootin-Sanwu, 2013). Various
concepts and terminologies have been developed and promoted over the years to situate this new
idea; ‘green business’, ‘green building’, ‘sustainable design’, ‘sustainable architecture’, ‘sustainable
construction’, ‘ecological building’, ‘renewable energy’, and ‘sustainable materials’. These concepts, if
implied correctly will significantly balance the state of the ecosystem and improve the built
environment (Jones, 2008). It is never in doubt, the need for physical infrastructure and large-scale
development in the built environment in developing countries (Du Plessis, 2007; Bangdome-Dery &
Kootin-Sanwu, 2013). However, these needs need to be addressed in a way that is socially and
ecologically responsible. Lessons from the developed world suggest that greater urgency is needed
now in making sustainable interventions, while these built environments are being created, rather than
try and change things after technically exceeding the ecosystem’s carrying capacity.

Since the emergence of the sustainability concept: design and construction, adaptation of this
production method and thinking has been slow in its uptake. The fragmented, complex and project-
based nature of the construction industry poses as a hindrance to the implementation of sustainable
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construction practices (Bygballe & Sward, 2014). While much has been written about the barriers to
sustainable construction globally and in particularly in South Africa, the implementation of the concept
is still a challenge. These barriers have limited adaptability within the industry and hence robbing the
industries of the expected benefits associated with sustainable construction practices. Some of the
associated benefits of sustainable construction, which make it worth pursuing are competitive
advantage, meeting legislative framework, company reputation, client value creation, meeting client
demand, overall financial incentive, and good community relation (Othman, 2011: Suresh, Bashir &
Olomolaiye, 2012; Madu and Kuei, 2012). Nevertheless, implementation challenges continue to elude
industry stakeholders. The development of certain enablers were indeed required to assist
stakeholders to achieve sustainability objectives.

Previous studies further suggested that although there is current drive towards sustainable design
and construction, its frequency of application and the scope of sustainability tools is still poor and not
all encompassing respectively (Aye, 2003; Kang & Guerin, 2009). These authors identified multiple
barriers to the incorporation or attempts to mainstream sustainable design and construction into
practice. These include perceived cost, time to source the right materials, education and training,
understanding and in house experts. Studies also identified clients’ lack of demand and resistance,
knowledge of materials, limited material selection and authenticity of suppliers of sustainable
materials, along with clear understanding of the impact of non-conventional materials, accurate and
accessible information and appropriate tools for sustainable design and construction (Mate, 2006:
Kang & Guerin, 2009). Other barriers that were identified are client demands, client knowledge and
call backs from clients, accurate and accessible information and appropriate tools (Dauvis,
2001).Based on this observation, the study set out to investigate the common barriers in South
African Construction; the various forms of such limiting factors, and possible means of ameliorating
them for an acceptable uptake within the industry. Preliminary investigation by the researchers shows
that in Bloemfontein, sustainability still follows the policy path rather than conscious efforts by
stakeholders to maximize it benefits, or an attempt to climate resilience. Unfortunately, stakeholders
are not equipped with adequate information, skills, and motivation for holistic pursuit of sustainable
design and construction, so as to harness the benefits and preserve the ecosystem. This gap is what
is needed to be bridged. The general structure of this study is as follows: literature review; research
methodology; research findings, tailored along the common barriers theme of cost, education and
experience, stakeholders awareness, political and policy, and materials as derived from the data
sources; followed by a discussion, based on sustainability drivers. These drivers are economic and
ecological/societal concerns - of stakeholder's demand, financial issues, environment sustainability,
and social responsibility as postulated by Windapo (2014).

2. Literature Review

The energy crisis, environmental pollution and the climate change in the 1970s alerted the world of
the need for a balanced ecosystem (Ghosh et al., 2014). This environmental concern later led to the
world congress, which cumulated in the report of the World Commission on Environment and
Development (WCED, 1987) that defines sustainable development as “a development which meets
the needs of the present without compromising the ability of future generation to meet their own
needs”. This is the most widely accepted definition for sustainable development. The Organization for
Economic Co-operation and Development (OECD) in their report of sustainable building and
construction in 2003 stated that the building sector is largely responsible for the pollution and energy
deficit of the built environment. The International Energy Agency (IEA) released a publication which
estimated that existing buildings are responsible for more than 40% of the world’s total primary energy
consumption and for 24% of global carbon dioxide emissions (Howe, 2010). Therefore, in order to
lessen the destructive impact of construction on the natural environment, OECD brought together
experts to develop sustainable management and operational practices ranging from planning, design,
development, construction, ownership, financing, management and utilization of built properties
(OECD,2003).

As a direct result of the aforesaid, a number of green tools for design and construction in the built
environment have been developed to promote green/sustainable building practice throughout the
world. The first being the Leadership in Energy and Environmental Design (LEED), followed by others
such as, Building Environmental Quality Evaluation for Sustainability through Time (BEQUEST),
Building for Environmental and Economic Sustainability (BEES), Building Research Environmental
Assessment Method (BREEAM), etc. These tools are built on six (6) main principles namely;
understanding place, connecting with nature, understanding natural processes, understanding
environmental impact, embracing co-operative design processes and understanding people (Hui,
2002). According to Kibert (2008), the seven principles for sustainable construction include reduce
resource consumption (reduce), reuse resources (reuse), use recyclable resources (recycle), protect
nature (nature), eliminate toxics (toxics), apply life-cycle costing (economics) and focus on quality
(quality). The successful application of these principles, in an integrated manner, will produce a
sustainable architecture that will save money, increase comfort and create healthier environments for
people to live and work by using improved indoor air quality, natural daylight and thermal comfort
(OECD, 2003).
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In Africa, sustainable building philosophy has been championed by pressure groups, and a number of
private and public institutions and organizations. This is evident in the plethora of several reports,
namely; Promoting Renewable Energy in Africa (PREA), South Africa Chapter of the Green Building
Council (GBCSA), Holcim Foundation as well as Emerging Africa Infrastructure Fund (EAIF)
(Bangdome-Dery and Kootin-Sanwu, 2013). GBCSA in 2008, developed a Green Star SA rating tool,
to provide the commercial property industry with an objective measurement for green buildings and to
recognize and reward environmental leadership in the built industry (Jacobs, 2011). South African
government has made progress in establishing policy in favour of sustainable development through
regulations guiding the built environment. At present, there are two South African National Standards
which promote environmental sustainability and energy savings. These include SANS 204:2011
(SABS SANS 204 2011) which regulate energy usage in new buildings and SANS 10400-XA (SABS
SANS 10400-XA 2011) which has two parts: i. Part X which concerns environmental sustainability,
and ii. Part XA considers energy usage in buildings. Some researchers point to the need for the built
environment professionals to begin utilizing sustainable building practices such as energy efficiency
concepts and sustainable materials (Koranteng, 2010; Ashiboe-Mensah et al., 2011). Africa is
considered a low risk area, as a result of availability of green building potentials in the zone, materials
such as sun dried bricks, compressed earth blocks, lime stabilized earth blocks, laterite stones and
pozzolana are in abundance but their use is so limited to have significantly increase global warming
(Manu et al., 2009). Further suggestions from the research include the need for a policy direction,
incentives and disincentives that encourage sustainable urban and rural development, environmental
education and the use of renewable energy and green building materials to reduce emissions.

Jacobs (2011) and Wilreker (2011) examine barriers for sustainable design and construction
particularly in South Africa. These studies flag cost; lack of knowledge about sustainable practices;
lack of knowledge about effects of non-sustainable practices in the environment; lack of training and
education; availability / lack of availability of green resources; and attitude of professionals. The
absence of a legislative instrument on sustainable development and political consideration —
especially in public projects - in most developing countries remain a major barrier. Jacobs (2011)
argues that the right policy formulation regulating the green building practice will drive construction
professionals to utilize sustainable design principles on projects. Nilsson et al. (2011) assert the need
for improvements in the knowledge base of both architect and client alike, for positive impact on
sustainable design and construction in the industry.

3. Research Methodology

The purpose of this study is to contribute to the discourse on the topical issues of sustainability in the
built environment by further examining the barriers hindering its full uptake by the stakeholders in
infrastructural development in the South Africa. Within the construction context, the understanding of
the barrier to sustainable design and construction, and the assessment of its possible enablers is of
significance to sustainable development. This study employs an interpretative paradigm to add to
what is known about the issues. The collection, categorization and analysis of interview transcripts
and a review of the findings in relation to the literature, in Bloemfontein - South Africa in 2014, led to
salient insights. The participants were selected based on ‘purposive sampling’, as this was vital to the
success of the interviews. Purposive sampling means that participants are selected according to a
defining characteristic that makes them role players of the data needed for the study (Nieuwenhuis,
2007).

In particular, eleven stakeholders in infrastructure development were interviewed in five different
entities (department of works, project managers, consultants, policy administrator and academia) with
semi-structured questions that were initially sent to them by e-mail. A follow up telephone call was
used to confirm the actual date of the interview. This was done to make the interview exercise
consistent. The interviews were conducted over a period of two weeks. Interviews, generally, were
between 20 to 25 minutes in duration. At the commencement of the interviews, each participant was
reminded of the research problem and of the interview processes. Each interviewee was then
provided with a covering letter to read, a confidentiality agreement to sign; on demand. This process
was then followed by the actual interview during which the interview protocol was utilized as a guide.
Each participant was asked about his/ her experience and perception of the numerous themes related
to the phenomenon. All interviews were recorded and transcribed.

As mentioned earlier, eleven interviewees participated in the study. The interview findings were
further supported with secondary data from available information on completed projects from the
department of works. The interviewees consisted of 4 women and 7 men between the ages of 30 and
54. The educational levels of the participants ranged from a national diploma to a master degree, and
construction industry experience ranged from 5 to 31 years (see Table 1). The management levels of
interviewees varied from junior management to senior management, with job titles ranging from site
agent to managing director. In compliance with the confidentiality agreement, the identities of the
interviewees were not revealed and only referred to as numbers 1-11 in the course of the study.
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Table 1: The demographics of interviewees

S/N Highest Level of Entities Designations Years in

Education Industry
1. Bachelor’'s Degree Works department Project supervisor 5
2. Bachelor’'s Degree Consultant Project manager 9
3. National Diploma Project managers Site agent 10
4. Bachelor’'s Degree Consultant Architect 25
5. Honours Degree Project managers Managing director 25
6. Master’s Degree academia Senior Lecturer 20
7. Honours Diploma Works department Junior manager 11
8. Honours Degree Project developer Director 31
9. National Diploma Policy administrator Director 8
10. Bachelor’'s Degree Consultant Quantity surveyor 14
11. Bachelor's Degree Consultant Civil engineer 9

4.0 Research Findings

From a critical review of the data available, five main themes were identified through the study,
namely: stakeholder's awareness and demand, cost implication, education and experience, political
and policy issues, and materials.

Theme 1: Stakeholder’s awareness and demand

With several stakeholders such as government as a client and regulator, developers, investors, green
building council, contractors, consultants, building materials manufacturers and tenants having
different success determinants for a specific project, so also are their demands for the project. This
need, along with the fragmented nature of project development, which is often one-off with different
set of stakeholders is robbing the industry of the needed repetitiveness and sustainability experience
over time. Most of the interviewees agree with interviewee No. 2 that says “you would have to almost
do that study, come up with empirical evidence and show the benefits in terms of their core values, for
stakeholders to dispense their resources or demand for such”. Clients with a report prioritizing long
term economic savings, contractors maximizing the profit margin and company’s reputation, users are
more concerned with comfort level and energy use. Respondents also see the lack of time and
resources to do research that will reveal the empirical outcomes, of what materials and systems are
environmentally dependable, strong enough to convince the stakeholders as a definite negative
impact on the implementation of sustainability within the industry. Most participants also agree with
the view of interviewee 6, who indicates that: “I don’t think that we are ready for total uptake of green
materials in this country as yet” and “Everybody wants imported and sophisticated material, especially
if clients can afford it, not minding the carbon footprint increases”. These can also be traced to the
level of awareness, as most stakeholders are not even aware of the carbon footprint of products or
their effects on the built environment.

Theme 2: Cost implication

The most significant barrier to sustainability in the built environment, reiterated by all the interviewees,
has been the cost in monetary terms. The general question was ‘who is going to pay for the extra
cost’, despite the stakeholders commitment to sustainable design and construction, and often the
client’s intention to procure a sustainable infrastructure, the costs involved in opting for and
implementing such a solution were usually an overriding barrier. Most interviewees state that less
than 10% sustainable design projects in their books were eventually backed for completion due to
perceived extra initial costs of procurement. The interviewees argue that environmentally responsible
materials and systems carry initial cost implications, which made it more expensive in relation to the
traditional design in a short time, so a client demand is needed for a chance of its actualization.
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Theme 3: Education and experience

Sustainability, sustainable design and sustainable construction are new concepts currently
undergoing a developmental phase within the industry and the academia alike. The new philosophy
became prominent in the late 90’s, as a response to the effects of prolonged environmental
degradation. Interviewee 10 said, “Sustainability was not taught during our time at the university”
while others agreed, stating that “it was mentioned briefly’. Since the commencement of the
sustainability discourse, the main promoters have been civil societies, professional bodies and
relevant government agencies through; workshops, seminars, continued professional development
(CPD) events and conferences. While the actual driver for its enlightenment, uptake and policy
direction have been somewhat limited to government interventions and the current drive in the
academia for its proper integration into the school curriculum. For this reason, most participants
agreed to their lack adequate experience and knowledge of the practice thereof.

Theme 4: political and policy issues

An interviewee argues that political and policy issues are vital to decision making when it comes to
sustainability issues, as its application can easily swing from being a driver to a major barrier. He
further proffer that most a time’s political decisions are based on some inherent interests beyond the
analysis of the socio-economic and environmental benefits. Interviewees’ agree that projects are often
awarded to contractors, lacking in the right skill and competency for sustainable technology, due to
political considerations. The state of policy development, sustainability tools and the capacity of the
regulation body for effective monitoring is also a barrier. According to Interviewee 6 “most
stakeholders are unwilling partakers in sustainability concept, unless driven by government
regulations”. People tend to comply with legal issues especially for projects approval.

Theme 5: Materials

Material characterization, certification, selection, and sourcing have been identified as a major barrier
to sustainability in the construction industry. Participants revealed that “most sustainable materials are
relatively new and often manufactured by new small business” and information about new materials to
warranty reliability comes from extensive research for proper characterization, which leads to product
classification by manufacturers and suppliers. Classification is a criterion for material certification.
Certification ensures that a product is indeed environmentally responsible and infrastructure
designers find it hard to distinguish between what is authentic from that which is not. This opinion was
almost unanimous among the interviewees seeking to specify environmentally sustainable products
and materials. The interviewees further mentioned that due to the non-transparent nature of product
suppliers and manufacturers, designer’s found it difficult to source and/or establish which products are
authentic. Pertaining to selection of environmentally responsible materials interviewee 1 states that:
“the range of green materials in the industry is limited, so it is quite a barrier, to freedom of selection”.
Another major obstacle expressed in the literature is the inability to source locally produced
environmentally responsible products. Considering that imported products carry a carbon footprint,
consultants, where possible, should try to recommend locally available materials.

5. Discussion

The findings are herein discussed in line with drivers of economic and ecological/societal concerns of
stakeholder's demand, financial issues, environment sustainability, and social responsibility
dimensions. This provides a platform to integrate the primary data and the literature for meaningful
interpretation within the context, for the right insight into the phenomenon. These drivers normally
manifest in the forms of the need to reduce building operating costs and acquire a competitive
advantage, financial benefits of green building as a result of various incentives. Other manifestations
occur in the following forms, namely; reduced operating costs, reduced environmental impact/need for
environmental sustainability, and the need for corporate social responsibility.

5.1 Stakeholders Demand

The effectiveness of infrastructure development depends on meeting the varying needs of
stakeholders, which is often, hinged on the level of their awareness of the activities and knowledge of
the built environment. This knowledge serves as a driver for their demands and the ability to
benchmark own determinant for sustainable infrastructure. Most interviewees agree with Bond (2010)
that tenant demands are driving client’s involvement with green practices, despite the tenants’
unwillingness to pay extra to lease a Green rated building. Investors are also leaning towards building
green for long term financial benefits, reduced maintenance costs and future sales of green rated
properties. These developments in South Africa are not unconnected with the drive by the
government. The drive by the government is seen through policies and rating systems, apart from the
works of relevant civil societies serving as pressure groups, the academia in bringing the curriculum
gap and academics seminars and conferences; and professional bodies through the CPD and
membership. These activities bring benefits of sustainability to stakeholders, and also promote the
needs for sustainable practices. The seemingly lack of demand is a human response to the level of
awareness, and therefore management should take the necessary steps to counter it through
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education and communication; participation and involvement; facilitation and support, and negotiation
and rewards (Smit et al., 2011).

5.2 Financial issues

Whole life study is essential whenever the issue of sustainable design and construction is deliberated
upon in relation to cost, as cost is always the bottom line. Researchers in one study argued that
reduced operating costs are a primary motive for sustainable construction (Tzschentke et al., 2004).
Buy and Hurbissoon (2011) further indicate that companies that integrate green initiatives as part of
its policy, such as natural and renewable energy and sustainable design, are able to reduce energy-
related operating costs. As energy cost is becoming more important in built environment discourse, it
can be inferred from the interviewees’ transcript that the knowledge of financial benefits, even though
in long term aid the stakeholders demand for sustainable designs and practices. Consultants must
hence, certainly be up-to-date with the industry developments in order to present the needed facts
and create options, for an easy decision for any investor and users alike.

5.3 Environmental sustainability

Sustainability is now a focal point of world debate due to the upstream activities and built environment
re-creation. Ozone layer depletion, environmental degradation, carbon content and carbon footprint
gradually became economic and political issues. Goals such as reducing a building’s environmental
impact, decreasing the building’s contribution to greenhouse gas emissions, and providing a healthier
work environment for occupants often factor into the decision for design and construction of today’s
building (International Corporate Responsibility Report (ICRP), 2008). The interviewees affirmed the
adoption by the designers of the 3R; reduce, reuse, and recycle, as a guide for resources such as
land, energy, water and other materials, for more efficiency in green building as opposed to the case
of conventional buildings, and with the prevalent use of natural lighting and improved indoor air
quality, which contributes to the overall health, comfort, and productivity of its occupants (Kats, 2003).
The Green Building Council of South Africa (GBCSA) has developed a policy for promoting
sustainable development and energy saving, in line with other developed world rating systems such
as LEED and BREEAM, to assist the built environment in becoming more sustainable. The Green
Star rating system was developed and has been managed by the GBCSA, though, a voluntary tool
that provides the property industry with “an objective measurement for green buildings”.

5.4 Social Responsibility

Sustainable design and construction practices are often adopted for ethical reasons and to promote
moral believes, although such practices raise construction costs in most cases, investors and
construction firms considered it an obligations to the community (Tzschentke et al., 2004).
Respondents assert that the industry stakeholders prefer to be seen as being environmentally /
socially responsible rather than the actual practice. Industry today now have a deliberate company
policy of sourcing certain percentage of human and materials resources within the local community, to
promote community relations and company’s image. It can also be inferred from the interviewee’s
transcript that some industry players also have degradation and climate change resilience
approaches, for ameliorating the effects of their upstream activities such as forestation, water
purification and land reclamation within the operating areas. These practices are of mutual benefits,
as most communities look to work with social and environmental responsible firms, and in addition,
they tend to attract and keep the best human resources available in the industry (Yates, 2001 &
Opoku and Ahmed, 2015).

6. Conclusion

Sustainability in the built environment is assuming wider dimensions, moving from technical / physical
considerations that are evident in environmental impact to various forms of adaptations. While much
has been written about the barriers to sustainable construction in South Africa, the implementation of
the concept is still a challenge. The findings of this study resonate with previous work. It highlights the
continuing challenges linked the uptake of sustainability ethos under the following themes, namely;
awareness and demand, cost implications, education and experience, policy issues, and material.
Therefore, overcoming these challenges is central to the full uptake of sustainable design and
construction in South Africa. For instance, insights from this study show that education and
experience inform a designer’s understanding of sustainable design and construction. In addition,
project actors’ understanding of sustainable design values affect demand, behaviour, attitude and
likelihood to practice in accordance with green building ethos. More so, the understanding of these
values should placate the apathy brought about by the initial cost barriers.

Change strategy that equips a project actor with knowledge and skill needed to do things differently
seems to be a major factor for the promotion of sustainability in the built environment. Solutions to
barriers that were established include improved knowledge of sustainable design and construction, a
change in cost perception, improved knowledge and scope of materials and proper client
enlightenment. However, it can be said that this paper is limited to Bloemfontein role player’s
perspectives that generally affects its generalization, the dearth of data and knowledge of

24



=1 |
EE' SASBE SASBE 2015 Proceedings, 9 - 11 December 2015, Pretoria, South Africac

stakeholders regarding the scope and the context of this study also calls for a wider study within
South Africa.

References

Ashiboe-Mensah, N. A., Akuffo, F. and Fugar, F. 2011. Investigating the perceptions of architects in
the Ghanaian building Industry with regard to photovoltaic energy technology. In: Laryea, S.,
Leiringer, R. and Hughes, W. (Eds) Procs West Africa Built Environment Research (WABER)
Conference, 19-21 July 2011, Accra, Ghana, 675682.

Aye, E. 2003. Taking the Pulse: Sustainability and the Interior Design Practice. Retrieved 11/08/2011,
from Green Building Services:
http://www.greenbuildingservices.com/news/releases/2003_13__ 55 pulse.pdf

Bangdome-Dery, A. and Kootin-Sanwu, V. 2013. Analysis of barriers (factors) affecting architects in
the use of sustainable strategies in building design in Ghana. Research Journal in Engineering and
Applied Sciences (RJEAS), 2(6), pp. 418-426.

Baygballe, L. E. and Sward, A. 2014. Implementing lean construction: a practice perspective. In:
Proceedings of the 22" Conference of the International Group of Lean Construction (IGLC), Oslo,
Norway, pp. 3-14.

Bond, S. 2010. Best of the Best in Green Design: Drivers and Barriers to Sustainable Development in
Australia; Lincoln University Digital Dissertation: Cantebury, UK.

Buys, F. and Hurbissoon, R. 2011. Green buildings: A Mauritian built environment stakeholders’
perspective. Acta Struct. 18, pp. 81-101.

Davis, A. 2001. Barriers to Building Green. Retrieved on 11/06/2013, from
http://www.architectureweek.com/2001/0822/ environment_1-1.html

Du Plessis, C. 2007. A strategic framework for sustainable construction in developing countries.
Construction Management and Economics, retrieved from http://www.tandf.co.uk/journals on
03/11/2014.

GBCSA (Green Building Council of South Africa). ‘Vision and Mission [Sa]’. Retrieved on 04/10/2013,
from Green Building Council of South Africa: http://www.gbcsa.org.za/about/ vision.php

Ghosh, S., Bhattacharjee, S., Pishdad-Bozorgi, P. and Ganapathy, R. 2014. A case study to examine
environmental benefits of lean construction. In: Proceedings of the 22nd Conference of the
International Group of Lean Construction (IGLC), Oslo, Norway, pp. 133-144.

Hakinson, M and Breylenbanch, A. 2012. Barriers that impact on the implementation of sustainable
design. Northern World Mandate Conference, Culmulus Hensinki, 2012, May 24-26, Hensinki,
Finland.

Howe, J.C. 2010. Overview of green buildings. National Wetlands Newsletter, 33(1)

Hui, S.C.M. 2002. Sustainable Architecture and Building Design. Retrieved from
http://www.arch.hku.hk/research /sustain.htm on 11/03/ 2013.

ICRR, 2008. Intel Corporate Responsibility Report. Retrieved on 11/05/2013 from
http://www.intel.com/.

Jacobs, E. 2011. Sustainable Building awareness in the Free State Province, South Africa.
Proceedings of 6th Built Environment Conference. July — August 2011, JHB, South Africa.

Jones, L. 2008. Environmentally responsible design: green and sustainable design for interior
designers. New Jersey: John Wiley & Sons, Inc.

Kang, M., Kang, J.H and Barnes, B. 2008. Interior Design Characteristics Influencing Sustainable
Energy Awareness and Application. International Journal of Spatial Design & Research, 8(10), pp. 17-
28.

Kats, G.H. 2003. Green Building Costs and Financial Benefits. Massachusetts Technology
Collaborative: Massachusetts, MA, USA.

Kibert, C. J. 2008. Sustainable construction: green building design and delivery. New Jersey. John
Wiley & Sons, Inc.

Koranteng, C. 2010. Evaluation of occupants’ behaviour and preferences in office buildings in Ghana.
Journal of Science & Technology, KNUST, 3 (30), pp 299 — 307.

Madu, C.N. and Kuei, C. (2012). Introduction to Sustainable Management. In: Madu, C. N. and Kuei,
C. (eds), Handbook of Sustainability Management. Singapore, World Scientific Publishing Co.

Manu, F. W., Baiden-Amissah P.D, Adobor, D. C. I. and Danquah, J.A. 2009. Mitigating Global
Climatic Change through The Use Of Green Building Materials. National Housing Conference
Proceedings: 7th-8th October, 2009 at STEPRI. C.S.1.R (Building and Road Research Institute). ISSN
0855-1715 Pp208 -217.

25



=1 |
55'- SASBE SASBE 2015 Proceedings, 9 - 11 December 2015, Pretoria, South Africac

Mate, K.J. 2006. Champions, Conformists and Challengers: Attitudes of Interior Designers as
Expressions of Sustainability through Material Selection. Paper presented at Design Research
Society International Conference. Wonderground, 1-4 November, Paper 0066, Lisbon, portugal.

Nielson, C., Wolfe, C. B. and Conine, D. 2009. Green Building Guide: Design techniques,
Construction Practices & Materials for Affordable Housing. Published by Rural Community Assistance
Corporation (RCAC). www.rcac.org

Nieuwenhuis, J. 2007. Qualitative research designs and data gathering techniques. First steps in
research, 69-97.

OECD, 2003. Environmentally Sustainable Buildings: Challenges and Policies. Organization of
Economic Cooperation and Development (OECD), Paris.

Opoku, A. and Ahmed, V. 2015. Drivers and challenges to the adoption of sustainable construction
practices. In: Opoku, A. and Ahmed, V. (ed.) Leadership and sustainability in the built environment.
Abingdon, Oxon, Taylor and Francis.

Othman, A.A.E. 2011. Lean principles as a strategic option for delivering innovative sustainable
construction projects: a client value driven approach. In: proceedings of 6th Built Environment
Conference, Johannesburg South Africa 31 July — 2 August, pp. 174-187.

Smit, P.J., Cronje, G.J., Brevis, T. and Vrba, M.J. 2011. Management Principles: A Contemporary
Edition for Africa, 5th Edition. Epping, Cape Town: Juta

South Africa. (2008). Department of Environmental Affairs and Tourism. People-Planet-Prosperity: A
National Framework for Sustainable Development in South Africa. Retrieved on 10/01/2014, from
South African Government Department of Environmental Affairs:
http://www.environment.gov.za/Hotlssues/2008/nfsd/nfsd.html#

Suresh, S., Bashir, A.M. and Olomolaiye, P.O. 2012. A protocol for lean construction in developing
countries. In: Ofori, G. (ed.) Contemporary Issues in Construction in Developing countries. London,
Spon Press.

Tzschentke, N.; Kirk, D. and Lynch, P. 2004. Reasons for going green in serviced accommodation
establishments. Int. J. Contemp. Hosp. Manag. 16, pp.116—124.

Wackernagel, M. and Rees, W. 1996. Our ecological footprint: reducing human impact on earth.
Gabriola Island: New Society Publishers

WCED, 1987. Our Common Future: Brundtland report of the world commission on environment and
development (WCED), United Nations General Assembly, New York.

Wilreker, H. 2011. Green — an architect’s perspective. Urban Green File, 15(6), pp. 6-7.

Windapo, A.O. 2014. Examination of green building drivers in the South African construction industry:
Economics versus ecology. Sustainability, 6, retrieved from
http://www.mdpi.com/journal/sustainability.

Yates, A. 2001. Quantifying the business benefits of sustainable buildings: Summary of existing
research findings. Centre for Sustainable Construction, Watford: Building Research Establishment
(BRE).

26


http://www.environment.gov.za/HotIssues/2008/nfsd/nfsd.html
http://www.mdpi.com/journal/sustainability

u
E = SAS BE SASBE 2015 Proceedings, 9 - 11 December 2015, Pretoria, South Aftica©

TRANSFORMING BLOEMFONTEIN CITY TO A SMART CITY- A SYSTEMS THINKING
APPROACH

Dillip Kumar DAS!

! Department of Civil Engineering, Faculty of Engineering and Information Technology, Central University of
Technology, Free State, Bloemfontein, South Africa, Email: ddas@cut.ac.za

Keywords: Entrepreneurship, Governance, People’s participation, Public transportation, Information
Communication Technology

Abstract

There is an argument for change in the perspectives of development of cities. Increasingly many countries in
the West and some developing countries are making concerted attempts to transform their cities to smart
cities. This paper presents how a city can be transformed to a smart city. Using Bloemfontein in South Africa,
a case study was performed to evaluate the performance of important attributes under key sectors, such as
economy, mobility, and governance to observe the opportunities and challenges the city offers to transform
it to a smart city. Qualitative analytical logics were examined to understand the inter-linkage among the
factors and attributes that would aid in developing policy interventions to prompt transformation of the city to
a smart city. Findings indicate that there are encouraging indications in all the three sectors. The positive
attributes of governance scenarios offer definite opportunities, however, there are challenges to be met in
the economy and mobility. The causal feedback maps revealed (1) reinforcement of the inter-relationship
among entrepreneurship, innovative spirit, productivity, economic image and international embeddedness
will foster smart economy; (2) efficient public transportation and advancement of Information
Communication Technology (ICT) system will strengthen local accessibility and ensure innovative,
sustainable and safe transportation system that will result in smart mobility; and (3) effective participation of
stakeholders in the decision making process alongside the elected city council, and transparency will aid
smart governance. The complementary effect of these attributes should enable transformation of the city to a
smart city.

1. Introduction

In the words of David Harvey renowned for urban geography, a city is a thing, but urbanisation is a process.
However, both of them have the characteristics to evolve over time. Cities all over the world have been
evolved and transformed from one state to another; for example, from a small and humble urban centre to a
large or sometimes to a mega city. There have been also concerted and deliberate planned efforts to attain
qualitative transformation of the cities; attempts were made to make the cities functional, liveable,
sustainable, and most recently smart. In the process, different approaches have been attempted to augment
various development attributes in the cities depending on the opportunities and potential they offer and their
abilities to perform specific functions better than others. Consequently, concepts such as pioneer cities,
digital cities, connected cities, entrepreneurial cities, liveable cities and so on have emerged. The recent
technological advancements offer further opportunities and avenues to take the cities forward in a more
qualitative manner. It has brought economic, social and infrastructural advantages as well as offered
possibilities to combine safe and healthy living conditions. For example, it augments judicious resource-use,
enhances connectivity, assists in reducing energy consumption and waste, and even helps in offering an
enjoyable life style (Moussiopoulos, Achillas, Vlachokostas, Spyridi, Nikolaou, 2010). Thus, there is an
argument that emerged to take the cities beyond sustainability and cities can be planned to make them
smart. Although there is no definite definition as to what is meant by a smart city, yet some scholars argue
that in order to make cities economically, socially and environmentally sustainable, they need to be
transformed to smart cities, which warrants a change in planning perspectives and move from the normal
planning process towards smart growth and development process based on smart city concept (Das, 2012;
Das and Emuze, 2014; De Swardt, Puoane, Chopra, & du Toit, 2005; Farmer, Frojmovic, et al., 2006; UN -
Habitat, 2009; Giffinger, Fertne, Kramar, Kalasek, Pichler Milanovi¢, Evert, 2007; Hague, Harridge, Narang,
Shishido, 2006; Horn, 2002; McGillivray, 2005; Naude, Rossouw, Krugell, 2009; Ramutsindela, 2002; Saff,
2001; Kotze & Donaldson, 1998; Lotter, 2002; Nomdo & Coetzee, 2002; Prinsloo & Cloete, 2002; Saff, 1995;
Turok, 2001; Visser, 2001).

Many of the South African cities offer potentialities for both economic advancements and appropriate spatial
development. The Governance system of the country has also taken several proactive efforts for plausible
sustainable developments of the cities. In consequence, many municipalities/metropolitan municipalities are
making efforts to make their cities economically, socially and environmentally sustainable. However, the
potential and opportunities these cities offer make them candidates to go beyond the sustainability agenda
as envisaged by the city development authorities and can become smart cities, if appropriate policy
interventions are made. Therefore, this paper explores how existing cities can be transformed to smart cities
in South Africa. Using the case study of Bloemfontein of South Africa, this study examines the potentialities
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and challenges of the city, and evolves analytical causal feedback logics to develop plausible policy
interventions to transform it to a smart city. For this purpose a survey research method was followed for data
collection, and discussion with stakeholders and experts. Performance evaluation of different development
attributes relating to economy, mobility and governance of the city were conducted. Further qualitative causal
feedback relations among the various development factors were developed based on the inter-linkage of
their endogenous parameters by applying systems concept and using system dynamics (SD) modelling
principles. The research findings indicate that the while the governance system and forward looking and
proactive initiatives by the decision makers provide definite opportunities, and economic attributes of the city
offers positive indications; local accessibility and lack of innovative, sustainable and safe transportation are
the major mobility challenges to be met to transform the city to a smart city. The causal feedback relations
among the developmental attributes indicate that policy interventions are needed (1) to reinforce the causal
feedback relationship among entrepreneurship, innovative spirit, productivity, economic image and
international embeddedness, which will foster smart economy; (2) to augment public transportation to
strengthen local accessibility, and advancement of Information Communication Technology (ICT) system to
ensure innovative, sustainable and safe transportation system that will result in smart mobility; and (3) to
ensure effective participation of stakeholders in the decision making process alongside the elected city
council, and transparency in governance. The complementary effect of the three attributes should enable
transformation of the city to a smart city.

2. Smart City Perspectives

There is no standard definition of what a smart city is. According to scholars, the smart city concept is not
considered in a holistic manner rather with reference to various aspects, which range from Information and
Communication Technologies (Digital) districts to smart populace in terms of educational level. Use of
modern technology in everyday urban life, which includes innovative transport systems, infrastructures and
logistics as well as green and efficient energy systems are often integral part of a smart city. Besides, there
is a strong relationship between city government and citizens in terms of good governance. Certain other
factors of urban life associated with smart city are participation, security / safety and cultural heritage
(Giffinger, 2007; Komminos, 2002; Lombardi, 2011; Shapiro, 2008).

Smart city is a concept initiated in Europe in the recent past. According to the policy vision of European
Union to develop smart cities in Europe, it is derived from the combination of concepts of the connected city
(smart logistics and sustainable mobility), the entrepreneurial city (economic vitality), the pioneer city (social
participation and social capital), and the liveable city (ecological sustainability) (Nijkamp, and Kourtik, 2011).

Scholars like Giffinger, (2007) defined smart city as a well performing forward-looking middle size city built
on the smart combination of endowments and activities of self-decisive, independent and participative
responsive citizens. A number of important dimensions of a smart city are identified, which includes smart
economy (related to competitiveness), smart mobility (related to accessibility and connectivity); smart
environment (related to natural resources); smart human capital (related to people); smart living (related to
the quality of life) and smart governance (related to participation) (Giffinger, Fertne, Kramar, Kalasek,
Pichler and Evert, 2007; Komminos, 2002; Lombardi 2011; Shapiro, 2008; Van Soom, 2009). These
dimensions are connected with regional competitiveness, transport and ICT economics, natural resources,
human and social capital, quality of life, and participation of citizens in the governance of cities (Lombardi,
2011; Komminos, 2002; Giffinger et al., 2007; Shapiro, 2008; Van Soom, 2009). A few examples of such
middle sized smart cities are Luxemburg, Aarhus (Denmark), Turku (Finland), Aalburg and Odense
(Denmark). A performance evaluation of the six smart attributes of these indicate that each city has their
specific strengths and performed exceedingly well in some attributes without compromising the performance
of other attributes. For instance, Luxembourg, which is considered as the top ranked smart city has
performed very well in economy and mobility, average in governance, and poor in smart environment, yet on
aggregate it performed much better than many of the similar cities in Europe (Giffinger et al, 2007).

In contrast, there are also a number of larger European and North American cities, which are considered as
smart cities. Examples are Vancouver and Toronto in Canada, New York city, San Francisco, Boston city,
and Washington DC in the USA, Vienna, London, and Amsterdam in Europe to cite a few (Cohen, 2013,
Mercer study, 2014). Each of these cities demonstrate that thev are performing well in one or more of their
characteristics which range from entrepreneurial ecosystem, mobility and connectivity, ICT usage,
innovation, governance, smart populace to environment.

Further, the smart growth principles advocate that the growth of a city is to weave together the various
discourses of physical and spatial issues into a rational sustainable development that integrates economic,
environmental and social equity issues. The micro level design aspects, such as, neighbourhood patterns,
streets, public spaces, and pedestrian zones, etc., that are traditionally not dealt at the macro level, which
invokes the notions of urbanity, where density, proximity and the visual and physical integrity of cityscapes
create a sense of coherent community (Calthorpe and Fulton, 2000; Kunstler, 2001; Turner, 2007) need to
be incorporated. A strategy that targets the physical development of urban regions having strong social,
economic and political components with public participation and inclusive multi-actor planning processes is
to be followed (Jailly, 2008; Scot, 2007).

Thus, a city can be termed as a smart city, if performs well in one or combination of its characteristics that
can range from entrepreneurial ecosystem, innovation, ICT usage and connectivity, mobility, governance,
environment and smart populace. In other words, it offers although not limited to a congenial environment for
economic opportunities and entrepreneurial endeavours; uses the ICT and innovation improve the quality of
life, provides safe, efficient and emission free mobility system; possess education system and facilities to
support research and innovation, apposite health care delivery system; and most importantly have a

28



=t |
§=' SASBE SASBE 2015 Proceedings, 9 - 11 December 2015, Pretoria, South Africac

responsive governance system with effective participation of the citizens. However, it is not necessary that
the cities need to perform incredibly well in all these aspects; rather they should perform well in any
combination of these attributes depending on the potentials they possess, opportunities that are available
and challenges they face to make the cities liveable and improve the quality of life.

3. Case Study: Bloemfontein City

Bloemfontein city of South Africa is taken as a case study for this investigation. It is one of the growing
medium sized cities in the country the capital city of Free State province having a population of about 500
000 (Census, SA, 2011). It is located at the latitude of 29.133 and longitude of 26.214 and almost at the
centre of the country. The judicial Appellate and Supreme Court of the country is located in the city and
therefore treated as one of the three capitals of the country. Two of the country’s important universities are
located in the city offering tertiary education to almost 50 000 students. A number of high level and
advanced hospitals and health care centres are available in the private sectors in addition to a government
managed hospital in the city. The city is well connected to the all parts of the country by all three modes of
transportation such as road, rail and air. An international airports is also located in the city connecting flights
to major cities of South Africa and abroad. Besides, it houses a number of regional centres of business
corporate houses and professional institutions. Further, because of the availability of adequate basic urban
infrastructure facilities including existence of transport and communication services, presence of skilled
human resources and its proximity to Johannesburg - the largest city of South Africa and Pretoria - the
administrative capital city of the country, it has attracted a number of domestic and multinational industrial
companies. The presence of the Information and Communication sector and internet is well felt in the city as
most of the area in the city are well connected through ICT. However, the growth of industrial activities, influx
of population and enhancement of tertiary (service related) functions are increasingly creating pressure on
the environment, urban infrastructures, and services. However, a thorough discussion with several
stakeholders, members of the metro municipal council and urban development experts and review of the
Integrated Development Plan (IDP 2012) suggested that three aspects in the development process such as,
economy, mobility and governance are prioritised and could be the important considerations for transforming
the city to a smart city.

4. Methods

4.1 Data and Analysis

The investigation was conducted by using a survey research method and developing causal feedback
relations among the factors and attributes influencing development of the city by using SD principles. Survey
was conducted to collect primary data regarding demographic, economic, transportation and communication,
governance, environment, and living conditions of the city, which was used to evaluate the performance of
the various development attributes of the city. For this purpose, household survey was conducted in six
selected representative suburbs (such as, Hiededal in the East, Langenhovenpark in the South West,
Fichardtpark and Fauna in the South, Petntagon park in the North, and CBD area at the centre) out of the 26
suburbs of the city. The suburbs for survey were selected based on their geographical location, population
and demographic composition, level of development, and influence on the city development process.
Systematic stratified random sampling survey method by using pre-tested schedule and semi-structured
direct interview method were employed to collect the data. A sample size of 270 selected households was
surveyed with the number of households varying from 40 to 50 households in each selected suburb.

Secondary data (statistical and time series data) were also collected from authentic published and
unpublished literatures, reports in addition to the review of Integrated Development Plan 2012 (IDP, 2012)
for the Mangaung Metropolitan Municipality, (Metropolitan administrative authority of Bloemfontein city). The
data collected from secondary sources were found to be scanty and were utilised only to check the
correctness and adequacy of primary data wherever required. Besides, discussions with stakeholders,
municipal officials and experts were conducted through semi structured interviewing process.

The data was initially analysed through descriptive statistics to see the variations and consistency in the
responses. Chronbach a test was conducted to test the reliability of the data set.

The performance evaluation of various attributes and factors under the three most important sectors of the
city — economy, mobility and governance was conducted by using the data set collected through primary
survey. The factors under each attribute and attributes under each sector were decided (presented in Table
1, 2, and 3) based on their influence of the city development process as observed in published literature
(Coe, Paquet, and Roy, 2001; Das and Emuze, 2014, Emuze and Das, 2015; Giffinger et al, 2007,
Moussiopoulos, et, al., 2010; Odendaal, 2006; Shapiro, 2008) and discussions with stakeholders. Followed
by, mathematical quantitative smart factor index (SFl) and smart attribute index (SAl) were developed on the
principles of weighted average method to evaluate and understand the performance of the attributes that
influence smart city development. Smart factor index evaluates the performance of each factor under
different city development attributes. It is defined as the function of values assigned to a factor by the
respondents in a scale of -3 to +3 (-3 representing the worse performance, +3 being the maximum
performance and zero represents neutral) and the total number of respondents. The mathematical equation
is presented in Equation (Eq.) 1.

SFIZ TP X/EX  oeeoeveeeeeeeeeeeeeeese s eeeeeseseseesseees s ee s ee s eeseeeseesees e eeseee Eq.1
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Where: P= Values assigned to each attribute by the respondents
X = N of respondents assign a particular value

Smart Attribute Index evaluates the performance of various developmental attributes of the city. It is a
function of the cumulative smart factor indices under each attribute and wigthtages of each factor. It is also
evaluated in a scale ranging from -3 to +3. Eq. 2 presents the mathematical equation used to evaluate SAI.

SAI= YSFIW/IEW e Eq.2
Where SFl= Smart factor index
W= Weightage of each Indicator in each factor

The data analyses were followed by development of causal feedback relationships among the factors under
each attribute by applying systems theory and using SD principles.

4.2 Epigrammatic outline of System thinking and SD principles

According to Von Bertalanffy, (1974), a system constitutes a set of subsystems or in other words
components, which are interlinked and interdependent on each other to perform a function as a whole. The
subsystems of the system can be systems themselves. In a system, if a subsystem performs at a higher
efficiency than others or becomes defunct then the effect is felt on the whole system. As a result the whole
system may perform at a lesser efficiency or even may become paralysed. In order to the system to perform
at a higher efficiency all the subsystems of the system are to work in a coordinated manner. While planning a
city as a whole can be considered as a system with its various components, such as people, economy,
social aspects, movement and communication, other urban infrastructures, governance, environment, etc.,
as its subsystems. All these components are inter-linked and interdependent as the case may be and work in
a coordinated manner for the sustainable development of the city.

Wolstenholme, (1992) and Robinson, (2008) outlined a conceptual model based on causal feedback
relations as a consistent and unifying theory of behaviour taken from bits of information about the real world.
The rigorous structural framework provided by SD assists in eliciting and displaying information used to build
causal feedback relations and consequent conceptual model (Forrester, 1994; Lane and Oliva, 1998).
Essentially, SD methodology amalgamates ideas developed in various systems theories and is a result of
cross-fertilisation of ideas from traditional management, cybernetics, and computer simulation (Shen et al
2009: 15-25) and is especially designed for large-scale, complex socio-economic systems to understand
how and why the dynamics of concern are generated and to search for managerial and development policies
to improve the situation. It is a theory of structure and behaviour of system (Forrester, 1968, 1969) and is
characterised by the concepts of causal feedback loops and time delays, which represent the dynamic
complexity of a system (Sterman, 2000). Causal loop maps are usually employed to describe the elements
(Montibeller and Belton, 2006) of the system. The use of system dynamics in solving real world urban
development related problems are rising since its early application by Forrester in 1969. It has been applied
to develop policy interventions for alleviating urban problems or understanding the dynamics that flows in the
urban areas (Chadwick 1971: 36-37; Checkland 1981; Lee, Choi and Park, 2005; Das and Sonar, 2013;
Emuze and Das, 2015). Since, a city as a system has various subsystems (components) that are inter-linked
and interdependent and relate to complex socio-economic problems, SD is observed to be an appropriate
principle to analyse issues and evolve policy interventions for its development.

5. Prognosis of Bloemfontein as a Smart City: Findings, Causal Feedback Mechanisms and
Discussion

The prognosis of smart city perspectives of Bloemfontein is set out based on the performance of three
sectors, such as, economy, mobility and governance. The veracity of the data was checked through
descriptive statistics, and Chronbach a. The low standard deviation in each factor show the consistency and
high Chronbach a confirms the reliability of the data set used. The different development attribute scenarios
are discussed as below.

5.1 Economy

Table 1 presents the performance of the current economic scenario of the city. Twelve factors under five
attributes were used for the evaluation. It was observed that the employment rate in knowledge intensive
sector and productivity (GDP) per employee is reasonably high and the un-employability rate is very low. The
other factors like self-employment rate, new businesses registered, importance as decision-making centre,
proportion in part-time employment, R & D expenditure and ICT connectivity have moderate positive indices
implying their average performance. However, the performance of factors like patent applications per
inhabitants, availability of company head quarter have very poor performance and it seems their presence is
insignificant. Consequently, it is found that economic attributes like productivity and flexibility in the labour
market has a strong influence in the city, whereas it lacks international embeddedness and economic image
and trade mark. Entrepreneurship and innovative spirit observed to be not so strong, yet they have some
presence in the city. Thus, although the economic attributes of the city indicate mixed performance, the
positive influence of productivity, flexibility in labour market, entrepreneurship and innovative spirit offer
opportunities for the economy of the city to strengthen further. However, there are challenges to enhance the
economic image and trademarks and international embeddedness of the city.
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Table 1 Performance of economic attributes of Bloemfontein city

Smart factors Mean SD SFI Smart attributes  SAI
R&D expenditure 1.2 0.15 1.0 Innovative spirit 0.51
Employment rate in 2.1 0.24 24

knowledge-intensive

sectors

Patent applications per  -2.2 -0.25 -2.5

inhabitant

Self-employment rate 1.3 0.15 1.2 Entrepreneurship 1.2
New businesses 1.25 0.17 1.2

registered in proportion

of existing companies

Importance as decision- -1.4 -0.14 -1.5 Economic image -1.5
making centre and trademarks

GDP per employed 2.1 0.30 2.0 Productivity 2.0
person

Unemployment rate 2.3 0.28 2.2 Flexibility in labour
Proportion in part-time 1.4 0.22 1.3 market 1.75
employment

Companies with HQ in -2.60 0.35 -2.75 International -0.5
the city quoted on the embeddedness

national stock

ICT connectivity with 1.6 0.25 15

the companies

ICT use by companies 0.5 0.10 0.5

Chronbach’a 0.925

Figure 1 presents a SD causal feedback relationship structure of the economic attributes of the city.
Amongst influential economic factors, entrepreneurship is considered as the key factor, which defines the
economic performance of a city. A higher level of enterprising activities in the city will lead to enhancement of
the economy, which in turn would facilitate location of corporate offices or business decision making centres.
The location of corporate offices will increase inter-(national) embeddedness enhancing both communication
and business relations, which will have a positive influence on the enterprises located in the city as a
feedback to the system as shown by the reinforced causal feedback mechanism ER1. Besides,
entrepreneurship will bring in innovative spirit, which will positively influence productivity in the city. Higher
productivity will enhance the economic image and trademark of the city creating a congenital environment for
entrepreneurship development as a feedback through a mechanism presented the reinforcement loop ER2.
Thus, entrepreneurship in the city is strengthened by both the mechanisms represented by reinforcing loops
ER1 and ER2. Further on enhancement of entrepreneurial activities in the city with the aid of innovative spirit
will lead to higher productivity and GDP per employee. The higher productivity, income, innovative spirit and
entrepreneurship will enable the city as an important decision making centre for business, which will
transform the economy to a smart economy through a feedback mechanism ER3. In the current scenario,
although the scenario of self-employment rate and flexibility in labour market offer congenital environment to
enhance entrepreneurship at the local level, the registration of new business needs encouragement. ICT
use by the companies needs augmentation, and expenditure in R& D and intensification in possible
application for patent registration are the other key areas, which need attention.
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Figure 1 Casual feedback relationships for smart economy

5.2 Mobility

The mobility of the city was evaluated based on ten factors and four attributes. Table 2 presents the index
values and performance of these mobility factors and attributes. The findings revealed that six of the factors,
i.e., transport network per inhabitant, access to public transport, quality of public transport, green mobility
share, use of economical cars and air transport of freight have moderate to high negative values. This
implies that the performance relative to the above mobility factors is very poor. On the other hand, air
transport for international passengers, local air transport for local people, traffic safety, and availability of
computers in households have moderate to relatively high positive indices, although internet access in
households has low index value indicating moderate positive performance of these factors. Consequently,
the state of two of the four mobility attributes, such as, local accessibility and sustainable, innovative and
safe transport systems are very poor. However, the state of attributes such as (Inter-) national accessibility
(physical movement) and availability of ICT infrastructure in households are encouraging. This informs that
local sustainable and innovative and efficient physical movement in the city is a challenge, however,
encouraging scenario of international accessibility and ICT availability in the households offer opportunities
for development of smart mobility in the city.

Figure 2 depicts the causal feedback mechanism for development of smart mobility in the city. The mobility
sector has been categorized into two significant elements such as physical movement and access through
ICT at both the local and inters-(national) level. The development of smart mobility is envisaged to be based
on four major reinforcing causal feedback mechanisms involving factors such as: (1) sustainable, innovative
and transportation system, (2) local accessibility, (3) availability of ICT infrastructure and international
accessibility and (4) availability in ICT infrastructure leading to reduction in local transportation needs.

The sustainable, innovative and safe transportation system is actuated by the use of economical cars, green
mobility and traffic safety at the local level. A sustainable, innovative and safe transportation system and
effective local accessibility have a feedback relationship with enhanced and efficient mobility (MR1).
Simultaneously, availability of ICT infrastructure and international accessibility by air transportation system
reinforce international accessibility and consequently enhances the mobility of the city through a feedback
mechanism (MR2). Thus, current mobility scenarios can be transformed to smart mobility through the
reinforcing effect of both the mechanisms MR1 and MR2. However, local accessibility is a major component
of smart mobility. So, enhancement of public transportation network, improvement in the quality of public
transportation system and higher access to public transportation will facilitate physical local accessibility
through a feedback mechanism MR3 improving the current plight of mobility in the city. In turn such a
mechanism will also reinforce the mechanism developed by mechanism MR1 resulting the strengthening of
sustainable, innovative and safe transportation system in the city. Further, the availability of ICT
infrastructure and its higher use by households will lead to the reduction in the local transportation needs.
Reduction of local transportation needs will have two significant impacts- increase in traffic safety and low
carbon emissions, which consequently will lead to sustainable and innovative transportation system and
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smart mobility through causal feedback mechanisms MR4A and MR4B. Therefore, feedback mechanisms
MR4A and MR4B along with MR3 reinforce the feedback mechanism MR1 and MR2 and result smart
mobility in the city.

Table 2 Performance of mobility attributes of Bloemfontein city

Smart factors Mean SD SFI Smart attributes SAl
Public transport network -1.35 018 -15 Local accessibility -1.68
per inhabitant Public transport

Access to public transport -1.40 022 -15
Quality of public transport 2.20 035 -20

Air transport (local) 1.30 0.15 1.10

Air transport of passengers  1.60 0.15 1.50 (Inter)national 1.11

(international) accessibility

Air transport of freight 110 0412 -1.30 (Physical movement)

Green mobility share -1.90 0.28 -2.0 Sustainable, -0.45

. innovative and safe

Traffic safety 1.40 0.20 1.50 transport systems

Use of economical cars -1.25 015 -15

Computers in households 1.80 022 20 Availability of ICT- 1.25
infrastructure

Internet access in 0.60 0.08 0.50 Computersin

households households

Chronbach’a 0.911

International flights
Use of

i International
economical cars Internet connectivity

\ acessivilty \ in households
Sustainable, innovative and

safe trasnporatlon system LA Auvailability of ICT
1 Smart mobility MR mfrastructure

™

Compuiters in
household

Local accessibility

\‘ RAA Reduction in local

Access to publlc @ Public transport transporation needs
transportation network per inhabitants

\ Quality of publlc

Low carbon
emmission

Figure 2 Casual feedback relationships for smart mobility

5.3 Governance

The performance of the governance system of the city was assessed based on ten governance factors and
three attributes (Table 3). Four of the ten factors- city representative per resident, female city representatives
in the city council, expenditure of municipality per resident, and perception of quality of schools have
relatively high positive indicates. Three factors, such as perception of transparency of bureaucracy,
perception of fighting against corruption and participation in voluntary and social works have moderately
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positive indices. The moderate to high positive indices imply that the city governance system is performing
reasonably well in these areas. However, three indicators, such as political activities of inhabitants,
importance of politics for inhabitants and children in day care have moderate negative indices suggesting the
poor performance of the governance system in these areas. However, it is seen that the governance system
is performing reasonably well in all its three attributes, such as, in creating a transparent governance system,
participation in voluntary works and participation of people in decision making. The positive performance of
the governance attributes provides definite opportunities for developing a smart governance system in the
city.

Table 3 Performance of governance attributes of Bloemfontein city

_ Smart factors Mean SD SFI Smart attributes  SAl
Figure City representatives 24 0.25 2.5 Participation in 0.75 3
Political activity of -1.35 -0.15 -1.5 decision-making
inhabitants
Importance of politics -1.45 -0.17 -1.5
for inhabitants
Female city 21 0.25 2.0
representatives
Expenditure of the 1.8 0.30 2.0 Public and social 1.025
municipal per suburbs services
Children in day care -1.4 -0.15 -1.2
Perception of quality of 22 0.28 2.0
schools
Participation in 1.2 0.15 1.3
voluntary works
Perception on 14 0.20 1.5 Transparent 1.5
transparency of governance
bureaucracy
Perception on fight 14 0.18 1.5
against corruption
Chronbach’a 0.914

presents the causal feedback mechanisms for smart governance system in the city. People’s involvement in
decision making processes is the most important attribute in the governance system. People’s participation
in decision making and governance will lead to transparency in governance system. The transparency in the
governance is influenced by transparency in bureaucracy and perception of fighting against corruption. A
transparent government will encourage higher expenditure participation in public and social services like
children day care, quality schools and civic services in the suburbs of the city. The whole process of
participation, transparency in governance and public and social services strengthen governance system of
the city through a feedback mechanism (GR1). Similarly, participation in decision making will positively
influence political activities of inhabitants and provide opportunities for adequate city representatives
including female representatives in the governance system, thereby reinforcing the participation in decision
making through reinforcing feedback mechanism (GR2). This mechanism in turn reinforces the mechanism
GR1; as a result the governance system developed is also further strengthened. Besides, as the governance
system gets strengthened, it will enhance the importance of politics for the people resulting higher political
activities by theme. The combination of these attributes and their reinforcing effects through feedback
mechanisms ultimately create an environment for smart governance (GR2A). With a democratic set up and
adequate local governance system, there is an opportunity for development of a smart governance system in
the city, if policy interventions are made to make people politically active; create an environment to involve
people in social and political activities by encouraging participation in voluntary works, child care, making
equitable expenditure in suburban areas; more importantly allowing them to be a part of decision making
process and build transparent bureaucracy.
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Figure 3 Casual feedback relationships for smart governance

6. Conclusion

A smart city is essentially regarded as a well performing city in one or more of its attributes based on
potentials and challenges it offers, and if the development is based on self-decisive and citizen participation.
The purpose of developing such a city is to enhance the capability of the potentials of the city and judicious
resource management for optimal development of the city.

In terms of maintaining the importance of Bloemfontein city in the central region of South Africa, this
investigation provides an evaluation of the important influential factors and attributes of the city in the current
scenario. Besides, it provides analytical causal feedback logics among the factors in three most important
aspects, such as, economy, mobility and governance using SD principles based on systems thinking
approach that would enable developing policy interventions for transforming it to a smart city.

The evaluation suggests that there are positive indications in all three aspects, but there are challenges to be
met particularly in terms of the economy and mobility. The positive attributes of governance scenarios offers
definite opportunities. Lack of economic image and trademarks and international embeddedness are major
challenges in the economy. Similarly, local accessibility, and sustainable, innovative and safe physical
movement in the city are the major concerns.

The process of rigorously extracting causal feedback mechanisms among the factors and attributes in each
sector brought the influential inter-linkages and mechanisms to the light, which can assist in developing
policy interventions to transform the city to a smart city. Most important of the mechanisms revealed that
that policy interventions are needed (1) to reinforce the causal feedback relationship among
entrepreneurship, innovative spirit, productivity, economic image and international embeddedness, which
will foster smart economy; (2) to augment public transportation to strengthen local accessibility, and
advancement of ICT to ensure innovative, sustainable and safe transportation system that will result in smart
mobility; and (3) to ensure effective participation of stakeholders in the decision making process alongside
the elected city council, and transparency in governance. Consequently, the complementary effect of the
combined attainment of the three attributes of will enable transformation of the city to a smart city.

From the methodological point of view, the analysis for development of smart cities poses specific modelling
challenges. That include interdependency, inter-linkage and causal relationships among the various
parameters influencing smart city development, compounded with the lack of adequate and reliable data,
uncertainties, role of stakeholders, and other prominent aspects such as people, governance, environment,
and living conditions, which are not easily amenable to quantification. This investigation shows that SD
principles with its integrative nature are well suited to undertake such challenges. It has provided a
framework to elicit the complex and dynamic inter-linkages based on which policies can be generated to
augment the strengths and alleviate the weaknesses in an urban system (city) in order to facilitate
development of smart cities. Therefore, application of SD methodology in this context is particularly
valuable.

However, there is a need to transform these conceptual models to computer simulation models, which would
reveal the gaps between the desired condition and current scenario, and the extent to which various
attributes need enhancement. Besides, it is also essential to critically examine the inter relationship among
the above discussed three prominent subsystems of the city and how one subsystem behave on the
influence of the others, which could provide a more critical and holistic insight to transform the city to a smart
city. Both of these aspects are the next goals of this investigation.

However, in the current state, the study provides a roadmap to guide the policy makers and planners for
plausible actions for transforming Bloemfontein city or similar cities in South Africa to smart cities, which is
perhaps the most significant contribution of this work.
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Abstract

The supply side for nearly zero energy building (nZEB) renovation of owner-occupied single-family houses
in Europe is suffering from a severe image problem of lack of knowledge and trust, inefficient construction
processes, insufficient quality assurance and communication difficulties with home-owners. Research was
done in Austria, Belgium, Germany, the Netherlands and Norway as part of an Intelligent Energy Europe
project, entitled “COHERENO - Collaboration for housing nearly zero-energy renovation” to understand the
emergence of collaboration structures for nearly zero energy building (nZEB) renovation of owner-occupied
single-family houses. The business model of Osterwalder and Pigneur (2010) is used as a reference of the
project. Used research methodologies include desk research, explorative semi-structured interviews and
focus groups. Based on this, barriers and opportunities for collaboration and business model development in
this market segment were detected. Important barriers on the supply side are a lack of knowledge,
particularly understanding the necessity for and approaches of collaboration, and to address customer
values. Also, there is a lack of capacity to absorb knowledge in small enterprises. On the demand side, there
is a lack of confidence in professionals’ experience. Home-owners expect independent advice and tailored
pricing. Some of the home-owners expect one actor to take the lead and be the ‘reassuring’ contact point.
The way how to collaborate was addressed in the second part of the COHERENO project by organising
Business Collaboration Events and action research on business modelling of cooperation structures in the
different countries.

1. Introduction

The European Union identified the need of reducing carbon emissions in residential sectors by 88-91% in
2050 compared to 1990 levels, to transform the current economy into a competitive low carbon one (EU,
2011). Europe’s new buildings and major renovations will be required to reach the level of “nearly zero-
energy” (EU, 2010). For this immense transformation the mind-sets of clients asking for renovation solutions
and suppliers offering these have to be changed. The existing housing stock in Europe is predominantly of
poor energy performance and consequently in need of renovation work. However, only about 1.2 per cent of
Europe’s buildings are renovated each year and it is unlikely that this 1.2 percent is renovated to the highest
standards of energy efficiency (BPIE, 2011; Tofield and Ingham, 2012). Although more and more
households implement single energy saving measures and renewable energy systems (PV-panels), to
remain competitive with future new-build houses, house renovations need to go beyond implementing single
energy saving measures and should be integrated major renovations or deep retrofitting (Haavik et al.,
2012). This makes the market potential for especially privately owned single-family homes ‘nearly zero-
energy’ (nZEB in the remaining text of this paper) renovation In Europe is very big Renovations are often
constrained by financial and market barriers.

However, the supply side for nZEB renovation of owner-occupied single-family houses in Europe is suffering
from a severe image problem of lack of knowledge and trust, inefficient construction processes, insufficient
quality assurance and communication difficulties with home-owners. Generally it is assumed that lower
costs, lower burden for the client, limiting renovation time and guaranteed energy performance are
preconditions for a volume uptake of nearly zero-energy renovation in the privately owned housing sector in
Europe (Mlecnik et al., 2013). But, more is needed to build fruitful business models.

The main objective of the Intelligent Energy Europe project entitled “COHERENO - Collaboration for housing
nearly zero-energy renovation” (www.cohereno.eu) is to strengthen the collaboration of enterprises in
innovative business schemes for realizing nZEB renovation in owner occupied single-family homes (SHF).
To support this general goal, explanatory research was done in the partner countries Austria, Belgium,
Germany, the Netherlands and Norway to better understand the experiences of existing and emerging
collaboration structures for nZEB house renovation and to find key barriers and opportunities for stepping
into collaboration for nZEB renovations. A basic assumption of COHERENO is that various types of
professionals can collaborate in formal or informal structures: informing actors (for example non-profit
organizations or municipalities), consulting actors (for example energy consultants, banks or insurance
companies), contracting actors (these can be or not be executing actors/contractors) and quality assuring
actors (to gain customer confidence).

The way how to collaborate was addressed in the second part of the COHERENO project by organising
Business Collaboration Events and action research on business modelling of cooperation structures in the
different countries.
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2. Research Methodology

The main question that this research wants to answer is: What are barriers and opportunities for enterprises
to engage in collaborative business model development for nZEB SFH renovation and offer a one-stop-shop
solution for energy-efficient renovation of private owned homes? This main question was explored with three
questions in five partner countries:

1. What are new insights from (emerging) national developments and on-going initiatives related to
collaboration in the construction sector?

2. What are current experiences of supply-side frontrunners in the nZEB SFH renovation market?

3. What are the main problems and solutions to step into (collaboration for) the market of nZEB
housing renovation?

Those three questions were approached with various research methods. To answer the first question,
COHERENO partners from five countries (OGUT in Austria, PHP in Belgium, dena in Germany, TU Delft in
the Netherlands, Segel in Norway) determined current national initiatives and developments. The partners
investigated national energy and innovation policy development in their countries related to collaboration in
the construction sector, particularly for nZEB SFH renovation. We will illustrate the national developments
and initiatives with examples from the Netherlands.

To answer the second question each COHERENO partner interviewed supply-side frontrunners in his/her
country. To structure the interviews, questions were asked related to elements that are relevant for
collaborative business model development, such as:

The current key activities of the frontrunner for realizing an nZEB SFH renovation
The key resources that are being used to realize such renovation

The current key partners and the attitude towards future collaboration

The attitude towards (specific definitions of) nZEB SFH renovation

The attitude towards (specific items of) quality assurance being a key activity
The focus on a specific customer segment of SFH-owners

The development of key value propositions for SFH-owners

The key customer relationships with SFH-owners

The communication channels that are being used to address SFH-owners

The (expected) revenue streams

The needed knowledge, competencies and resources to engage in a volume market development.

These key items stem from theories of business modelling (Osterwalder & Pigneur, 2010), which is also
used as a general guiding theory for the whole COHERENO project. See Figure 1. The model defines
customer segments as different groups of people or organizations that an enterprise aims to reach and
serve. Value propositions are the bundle of products and services that create value for a specific customer
segment. Channels are the means how a company communicates with and reaches its customer segments
to deliver a value proposition and customer relationships are types of relationships a company establishes
with specific customer segments. Key activities and key resources are respectively the most important
activities the company has to perform and the assets of the company (physical, financial, knowledge,
human) so that the business model works. Key partners is the needed network of suppliers and partners.
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Figure 1 Business model canvas. Source: Osterwalder & Pigneur (2010).
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To answer the third question COHERENO partners organized a focus group with frontrunners in their
country. External presenters from the supply-side showed inspiring national examples about successful
nZEB SFH realizations and/or collaboration for realizing a nZEB SFH renovation. The COHERENO country
partners then divided the participants into smaller groups and moderated an interactive group session per
group. Questions addressed in each group were what goes less well during nZEB SFH renovation,
especially regarding collaboration between the involved actors, and how can we avoid this. The discussions
were facilitated using a poster. This poster shows general issues of concern related to five building phases
(diagnosis & analysis, design & planning, execution of works, hand-over, use phase). Participants were
motivated to discuss various items by using post-its. As a result of the discussion in each group top main
problems and possible solutions were determined. Next the participants were asked to reflect on quality
assurance and customer confidence (see Figure 2) and to fill in a questionnaire related to their use of quality
assurance instruments. The discussion in this part also led to the experienced top three problems and
solutions regarding customer confidence and quality assurance. After the reflections in the separate groups,
exchange of experiences of the groups was organized. The workshop was rounded up by an external
observer.

A proper renovation
process where all parties
perform their role

Quality of the products
used on site and their on-
site application

Guaranteeing renovation
outcome

Adequate follow-up after
completion

Your skills, knowledge,
expertise

Products | use are endorsed
by a third-party e.g. list of
products

Learning through handbooks,
guidelines, guidebooks

Additional training programs

and courses Products | use have a quality

label

Energy advice/ general
assessmentaccording to a
standard procedure/code of
good practice

This advice/ assessmentis
performed by a third-party
endorsed advisor

Use protacols, checklists, self-

assessmentinstruments -
follow the proper steps and
perform the proper check-up

Make sure a quality
surveyor/coordinator is
appointed in charge of
coordination and risk

Deliver a user guide to the
heme owner with clear
maintenance guidelines and
instructions.

Monitoring of actual energy
consumption after
completion will take place at
a regular basis

Gaining actual on-site management on site

. The advisor or and advice
experience

complies with a quality label

A maintenance contract is in

All actors involvedin the
place

Following independent renovation process are

guidelines/codes of good properly informed about

practice expected outcome and agree
to deliver

Seek third-party endorsement
e.g. my name on
independent list of actors

Compliance with a quality
label/certification scheme

Work according to a quality
Iahe_l,’ nu_rnplv with a specified the energy
certification scheme for performance/ comfort level
actors after renovation

Making a contract that

Figure 2  Poster on customer confidence and quality assurance. Source COHERENO.

Research Findings

All countries are concerned with the issue on how to restructure the collaboration between companies in
order to reach home-owners more effectively to renovate their homes towards high energy efficiency. This
concern results in national, regional or local initiatives that stimulate such transition in the construction
sector.

Lead actors

The experiences in the partner countries illustrate that lead actors that organize their collaboration for the
nZEB SFH renovation market can be general contractors, turnkey suppliers and project managers. It was
found that also architects and planning offices, energy advisors, and renovation and hardware stores
organize structures for nZEB SFH renovation. Various national, regional and municipal public and/or private
initiatives were found to be able to facilitate collaboration structures. Contractors thus appear to compete
with various other collaboration structures who take the lead for organizing nZEB SFH renovation. The
actors that collaborate with the lead actors are mostly contractors that provide components or services,
general contractors, installers, architects and planning offices and independent consultants. Some lead
actors have found collaboration with more unusual partners such as banks, renovation brokers, marketing
companies or specific suppliers. Furthermore, some structures have agreements with policy makers, or e.g.
a non-profit organization to guarantee a high quality standard. Remarkable is also that some collaboration
structures engage experienced home-owners in their collaboration structure as a marketing instrument.

Development and initiatives in the Netherlands

‘More with Less’ (in Dutch: ‘Meer met Minder (MmM)) is a covenant signed by the Dutch central government,
building sector organisations and the umbrella organisation of housing associations Aedes to create a
market for energy efficiency in buildings (www.meermetninder.nl). The MmM organisation has developed an
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online ‘one-stop-shop’, an education program for suppliers and a registration system for the tradespeople. All
MmM suppliers work according the same step-by-step plan. In 2014 MmM implemented a qualification
scheme for the tradespeople/firms. This scheme holds also an assessment by clients. Approved ‘Meer met
Minder’ suppliers market themselves as energy saving specialists. However, MmM is not directed at whole
house renovation but especially the implementation of single measures. Collaboration to advise and carry
out integrated solutions is not really the objective.

Initiated by the Dutch Ministry of the Interior and Kingdom Relations and financed by the Innovation Agenda
Energy and the organization Platform31 carries out a policy programme entitled ‘Energy Leap’ (In Dutch:
‘EnergieSprong’). This programme aims to develop the market by the use of experiments and deals. Within
this programme several projects and campaigns address the collaboration of market players and the uptake
of energy measures in home renovation by housing associations and private home-owners. One of the
programs is called ‘Stroomversnelling’ targeting the refurbishment of owner-occupied single-family dwellings
according to the ‘Energy bill = 0’ principle. Consortia of builders, architects, product suppliers and other
professional actors are challenged to make renovation proposals for energy bill = 0 renovations, to be
realised in ten working days and an investment of maximum 45.000 Euro (including VAT). Meanwhile,
municipalities are asked to choose neighbourhoods with reference housing types that could be renovated. In
a few years we will know if they succeeded to deliver the proposition (Van Renssen, 2014).

Another program involved a competition to open renovation stores that can offer integral solutions to private
home-owners. Seven stores across the country were opened in June 2014. Straub found that renovation
stores differ a lot in customer segments, value propositions and service delivery, and their formalised or non-
formalised relationships with supply-side professionals: building product and energy system suppliers,
contractors, installers, energy consultants, etc. (Straub, 2014). The stores may combine consulting,
informing, contracting and quality assurance services. Part of the renovation stores are founded as legally
independent new organisations, others are related to e.g. general contractors. Part of the renovation stores
are selling in the first place stand-alone energy efficiency measures and preferably taking them within the
mainstream building work. However, implementing single energy saving measures makes a nZEB
renovation of homes insure. Home-owners tend to start to make their house energy efficient without having
the desired end result in mind. That may cause disinvestments. A clear end result and an outlined phased
approach is needed, because not all home-owners are willing and able to invest in a major renovation as a
one-of integrated concept. Renovation stores should provide such outlined phased approached, should work
preferably independent from building products and energy systems providers, and should guarantee a
common understanding on the aspired result and a collaborative and coordinated renovation process. A
prerequisite is a secure selection of supply-side professionals to work with.

Barriers for collaboration

Both contracting and consulting actors highlight in the interviews in all countries the existence of poor on-site
execution and the need for improvement regarding quality assurance. In particular, consulting actors see the
need for energy performance guarantees and requirements for testing. Some contractors see problems with
on-site coordination. Consulting actors notice the long realisation processes. Many interviewees think that
such problems can be avoided with knowledge transfer during construction and planning processes and/or
optimizing the information flow between professionals.

Contracting actors appear to have difficulties organise their timing according to the home-owner situation.
Consulting actors notice the lack of knowledge of the home-owner and the lack of information to the home-
owner. This makes it difficult to convince home-owners to take decisions. We note that various contracting
and consulting actors expect the home-owner to be responsible for maintenance or future works.

Contracting actors observe that the market for nZEB SFH renovation is still small and that nZEB is yet to be
defined. There is strong competition with companies that could be seen as bunglers in construction work.
Therefore, contractors express a need to emphasize their strong points and differences with other
companies.

The growing competition between companies is also observed by consulting actors. They also see bunglers
in this market as threats, companies bound by product suppliers offering free energy consultancy services to
home-owners. This contradicts with the wish of clients for independent advice. Moreover, owners can
contact a contractor directly without energy consultation before. Generally, home-owners are more
interested in non-energy related issues than energy saving, and even can ask for lower ambition levels.
According to the interviewees, home-owners show prejudices towards new ways of construction. Consulting
actors are also confronted with home-owners that are not willing to pay for planning or project management
services. This might be due to their lack of understanding of these services or to lack of communication with
home-owners. Consulting actors express a fear of the home-owner towards long payback times and look for
better ways to express the evaluation of energy saving measures. Contracting actors also have difficulties to
communicate added value instead of added costs.

The main issue for all actors is a lack of trust of the home-owner towards non-independent parties. This
makes it challenging for both contracting and other actors to find the right balance between providing
independent advice and delivering an integrated solution.

Various collaboration structures do not have a clear customer segment that they address. Some regard the
SFH renovation market already as a niche that does not have to be narrowed (not even up to energy-
saving), while others have a clear view on the age, the income level, the family composition, the budget, the
(energy) interest, the building type and the geographical location of customers that they want to address.
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When looking at the mentioned customer values, especially the more ‘traditional’ collaboration structures
appear to rely on their reputation and emphasize that customers easily find them and trust them. Newer
forms of collaboration structures put more emphasis on their price-competitiveness, quality standards and
knowledge about energy performance or ecological materials, even up to the level of delivery of guarantees
and obligatory training of collaborating actors. Comfort, energy performance, sustainability, and unburdening
- from assistance in grant applications to comparing offers to taking care of all aspects resulting in minimum
inconvenience - are often reappearing as targeted customer values.

The use of communication channels mostly reflects how well the collaboration structures have thought about
the customer segment and the customer values. While some collaboration structures use sophisticated
communication platforms and tools and energy labels, other (more ‘traditional’) collaboration structures still
mainly rely on word-of-mouth and visibility of their projects. Some deliberately do not use any media, others
do remarkable experiments with various media, door-to-door campaigns or guarantee contracts.

Similar barriers reappeared during the national workshops with frontrunners. The various workshops in
different countries had a different dynamic regarding the observation and discussion of challenges and
solutions in the volume market of SFH nZEB renovation. Nevertheless, in all countries the top three
problems to step into (collaboration for) the market of nZEB housing renovation in the partner countries
related to lack of knowledge, inefficient planning and construction processes and lack of quality assurance.

Opportunities for collaboration

The national workshops provided many ideas from various countries how detected barriers could be
eliminated. See table 1. Due to their limited competencies, knowledge or resources small companies do not
really have an alternative but to collaborate with other actors. They can built partner trust in loose
collaborations — for example engaging in concurrent engineering or morphological design sessions - before
stepping into formal collaborations. In any case they should make use of networks of interested companies,
professionals and experts to position themselves in this market segment.

It is in practice difficult to balance independence and offering a total integrated solution and service.
However, the home-owner only tends to trust independent advice. Independent knowledge can be found by
collaborating with competence networks and by involving independent, experienced and certified advisers or
offering labelled advice. The business model needs to make sure that advice is paid for.

It is important to gain customer confidence as an actor operating in the region of the home-owner and to
think in customer-oriented packages. The home-owner should be engaged in all information transfer to keep
enthusiasm. Communication should run smoothly and knowledge between all involved actors should
continuously transferred across disciplines. Education of actors is probably best organized on site or by
using existing education initiatives.

It is important to have a single trusted contact point for the home-owner; it can be recommended that this
person fulfils specified goals (energy performance, timing, information transfer) and manages and
coordinates the process. In any case, attention is needed for quality assurance and a performance-based
approach, linked to sticks and carrots. The performances should be specified from the beginning and
followed up with monitoring.

To address home-owners with financing difficulties, collaboration structures can address opportunities to
show the costs and benefits of a step-by-step renovation and by offering administrative unburdening to apply
for loans, grants and so on. In communication the added values (also non-energy benefits) and life cycle
cost could be emphasized.

Table 1 Market barriers and opportunities as observed from frontrunners
in collaborative structures for nZEB renovation (COHERENO, 2014; adapted)

Barriers Opportunities

Home-owners are not willing to pay for consultation,  Offer low-cost services and/or services for free if
planning and project management renovation decision is made

Budgetary constraint home-owners Offer step-by-step renovation

Perception of costs and benefits of energy saving Display the home-owner’s personal profit

measures

Unfamiliarity with collaboration Organise knowledge-transfer related to interfaces of

involved trades
Use morphological design methods

Develop a network of (local) interested companies
and professionals

Limited capacity among the partners Collaborate in construction teams
Competition with bunglers Gain confidence and trust as local actor
Think customer-oriented
Make agreements with local policy makers
Involve financial actors and quality assurance actors
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in the collaborative structure

Use (reviews) of experience home-owners in
marketing

Discussion

The various examples from the five countries are quite different and at this stage there are no clear
indications that one collaboration structure might be more successful than another in the volume market of
SFH nZEB renovation. It seems that different models may function satisfactory, but at this stage all of the
presented collaborative structures are still at an early phase in their development. Apparently the market for
nZEB SFH renovation is just emerging, and the existing collaboration structures are not yet able to
demonstrate “successful’ long-term collaboration apart from their contribution to exemplary nZEB SFH
renovation projects. Many collaborations still have to develop their understanding of the customer segment,
their attitude towards value propositions, their customer relations or their knowledge, the efficiency of
communication channels or their own resources and competencies.

Obviously,in all countries new collaboration structures for nZEB SFH renovation are indeed emerging and
that various types of actors can collaborate. Several collaboration structures take on a perspective that
integrates informing the client, consultancy, execution and/or follow-up. It can be questioned if the integration
itself is a success factor, since more ‘traditional’ and loose collaborations also prevail in a market that is still
a niche where engaged home-owners find dedicated contractors. Instead, transparency and effective
collaboration - beyond product development towards process innovation, customer intimacy and market
development - appear to be key success factors.

Stronger collaboration and trust-building is still needed between ‘traditional’ partners such as contractors,
designers and consultants. Also, collaboration can be expected with new types of actors such as project
managers, Energy Service Companies, renovation stores and hardware stores, product suppliers and non-
profit organisations.

Conclusion and Further Research

The experiences in the various countries are very different. From the country experiences it is suggested
that it is imperative that collaboration structures include or refer to ‘independent’ actors, such as architects,
certified energy auditors, institutes, non-profit organisations, and so on. From on-going developments, the
importance of One Stop Shops and customer web portals, Open House Days and physical renovation
stores, is expected to increase.

The research showed that the supply side for SFH renovation is suffering from a severe image problem of
lack of knowledge, inefficient construction processes, insufficient quality assurance and communication
difficulties with home-owners. Home-owners further expect independent advice and tailored pricing. While
collaboration between supply-side actors is seen as a part of the solution to increase competitiveness, many
SMEs are still largely unfamiliar with collaboration. The research showed that as the complexity of integrated
renovation services increases, a shift in collaboration structures can be expected, likely towards quality
assurance and performance contracting.

Frontrunners have found opportunities to eliminate barriers for business collaboration in the nZEB SFH
renovation market. These opportunities can be considered as ‘guidelines’ for actors who want to develop a
way to collaborative business development for nZEB SFH renovation.

The start-up of activities in nZEB SFH renovation is not obvious for the companies. An important barrier on
the supply side is that not many contractors are experienced or have the right knowledge to deliver such
renovation or to guarantee profitable energy savings. These companies need to understand the necessity for
collaboration, the customer values and the role of different actors in collaboration. Also, the companies need
to develop their own good examples of demonstration projects to attract customers for nZEB SFH
renovation. Collaboration between companies requires complementary service portfolios and compatible
business cultures. Collaboration with experienced professionals or consultants makes sense to attract the
right knowledge and to develop first projects. One actor has to take the lead and act as the ‘reassuring’
contact point for the home-owner, maintaining a permanent relationship. Also, the awareness rising of
customers and companies is key to the nZEB SFH renovation market development. The highest success for
start-up can be expected when marketing is coupled with bottom-up initiatives, as costs for communication
and convincing home-owners can be reduced.

Today’s business models in the construction sector are still largely suboptimal and authorities in various
countries still need to stimulate the supply-side and the demand-side by various informing and supporting
instruments for high ambitions for nZEB SFH renovation. The national and local renovation market
circumstances differ a lot between the EU-member states. Despite various exemplary actions, the market for
nZEB SFH renovation is still too small. Additional demonstration of projects to home-owners is needed, and
experiments and pathways to address the emergence of quality-oriented collaboration structures should be
developed further.

From experiences in the Netherlands it can be observed that in the volume market covenants with major
companies and initiatives for group action organized by municipalities will play a larger role for renovating
high volumes of housing. We can speculate that the existing mass-housing stock in Europe partly can be
renovated to nZEB by standardised solutions by larger companies and partly renovated as niche markets
depending on the characteristics of the housing stock and client segments by SMEs and voluntary
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collaborative structures. The collaborative enterprises may evolve into a consortium, defined by Gruneberg
and Hughes (2004) as an arrangement between a number of firms in which each firm contributes an equity
stake in form of a risk capital or payment in kind in order to qualify as a member. However, this seems not to
be a prerequisite. There is limited scientific knowledge about collaboration between small and medium-sized
enterprises (SMEs), with other actors and the formation of consortia in the building sector. According to
Janda and Parag (2013) low-carbon refurbishment is a new profession and/or jurisdiction, and existing
professional roles may expand to encompass new competencies. Also, new roles and new competencies
may be needed (Janda and Parag, 2013). Further research is needed into what these competencies are.

House owners prefer to contact small and medium sized enterprises (SMEs) when renovating or planning to
renovate their houses. Carlsson and Koch (2015) claim, based upon a local study of three craftsman
contractors and their interaction with house owners as potential customers for renovating their home that
conservative renovation actions are the result of both parties acting in a routinized play they cannot easily
escape, which creates barriers for applying new green technologies and/or renovations in an energy saving
manner. This may mean that contractors have to change this routinized behaviour and should approach the
customer in another way or should collaborate with enterprises that sell the renovation to the customers.
Further research has to done in relationship marketing, customer journeys and customer intimacy in the
private house renovation market. Treacy and Wiersema (1992) state that companies that excel in in
customer intimacy combine detailed customer knowledge with operational flexibility so they can respond
quickly to almost any need, from customizing a product to fulfilling special requests. The ability to fulfil
special request seems to be crucial in the owner-occupied renovation sector.

Initiatives and projects related to energy efficient renovation in the European construction sector mainly
either address dwellings owned by social housing organisations or single-family houses. The nZEB
renovation market of apartment buildings with shared ownership is even more difficult to deal with because
of the (lack of) awareness of the different owners, different customer segments and needed value
proposition, the need to merge the interests of the owners and aligning their customer journeys and often
financing obstacles. Collaboration between companies for informing, consulting, contracting and quality
assurance is a necessity.
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Abstract

As energetic, health and environmental requirements for buildings are changing, deconstruction of buildings
in the course of retrofits or replacing construction is increasingly important. To plan change measures in
existing buildings, buildings have to be audited manually which is associated with great effort.

In our contribution, we propose and describe a combined system of a hardware sensor with software
modules for building information acquisition, reconstruction and project planning. Furthermore, technical
requirements, the acquired data, user interaction and system architecture are discussed.

Our tool enables planner, experts or decision makers to inspect a building and at the same time digitally
audit the building room by room. For this purpose, point clouds are acquired, analysed and a 3D building
model is automatically derived to record it. Furthermore, the acquired data is automatically analysed in real-
time to detect construction elements that are saved in a database. Then, based on the generated building
element database building reconstruction and planning algorithms use the information for building
inventorying and project planning. This allows integrated planning of decontamination, site clearance, and
deconstruction activities, as well as to coordinate secondary raw material recovery, resources, logistics,
material storage and recycling options time and cost efficiently onsite.

Results from first field tests on acquisition, reconstruction and deconstruction planning are presented and
discussed. Finally, a summary and a conclusion are given. This is followed by an outlook on potential future
research and application areas.

1. Introduction and motivation

Buildings are characterized by their immobility, heterogeneity and uniqueness. Due to their long lifecycles
and changing users’, energetic, health, and environmental requirements, buildings are refurbished, retrofitted,
remediated or modernized by generations of users, residents and proprietaries. During their lifecycles,
different building elements and products are installed, removed or changed in the course of building
modification. Often, these modifications of the building structure, equipment and fittings are not documented
properly.

At the end of their lifetime, buildings often undergo deconstruction (and replacement), remediation or
modernization processes in spatially limited sites of dense urban areas and with limited resources available.
To plan deconstruction or change measures in existing buildings, buildings have to be audited previously.
And, planning and performance of change measures strongly depend on the quality of the acquired
information. Often, the acquisition of building information of existing buildings is associated with expensive
equipment and great acquisition and modelling effort of skilled staff.

In the following section 2 of this paper, we present a short literature review on building information
acquisition, reconstruction and project planning. Section 3 describes technical requirements of the hardware
and software, the acquired data and the user interaction. Section 4 shows the general model architecture
and the module interaction. Subsequently, a detailed module description and first results based on test
cases are presented. This is followed by a summary, conclusion and outlook.

2. Literature Review

Research in this area can be divided into two major parts: building information acquisition and project
planning in building deconstruction. Literature and recent approaches in these fields are described and
analysed in the following sections:
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2.1 Building information acquisition

If building information is insufficient for a specific purpose, comprehensive data has to be acquired to
conduct (project) planning. If properly done, relevant information for deconstruction are captured such as
existing building elements, site conditions, space availability, mass calculation and other conditions (Dt.
Abbruchverband, 2015); (Rommel et al., 1999). Previous data capturing methods range from manual, semi-
automatic or automatic, terrestrial or aerial techniques. Their application depends on the building or
infrastructure size, complexity and budget. Terrestrial building auditing and acquisition is mostly carried out
atfindividual building level, while aerial detection is only performed on larger building stocks, areas or
infrastructures.

Recently researched methods are manual measuring, image-based or range-based techniques (Volk et al.,
2014). Image-based and range-based techniques extract spatial, colour and reflectivity information to
digitally reconstruct a building. In practice, mainly manual auditing is applied including a site inspection,
manual measurement of the building and its elements via tape measures or laser distance measures
(callipers). Often, also other building-related or element-related information is acquired by deconstruction
companies or experts via examination of existing building documentation, photographs, and checklists or in
written form (Rommel et al., 1999); (Wangler et al., 2010); (LfU, 2001); (LfU, 2003); Dt. Abbruchverband,
2015). However, this kind of information acquisition is quite costly and leads to unstructured data that only
can be processed for planning and inventorying purposes under great efforts.

Also, semi-automated laser scanning techniques for documentation of historic buildings via immobile total
stations are on the rise (Hajian and Becerik-Gerber, 2010). However, they are affected by great
disadvantages yet such as high equipment cost and fragility, as well as difficulties in scanning reflective,
transparent and dark surfaces (Klein et al., 2012); (Bhatla et al., 2012). Also, great effort and skills are
necessary to process the data on conventional computers to a digital building model with all required data
(Mill et al., 2013); (Tzedaki and Kamara, 2013); (Xiong et al., 2013); (Watson, 2011); (Brilakis et al., 2010);
(Tang et al., 2010); (De Luca et al., 2006). And, current methods are restricted to rather low levels of detail.
Furthermore, recent techniques do not compile an inventory of buildings’ (raw) materials yet e.g. for a
buildings’ material pass or for deconstruction and recycling issues.

Today, only costly semi-automated or manual acquisition techniques are available for building information
acquisition. In most deconstruction projects, buildings are shortly inspected and the whole building size
(gross volume or gross area) is roughly estimated. According to Dt. Abbruchverband (2015), deconstruction
materials and masses are then derived manually e.g. via percentage of gross volume. And, exceptionalities
like specific technical equipment such as swimming pools or air conditioning are noted. Buildings’ 3D
structures are not acquired and reconstructed yet to calculate a buildings’ material inventory. This leads to
deviations in expected deconstruction masses (on average ~10%, in some cases much more) and thus to
uncertainties in deconstruction planning regarding time (deadlines, resource capacities over project
makespan) and cost (increased deconstruction or disposal costs).

2.2 Project planning in building deconstruction

Literature on project planning is vast. However, project management approaches in deconstruction of
buildings and infrastructures are limited to a relatively small humber. Abdullah et al. (2003, 2008) provide
project planning and decision making support in deconstruction via hierarchical multi-criteria decision-making
(MCDM) approach. Their approach creates a ranking according to the highest benefit/cost ratio and estimate
the demolition cost for the whole project according to the highest ranked demolition techniques per activity.
Optimization-based project planning approaches include a building auditing support and an optimization tool
for building deconstruction project planning in MS ACCESS 1998 (Schultmann et al., 1997); (Schultmann,
2003); (Schultmann and Rentz, 2001,2003). This work is based on manually pre-measured building element
dimensions. Schultmann and Sunke (2007) extend the approach by additionally considering the recycling
options of each building element and the related energy-saving effects due to different deconstruction
activities. Spengler (1998) formulates an optimization problem (MILP) for the deconstruction of complex
products in general, but restricts to deconstruction and recycling cost and maximization of the marginal
return.

Further related approaches are disassembly and fuzzy scheduling and capacity planning/optimization of
complex products (with uncertain activity durations (Schultmann und Rentz, 2003), with uncertain capacities
and cost (Spengler, 1998), with the deconstruction/disassembly of electronic devices and partly related
uncertainties (Spengler, 1998); (Schultmann and Sunke, 2005, 2008), or related waste quantification and
management (Li and Zhang, 2013); (Cheng and Ma, 2012); Akbarnezhad et al., 2012, 2014). However, only
very few approaches account for uncertainties in deconstruction project planning (Schultmann und Rentz,
2003); (Spengler, 1998).

Recent trends show the shift of BIM from design processes to retrofitting and deconstruction projects.
Existing operative mass flow models are based on pre-existing BIM models and consider the deconstruction
of single buildings (Cheng and Ma, 2012); (Akbarnezhad et al., 2012, 2014). Akbarnezhad et al., 2012,
2014) examine a scenario-based (not activity-based) sensitivity analysis of deterministic costs for
deconstruction, shipping, reprocessing and disposal (landfilling) as well as of energy and carbon
embodiments (Akbarnezhad et al., 2014). However, these works focus on the quantity takeoff, mass and
cost calculation aim at ordering the exact number of hauling trucks and calculating the masses designated
for recycling or disposal facilities.

It becomes clear, that although there are some approaches in deconstruction project planning, only separate
building information acquisition approaches and project planning (under uncertainty) approaches co-exist.
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However, there is no approach that joins both to allow an effective way of documenting existing buildings
and planning for their deconstruction, re-use and recycling. Also, approaches in literature refrain from
modelling uncertainties. And, their approaches do not allow the automated acquisition of building information.
Instead, their calculations are based upon manually pre-measurements onsite and assessments of building
documentation (if existent). In practice, mainly checklists are applied to acquire building information and to
document a buildings’ deconstruction. The project planning itself is performed by skilled and experienced
staff, but at the same time underlies uncertainties and considerable deviations.

3. Technical and informational requirements

3.1 Requirements to hardware

In order to allow a deconstruction planner to carry out his building inspecting work in an as natural as
possible manner, it is indispensable to setup a mobile and wearable building auditing system. The auditing
system should also include a minimum of post-processing effort to generate building information, material
inventory and project plans. In the design phase of the building auditing system, the following set of
hardware requirements were specified in interviews with practitioners and experts:

e Optical sensing system: During the walkthrough inspection of a building, an optical sensing system
should acquire the geometry of the building, the floors, and the indoor scenes and should
automatically identify building elements. The acquired 3D model should be consistent and persistent
so post-processing building analysis steps can rely on high-quality data. Furthermore, the virtual 3D
model of a building serves as a visual communication means for internal project planning,
controlling or meetings. Ideally, the virtual 3D model serves as a basis to automatically calculate
building inventories and to derive project plans from it.

¢ Real-time: The system should provide real-time results so the planner can check for consistency and
completeness during site inspection.

e Enough battery capacity: The system should be energetically self-sustaining as electricity
connections are cut and no other energy sources are available in buildings that will be
deconstructed to run the system.

e Robustness: The system should be robust to different illumination conditions, due to lacking
electricity and lighting in buildings that will be deconstructed.

3.2 Requirements to software

It is mandatory for the software of the building auditing system to provide natural and comfortable interaction
techniques to support intuitive and work-centered operations. This should be supported by non-invasive
knowledge augmentation capability, including support for automatic object detection that can significantly
influence the calculation of the building inventory. For an intuitive use, the software hides the underlying
complex machinery from the end-user.

The acquired images have to be interpreted adequately. For that purpose, images are systematically
segmented and semantically analyzed in order to detect relevant objects such as walls, windows, doors or
power outlets. Because geometry acquisition and reconstruction via depth cameras entails the creation of
huge data volumes, efficient and adequate data filtering techniques are necessary to reduce the point clouds
to the most significant points. Adequate interfaces need to be implemented to transfer the outcome of the
acquisition and reconstruction to the planning module. The intuitive user interface allows a visual inspection
of intermediate building reconstruction results and enables the planner to apply changes to the 3D model
such as the later identification of undetected objects.

For adequate deconstruction project planning, general building information has to be documented and
parameters for inventorying and project planning are necessary. These information and parameters need to
be included into the system and should be easily modifiable by a user. Furthermore, the system output
(building inventory and project plan) should be easy accessible. This leads to the requirement for a graphical
user interface to depict system results adequately.

4. System architecture and interactions

In the following section, the system architecture, the submodules and their interaction are described and
discussed. Building information is generated in two ways: via sensor information and via user input (see
Figure 1). Both types of information are processed separately. Sensor information is analyzed and major
building elements are reconstructed (such as walls, windows, doors, floor and ceiling) while smaller building
elements are detected (such as outlets, switches, lamps, sanitary objects). User input regarding the general
building information such as address, construction type, year of construction, gross floor area, gross volume
etc. are used to save the building in a database. The inventorying parameters can be manipulated via user
input in a graphical user interface. Also, deconstruction and recycling parameters can be modified to define
time and cost coefficients and to limit the number and capacity of available resources such as staff, hydraulic
excavators, and handheld machinery etc. for the project in question. The entry of these parameters is
supported by an underlying database that provides standard values. However, if necessary the user might
change these values.
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Figure 1  System architecture of ResourceApp prototype

Main elements of the ResourceApp system are the hardware modules and the software modules ‘A: Point
and surface model’, ‘B: Object oriented room and building element model', and ‘C: Deconstruction
optimization model’. In the following subsections these parts of the model are further detailed.

4.1

Hardware modules

The ResourceApp hardware setup is a combination of a depth camera equipped with a RGB-D sensor and a
laptop with a powerful graphics card to efficiently process the images acquired by the depth camera. In the
following we describe both hardware modules:

Microsoft Kinect - A depth camera equipped with a RGB-D sensor: With the release of the Microsoft
Kinect and other RGB-D sensors, depth cameras became available at reasonable prices to the public.
Previous to this, devices such as time of flight (TOF), stereo vision and 3D LIDAR sensors were required
for 3D perception. The low cost of the Kinect sensor coupled with its high quality sensing capabilities has
proven to be an attractive alternative to previous more expensive 3D sensing systems. The Kinect
contains two cameras (a RGB camera and an infrared camera), as well as an infrared projector which
projects an infrared pattern onto the scene. The infrared camera acquires the pattern in 30Hz at VGA
resolution (640 by 480 pixels) which is used to calculate the distance of the depth camera to the
acquired object surface. The deformation of the pattern projected onto the three dimensional rooms is
then used to infer their three dimensional shapes. This kind of depth sensor also works in poorly it
rooms, which was a main decision criterion for this technology. In the ResourceApp system, the Kinect
sensor has been used to implement a real-time 3D reconstruction of rooms and buildings.

Infrared RGB Infrared
projector camera camera

Figure 2 Microsoft Kinect: A depth camera equipped with a RGB-D sensor

Laptop equipped with the Nvidia GeForce GTX 780M graphics card: The real-time capability of the
ResourceApp has been achieved by using a laptop with a powerful graphics card (Nvidia GeForce GTX
780M with 4GB RAM and 2,369 GFLOPS). The graphics processor unit (GPU) of the graphics card
allows an efficient processing and manipulation of computer graphics and image processing, and its
highly parallel structure makes it more effective than general-purpose CPUs for algorithms where
processing of large amounts of data is done in parallel.
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4.2 Software modules

According to the system architecture previously introduced, this section describes the software modules of
the ResourceApp system.

4.2.1 A: Point and surface model (3D reconstruction and object detection)

The point and surface model module is dedicated to the real-time building information acquisition and is a
virtual 3D model of an indoor-scene which is automatically acquired during an audit of a building. To build
the point and surface model a mobile low-cost depth camera equipped with a RGB-D sensor is used.
Because the used sensing system is able to capture visual images along with per-pixel depth information, it
is possible to build automatically 3D reconstruction of rooms, sections of buildings and entire buildings with
real dimensions. The creation of the point and surface model includes the detection of objects which have to
be carefully taken into account during the calculation of the building inventory. The final point and surface
model can be exported via a pre-defined CSV/OBJ interface.

The building information acquisition comprises two sub-modules that run in parallel, namely the real-time 3D
reconstruction of the building and the detection of significant objects (e.g. switches, power outlets or heaters)
that need to be considered in the calculation of the building inventory. In the following we describe both sub-
modules:

¢ 3D reconstruction of building:

During the inspection of a building, the planner usually goes through the individual floors and audits each
room individually. The 3D reconstruction module supports this workflow. As already introduced, the
Kinect system is a RGB-D sensor that captures 640 x 480 colour and depth points at 30 frames per
second This allows us to create a novel approach to the known research field of Simultaneous
localization and mapping (SLAM) that combines the scale information of 3D depth sensing with the
strengths of visual features to create a dense 3D environment representation. The depth image of each
frame is converted into a 3D point cloud. To register the current frame with the previous frame, our
variant of the Iterative Closest Point (ICP) algorithm (Rusinkiewicz and Levoy, 2001) first extracts visual
features from the two frames using the RGB images and associates them with their corresponding depth
values to generate feature points in 3D. The 3D feature points are considered as significant whereas
image areas without visual features are considered as insignificant. Because the insignificant areas do
not provide any visual features, the insignificant areas of the point clouds are subsampled. As a result,
the point cloud density is reduced. Hence, the reduced point cloud density is then used to estimate an
initial alignment in order to find the best rigid transformation between the feature sets of both frames. We
then iteratively minimise the nearest neighbour correspondence distances between the two point clouds.

The point cloud registration is continuously applied during the audit of a room. Because our approach
supports a robust camera tracking and matching of visual features, the output of our algorithm is a
globally consistent 3D model of the perceived environment, represented as a coloured point cloud. First
results are presented in section 5.

Figure 3  Registered point clouds showing a furnished office room (left) and reconstructed 3D model of a
patient room in a hospital produced by our algorithm (right).

e Object detection:

Besides the 3D reconstruction, the detection of significant objects such as power outlets plays an
important role because based on their exact position in the room it is possible to infer how the electrical
lines behind the walls are routed. The inference of visually non perceptible information has to be
considered as well for the calculation of the building inventory. The object detection module requires
RGB images coming from the Kinect sensor.

One of the challenges we had to address in the project is the detection of textureless objects with low
contrast (e.g. power outlets and heaters). For this purpose, as object recognition method Dominant
Orientation Templates (DOT) were chosen in our approach (Hinterstoisser et al., 2010). As power outlets,
light switches and many other objects that have to be recognized have few high-contrast corners, edges,
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or surface patterns, such as in the case of white light switches mounted on a white wall, classic feature-
based methods such as SIFT are ill-suited. DOT was instead developed with the goal of recognizing
untextured objects. Although methods based on machine learning, often used to recognize people or
faces, can be more robust, they require large image databases consisting of many thousands of positive
images containing an object as well as similarly large numbers of negative examples per object category
that is to be recognized. As a large number of object categories have to be recognized this would be
infeasible. The DOT method is better suited as 5 to 10 examples (templates) per category can be
sufficient. To reduce false positives the method was extended to check object scales by using the
Kinect's depth to verify that an object’s size in the image matches its expected physical dimensions. As
object detection relies on template matching, for each object category a set of DOT templates have been
created. When parsing the RGB images, those categorized DOT templates are applied on the image
stream to quickly find objects and label them according to their category. Since our algorithm maintains
the correspondence between the colour and depth images through interpolation and averaging, the
position of the detected objects in the 3D model is determined.

Figure 4 The DOT templates used in ResourceApp are robust to illumination change and can detect non-
textured objects (here power outlets) in real-time without relying on feature point detection

Once the 3D reconstruction and the object detection is completed for a building or a section of a building, all
acquired information are exported via the CSV/OBJ interface and is used in the downstream process steps
to calculate the building inventory.

4.2.2 B: Object oriented room and building element model

The object-oriented room and building element model is based upon the point and surface model (A) that is
transferred by the CSV/OBJ interface. Each captured building element is analyzed with respect to its kind
and its material information. Depending on these, further invisible but nevertheless existing building
elements are automatically inserted. Further, the building element masses are calculated of both visible and
invisible objects. Then, the building inventories are created both for material/waste fractions and building
elements. This allows further processing and project planning with respect to inventorying, necessary
deconstruction and material/element separation activities.

The detailed construction of the object-oriented room and building element model and calculation of the
building inventory is depicted in Figure 5 and described in the following. The CSV/OBJ interface lists all
detected and visible building elements with their coordinates and material information. Based on this list of
building elements, further invisible building elements are derived. E.g. if the list presents a wall, in a first step
plausible wall values (such as length, height) are checked on plausibility. However, if the building element
information is not characteristic, it is adjusted to plausible values generated from standards.

When it comes to technical building equipment, wiring, piping and tubes often are not visible to the eyes or to
sensors. However, often their outlets such as switches, lamps, outlets, sanitary devices, etc. are visible and
allow a reconstruction of their runs For example, if a power outlet is detected and listed in the interface, first
the related type of equipment has to be clarified. Then, the respective wiring is created and its length is
calculated. The reconstruction of the supply line starts that is calculated vertically or/and horizontally
calculated depending on the type of technical equipment and the position of the technical outlet as well as on
the position of the next technical distribution box for the apartment or building. The coordinates of the
apartments’ distribution box as well as the house connection point can be manually assigned by the user to
allow the reconstruction. Similarly to the wiring reconstruction, pipes and tubes are reconstructed and their
volume and mass is calculated.

Or, if a wall is a reinforced concrete wall, a steel reinforcement element and a concrete matrix element are
automatically created by the software. If openings had been found on a wall, they are subtracted from the
wall surface. Then, the wall surface is multiplied with an assumed wall thickness parameter (which cannot
yet be acquired automatically) to calculate the volume of the wall. If the wall consists of a ‘single or
homogeneous’ material (e.g. brick, concrete, timber), the wall volume is multiplied with its respective material
density. Else if the wall is made of reinforced concrete, the reinforcement is calculated via standard
reinforcement coefficients per square meter wall surface. Then, the reinforcement volume is subtracted from
the total building element volume. For both reinforcement material and matrix material, masses are
calculated with their densities and listed in the building inventory. Here, a further detailed calculation might
be possible but is far more complex.

52



=l
i SASBE SASBE 2015 Proceedings, 9 - 11 December 2015, Pretoria, South Africac

The generated building inventory consists of three major listings: aggregated inventory (= all building
elements that were detected), detailed inventory (=all detected building elements plus all assumed (invisible)
building elements) and material inventory (=aggregation of all building element masses according to their
main material). The detailed building inventory is used to derive necessary separation, deconstruction and
sorting activities during a deconstruction project. The activity derivation and the project planning are
described in the following subsection.

CSV/ OBJinterface Ueerinain Import of database
(Information on coordinates of (general bElI din information Legend:
visible building elements, g g (material and building Interface

R : information, parameter,
material information) P ) element parameter)
T

(Optional) data input
ettt sttt o Calculation module

Vo YV —> Primary information
Creation of visible building elements Creation of invisible building elements --> Secondary information
(wall, ceiling, floor, window, door, outlets) (Reinforcement, wiring, pipes/tubes, layers)
Plausibility check of main building T
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Subtraction Calculation of
of openings et reinforcement
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Reconstruction of

wire/tube/pipe run
(dependent on type of

equipment outlet)
N ———

Building inventory
Volume / Mass (Building elements (1)
calculation of main aggregated & (2) detail,

building element (3) material/waste
fractions

Figure 5 Building inventory calculation logic and plausibility checks

4.2.3 C: Project planning in building deconstruction

Based on the building inventory, activities are derived that are necessary to deconstruct the building
elements (see Error! Reference source not found., left). Deconstruction activities can be performed in
different modes that differ in their resource usage of staff, machines, time and cost. These activities form the
basis for the deconstruction optimization model that calculates an optimum schedule for the deconstruction
project. Standard deconstruction activities include separation, deconstruction, crushing, sorting and loading
operations that require different amounts of constrained resources (machines, staff, cost). As single activities
can be performed in different modes (see Error! Reference source not found., right), e.g. deconstruction
of a wall can be done with a hydraulic excavator, dragline excavator or pneumatic hammer, a simultaneous
planning of activities in different modes on resources has to be done.

Tabel 1 Exemplary deconstruction activities derived from CSV/OBJ interface (left) and considered modes
and their resource requirements (right)

ID Deconstruction activities Modes Resources

1 Start 1 — Grabbing Hydraulic excavator, sorting grabs, 2 W*

2 Deconstruction of Foundation 2 — Driving Cable excavator, steel mass, 2 W*

3 Deconstruction of (Exterior) Walls 3 — Pressing Hydraulic excavator, demolition stick, 2 W*
4  Deconstruction of (Interior) Walls 4 — Tapering Hydraulic excavator, steel cable, 2 W*

5 Deconstruction of Ceiling Slabs 5 — Tearing Hydraulic excavator, demolition stick, 2 W*
6 Deconstruction of Doors 6 — Mortising Hydraulic excavator, demolition hammer, 2 W*
7 Deconstruction of Windows 7 - Disassembling Hoist, 4 W*

8 Deconstruction of Small Distr. Boxes 8 - Manual deconstruction Hydraulic excavator (electric hammer), 1 W*
9 Deconstruction of Large Distr. Boxes *W=Worker

10 Deconstruction of Wiring

11 End

To calculate the optimum schedule, further information and parameters are necessary that have to be
predefined by a user, such as available resources, technical applicability of modes on building elements and
on materials, activity precedences based on technical constraints, as well as activity cost and activity
duration per mode. Partly, this information is stored in a database such as the applicability matrices,
precedence constraints, cost and duration and can easily be modified by the user. Also, the user can modify
his individual resource constraints. Furthermore, technical constraints such as the activities’ precedence
(see Figure 6, right) or the applicability of specific techniques on elements or materials are respected.

Thus, in the developed model ResourceApp a multi-mode resource-constrained project scheduling problem
(MRCPSP) is formulated with the objective of minimum project makespan. It is solved for the previously
calculated building inventory and its derived activities plus dummy start and end activities with the durations
and resource demand of zero. The model is implemented as a binary, linear integer problem (BILP) in

53



=l
§=' SASBE SASBE 2015 Proceedings, 9 - 11 December 2015, Pretoria, South Africac

MATLAB R2015b. The commercial CPLEX solver from IBM ILOG Optimization Studio 12.5.1 is used to
solve the problem. Then, an optimal deconstruction schedule is calculated for the derived deconstruction
activities and the available resources and presented as Gantt diagrams (see Figure 6, left) and resource
capacity plans. In first test it showed that this method is limited to smaller problem sizes due to high
computational effort. Thus, the generated deconstruction activities were grouped and the time slices of the
model were reduced to enable solvability or the system.

1D: 1 Start
110 ]9 Activity |11
2 D ID: 6Doors| [ID: 7 Windows|  [ID: 8 Small Power Distribution Boxss|  [1D: @ Large Power Distribution Boxes|  |ID: 10 Wiring|
3
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1] 5 10 15 20 ID: 2 Foundation (Bottom Slabs)
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Figure 6 Exemplary Gantt diagram with the scheduled activities (x-axis: time, y-axis: modes) (left) and the
underlying precedence graph (right) of a fictive deconstruction project with 11 activities on 8
modes

5. Summary, conclusion and outlook

In our contribution, we presented an innovative system consisting of a sensor and software modules on a
laptop that allow data analyzing and project planning for building deconstruction projects. To audit a building
designated for deconstruction, the mobile sensor records a buildings’ indoor condition. The recorded data is
then analyzed to detect objects and building elements. This is followed by a 3D reconstruction of the building
interior. Based on the analyzed sensor data, a building inventory is calculated and necessary data for
building deconstruction are derived. Subsequently, deconstruction activities are generated and planned on
constrained resources with the objective of minimum project makespan. This allows users to audit and
document buildings efficiently and to automatically create deconstruction plans and bids. Building owners
might also use this application to calculate the building inherent mass and waste fractions and its potential
secondary raw materials.

We investigated how the Microsoft Kinect, as a representative of low-cost depth cameras, developed mainly
for gaming and entertainment applications can be used for the generation of dense 3D maps of buildings.
The key insights can be summarised as follows: (i) a tight integration of depth and colour information can
yield robust frame matching and 3D reconstruction, (ii) best practices in SLAM and computer graphics
makes it possible to build and visualize accurate 3D maps with such cameras, and (iii) our variant of the ICP
algorithm might fail in areas that lack visual information, such as very dark rooms. Further research work will
be necessary to increase the robustness of our ICP algorithm. Furthermore, to extend the reconstruction
capabilities of the ResourceApp prototype we plan to consider non-rectangular room geometries. The
inclusion of further sensors in order to detect hazardous and carcinogenic substances such as asbestos into
the ResourceApp prototype is envisioned for the future.

Concerning the object detection, the DOT template representation based on locally dominant gradient
orientation has shown that untextured 3D objects could be detected using few templates from different
viewpoints in real-time. One notable advantage of the DOT approach is that it does not require a training set.
However, since the creation of the DOT templates requires manual work further research is needed to
investigate how the template creation can be automatized, possibly with a marker-based approach. With
respect to the transferability of the ResourceApp system to mobile phones and tablets, we are following with
keen interest the results of the Tango project where Google and Intel are developing a smartphone with an
integrated depth camera. Our algorithms are based on the Point Cloud Library (PCL) which is cross-platform
and has been successfully compiled and deployed on Android and iOS.

Furthermore, uncertainties regarding the completeness of captured objects in a building and with respect to
multiple layers and invisible building elements in older buildings need to be considered. Also, the variability
of the optical information and the uncertainty in the identification of building elements has to be tested and
statistically evaluated. In the course of our work, also system tests in larger case studies are planned in the
near future. The project planning of building deconstruction is possible although the problem sizes that are
solvable in a finite time frame are limited. Thus, a reduction of problem size by activity grouping or time slice
reduction is necessary and will be further developed. Alongside the test, sensitivity analyses would be useful
to identify influence factors on our system results. The named issues will be addressed in our further
research in the course of our joint research project.

As an outlook, this tools’ capability might be extended to facility management application or to building
refurbishment and renovation/modernization projects of buildings and infrastructures. Also, the functionality
might be extended to performance measurement in construction and deconstruction projects both in
buildings, technical appliances and infrastructure. In these cases, further research and detailing on building
elements and types of construction (e.g. regional differences) is needed. Furthermore, the ResourceApp
systems’ functionality might be transferred to the deconstruction of infrastructure or large technical plants
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such as nuclear power plants. However, this will require further research on the inherent technical
appliances, equipment and materials.
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Abstract

EcolLusaka (2013-2015) is a capacity building project funded by the Institutional Cooperation Instrument (ICI)
under the Ministry for Foreign Affairs of Finland (MFA). During the project the Finnish partner, VTT, will
strengthen the capacity of the Zambian partner, Thorn Park Construction Training Centre (TPCTC) based in
Lusaka, to provide education on sustainable construction and disseminate the results for wider use in the
Zambian construction sector. TPCTC is a vocational training institute registered with the Technical Education,
Vocational and Entrepreneurship Training Authority (TEVETA) of Zambia. Its purpose is to educate future
workers and also working professionals for the construction sector by providing targeted training courses on
artisanal construction skills. The overall objective of EcoLusaka is to increase the supply of qualified workers
capable of applying sustainable construction principles in response to the growing demand within the
Zambian construction sector. To reach this objective, the main result to be achieved was the development
an EcoCurriculum that could be integrated into TPCTC current programme of studies. However, during the
project preparation phase it became clear that in order to secure the successful implementation of the Eco
Curriculum, the continuation of the actions started during the project and the long-term viability of the
impacts of EcoLusaka, a wider strategy was necessary. This paper discusses the main components of the
EcoStrategy carried out during EcoLusaka project, as well as a critical evaluation of the outcomes that can
be drawn upon by others in further research, training, policy development and project implementation.

1. Introduction

Since Zambia’s population is growing rapidly there is a huge need for artisanal construction workers. To
such a degree, that there is a considerable in-flow of artisanal workers from neighbouring countries, in
particular from Malawi and Zimbabwe. At the same time, there are environmental concerns within the
construction process that need to be addressed. This situation led the Zambian partner, Thorn Park
Construction Training Centre (TPCTC), to seek collaboration with VTT Technical Research Centre of Finland
(VTT) with the objective of increasing the supply of qualified workers capable of applying sustainable
construction principles in response to the growing demand within the Zambian construction sector.

TPCTC is a vocational training institute registered with the Technical Education, Vocational and
Entrepreneurship Training Authority (TEVETA) of Zambia. Its purpose is to educate future workers and also
working professionals for the construction sector by providing targeted training courses on artisanal
construction skills. VTT, the biggest multi-technological applied research organization in Northern Europe,
has done research on different aspects of sustainable building for decades.

This collaboration has crystalized in a capacity building project called EcoLusaka (2013-2015) funded by the
Institutional Cooperation Instrument (ICI) under the Ministry for Foreign Affairs of Finland (MFA). The project
is inserted in the context of the relationship between Finland and Zambia, a stable and transparent
relationship based on development cooperation. Zambia is one of the main receivers of Finnish development
support in Africa. Cooperation between Finland and Zambia aims at deepening and expanding the bilateral
partnership in three key sectors: environment and natural resources, private sector development, and rural
development and agriculture. The project can be also considered part of the wider framework established by
VTT's EcoCity concept for sustainable community and neighbourhood regeneration and development
(Huovila & Antufia Rozado, 2014). The concept is built around a strong collaboration with reliable local
partners in order to answer to clear local needs previously discussed and identified with them.

As initially planned, EcolLusaka project was to focus on the construction phase and especially on the
education of construction workers regarding environmental respect and protection, sustainable use of
materials and management of natural resources, and improvement of the quality of finishing. In addition,
VTT was to strengthen the capacity of TPCTC to provide education on sustainable construction and
disseminate the results for wider use in the Zambian construction sector. As it has happened, the initial focus
has widened to emphasize certain subjects that were perceived as of crucial importance like e.g.
Occupational Safety and Health (OSH).
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In this context, and in order to reach the main objective described above, the main result to be achieved was
the development an EcoCurriculum that could be integrated into TPCTC current programme of studies.
However, already during the project preparation phase it became clear that in order to secure the successful
implementation of the EcoCurriculum, the continuation of the actions started during the project and the long-
term viability of the impacts of EcoLusaka, a wider strategy was necessary. This paper discusses the main
components of the EcoStrategy carried out during EcoLusaka project, as well as a critical evaluation of the
outcomes that can be drawn upon by others in further research, training, policy development and project
implementation. For a better understanding of the outcomes presented here, it should be stressed that this is
not a research project, but a development one. The novelty of this work lies in the development of a strategy
that is both feasible and meant to guarantee long-term impacts for TPCTC and for the construction sector at
large, which is not commonly the approach of this type of development projects. It is also the result of close
collaboration with the local partner and adaptation to the local context.

2. EcoStrategy and its main components

The purpose of TPCTC is to educate future workers and also working professionals for the construction
sector by providing targeted training courses on artisanal construction skills, namely Bricklaying & Plastering,
Carpentry & Joinery and Power Electrical Engineering (see Figure 1). The school arranges different
education packages, ranging from shorter 2 week courses up to 2 year education programmes. The shorter
courses are mainly aimed for people already working in the construction industry wanting to improve their
know-how. The longer courses are mainly aimed for young people who have finished school and want to
educate themselves to become talented construction workers. The number of students during a normal
academic year is around 125. TPCTC staff consists of 11 people including teaching staff (8), administration
staff (2) and support staff (1).

THORN PARK CONSTRUCTION TRAINING CENTRE

Administration & Management

Bricklaying & Carpentry & Electrical
Plastering Joinery Engineering

Communication Skills

Mathematics

EcoStrategy

To be developed and implemented in collaboration with VTT Technical Research Centre of Finland

Figure 1  Structure of TPCTC (Carmen Antufia & Marko Nokkala, VTT).

As agreed, TPCTC would commit their personnel and their facilities to the project, whereas VTT experts
would strengthen the capacity of TPCTC staff and lead the development and piloting of an EcoCurriculum,
and possibly also other new courses, to be integrated into their current programme of studies. During the
first workshops held for the preparation of the project document, it became evident that the “environmentally
sustainable” approach intrinsically linked to the EcoCurriculum could be easily broadened to include other
important aspects related to economic and social sustainability in response to the needs identified by VTT in
collaboration with the local partner. Moreover, in order to secure the successful implementation of the
EcoCurriculum, the continuation of the actions started during the project and the long-term viability of the
impacts of EcoLusaka, a wider strategy was necessary.

In addition, when reported about the outcome of the workshops mentioned, the International Labour
Organization (ILO) Office in Zambia expressed a strong interest in establishing links between EcolLusaka
and the Green Jobs Programme (ILO, 2015), a joint programme to enhance competitiveness and
sustainable business among MSMEs in the Zambian building and construction industry.
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Therefore, the methodological approach chosen was the definition of a more holistic framework, an
EcoStrategy (see Figure 2) that goes beyond purely environmental issues and includes other components
perceived as fundamental to achieve the project’'s main objectives: Human Resource Development,
Educational Curriculum, Business & Technology Development and Facility & Equipment Improvement.
These four main components were to be complemented by a series of dissemination and awareness-raising
actions among local stakeholders, and a system to monitor job opportunities for current and former TPCTC
students. The EcoStrategy should also ensure effective links with ILO Green Jobs Programme through
various project activities.

EcoStrategy main components
To be developed and implemented in collaboration with VTT Technical Research Centre of Finland

Human Resource Development Educational Curriculum
Business & Technology Facility & Equipment
Development Improvement

........................................................................................................................................

Figure 2 EcoStrategy proposed for EcoLusaka project (Carmen Antufia & Marko Nokkala VTT).

To support the correct development and implementation of the designed EcoStrategy, an adequate
organizational structure (see Figure 3) was also necessary. It should be agile enough to allow a quick
reaction to unforeseen events that might occur during the project and to introduce changes in response to
new opportunities identified. The proposed structure has relied on fluent communication between TPCTC
staff and VTT experts, as well as on the instrumental role played by the Advisory Board (AB) providing
advice and helping to disseminate the results of the project to as wide an audience as possible. EcoLusaka
AB was integrated by representatives of ILO Office in Zambia, Lusaka Business and Technical College
(LBTC) and the National Council for Construction (NCC).

MFA
EcolLusaka Project Board (PB) Ecolusaka Advisory

Board (AB)

VTT Technology Manager i

gy g TPCTC Director ILO, LBTC, NCC
Ecolusaka Coordination Group (CG)
WG Leaders +VTT PM
TPCTC WG1 TPCTC WG2 TPCTC WG3 TPCTC WG4
Bricklaying Carpentry Electrical Management
& & Engineering &
Plastering Joinery Horizontal Subjects

VTT Project Team (PT)
Figure 3  Ecolusaka project organization (Carmen Antufia, VTT).

Finally, it should be stressed that EcolLusaka is a capacity building project and as such, the EcoStrategy
developed should be in line with the four areas of emphasis of Finland’s Development Policy (Government of

Finland, 2012):
1. A democratic and accountable society that promotes human rights (Results 1, 2 and 5)
2. An inclusive green economy that promotes employment (Results 1, 2, 3 and 6)
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3. Sustainable natural resources management and environmental protection (Results 1, 2, 3 and 4)
4. Human development (Results 1, 2, 3 and 5)

3. Translating the EcoStrategy into practical achievements

The main components of the EcoStrategy, plus the two complementary ones, correspond to the main result
areas. For each of those, a number of specific activities were planned (see Figure 4). “Results” and
“activities” belong to the terminology established by the funding instrument (ICl).

R3: Business & Technology

R1: Human Resource Development R2: Educational Curriculum
Development
® Capacity building of TPCTC staff ® EcoCurriculumto be developed and * TPCTC website and branding
implemented through TPCTC curriculum .

* Cross-cutting issues (environment, Business cards

gender, governance, etc.) ®* Health & Safety_, Business & _ * Further development of Production Unit
Entrepreneurship and Introduction to
the Industry course s to be extended ¢ Strategic Business Plan (SBP)
* Study visits (to worksites, companies, ¢ Waste & Water Management Plan
etc.)

® Future courses to be developed
® EcoCard
® TPCTC Best Practices

..............................................................................................................................................................................

R4: Facility & Equipment

R5: Dissemination R6: Monitoring job opportunities
Improvement
* Improvement of existing facilities (repair, * Organizing seminars with key * Development and implementation of a
extension and maintenance works) stakeholders simple monitoring system
* Improvement of materials, equipment, * Development of a Strategic Future Plan
machinery and tools (SFP)
* Landscape and gardening * Scientific papers and articles

® Security

Figure 4  EcoStrategy’s results and activities (Carmen Antufia, VTT).

Result 1: Human Resource Development

During the workshops, both TPCTC staff and VTT experts came to the common conclusion that no
Educational Curriculum (Result 2) on sustainable construction could be implemented without building the
capacity of the staff first. Likewise, important cross-cutting objectives should be integrated with the capacity
building into a Human Resource Development package.

Result 2: Educational Curriculum

In parallel to the development and implementation of an EcoCurriculum, some areas of particular importance
in the current programme of studies like Health & Safety and Business & Entrepreneurship should be
strengthened, while new courses could be developed and complementary activities introduced (e.g. study
visits). This will not only improve TPCTC’s educational quality but will also increase the income generated
by the centre attracting more students and therefore allowing the staff better salaries (link to Result 3).

Result 3: Business & Technology Development

The objective here was twofold: 1) To update TPCTC's current structure with the help of ICTs, which in turn
would allow to increase the visibility of the centre, improve the communication with key stakeholders, expand
the educational programme through online training (over time), and channel in a more efficient way the
needs and demands of specialized labour in the construction sector. And 2) To deal in a financially effective
way with those needs that cannot be covered directly by the project budget, giving priority to the centre’s
most urgent needs.

Result 4: Facility & Equipment Improvement

During the survey of TPCTC'’s facilities carried out in August 2012 by VTT’s experts with the support of the
Staff, it became evident that no new educational programme is possible without upgrading the existing
facilities and improving the equipment.

Result 5: Dissemination and raised awareness among local stakeholders

The objective here was threefold: 1) To raise awareness among local stakeholders involved in the
construction process about the content, aims and results of EcoLusaka, as well as on key sustainability
related issues. 2) To disseminate the content and results of EcoLusaka to as wide an audience as possible.
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And 3) To enable an impact at a national level that might lead in the short term to a change in the Zambian
construction regulatory framework towards a more sustainable construction process.

Result 6: Monitoring job opportunities

At the beginning of the project TPCTC didn’t have a monitoring system for this purpose, so one of the aims
of EcoLusaka was to establish a job matching system which can also provide the school with a possibility to
monitor the employment of current and former students of Thorn Park.

4. Discussion

What follows is a critical evaluation of the outcomes so far in terms of what results and activities have been
successfully implemented, what others have not been so successful, and why. In addition, those results and
activities that have been modified or re-formulated in the course of the project will be also commented.

The Human Resource Development (R1) package has been particularly successful. The positive impacts
that can derive from seeing good sustainability practices as happened during the Summer Training Course
held in Finland in August 2014 should be emphasized (see Figure 5). The knowledge acquired through the
training modules provided and the visits to relevant Finnish companies and organizations, has inspired
TPCTC staff to develop and implement a number of actions like e.g. collecting and selling the sawdust
produced by the Carpentry & Joinery section instead of throwing it away. Further training on different
aspects of sustainable construction and ICT has continued throughout the project clearly contributing to
increase TPCTC’s know-how, self-confidence and professionalism. A huge improvement can be seen in the
way the staff contacts and communicates with external stakeholders to enhance the visibility of the centre
and create new collaboration opportunities. TPCTC staff has also become considerably more efficient in task
management and allocation.

Little big drives
without limiting your
business.

Figure 5 TPCTC staff from Power Electrical Engineering visiting ABB premises during their Summer
Training Course in Finland (Photo: Pekka Huovila).

Looking back, a new Educational Curriculum (R2) has been instrumental in order to update and revitalize an
outdated programme of studies inserted in a stagnated vocational training system. The existing Health &
Safety and Business & Entrepreneurship courses have been extended as planned, and the future courses
are already a reality. These include several short courses, namely AutoCad, Start & Improve Your Green
Construction Business (in collaboration with ILO) and PV Panel Installation & Maintenance, and a longer
course on Elevator Technology. The content and schedule of the EcoCurriculum to be integrated into
TPCTC’s current programme of studies has been developed through a number of workshops and is now
ready for implementation. Therefore, it's too soon to report on its impacts both for TPCTC and for the
construction sector at large.

Unfortunately, the EcoCard has not been implemented yet. Granted after completing a pre-established set of
courses and meant to be continuously upgraded through further training, the idea was that the EcoCard
would become a symbol of quality and sustainable concern among the whole construction sector in Zambia
and would be endorsed by educational authorities at a national level. A concept note developed together by
VTT and TPCTC has been disseminated to key stakeholders. ILO Office in Zambia has seen great potential
in the idea and is willing to support its implementation. Since it depends on the validation and endorsement
of Zambian stakeholders and authorities, the EcoCard is a very ambitious goal, somewhat exceeding the
project's capacity. However, the stakeholders consulted agreed that the idea should be put forward for
discussion.

The main change in relation to the Educational Curriculum has been the decision to replace the initially
planned Manual of Good Practices by an OSH Manual adapted to the Zambian context. This decision
followed a proposal by TPCTC after assessing the importance of OSH during the informative session
organized at the Finnish Institute of Occupational Health as part of the abovementioned Summer Training
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Course (Antufa et al., 2013). Due to the scale and the impact of the initiative, ILO Office has taken the lead
of the task in order to mobilize all the key stakeholders nationwide. A number of workshops have taken place

around the country to validate and improve the content developed. The first comprehensive draft is now
ready for final validation.

Business & Technology Development (R3) was perceived from the beginning as fundamental to secure the
continuity of the positive transformation envisioned by EcoLusaka. One of the biggest challenges for this
type of projects is to ensure the financial sustainability and long-term viability of the project results also after
the end of the project. Therefore, the improvement of the existing Production Units (one attached to
Carpentry & Joinery, and the other one to Power Electrical Engineering) so that they can sell products and
execute contracts with the industry and the public administration is already helping TPCTC to generate
further income in order to face those costs that cannot be covered with their small basic funding.

The Strategic Business Plan (SBP) developed is meant to enable TPCTC to cover the rest of their needs
through sponsorship, donation and partnership programmes. For this purpose, a pilot action called Open
Day has been designed to increase TPCTC’s visibility and to strengthen their collaboration with the industry.
The two editions of the Open Day held so far have been a tremendous success including a student
competition, demonstration activities, and even a Demo House displaying several eco-efficient technologies
(see Figure 6).

Figure 6 TPCTC students carrying the PV panels to be installed in the Demo House inaugurated during the
2™ Open Day, May 2015 (Photo: TPCTC).

In addition, a website and a Facebook site have been created for TPCTC to improve their communication
with the students and the stakeholders. The website is managed by VTT and will be transferred to TPCTC at
the end of the project. The Facebook site is managed by TPCTC and has become very popular being
constantly updated with news, announcements, pictures, etc. A new logo for the institution has been
designed and used in all branding materials.

However, the Water & Waste Management Plan has not been fully developed even though some actions
have been carried out in practice, like cleaning the centre’s back yard and collecting the sawdust produced
by the Carpentry & Joinery workshop to be sold outside. Electrical waste is separated also in the Power
Electrical section, but a more comprehensive approach is needed that considers the whole waste
management process in Lusaka, not only waste separation at source.

A common problem in vocational training in Zambia is the lack of proper tools and equipment to carry out
practical training. This seems usually to result in simply theoretical training which doesn'’t suit the needs of
the industry. Therefore, the improvement of Facility & Equipment (R4) has been one of the major outputs of
EcolLusaka project. This is probably one of the results where TPCTC and their students have shown their
deep commitment to the project, since the construction materials, tools and equipment were covered by the
project budget, but the works have been carried out by the Staff with the help of the students.

The Dissemination (R5) package has included various activities to raise the awareness among local
stakeholders, and also to share the findings of the project (including this paper). The most recent one, a
seminar and workshop titled “Creating a sustainable future for Zambia”, organized in collaboration with the
University of Zambia and attended by 31 students from different study programmes and several Faculty
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members. This event turned out to be a very valuable learning experience for the students according to the
positive feedback received.

A better understanding of job seeking practices and employment opportunities has been obtained through a
series of semi-structured interviews with former and current TPCTC students and company representatives.
The system developed for Monitoring job opportunities (R6) relies on a database that collects information
about job seekers and job opportunities managed by TPCTC. A form available online from their website or in
paper from the school was generated for former and current students to fill when seeking for job
opportunities. The same database also collects information about jobs that companies offer to enable
efficient job matching. The database has been established and is now being tested after a short training has
been provided to TPCTC secretary by a VTT expert. For the moment, no exact information about the
increased recruitment among the students due to more visibility (e.g. Open Day) and a more structured job
seeking system is yet available.

5. Conclusion and next steps

Through VTT’s experience not only from EcolLusaka project, but also from others like EcCONBC project in
Egypt (Hedman et al., 2013), it has been proved that capacity building should be included as a key
component of any project of this nature and considered a condition for its success. This has been also
corroborated by numerous stakeholders participating in various workshops facilitated by VTT in different
parts of the world.

It is important to develop effective facilitation processes that can support the local partners and other
important stakeholders in the definition of the problem and the design of adequate solutions that will be
accepted by the community.

Identifying reliable and committed local partners is essential for a successful implementation. Once the right
local partner (or partners) have been selected, it is necessary to empower them in a way that enables them
to unlock their innovation potential in the best interest of the project, and ultimately of the sector or the
country.

Appropriate communication and trust-building are also of great importance for a fruitful cross-cultural
collaboration, and the lack of those is certainly a big obstacle in the implementation of this type of projects.
One of the success factors of this project has therefore been the fluent and efficient communication between
VTT and TPCTC built at the outset of the project. One reason for this might be the open and respecitful
attitude of both partners since the beginning. In this type of collaboration it is important not to impose
“Western solutions” to the African culture and context. Based on the experience from EcolLusaka, the local
partner can come up with great and creative solutions if they just see examples and receive adequate
guidance and support for their ideas.

There is a need for local adaptation of the solutions proposed in terms of available materials and
technologies, existing techniques, and appropriateness for the specific social, economic and environmental
local conditions. This is not only necessary from a practical point of view to guarantee a successful
implementation, but also perceived by the local partner as a sign of deep understanding and, moreover, of
respect. Therefore, deepening the research around this subject may offer many opportunities for effective
cooperation with the developing world.

Although the long-term impacts of the project and its approach cannot be evaluated yet, since at the time
this paper was written EcoLusaka is still ongoing, some short-term impacts can be observed, like an
increased visibility of TPCTC leading to more partnerships with the industry and also to better opportunities
for the students in terms of industrial attachments and job offers. The quality of the education provided has
certainly improved, as well as the awareness among the Zambian stakeholders on the importance of
sustainable construction. Based on the positive results so far, the Zambian Ministry of Education has
expressed an interest in collaborating with VTT for the improvement of the Zambian Vocational Training &
Education System as a whole.
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Abstract

Universities are under pressure to ‘walk the talk’ in relation to sustainability. They are expected to not just
teach students about sustainable built environments, but to also put this into practice for university assets.
This paper presents the challenges, opportunities and lessons learned from the process of building a best
practice green building at an Australian university. The aim for the building was to develop a 5 Star Green
Star design outcome, reflecting Australian best practice outcomes. A case study approach was used with
stakeholders interviewed to understand if sustainability outcomes were considered to be front and centre of
the project brief and to what extent these were realized two years post-occupancy. A total of 17 stakeholders
were interviewed, in addition to post occupancy evaluations undertaken using a Building User Satisfaction
(BUS) survey targeting building occupants. There were a number of challenges encountered, and the project
and wider stakeholder user groups dealt with these in their stride. A number of formal and informal learnings
from the project have already been identified, which the stakeholders have implemented in other projects
both within and outside the university. A key finding was that engagement with the various user groups
occupying the building was critical to high levels of satisfaction post occupancy. For the building community,
this level of engagement is not always possible, particularly for speculative developments. However,
engagement cannot be underestimated for owner occupied buildings that can greatly benefit from engaging
with their occupants so as to improve their satisfaction.

1. Introduction

Building upon the first conference recognising the role of sustainability and the importance of sustainable
development (1972 United Nations Conference on the Human Environment), the Rio Conference that took
place in 1992 spurred worldwide action leading to the development of Agenda 21 (UNEP, 1992). Agenda 21,
signed by more than 178 governments led to a multi scale, multi layered plan of action in every area of life
where humans impact on the environment. It was in Section IV of the Agenda 21 document that education
and capacity building were included as an important aspect of sustainable development.

More recently, Rio+20 Conference in 2012 acknowledged that insufficient progress was being made with
regard to sustainable development and education was specifically included in the “Future we want’
document (UN, 2012). Education for youth, formal and informal education, cross cutting all themes were
included in the document as quoted below.

234. We strongly encourage educational institutions to consider adopting good practices
in sustainability management on their campuses and in their communities, with the active
participation of, inter alia, students, teachers and local partners, and teaching sustainable
development as an integrated component across disciplines.

235. We underscore the importance of supporting educational institutions, especially
higher educational institutions in developing countries, to carry out research and
innovation for sustainable development, including in the field of education, and to
develop quality and innovative programmes, including entrepreneurship and business
skills training, professional, technical and vocational training and lifelong learning, geared
to bridging skills gaps for advancing national sustainable development objectives.

It is in this context, that this research paper is situated. The aim of this research is to understand the
challenges, opportunities and lessons learned from the process of building a best practice green building at
an Australian university. The green building was designed to achieve a 5 Star Green Star Education Design
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rating, with the aim of representing best practice design intent of the building in the Australian voluntary best
practice rating system. The aspiration for the building was to therefore, provide operational outcomes
representing this best practice design intent. The objective in understanding the challenges and benefits of
such a new building was to understand how triple bottom line (TBL) outcomes may be achieved for the
university assets as a whole—both in terms of new build and refurbishments.

In undertaking this research, the team took a mixed methods approach to understanding how TBL outcomes
may be achieved for the University. It was critical to examine both the performance outcomes matching the
Green Star design intent as well as the approach(es) taken by the design and construction team to fast track
future projects to maximize TBL outcomes. The mixed method approach involved examining the energy and
water use of the case study building (see lyer-Raniga et al., 2015 for utility performance analysis). It also
included Building User Satisfaction (BUS) surveys. This was undertaken to understand if efficient practices
for reducing use of energy and water in the building were aligned with occupant satisfaction and productivity.
Furthermore, interviews were undertaken with the internal and external stakeholders to understand the
approach(es) taken by the wider design, construction, project management and property services
stakeholders within the university and consultants as appropriate to understand the relationships between
the various parties in working together in the design, construction and operation of such a building.

The following section explores in further detail the requirement for universities to be engaging in
sustainability, not only for their built assets but also through teaching. The research methodology, including
information about the case study is then presented, before a discussion of the results and analysis and
finally a conclusion summarising the papers findings.

2. Education ‘for’ and ‘about’ sustainability

Universities have been teaching education for sustainability for decades. However, the focus of the
education has typically been on either including sustainability education as part of the curriculum either as
another course or integrating sustainability education as part of existing courses. In recent years, the
importance of sustainability traversing disciplinary borders is seen to be essential (Nomura & Abe, 2011,
Ryan et al., 2010, Desha & Hargroves, 2014). Not just in the educational sector, the importance of graduates
being equipped with a range of skills, including soft skills has been highlighted by organisations such as the
World Bank (2012), echoing the outcomes of the “Future we want” document. There is still a gap between
curriculum outcomes and graduate outcomes.

Current approaches to integration of sustainability in the curriculum are not yet hitting the mark. Focusing on
Australian built environment professions, Lyth et al. (2007) indicated that:

o There were skills gaps and professional education for climate change adaptation was urgently
needed.

e Government leadership and setting clear benchmarks are required.

e Education for and about sustainability needs to be a part of the core program for built environment
professions.

o Competency standards in climate change adaptation and mitigation need to be set.
e Monitoring and feedback need to be undertaken.

Both formal and informal education for sustainability are seen to be valid. Sustainability concepts need to be
taught over a range of spatial and temporal scales and a range of different cultural and disciplinary
perspectives. Amongst a number of practical measures of the UN’s Sustainable Development Goals, action-
oriented was considered to be a critical component, implying not just theoretical underpinnings but also
practical applications. Sanusi et al (2011) state that universities have a special role to play in dealing with the
challenge of sustainable development, and they need to focus not just on the educational aspects.
Universities need to take a long term view rising above local issues and politics to determine the course of
our direction towards a sustainable planet, while at the same time, adapting to meet these long term goals so
as to be resilient. Not just in terms of teaching, but all aspects of university life from buildings on campuses,
purchasing policies, landscaping and the like will need to espouse the values of sustainability.

In a recent book by Tanaka and Tabucanon (2014), the editors state that universities are critical links for
nurturing professionals possessing the skills and knowledge to cope in a world that is increasingly complex,
transdisciplinary and where employment may occur across differing geographic borders, yet recognising the
natural limitations of the planet. The role of higher education to transform the way knowledge is created and
shared is therefore, becoming increasingly significant. They say, “in a way, it is imperative to redefine
learning systems, processes and contents across formal and non-formal education sectors that support the
creation of sustainable societies” (Tanaka & Tabucanon, 2014, p9).

To bring sustainability thinking front and centre of built environment disciplines, there is a need to not just
bring that knowledge in the foundational years of teaching programs, but also to ensure that sustainability
thinking and practice is integrated into the curriculum over all the years of teaching so that it is reinforced as
an essential graduate attribute. Authors such as Tilbury & Cooke (2005) and Tilbury & Mula (2009) have
focused on moving away from knowledge ‘creation and transmission’ to the ‘application of knowledge’. This
approach is perhaps, most critical in the built environment disciplines as there are tangible results to be seen
and gained at the end of a project.

Inculcating such approaches to teaching in the program enables graduates to build upon foundational
knowledge of sustainability in practice. Hence, the shift from merely “teaching” to “demonstrating”
sustainability outcomes in recent years across the globe. Therefore, since the various conferences on
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sustainability and the measures outlined since then, the focus has shifted from education ‘for’ sustainability
to education ‘about’ sustainability and pressures are now being put on educational institutions to move into
the practice of simply teaching about sustainability to putting into practice.

In undertaking design and construction of this new building at the University, there was no engagement with
the building and construction school academics, post graduate students or relevant research staff. However,
in the setting up of the stakeholder user groups, academic staff were consulted as ‘clients’. As teaching and
learning spaces within the building were considered to be new generation teaching and learning spaces, in
addition to academic staff; students and other teaching and learning staff were also consulted. This
consultation was undertaken in the form of stakeholder user groups (SUGs). While the university had overall
goals of meeting sustainability targets, the relevant department tasked with meeting these targets focused on
the ‘new building’, not on the ‘processes to achieve this new building’.

3. Research Methodology

Like many Australian Universities, RMIT University is committed to improving sustainability across all areas
of activities including teaching and asset management. For example RMIT University strives to ensure that
all university graduates are environmentally literate, and have the awareness and understanding to be
ecologically responsible citizens, as per the context discussed above. RMIT University has made a
commitment to reduce greenhouse gas emissions by 25% by 2020, from a 2007 baseline. A large part of
achieving this outcome is through the development (or improvement) of sustainable built environment
assets. In recent years, RMIT University has made progress towards this goal with a number of innovative
and sustainable new buildings, which also deliver enhanced teaching and learning experiences for staff and
students, and act as demonstrations of sustainability for students.

While some of these buildings have received wider building and university sector recognition for their
sustainability outcomes from a theoretical perspective, there has been no evaluation of these buildings to
see how they were performing in reality. Post the construction of the Swanston Academic Building (SAB)
therefore, the research team developed a proposal to undertake a detailed evaluation of the SAB with
funding support from the RMIT University Sustainability Committee. The aim of the evaluation was to identify
TBL learnings and opportunities from the SAB that can be applied across the University for all its new and
refurbished assets.

SAB is a $182 million, 12 level, 35,000m? innovative learning and teaching facility with capacity for 6,000
students and office accommodation for 850 staff (Figure 1). In terms of sustainability outcomes, the building
achieved a 5 Star Green Star design rating, and at the time was one of the first Australian University
buildings to undertake the Green Building Council of Australia’s Education building rating. In this regard it
was a pilot test, not only for RMIT University but all stakeholders involved, in applying the new sustainability
rating framework under Green Star Education. The tool is used to assess the environmental attributes of new
or refurbished education buildings across a range of criteria including indoor environmental quality, energy,
water, transport and ecology. It can be applied in the design phase and up to two years from practical
completion for a design rating or design and as-built rating. The SAB project achieved a design only rating
and as such was not awarded a rating based upon the actual occupation of the building. There are also cost
implications to be considered for getting an as-built rating.

Other key highlights of the building and process include:
e Design to engage next generation of teaching, learning and students,
e Creating a vertical campus,
e Using a design and construct guaranteed maximum price contract,
e Completion achieved 108 days (one teaching semester) ahead of schedule,
e Delivered $3.4 million under budget,
e Innovative design (including natural ventilation in parts) and materials (e.g. facade).

In recognition of the positive innovation and design outcomes, the SAB received a number of awards and
wider recognition including (all awarded in 2013):

e Australian Construction Achievement Award.

e Victorian Public Architecture Award.

o National Public Architecture Award.

e Victorian Premier’s Sustainability Award - Infrastructure and Buildings.
e Shortlisted World Building of the Year Award.

e Property Council of Australia's Innovation and Excellence Awards - Victorian Development of the
Year.

e Property Council of Australia's Innovation and Excellence Awards - John Holland Award for Best
Public Building.
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Figure 1 External and internal photos of SAB. Source: RMIT University, Photographers: John Gollings and
Margund Sallowsky.

The evaluation was undertaken through two main methods: a Post Occupancy Evaluation (POE) and
stakeholder interviews. The POE included the measured utility data of the building, and the occupant
satisfaction levels through the BUS survey.

Post Occupancy Evaluation

An international standardised Building User Satisfaction (BUS) survey was undertaken in March 2014 for
staff and higher degree by research students located in the SAB. The BUS is a three page survey containing
sections on thermal comfort, noise, air quality, space and general amenities and takes approximately 10
minutes to compete. The BUS survey has been used on over 700 office POE studies. It is internationally
recognised, with over 30 years of use, and allows the performance of the case study to be benchmarked
against international buildings. The survey was distributed to all staff and higher degree by research students
located in the SAB via email and then followed up one month later with a paper based reminder for those
who had not completed the survey. The response for the BUS survey was 150 out of 689 staff and full time
higher degree by research students, a response rate of 20%. Data from the survey was cross-checked with
the performance analysis and stakeholder interviews to triangulate outcomes. Analysis of how the building
was performing in terms of utility consumption and thermal comfort measurements was also undertaken, but
is not reported in this paper. That analysis has been reported elsewhere (lyer-Raniga et al., 2015).

Stakeholder interviews

Interviews were undertaken with 17 key internal and external stakeholders involved in the design,
construction and/or occupation of the SAB including the project manager, builder, architect, Environmentally
Sustainable Design (ESD) engineer, building facilities manager, and senior managers, advisors, directors
and student representatives from within RMIT University Property Services and the School which
predominantly occupies the building. Interviewees were identified by RMIT University Property Services as
key people who had been, or continued to be, involved in the SAB development.

The semi-structured interviews took about one hour and were conducted from April 2014 to February 2015 at
the interviewee’s place of work or at RMIT University. Interview questions focused on the broad themes of:
what worked well during the project, what the challenges were and what the interviewees thought the
lessons for future projects were. Interviews were audio recorded and transcribed. Care was taken to reduce
weaknesses of interviews such as interviewer bias, through techniques such as repeating key questions in
different ways throughout the interview to allow answers to be correlated.

Drawing upon these two main methods allowed for a more detailed, robust and holistic evaluation of the
building. It also allowed a triangulation of data between the utility analysis, occupant survey and stakeholder
interviews. Key similarities or differences between data sets were able to be identified and explored in further
detail to understand why that was the case. For example analysis of the thermal performance of the dwelling
allowed the questions about thermal comfort in the BUS survey to be put into context. Without this
triangulation of data, the evaluation would have been incomplete, and could potentially have led to outcomes
and recommendations, which did not match reality. Many evaluations of buildings tend to focus on one or
two elements (e.g. utility performance or occupant feedback) due to limited time and resources. This project
was afforded the time and resources to undertake the more detailed evaluation as it was to be used to inform
the future development and renovation of the RMIT University stock, so the university was keen to get as
much detailed information as possible.

4. Findings and Discussion

4.1 Building User Satisfaction survey

The main findings of the BUS survey are summarized in Figure 2 across 12 key variables. The results are
presented in terms of a green marker (excellent performance), an orange marker (average performance) or a
red marker (poor performance) based upon an international benchmark dataset. The SAB performed
excellently in three categories: overall comfort, design and image to visitors. The building performed
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averagely for seven categories: air in summer (overall), air in winter (overall), comfort (overall), lighting
(overall), needs, perceived productivity and temperature in summer (overall). The SAB only performed poorly
in two categories: perceived health and noise (overall).

Summary (Overall variables)
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L A A :I v A A J
i
1
Air in winter overall Unsatisfactory :1 7: Satisfactory
[ A " tr ! A A J
T T L -
Comfort: overall Unsatisfactory :1 7: Satisfactory
8 A A 4 ! A A J
r T T T 4L LS 1
Design Unsatisfactory :1 + 7: Satisfactory
L . " 4 " M ;
t
r T T 'l T L ]
Health (perceived) Less healthy :1 + 7: More healthy
Image to visitors Poor :1 * 7: Good
L 1 " FR— " 5
i v v ' ar— )
Lighting: overall Unsatisfactory :1 7: Satisfactory
STRR——
. |
Needs Unsatisfactory :1 7: Satisfactory
rr—1
T P-4
Noise: overall Unsatisfactory :1 * 7: Satisfactory
‘ -t )
Productivity (perceived) Decreased: -40% Increased: +40%
. L L L )
T l’"
Temperature in summer: overall Uncomfortable :1 7: Comfortable
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Temperature in winter: overall Uncomfortable :1 + 7: Comfortable

Figure 2 Summary of main BUS findings.

It should be noted that there were a high number of ‘average’ results that is not unexpected as the
benchmark dataset is typically made up of newer, more innovative buildings. Considering this, occupant
satisfaction with the SAB is relatively high, comparing well against a benchmark of Australian commercial
buildings, with occupant satisfaction levels in the 64% top percentile. The sustainability outcome has not
been achieved as a result of sacrificing occupant satisfaction.

4.2 Interviews

All stakeholders felt that the SAB demonstrated significant sustainability outcomes and was a substantial
achievement for an academic building in Australia at the time it was designed and constructed. A key driver
of this successful outcome, was the initial decision undertaken by RMIT University to require a 5 Star Green
Star design rating and including this in the initial design brief, rather than treat any sustainability goals as an
add-on. Integrating sustainability as a core approach was a philosophy of the architect who was engaged on
the project so the partnership between the University and the architect in terms of sustainability outcomes
was well understood.

[The architects] culture and approach to design is one where they do put sustainability
upfront within the design process. They see that as a key element of a way they go about
designing buildings. From a sustainability engineers perspective, that works in our favour
as you know you are going to get that engagement early in the process and buy in...
Having Green Star, there is a way to ensure you are addressing all of the areas and not
just the ones the architects’ or someone in the design team has a focus around.
(Stakeholder 2)

The benefit of including the Green Star sustainability requirement explicitly in the design brief was not just
that sustainability was involved from the first design discussions, but that it provided a framework for how to
achieve such an outcome. The specification to use Green Star meant that all elements of sustainability
needed to be considered within the design, rather than whatever the strengths of key stakeholders may have
been. It was clear that the external stakeholders believed that this resulted in a better overall outcome in
terms of sustainability. As the Education tool was still in pilot testing phase, it did mean that the stakeholders
had limited experience with that specific rating tool, and it was a learning experience for all involved. One
learning was that more focus needed to be paid to waste management, which was lacking in the final design.
This was acknowledged post occupation and was noted by more than one stakeholder.
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RMIT University Property Services have learnt from this experience and are in the process of integrating a
number of outcomes regarding design into the revision of the RMIT University Design Guidelines, such as
where and when to seek a Green Star rating and moving to through-life considerations about upfront and
operational costs as well as how well different materials/technologies last.

If you don't get the design right... the operational impacts are huge; they’re massive.
(Stakeholder 3)

Another difference identified by both internal and external stakeholders from the SAB project compared to
other developments was that key stakeholders were engaged by the architect earlier in the project than
typically occurs. This meant there was the opportunity for all stakeholders to have more influence on design
outcomes and the overall process was more collaborative than otherwise might have been. This
engagement included the development of stakeholder user groups (SUGs) for the various users of SAB. This
engagement was driven by the architect in conjunction with RMIT University and identified as an innovation,
not typically the norm on other projects.

However, there were several reasons behind the SUGs. Firstly, it was such a large and complex project that
the design needed to cater for a large range of occupant needs, not only for the current building and
occupant outcomes, but into the future. The SUGs therefore provided advice about what the different groups
required and wanted from the building. Secondly, it ensured buy-in from all user groups of the building.

Once buy-in was achieved, it made the process of design and ultimately the cultural change RMIT University
was aiming to achieve an easier transition for the users of the building. This buy-in was from the top senior
manager—the Vice Chancellor; down across all the management structures at RMIT University. The
architect said that it was not always the case for developments that there was buy-in from the very top.
Having this buy-in from the top made a significant difference to what was able to be delivered and achieved
for SAB. Furthermore, aligned with the most senior level of management support, the active support of the
Pro Vice Chancellor Business was raised by several stakeholders as critical for not only driving the project,
but gaining wider RMIT University stakeholder engagement. However, while there was buy-in across various
levels of RMIT University governance, there were significant challenges around the consistent engagement,
or lack of, from RMIT University Property Services at times throughout the different phases of the project
(discussed further throughout the analysis).

It’s good to allow people the opportunity to comment and allow buy-in...especially when
you are using architecture to drive cultural change, which this building is doing.
(Stakeholder 4)

That was a very pleasing experience to actually engage in a dialogue with the architects
and with some project management people. (Stakeholder 7)

Part of the engagement with the RMIT University community was through a detailed survey about what types
of teaching and learning spaces staff would like to teach in for their courses, noting the strategic decision by
the university to innovate these spaces. The architect developed a range of different teaching and learning
spaces (~40 different spaces) and requested feedback from potential SAB users (staff) about what suited
their requirements. The architect stated that this engagement process allowed for a 10% reduction in floor
plate through more effective selection of spaces.

The survey of space preferences with staff was undertaken in conjunction with RMIT University time-tabling
developing a mock virtual timetable which helped to identify utilisation of spaces, not only in the immediate
term but into the future based upon various growth (or contraction) scenarios. This was a key innovation in
the project both from the RMIT University perspective but also across the wider university sector in Australia.
The use of a virtual time-table has been picked up by other universities around Australia now after the
approach was presented through various forums such as conferences and papers by Property Services staff.
Stakeholder 9 stated that the alignment of space and utilisation matched so well in the end because the
timetabling and space management teams are physically situated near to each other—this is not always the
case at universities. This was particularly important when quick data was required during the design phase
where RMIT University were still deciding on what school or schools to locate in SAB and the different
implications had to be explored.

At $6,000 per m?, if you can save a couple of classrooms that saves you a lot of money.
(Stakeholder 9)

The architect added that they felt that signing the builder up for two years to manage the building post
construction meant that a higher quality of care and finish was applied to the building during construction and
therefore, more care applied to get the building completed with high quality standard of construction. The
feedback during the first couple of years of occupancy to fine tune the building therefore, is a very novel and
innovative approach that put this project well ahead of its time. This was also recognised within RMIT
University.

That put them on the hook for a lot of the design outcomes as they had to manage the
building for a period of time. (Stakeholder 10)

We got a good outcome that [the builder] were building it knowing they were going to be
operating it. So that did put a level of check in that. (Stakeholder 16)
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Another successful outcome from the development was the engagement with staff and students to prepare
them for the transition to the new building. There was some mixed information with regards to who drove this
change. Overall it was clear that this was one area where RMIT University Property Services had room for
improvement in the context of planning how to, or when to, undertake this task. This task was meant to be
undertaken by one of the SUGs, who had an initial aim to address building management when the building
was occupied. However the group was full of Property Services staff, who were supposedly more focused on
timetabling and how to move classes from the previously occupied building to SAB. Key stakeholders from
the College of Business felt that the actual day to day operation in the building was overlooked, a point which
was disputed by Property Services stakeholders, and that action was required.

Whether Property Services was in fact beginning a change management approach is questionable. In the
end, it appears that a small team within the College of Business (and in particular one key person) undertook
the initiative to fill this gap by acting as an academic/professional champion and developing the Academic
Development Group to help steer the change management of staff. This was a challenge from many
respects but the main challenge was providing the information and education to staff about the cultural
change that the new building was to deliver, particularly though the innovative teaching and learning spaces.
The work that this key person/champion and their team did to ensure that the staff were ready to utilise the
spaces in SAB was recognised across many of the stakeholders, including the external stakeholders (e.g.
the architects, project manager) as being a key reason why building users were able to embrace the building
from day one of occupation.

A gap from other buildings had been that while the building technically had been
delivered very well the actual occupation and transition into the building was something
which was sometimes a bit lacking. (Stakeholder 5)

The work that [X] and [their] group did with bringing users on board was great.
(Stakeholder 3)

This work involved the development of significant PD (Professional Development), activities to engage staff
and prepare them for the transition. Part of this involved the key champion developing their own reference
group made up of academics from the College of Business to work through the challenges of the transition.
Initially the group was to meet every three months but ended up becoming weekly meetings to meet a need
for currency, communication and information about various issues associated with the SAB. Despite this
work, it was stated by several stakeholders that there needed to be an earlier focus on the process of the
staff transition and changes staff were expected to go through. There did not appear to be any formal plan
for this from RMIT Property Services until this key champion took the initiative, although Property Services
stakeholders suggested that they were working on this change management transition. This was a significant
challenge as it involved cultural change for teaching and learning and changing default pedagogies, and had
to be conducted within a short time-frame with limited resources.

Since this process of change management was not planned sufficiently for, the champion had to learn the
best way to plan and manage the change process. As indicated clearly from the quote provided below, lack
of skills did not stop the champion from holding back. This champion focused on the end game, and did
‘what needed to be done to achieve this’. This person was focused on outcomes to be achieved and
therefore, focused on the best way to achieve outcomes. Additionally, there were no set resources to assist
with the professional development work, although a small grant was obtained at a later stage. The lack of
any allocated resources from RMIT University Property Services was a major issue impacting on the ability
of the champion to engage all staff with the professional development material. While Property Services
stakeholders spoke of playing a larger role in the change management process than the College of Business
stakeholders identified, it was clear that either more work was needed to be done by Property Services, or
there needed to be clearer communications about what they were doing, or had done with regards to change
management. This is an area that Property Services say they have learnt from and developed formal
process for change management.

| realise that it did all come down to me and my team and what we were going to have to
do was to develop a process to change people’s behaviour...l had to prepare people as
best | could without having many resources. (Stakeholder 7)

To help educate staff and students about the building, a number of site walk-throughs were organised
towards the end of construction phase. The purpose of these walk throughs was to familiarise staff and
students with the building and how things were to operate so that come the first day (the building was open),
there would be an understanding of what was required to make the building function. This built upon the
work done with the prototype teaching, learning and offices spaces developed earlier in the project.

The proof of the general success of this staff PD is evident when on the first day when staff moved into the
building, was also the first day of classes in the building and there were few reports of staff who could not
cope at all with the transition. As will be explored further below, there remains an ongoing challenge ensuring
staff remain educated on how to use the building.

4.3 What were the key challenges?

There were a number of other key challenges relating to the design, construction and occupation of the SAB.
While some of these were identified at the time, others have emerged in hindsight. A summary of key
challenges are presented below:

e The sheer scale of what was being attempted — at the time the largest innovative teaching and
learning development in Australia.
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e How to future proof the building for changing pedagogies and staff requirements?

e Getting the balance of various room sizes right for current and future requirements. Some flexibility
was built into larger rooms to allow them to be made smaller in the future.

e With such a focus on innovation in the teaching and learning spaces, it was felt that the office areas
were overlooked and should have been more innovative.

e The building required a significant IT development program across the university to allow moving to
Bring Your Own Device (BYOD) outcomes.

e While communication between the key stakeholders was raised helping ensure efficient and
effective project outcomes, communication from RMIT University to various stakeholders was
strongly criticised as being ad-hoc and limited in terms of detail.

e It was a challenge to get the staff to ‘buy into’ the different requirements for teaching and learning
that were implemented in the building.

¢ Initial challenges around engaging the SUGs took longer to get going than was planned.

¢ No central repository to capture IP associated with the SAB within RMIT University.

5. Conclusion and Further Research

Universities have a key role to play in the transition to an environmentally sustainable future. This is both
from the perspective of improving the environmental performance of their built assets and also through their
position as teachers of the next generation of workers and innovators. RMIT University took this very
seriously; it is documented in the Strategic Plan. In this context not just RMIT, but universities as whole, are
bridging the gap between these two requirements by starting to use improvements to their built assets as
part of the ‘active’ teaching and learning process to engage students with core principles of sustainability.
While there has been significant progress in recent years from various Australian universities in terms of
improving the environmental performance of their built assets, there has been limited evaluation of these
developments to determine if outcomes have matched ambitions.

This paper presents a holistic evaluation of an innovative 5 star Green Star university building in Melbourne
Australia. The building, which was completed in 2012, was evaluated after the first two years of occupancy to
explore the challenges, opportunities and lessons learned from the process inform future developments for
RMIT University and the academic and building sector more broadly. The evaluation included undertaking a
post occupancy evaluation which analysed measured utility data against predicted performance models and
conducting a BUS survey with building occupants. In addition interviews with 17 key internal and external
stakeholders were conducted.

The BUS survey revealed that the building performed excellently in three categories: overall comfort, design
and image to visitors but poorly in two categories: perceived health and noise (overall). Overall the building
was well received by occupants, with satisfaction levels in the 64% top percentile. The stakeholder
interviews helped in understanding the processes need to achieve outcomes for the designed building. It
raised key lessons around ensuring that sustainability goals are integrated as core concepts in design briefs
and that external stakeholder’s share the same philosophical sustainability viewpoint. The use of SUGs
helped to ensure the building delivered space which generally met user requirements and led to high
satisfaction levels and resulted in a reduced floor area saving significant capital costs.

While there were many positive aspects to the process, one area for further attention is, the need to focus on
managing change for staff and students. Getting the building right is important, but if users are not engaged
with the changes, then this can negate some of the benefits of the sustainable building. Furthermore, there
was a missed opportunity to involve students in the development and construction of this building through a
more formal link to teaching outcomes, although some courses do draw upon the SAB and present it as a
case study in practice since its completion. While high levels of engagement might not always be possible
across the broader building industry, the results from this evaluation demonstrate that improved engagement
can improve design and occupancy outcomes. Therefore, every development should seek to engage with
potential occupants to ensure sustainable outcomes can be achieved. This should be done as early in the
conception and design phase as possible and include the opportunity for input from a cross section of
building users and wider stakeholders to ensure the most benefit can be obtained, especially if the building is
being used to drive cultural or environmental sustainability change. This requires mapping of key
stakeholders by the client or design team and then engaging these stakeholders in appropriate methods. It
may be through the formation of user groups as with SAB, or it may be through other ways depending on the
project and desired outcomes. Allowing for this engagement can help to identify building design and
construction efficiencies as well as reduce dissatisfaction later on from users or other stakeholders.

In terms of further research, the next steps are to undertake these more holistic building evaluations across
other academic buildings, both at RMIT University and the broader Australian academic sector, so that a
more detailed case book of evidence about challenges, lessons and solutions can be developed and drawn,
not only for future academic, but also other owner-occupied developments.
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Abstract

Developing countries’ advancement necessitates the construction of residential and social infrastructure at
an ever-increasing rate. The progression should not only consider the rate of growth, but also the efficiency
of the structures within its climatic context, to optimise occupant thermal comfort and alleviate energy
consumption. Masonry building is predominantly used within South Africa, even though there are various
certified innovative building technologies (IBT'’s) available. A misconception exists within South Africa that
IBT’s (certified building systems excluding masonry) have inferior overall performance to that of masonry
building. The Decision Support Model for Innovative Building Technologies is a software tool which
addresses this misconception, and assists planners and designers to select an appropriate building system
for the climatic context and region of the proposed site. The newly developed CSIR Képpen-Geiger climatic
map (14 climatic zones as opposed to the six-zone model of SANS 204) of South Africa was used in the
Decision Support Model for Innovative Building Technologies to allow for a comprehensive understanding of
the particular climate of the proposed site. A virtual model was created, and correlated to that of a measured
notional building to ensure accuracy of the simulated data. Weather files were created for each of the
identified Képpen-Geiger climatic regions as well as virtual models of each representative IBT and masonry
building system. The various virtual models were simulated within each of the climatic regions to determine
each system’s thermal performance. Constants (measured in kW/h) were derived from the simulations, and
formed the quantitative segment of the software. The Agrément certification of each system was evaluated
and graded qualitatively on a five point scale. This allows the user to evaluate the energy requirement,
durability, acoustic performance, condensation and fire performance of the proposed building system. In
conclusion, the software authoratively predicts the performance of each building system. It equips the user to
select a warranted resolution/s for the proposed site, whether it be an IBT system or masonry construction,
consequentially ensuring the design of comfortable and energy-efficient buildings within South Africa’s
diverse climate.

1. Introduction

A building should enable the building occupants to conduct activities without the hindrance and/ or
restrictions of the environment. This can be attained by adequate planning, functionality and durability of the
building. Each component, including materials and services, should contribute to the over-all performance of
the structure. It is therefore important to predict a building’s likely performance with regards aspects such as
energy use, whilst providing a comfortable thermal environment for the building occupants. According to Van
Straaten (1967) there are three primary aspects to consider when investigating the thermal performance in
the design of a building within South Africa. Firstly, an assessment should be conducted to determine
optimal interior conditions which are favourable for the health, safety, comfort and overall well-being of the
occupant. Secondly, climatic conditions should be considered to enable an optimal design which best suits
the distinct conditions of the region. Lastly, the physical properties of structural elements used and the
design strategy should enable optimal control of the interior environment.

The Decision Support Model for Innovative Building Technologies software was developed to provide an
answer to the complex question of which building technology (IBT) would be appropriate for specific
locations in South Africa. Along with other performance metrics the characteristics of the specific climate is
very important.

The objective of the research was to create a multi criteria decision support software that is easy to use by
architects and designers to assess the suitability of various IBT’s in different locations. The research aim
was to analyse the characteristics of 27 different IBT’s with regards thermal performance in specific climatic
regions, building performance metrics (five factors) and construction supply chain management (five factors).

The first step of the research was to quantify the South African climate by the development of a detailed new
Kdppen-Geiger climatic map of South Africa that delineated the different climatic regions. The second step
was to build thermal performance models of 27 IBT’s currently available in South Africa and by means of
predictive building simulation to determine their performance in the 14 Képpen-Geiger climatic regions found
in South Africa.
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2. Climatic classification

2.1 South African National Standards — SANS 204 and 10400XA

The current climatic classification in South Africa (Figure 1) is in the South African National Standard 204:
Energy Efficiency in Buildings (SANS 204). This classification recognizes only six climatic zones. Each of the
climate zones have representative tables which provide the solar exposure factors as well as the coefficients
regarding overhang/ height (P/H) factors for the eight orientations stipulated in SANS 204 (SANS 204:2011).
This classification enables basic climatic responsive design and attempts to regulate the maximum allowable
energy consumption, demand and orientation of various building typologies.
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Figure 1  Climatic zones of South Africa as per SANS 204:2011

It became evident during an analysis of this map and the standard that it is inadequate to optimally support
passive design and the performance of different building technologies within different climatic regions.
Accurate building performance requires the use of predictive building computational performance (simulation
software). In addition simulation software also requires a comprehensive array of climatic data, which the
SANS 204 climatic zones do not provide (Conradie et al., 2012a).

2.2 Koppen-Geiger climate classification

The first quantitative climatic classification was completed by Waldimir Képpen in 1900. Rudolf Geiger
elaborated the map in 1961. More recently, in 2005, Austrian researchers produced a contemporary version
of the Képpen-Geiger map (Kottek et al., 2006). The Képpen-Geiger type of climatic map is after more than
a century still the prevailing and most extensively used map. In modern climatic work it is often used to map
predicted climate change using different scenarios. The climate of a region refers to the development of
weather conditions which are prevalent to an area for a duration such as 30 years (Conradie, 2014).

2.2.1 Classification of the Képpen-Geiger climatic map

Kdppen initially classified climatic regions in accordance with vegetation, as natural plant species are good
indicators of climatic domains. The grouping was done according to the vegetation classification of the
botanist, De Candolle (Kottek et al., 2006). The various zones were labelled alphabetically, those being: “A” -
equatorial zone, “B” — arid zone, “C” — warm temperate zone, “D” — snow zone and “E” — polar zone

A second and third letter was added by Kdppen to the zone classification of De Candolle, to allow for a
refined categorisation. The second letter represents the precipitation of the specified region, and the third
letter indicates the temperature.

Kodppen combined the letters as described above, to define the various climatic regions of the world. The
Council for Scientific and Industrial Research (CSIR) created a new Koéppen-Geiger climatic map to
accurately classify the climatic regions of South Africa, to support passive design and also the performance
of different building technologies. The Kdppen-Geiger climatic zones found in South Africa are outlined in
Table 2 and illustrated in Figure 2.
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Table 1 Kdéppen-Geiger categories (Conradie et al., 2012b)

Main climates Precipitation Temperature
Symbol Description Symbol Description Symbol Description
A Equatorial w Desert h Hot arid
B Arid S Steppe k Cold arid
C Warm temperate f Fully humid a Hot summer
D Snow s Summer dry b Warm summer
E Polar w Winter dry c Cool summer
m Monsoonal d Extremely continental
F Polar frost
T Polar tundra

Table 2 Képpen-Geiger climatic zones of South Africa

Colour code Type Description
- Aw Equatorial, Winter dry
- BWh Arid, Desert, Hot arid
- BWk Arid, Desert, Cold arid
- BSh Arid, Steppe, Hot arid
BSk Arid, Steppe, Cold arid
Csa Warm temperate, Summer dry, Hot summer
- Csb Warm temperate, Summer dry, Warm summer
Cwa Warm temperate, Winter dry, Hot summer
- Cwb Warm temperate, Winter dry, Warm summer
- Cwc Warm temperate, Winter dry, Cool summer
Cfa Warm temperate, Fully humid, Hot summer
- Cfb Warm temperate, Fully humid, Warm summer
- Cfc Warm temperate, Fully humid Cool summer
T ey \ A
T \ ¢

[7] ewkAvid, Desert, Cold arid

[T s Avid, Steppe, Hotarid
1] sk Aid, Steppe, Cold arid
"] csa Warm tomprate, Summer dy,Hot summer B
[ csb Warm temperate, Summer dry, Warm summer
[ csc Wam temperate, Summer dry,Cool summer
] cwa Warm temperate, Winter dry, Hot summer
l‘. Cwb Warm temperate, Winter dry, Warm summer
[ e Warm temperate, Winterdry, Cool summer
[ cta. Warm temperate, Fuly humid, Hot summer
Cfb Warm temperate, Fully humid, Warm summer

[ cic Wam temperate, Fully humid, Cool summer

5025 0 50 100 150 200

Rdometers

Figure 2 CSIR Kdppen-Geiger map of South Africa (Conradie et al., 2012a), modified by author
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To address the shortcomings of abovementioned climatic map it was decided to create a new high resolution
Képpen-Geiger climatic map using the formulas as described by Rubel et al. (2010) (Figure 2).
Comprehensive (1 km x 1 km resolution) historic climatic data of 20 year’s temperature and precipitation was
obtained from the South African Agricultural Research Council. The climatic map was created by means of
the ArcMap GIS software, using the formulas as defined by Kottek (2006) (Conradie, 2012). The map
provided a method to group cities and towns within similar climatic regions. In addition detailed weather files,
obtained from the Meteonorm software, were used to run the detailed thermal simulations of the different
IBT’s. The CSIR Kdppen-Geiger map was inter alia developed to assist building designers to define building
design strategies during the early design stages. This facilitates decision-support to create climatic
responsive structures that use less energy and is thermally comfortable to the end-user. The climatic
classification map was also utilised by the CSIR to study the prospective use of bioclimatic design tools to
address the question of climatic responsive design.

3. Classification of Innovative Building Technologies (IBT’s) systems

The next research step was to classify the different IBT’s into groups of similar characteristics to facilitate
detailed performance analysis. Within the context of this paper an IBT refers to a building system which has
been certified by Agrément South African certification board. Furthermore the term IBT excludes masonry,
which is currently predominantly used within the South African building sector. A misconception exists within
South Africa that IBT’s are inferior when compared to masonry construction and that heavy weight
construction is preferable due to the thermal mass it provides. The use of appropriate building structures and
methods are neglected in social infrastructure, such as schools. Schools do not generally make use of air
conditioning and appropriate building system selection is therefore imperative. The appropriate selection
could advance the thermal performance and palpable thermal comfort of the building.

3.1 IBT classification

The holistic performance of a building system is important when selecting a building system. Each building
system’s performance that includes factors such as thermal, condensation and durability differs significantly
within the various climatic regions. Each climatic region poses different challenges.

The IBT classification was developed to enable the quantification of various systems’ thermal and structural
performance. The systems were categorised according to their technical composition. A quantative and
qualitative investigation was conducted on each of the systems’ superstructure. Thermal simulation
modelling was performed on the representative systems (Table 3 — highlighted in green) of each of the
categories. Due to time and budget constraints the representative system’s findings were applied to the sub-
group of each category. The categories were labelled alphabetically from “A” to “G”, ranging from light weight
to heavy weight construction.

Table 3  Categorisation of IBT systems

Classification label Category Name of building system

Vela building system

Light building system (LBS) with steel structural Amsa building system

A frame Alternative steel building system
FSM building system
Space frame building System
B Light building system (LBS) with structural steel Imison 3 building system
frame and insulated foundations Imison stud building system
. S . . Goldflex 800 building system
C ‘I;\lli?gthk;ucll)dnl:rgezstem (LBS) with panels and light Goldflex 100 building system
Goldflex 800 seismic building system
Automapolyblok building system
Aruba building system
. . Blast building system
b Hybrid building system (HBS) Insulated concrete panel building system
Rapidwall building system
Styrox building system
E Heavy weight building system (HWBS) with panels Banbric building system
and dense concrete Robust building system
Heavy weight building system (HWBS) with building BESA2 bwldmg system
F blocks Hydroform building system
Izoblock building system
G Masonry construction Masonry

The table above designates the categorisation and selection of building systems that were implemented
within the Decision Support Model for IBT’s software.

4. Thermal performance simulations

Simulation software requires reliable and detailed climatic data to perform a quantified building performance
analysis. There is still a lack of usable weather data (e.g. tmy. tmy2 and iwec) in South Africa, which is
widely available in the USA. In the interim the Meteonorm software was used in this project to create
weather files. This weather data is essential to inform and support climatic responsive design. The creation
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of the CSIR Koéppen-Geiger map was the first step to fill the void in South Africa regarding the necessity of
detailed climatic data.

A calibrated model of a typical classroom was developed using Ecotect™. To ensure accuracy, the results
from the simulation model were compared with in-situ measured data. A detailed model was created for
each of the representative IBT systems. A thermal simulation was conducted on each of the systems in 34
cities and towns in South Africa, for each of the climatic regions and grouped according to the Kdppen-
Geiger climatic classification that was created. The roof and the other elements of the virtual building were
the same for all the systems. In each case the walls were changed to simulate the desired building system.
A total of 238 simulations were undertaken. The annual cooling and heating (kWh) energy required were
calculated, to determine the amount of energy needed to make the building interior comfortable within each
of the climatic region. To facilitate processing the simulation results were grouped into corresponding
climatic regions and normalized to a score out of five. Five denotes the best performance in the group of IBT
systems and one the worst.

5. Decision Support Model for IBT’s

There are a large number of building systems and building products available on the market today. It is
exceptionally difficult for architects of e.g. schools and hospitals (social infrastructure) to determine an
appropriate building system for the specific climatic region and location. Furthermore it is unpractical to
investigate each system’s properties every time to make an informed decision regarding the use of an
appropriate system for the specific climatic region. There is therefore a need for a bespoke tool to assist
architects and designers as to which building technology will be appropriate for the site and specific climate.

The Decision Support Model for IBT’s is constituted of an essential set of related technologies and methods.
The software was developed using Visual Basic for Applications (VBA). The development of the software
was undertaken in five phases.

Phase 1: The first phase was the creation of a new Képpen-Geiger climatic map, to quantify the climatic
conditions of South Africa. The climatic map provided a climatic grouping background as a basis
for the subsequent detailed building system performance simulations.

Phase 2: This phase included the classification of set of 27 IBT systems according to their thermal
performance and composition. The systems were arranged from light weight to heavy weight
building systems. Figure 3 below illustrates the vast difference in U-values between the various
building systems that range from light weight (Classification A) to heavy weight (Classification F)

(Table 3).
Masonry LSF Imison
U-value: 2.21 U-value: 0.54 U-value: 0.23
: s s 5 5| rils
Q O o o o o
| 1]#
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1!
I
T
v -,
" et

250 150

Figure 3  U-value comparison between various building systems

Phase 3: Detailed simulation models were created for each for the representative IBT systems (Table 3).
The results of these simulations were programmed into the software as a normalized constant
value. The software considers the selected climatic region and calculates the performance of the
various systems according to the selected climatic region and other criteria..

Phase 4: A qualitative section was created by analysing various Agrément certificates for each of the
building systems. This was achieved by rating each aspect of the systems on a scale of five. The
aspects which were rated are acoustic performance, energy requirement, condensation, fire
performance and durability. The predetermined values form part of the software. Figure 4 below
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illustrates the default relative importance or weighting that was applied to the five performance
ranking factors.

Acoustic Performance 0.13

Energy Requirement & 0.2

“

Condensation 0.235

Fire Performance i 0.2

“

Durability 0.235

EEEE

Figure 4 Performance ranking according to Agrément certificates, from the Decision Support Model for
IBT’s

Phase 5: The construction chain management was studied of each of the 27 systems. Suitability was
determined for construction sites that vary from urban to inaccessible deep rural. The metrics
included economies of scale, distance from suppliers, local labour force, lead time flexibility,
distance from suppliers.

Lead Time Flexibility l Certain lead times required; OR minimum lead times essential ;I
Economies of scale ] Many or high volume projects in one community L‘
Local labour force | Local skills transfer essential L‘
Distance from suppliers | More than 4 hrs drive ~|
Accessibility from road l Accessible by flatbed truck, tipper or revolving hopper LI

Figure 5 Construction supply chain management, from the Decision Support Model for IBT’s

The Decision Support Model for IBT'’s therefore considers 11 factors before calculating which system would
be appropriate for the user’s need. The process is as follows:

1. Factor 1: The user selects the relevant climatic region using a convenient CSIR Koppen-Geiger
overlay on Google Earth.

2. Factor 2 — 6: The performance ranking is automatically calculated. Each of the five performance
rankings has different weights. For example acoustic performance has a weight of 0.13 and
durability 0.235.

3. Factor 7 — 11: The user can select the appropriate “Construction supply chain” management
characteristic which is applicable to the specific site.

Once all the criteria have been selected, the score for each building system is calculated and immediately
displayed. A colour-code is applied to the systems according to the total performance score of each system.
The applied colour-coding, illustrated in Figure 6, assists the user to easily identify which building systems
would be preferable according to the set of selected criteria.
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No. |Name of certified building system Number of floors Score | Class.
Total performance rating is >= 8.0
1 |Alternative Steel Frame Building System Single storey 5.46 A Total performance rating is >= 6.0 and < 8.0
2 |Amsa Alternative Building System Single storey 7.05 A Total performance rating is < 6.0
3 |Aruba 2000 Series Building System Up to three storeys 8.06 D
4 |Automapolyblok Building System Single storey 8.00 D
S |Banbric Building System Single storey 4.76 E
6 |BESA 2 Building System Single storey 7.26 F
7 _|Blast Building System Single storey 3.42 D
8 |Cemforce GRC Building System Single storey 7.69 C
9 |FSM Building System Single storey 4.67 A
10 |[Goldflex 100 Building System Single storey 7.02 [
11 |Goldflex 800 Building System Up to ten storeys 6.82 C
12 |Goldflex 800 Seismic Building System Up to four storeys 6.92 C
13 |Hydraform Building System Single storey 7.28 E
14 |Imison 3 Building System Single or double storey 8.37 B
15 [Imison stud Column Walling System Single or double storey 8.24 B
16 [Insulated Concrete Panel Building System Single or double storey 5.78 D
17 |[lzoblok Building System Single or double storey 8.64 F
18 [Mi Panel 2 Building System Up to four storeys 7.47 C
19 [Rapidwall Building System Up to ten storeys 9.05 D
20 |Robust Building System Single storey 6.07 E
21 |Space Frame 2000 Building System Single storey 8.01 A
22 |Styrox Building System Single storey 8.03 D
23 |Vela Building System Single storey 8.02 A
24 |Masonry Multiple storeys 5.33 G
25 |lkhaya Future House Building System Single storey 8.20 B
26 |UCO Solid Wall Building System Single storey 7.85 C
27 |RBM Green Building System Single or double storey 8.52 [
Figure 6 Total performance ranking, of the Decision Support Model for IBT’s (modified by author)

The software is unique as it incorporates the results of a comprehensive climatic analysis, extensive
simulation modelling, analysis of the relevant Agrément certificates and supply chain management decision-
making in a single system as illustrated below.

Climatic Region: List of Appropriate Systems:

Factor 1: Climatic Region Cfb S Refresh No. |[Name of certified building system Number of floors Score | Class.
Performance Ranking (Weighting) 1 |Alternative Steel Frame Building System Single storey 5.16
2 |Amsa Alternative Building System Single storey 6.74
Factor 2: Acoustic Performance | 0.13 3 |Aruba 2000 Series Building System Up to three storeys 7.84
4 lyblok Building System Single storey 7.79
Factor 3: Energy Requirement q 0.2 5 |Banbric Building System Single storey 4.61
6 |BESA 2 Building System Single storey 7.25
Factor 4: Condensation o235 7 |Blast Building System Single storey 3.20
8 _|Cemforce GRC Building System Single storey 7.56
Factor 5: Fire Performance i 0.2 9 |FSM Building System Single storey 4.36
10 |Goldflex 100 Building System Single storey 6.89
Factor 6: Durability o235 11 [Goldflex 800 Building System Up to ten storeys 6.69
12 |Goldflex 800 Seismic Building System Up to four storeys 6.78
Construction Supply Chain Management: 13 |Hydraform Building System Single storey 7.27

14 |Imison 3 Building System Single or double storey 7.99

olo|w(o|» ok moo|nolele | olo|o(k|o|lonmololz| >

Factor 7: Lead Time Flexibility l Certain lead times required; OR minimum lead times essential -._] 15 _|Imison stud Column Walling System Single or double storey 7.86
16 lated Concrete Panel Building System Single or double storey 5.56
Factor 8: Economies of scale I Many or high volume projects in one community j 17 |lzoblok Building System Single or double storey 8.62
18 |Mi Panel 2 Building System Up to four storeys 7.33
Factor 9: Local labour force I Local skills transfer essential ;] 19 [Rapidwall Building System Up to ten storeys 8.83
20 [Robust Building System Single storey 5.92
Factor 10: Distance from suppliers [ More than 4 hrs drive ;] 21 |Space Frame 2000 Building System Single storey 7.71
22_|Styrox Building System Single storey 7.81
Factor 11: Accessibility from road | Accessible by flatbed truck, tipper or revolving hopper l] 23 |Vela Building System Single storey 7.72
24 |Masonry le storeys 5.22
25 |Ikhaya Future House Building System Single storey 7.82
26 |UCO Solid Wall Building System Single storey 7.71
27 |RBM Green Building System Single or double storey 8.38

Total performance rating is >= 8.0
Total performance rating is >= 6.0 and < 8.0
Total performance rating is < 6.0

Developed by Dr. D.C.U. Conradie and N. Viljoen, Built Environment Unit. CSIR (Copyright 2013, 2014)

Figure 7 Decision Support Model for IBT’s user interface

The software provides a convenient to use approach to examine multi-criteria regarding various climatic
regions, multiple building systems and construction supply chain management. This has already assisted
South African government departments to improve social infrastructure, without the necessity to undertake
ab initio investigations of all the complex and interrelated factors before each project. The Decision Support
Model for IBT’s therefore facilitates a multi-criteria decision-taking process within a complex environment.

6. Conclusion and Further Research

The Kdppen-Geiger map provided a good method to group locations with similar climatic characteristics
together. The detailed simulations were supported with weather files that were generated from the
Meteonorm software. Due to the fact that the K&ppen-Geiger climatic map is based on empirical functions of
temperature and precipitation it cannot accurately predict the thermal comfort of the building occupant within
a distinct climate. Thermal comfort is primarily determined by relative humidity and dry bulb temperature. To
address this, CSIR is currently undertaking further research to create climatic maps that address the
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shortcomings mentioned. Two maps have recently been created, i.e. a Standard Effective Temperature
(SET) and a Degree Day map.

The SET map incorporated dry bulb temperature and relative humidity, however it did not correlate well with
the annual cooling and heating demand. Supplementary to the SET climatic map, a Heating Degree Day
(HDD) and Cooling Degree Day (CDD) climatic map (based on hourly calculations) was developed which
correlates well with the cooling and heating energy demand of a proposed structure. Passive design
development is further assisted by the inclusion of summer and winter angles as well as humidity lines. The
Decision Support Model for IBT’s can be improved by incorporating the newly created maps into the
software, for greater accuracy of the thermal performance of the building systems and the thermal comfort
the building provides. The research team is currently improving the software with the inclusion of more
criteria that will lead to improved prediction accuracy.
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Abstract

The current six climatic regions map used in the SANS 204 (2011) South African National Building
Standards does not optimally support quantified design decisions within the built environment. It also does
not give an indication of the amount of cooling and heating energy that would be required within a particular
climatic region.

To address this, the application of Standard Effective Temperature (SET) was assessed during the course of
2014 in an attempt to provide a rational and more accurate replacement for the current SANS 204, six zone
climate map of South Africa. The intention was to create maps based on a set of factors that determine
human comfort, such as relative humidity and dry-bulb temperature. The intention was also to create a
system that could better support adaptive building design decisions in creating comfortable thermal
environments.

Over the last 100 years, many different heat strain indices have been proposed to indicate comparative
thermal comfort levels. After reviewing these standards the team concluded that Standard Effective
Temperature (SET), as proposed by Gagge, might be the best index as it considers the effect of humidity in
the experience of thermal comfort. SET maps were produced using the same data as had been used to
produce the Képpen-Geiger map. Verification of the SET maps showed weak to poor correlations between
SET and the expected building heating and cooling energy demands.

As a result of the poor correlation, the decision was made to create a set of maps based on interpreted
degree days in order to establish if such an index would give a better correlation to building energy demand.
A very large dataset of 21 years of hourly data, which assumes an A2 climate change scenario at a 50 km
resolution, was used in the process. An algorithm was used to resample the source data from 50 km to 5 km.
This 5 km grid dataset was used to produce heating and cooling degree day maps. An excellent correlation
between degrees days and modelled building energy demand was found.

This paper describes the data processing, creation of the degree day map and the subsequent verification
processes in detail.

1. Introduction

An analysis of the current SANS 204 (2011) six zone map highlighted that the map does not optimally
support quantified design decisions within the built environment. This was because the map could not be
related to actual energy usage, nor could it be used to support passive design strategies such as solar
heating, thermal mass and natural ventilation. In addition the poor resolution of the map may have
exacerbated the problem.

The first quantitative classification of world climate was created by the German scientist Wladimir Képpen
(1846-1940) in 1900. It has been updated by Rudolf Geiger (1894-1981). The Képpen-Geiger climatic map
became the international de-facto standard (Kottek et al., 2006).

As a first step the CSIR created a detailed Képpen-Geiger map to quantify the current climatic conditions as
accurately as possible in South Africa using a well-known international climate map standard (Figure 1)
(Conradie et al., 2012). The Kdppen-Geiger climatic classification uses a concatenation of a maximum of
three alphabetic characters that describe the main climatic category, amount of precipitation and
temperature characteristics. This is based on a set of empirical formulas detailed in Tables 1 and 2. A
detailed historic dataset of 20 years of temperature and precipitation spanning 1985 to 2005, based on a 1
km x 1 km grid, was obtained from the South African Agricultural Research Council (Agrometeorology staff,
2001). ArcMap Geographic Information System (GIS) was used to compile a climatic map using the
algorithms as described by Kottek (2006) (Figure 1).
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Figure 1 CSIR Kdppen-Geiger map based on 1985 to 2005 Agricultural Research Council data on a very
fine 1 km x 1 km grid (authors)

Table 1 lists the formulae that were used to derive the first two letters of the classification. The annual mean
temperature is denoted by T,,,and the monthly mean temperature of the warmest and coldest months by
Tmax @and Tin, respectively. P, is the accumulated annual precipitation and P, is the precipitation of the
driest month. The values Pgmin, Psmaxs Pwmin @nd Pymax are defined as the lowest and highest monthly
precipitation values for the summer and winter half-years for the particular hemisphere considered. All
temperatures are calculated in °C and monthly precipitation in mm/ month and P, in mm/ year.

In addition to the temperature and precipitation values, a dryness threshold Py, in mm is introduced for the
arid climates (B), which depends on {T,,.}, the absolute measure of the annual mean temperature in °C and
on the annual cycle of precipitation.

2{Tann} if at least 2/3 of the annual precipitation occurs in winter,
Pihn =€ 2{T.nn} + 28 if at least 2/3 of the annual precipitation occurs in summer,
2Ty + 14 in all other cases.
Table 1 Key to calculating the first two letters of Képpen-Geiger

Type Description Criterion

Equatorial climates Tmin >+18°C
Af Equatorial rainforest, fully humid mm >60 mm
Am Equatorial monsoon Pann 2 25(100-Prin)
As Equatorial savannah with dry summer Pmin < 60 mm in summer
Aw Equatorial savannah with dry winter Pmin < 60 mm in winter
B Arid climates Pann< 10 Py
BS Steppe climate Pann>5 Pih
BW Desert climate Pann< 5 P
C Warm temperate climates -3°C<Tmin<+18°C
Cs Warm temperate climate with dry summer Psmin < Pwminy Pwmax> 3 Psmin@nd Pgmin < 40 mm
Cw Warm temperate climate with dry winter Pwmin < Psmin @Nd Psmax> 10 Pymin
cf Warm temperate climate, fully humid Neither Cs nor Cw
D Snow climates Tmin< -3 °C
Ds Snow climate with dry summer Psmin < Pwminy Pwmax> 3 Psmin@nd Pgmin < 40 mm
Dw Snow climate with dry winter Pwmin < Psmin @Nd Psmax> 10 Pymin
Df Snow climate, fully humid Neither Ds nor Dw
E Polar climates Tmax< +10 °C
ET Tundra climate 0°C<Tmax<+10°C
EF Frost climate Tmax< 0 °C
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Table 2 indicates how the additional temperature conditions, i.e. the third letter, was determined for arid
climates (B) as well as for warm temperate (C) and snow climates (D). In this table T, is the mean monthly
temperature in °C.

Table 2 Key to calculating the third-letter temperature classification

Type Description Criteria

h Hot steppe/desert Tann = +18 °C

k Cold steppe/desert Tann < +18 °C

a Hot summer Tmax 2 +22 °C

b Warm summer not (a) and at least 4 Ton 2 +10 °C
c Cool summer and cold winter not (b) and T, >-38 °C

d Extremely continental like (c) but Ty, <-38 °C

The Koppen-Geiger climatic map clearly highlighted the different climatic regions that proved valuable in the
subsequent creation and verification of the Standard Effective Temperature (SET) and Cooling and Heating
Degree maps. It also indicated that the maps would need to be of sufficient resolution so that important
climatic variation and detail do not meld. A resolution of 5 km x 5 km cells was chosen.

Some notable South African climatic characteristics are indicated by numbers on the map in Figure 1:
1) Very hot Limpopo river valley, classification BWh.

2) A tropical descender into the northern parts of the Kwa-Zulu province of South Africa, classification
Aw.

3) Pretoria has three climatic zones, i.e. BSh, Cwa and Cwb.

4) The climatic staircase effect starting from humid Durban, moving into the Natal midlands and
eventually the Drakensberg mountains corresponding to classifications Cfa, Cfb and Cwb
respectively.

5) The very cold Lesotho highlands, classification Cfb, Cwb and Cwc. The latter is very nearly a snow
climate.

6) The cold high lying area around Sutherland with a classification of BSk.
7) The arid climatic region lying north of Cape Town starting at Yzerfontein with a classification of BSk.

2. Some International precedents

Further analysis of the Képpen-Geiger map indicated that it would not be suitable to support energy efficient
building design directly, because human comfort in a particular climatic region is determined by the
environmental factors of air temperature (dry bulb), radiant temperature, air speed and humidity. (ASHRAE
55, 2004) The Koppen-Geiger functions are based on air temperature and precipitation. Furthermore it is
also not suitable to estimate the anticipated amount of cooling and heating energy, because it is not taking
account of the substantial diurnal variations in temperature normally experienced in South Africa. Other
international energy map precedents were therefore studied.

2.1 Global Building Performance Network (GBPN)

The GBPN (GBPN, 2015) climate classification divides the world into 11 key regions such as Western
Europe, Eastern Europe, Middle East and Sub-Saharan Africa. Within each region the different climate
zones are considered in order to capture the difference in building energy use, caused by climate variations.
The differentiation among different climate zones is based on several climatic factors in terms of their
influence on building energy demand for space heating, cooling and dehumidification, namely:

e Heating Degree Days (HDD)

e Cooling Degree Days (CDD)

¢ Relative Humidity of the warmest month (RH)

e Average Temperature of the warmest month (Tdb)

Abovementioned parameters were processed by means of the ArcMap™ Geographic Information System
(GIS) software. The GIS analysis facilitated the combination of the parameters, according to a certain set of
empirical criteria for each climate zone. Each selected geographical area corresponds to a certain climate
zone categorized by energy needs for space heating, cooling and dehumidification.

In this system there are a total of 17 climate zones. Each of them is characterized in terms of heating and/or
cooling demand, which varies from “low” to “very high” depending on the amount of average annual HDD
and CDD in each area. The need for dehumidification is determined on the basis of the combination of
values for relative humidity and average temperature of the warmest month. It is assumed that if relative
humidity of the warmest month is higher than 50% and average temperature of the warmest month is higher
or equals 23°C, then dehumidification in buildings is needed. Such a climate split gives the opportunity to
capture variation in energy needs for heating, cooling and dehumidification in different geographical
locations.
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2.2 USA International Energy Conservation Code (IECC) and Building America climatic regions

Prior to 2004, there was no single, agreed upon climate zone map for the United States for use with building
codes. Four different methods for specifying climate-dependent requirements were used by the American
Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) and the International Energy
Conservation Code (IECC) for their residential and commercial building standards. ASHRAE used 38 climate
groupings identified for 240 cities, while the IECC used 33 different climate zones based on county
boundaries. In most cases, the climate data needed to determine which requirements apply were not
included in the standard or code documents.

In the early 2000s, researchers at the U.S. Department of Energy’s Pacific Northwest National Laboratory
(PNNL) created a simplified map of U.S. climate zones. The map was based on analysis of the 4 775 U.S.A.
weather sites identified by the National Oceanic and Atmospheric Administration (NOAA) as well as widely
accepted classifications of world climates that have been applied in a variety of different disciplines. This
PNNL developed map divided the United States into eight temperature-oriented climate zones. These zones
are further divided into three moisture regimes designated A, B, and C. The IECC map allows for up to 24
potential climate designations. The new climate zones were set along county boundaries, making it easier
for builders to determine what climate zone applied to a specific building. The 2004 IECC Supplement was
the first model energy code to adopt this new climate zone map. It first appeared in ASHRAE 90.1 (ASHRAE
90.1, 2004). The climate zone map was also adopted by ENERGY STAR for Homes in 2006. In 2003, with
direction from the Building America teams, in particular Building Science Corporation, researchers at the
Department of Energy National Renewable Energy Laboratory (NREL) further simplified the new IECC map
for purposes of the Building America Program. They divided the map into eight climate zones based on
temperature, precipitation, and heating and cooling degree days. The zones are hot-humid, hot-dry, mixed-
dry, mixed-humid, marine, cold, very cold, and subarctic. Building America prepared a guide that includes
detailed definitions of each climate zone and a listing of all U.S. counties by state, indicating the climate
region in which each county is located.

2.3 Standard Effective Temperature (SET)

Victor Olgyay initiated the concept of bioclimatic design in 1963 (Olgyay, 1963). He was a leading researcher
in the investigation on the relation between architecture and energy. Other researchers such as Givoni
developed the concept further by changing the original square bioclimatic chart to overlays on a regular
psychrometric chart (Givoni, 1969). Watson and Labs refined the principles further (Watson et al., 1993).

Dehumidification

Natural ventilation
Identification of climate controlstrategies on the Buikling Bioclimatic Chart (adapted after
Givoni)
()
e BIOCLIMATIC NEEDS ANALYSIS
Comfort zone5
) Heating (< 19.72 °C) 15
£ " Cooling (> 25.56 ET*) 9.17
o) 15)% Comfort (19.72 °C — 25.56 °C ET*. 5 mm Hg - 80% RH) 7
. T & Dehumidification (> 17 mm Hg or 80% RH) 8.9, 15-16
Heatmg = : 3% Humidification (< 5 mm Hg) 6A, 6B (14)
&
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Figure 2  Strategies of climate control overlaid on a psychrometric chart (After Watson and Labs).

The work of the bioclimatic researchers and Gonzalez (Gonzalez et al., 1974) indicated that Standard
Effective Temperature (SET) is a very good heat strain index or indication of human comfort. SET is closely
related to the New Effective Temperature (ET*) that has been used in the Watson and Labs climate
strategies (Figure 2).
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The Authors used downscaled data from the conformal cubic atmospheric model (CCAM) of the National
Centres for Environmental Prediction (NCEP) (Engelbrecht et al., 2011) to produce SET maps covering
South Africa for winter and summer using a simplified method described by Sarhan (2012). This simplified
method utilized the following algorithms:

P, = 0.133322 x exp| 18.6686 — M (1)
(T +235)
Pvs

SH=622x/——— =~

*(101.325-p) @
AH= RH xSH 3)
Tis =TL+O'023(TL_14)AH (4)
Where:
P is the saturation vapour pressure
T is the dry bulb temperature
SH is the saturation humidity
AH is absolute humidity
RH is relative humidity

Correlations between SET and expected building heating and cooling energy demands were found to be
weak to poor. As a result of the poor correlations, the decision was made to create a set of maps based on
interpreted degree days in order to establish if such an index would give a better correlation to building
energy demand.

2.4 Degree days

The Degree-days method has its origins in agricultural research where knowledge of the cumulative variation
in outdoor air temperature is important. This concept is readily transferable to buildings and can be used in
the analysis and assessment of weather related energy consumption in buildings. Degree-days are
essentially a summation of the differences between the outdoor temperature and a base temperature over a
specified time period. A key issue in the application of degree-days is the definition of this base temperature,
which, in buildings, relates to the energy balance of the building and systems. This applies to both heating
and cooling systems, which leads to the dual concepts of Cooling Degree Days (CDD) and Heating Degree
Days (HDD). (CIBSE TM41, 2006).

The most rigorous and precise method of calculating degree-days is to sum hourly temperature differences
to the base temperature and divide these by 24. (CIBSE TM41, 2006). This method was adopted as it takes
the often significant diurnal temperature variation in South Africa into account. Formula 5 was used for the
calculation of heating degree days and formula 6 for cooling degree days.

$* (90, j-60)
570", 0.5 0) ;

Dg= > (%)

5 (60-00,)

2700, 1)g.-9, 1 0)
Da= 4 (6)
Where:
Dy is the degree-days for one day
O is the base temperature
Oo, | is the outdoor temperature in hour j

In both formulas the subscripts denote that only positive values are taken into account in the relevant
calculation.

3. Methodology

3.1 Input data set and climate change

To ensure the long term applicability of the climate map, it was decided, that over and above the use of
historic climatic data, climate-change should also be factored into the creation of the maps. An A2 climate-
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change scenario of the Special Report on Emission Scenarios (SRES) for the period 1961-2100
(Engelbrecht et al., 2011) was used. The A2 scenario is where technological change is more heterogeneous
than in an A1 scenario. Regions with abundant energy and mineral resources evolve more resource-
intensive economies, while those poor in resources place a very high priority on minimizing import
dependence through technological innovation to improve resource efficiency and make use of substitute
inputs. The fuel mix in different regions is determined primarily by resource availability. High-income but
resource-poor regions shift toward advanced post-fossil technologies (renewables or nuclear), while low-
income resource-rich regions generally rely on older fossil technologies.

Projections of future global climate change such as those described in Assessment Report Four (AR4) of the
Inter-governmental Panel on Climate Change (IPCC), are based on coupled global climate models (CGCMs)
that simulate the coupled ocean, atmosphere and land-surface processes. CGCMs are computationally very
expensive and are typically run on super computers. When used to simulate climate over a period of a
century these models are typically applied at horizontal resolutions of 100 — 200 km. However, more detailed
simulations are required for regional climate-change impact studies and to drive application models such as
required for energy use estimates to support passive design in the construction industry. Dynamic regional
climate models (RCMs) are used to obtain such detailed projections. Present day computing power allows
RCMs to be applied at resolutions of about 50 km. (Engelbrecht et al., 2011)

In the application described in this paper the CSIR Natural Resources and Environment unit (NRE) used a
conformal cubic atmospheric model (CCAM) of the National Centres for Environmental Prediction (NCEP)
with cells of approximately 250 km. The sea-ice and bias-corrected sea-surface temperature (SST) of six
CGCMs (CSIRO Mk 3.5, GFDL2.1, GFDL2.0, HadCM2, ECHAMS and Miroc-Medres) were used to produce
a dataset with cells of approximately 50 km. (Engelbrecht et al., 2011)

3.2 Lapse rate resampling procedure

In order to prevent the melding of climatic zones, the 50 km data received from the NRE was resampled to a
5 km grid through a lapse rate adjustment. Lapse rate is defined as the rate at which atmospheric
temperature decreases with an increase in altitude. The terminology arises from the word lapse in the sense
of a decrease or decline (Figure 3).

50 km grid climatic data 50 km grid climatic data
5 km grids
f ‘ [ | 90 m resolution Digital
;‘} 1 ; Terrain Model

Temperature and humidity correction for
finer grid by means of lapse rate

Figure 3 Lapse rate adjustment procedure to create 5 km resolution data

The 90 m resolution Shuttle Radar Topography Mission (SRTM) (Farr et al., 2007) digital terrain model and
the 50 km climatic data were spatially aligned. The SRTM was then resampled to both a 50 km and a 5 km
resolution (Figure 3).

Data provided by NRE contained upper air temperature, surface air temperature and the height difference
between these two points. This allowed the calculation of lapse rates for each month of each year for all 50
km cells using the following formula:

LR = (T Surface™ TUpper)

H peita (7)
Where:
LR is the lapse rate
T surface is the surface air temperature
T upper is the upper air temperature
H peita is the difference in altitude between the upper air and surface air

These calculated lapse rates were then used to adjust the dry bulb temperature as per the following formula:

Tsion = LR *(Altsgen — Altsion)+ T s0em (8)
Where:
T sk is the lapse rate adjusted temperature for the 5 km grid cell
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LR is the lapse rate

Altsin is the altitude for the 5 km grid cell
Altsom is the altitude for the 50 km grid cell

T s50am is the temperature for the 50 km grid cell

In this way a higher resolution 5 km data set was synthetically created for use in the creation of the SET and
CDD/HDD maps.

3.3 Map production

Hourly data for relative humidity and dry-bulb temperature covering a 21 year period (10 years historic, the
current year and 10 years predictive) was converted to a raster dataset using ArcMap GIS. This raster
dataset was then resampled to a 5 km grid using the method and formulas outlined above. An average year
was then calculated by taking the average for each hour of the year across the 21 years data. From this
“average year” HDD and CDD were calculated using the method and formulas described above.

Two maps were produced, HDD and CDD, using 18 °C as the base temperature (Figure 4) with defined
breaks of approximately 300 Degree Days used for delineating the map classes. These classes were then
simplified further into Low, Medium and High (LMH) energy demand for both heating and cooling.
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Figure 5 Heating and Cooling Degree maps combined into one map with summer and winter humidity
lines.

The heating and cooling energy demand maps were then combined into a single total energy demand map
(Figure 5) to make it more convenient to use in the National Standard. The combining of two different
measures of LMH energy demand could possible result in nine different zones. In the South African context,
however, only seven zones were realised.

4. Verification of HDD/ CDD map

After completion of the separate CDD and HDD maps (Figure 4) the results were verified to external climatic
data sources and modelled building heating and cooling energy demand.
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Figure 6 CDD and HDD correlation for Meteonorm data and values read from newly created maps.

Detailed weather files for 51 real weather station locations were extracted from Meteonorm v7, using
temperature data for 2000 to 2009. HDD and CDD were calculated for these 51 locations by means of
formulas (5) and (6) above. Using the geographic coordinates of each location, the HDD and CDD values
were extracted from the maps illustrated in Figure 4.

The HDD and CDD values extracted from the maps were correlated against the values calculated from the
Meteonorm data (Figure 6).

The HDD correlation was 83% and the CDD correlation was 84%. This was deemed acceptable as perfect
correlation was not expected, since the Meteonorm data is purely historic (2000 to 2009) and the data used
to produce the maps includes predictive values.
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Figure 7  Correlation between CDD and HDD and building heating and cooling energy respectively

In order to correlate degree days to building heating and cooling demand, a notional building was modelled
in Ecotect™. This model is validated to a real building for heating, cooling and indoor thermal conditions for
Pretoria (Conradie et al., 2012). Figure 7 displays the correlation between annual building heating and
cooling demand using the same weather files of the 51 locations described above. As expected, a very
strong correlation was found between the heating degree days and the modelled annual heating demand
(99%). The correlation between the cooling degree days and the annual cooling demand was not as strong
(75%), possibly owing to the omission of latent heat energy from the cooling degree day algorithm. In
addition no direct allowance is made for the effect of solar radiation in the CDD values. The outlier on the
CDD correlation above is noted as being Upington. The HDD calculated for Upington from Meteonorm™
also seems quite high considering climatically similar locations. Equivalent hot arid climates are represented
in the data set by locations such as Springbok, Kimberley and Jwaneng without producing similar
discrepancies. A data set excluding stations with an annual CDD above 1574 (Thohoyandou) resulted in a
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far better correlation of 84%. Coincidently this excludes many of the locations in South Africa’s northern
neighbours.

5. Conclusions and Further Research

Although the SET map uses functions of dry bulb and humidity and should theoretically give a good
indication of human comfort and energy requirement, it failed to correlate well with annual building heating
and cooling demand.

A number of analyses of heating and cooling energy demand and the HDD/ CDD proved that these correlate
well if the calculation is based on hours. The inclusion of summer and winter solar angles and humidity lines
give some support to passive design considerations.

Further work is envisioned to obtain adequate correlation between a heat strain index and building heating
and cooling demand.
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Abstract

The purpose of the paper is to illustrate the possibilities of greening existing small scale cement based
brickyards. The support of cement stabilized earth block industries can improve quality and range of
products. If product ranges are expanded, it can support a greener and more sustainable building culture.
Past government supported efforts to introduce more sustainable techniques to manufacture building
materials with a reduced carbon footprint was supported and accepted by the community near Kuruman.
Often these efforts are focused on starting new businesses and not by approaching existing businesses.
This paper argues that existing cement block industry should be targeted with green building training
programmes. It is difficult for the building industry to accommodate these changes. The use of the social
comparison theory regarding changes in worldviews and attitudes, show how the small scale cement
stabilized industry can be supported. Several case studies conducted by the Earth Unit (EU) at the
University of the Free State, support the successes of training programmes. These case studies are used to
illustrate past efforts and this article is the conclusions of two decades of training and research at the EU.
These efforts should continue to supported delivery of infrastructure in a more responsible way.

1. Introduction

For nearly 20 years researchers from the Free State University have been investigating how to make the
building process more environmentally friendly. This paper will show how the cement stabilized brickyard
industry can be used for supporting sustainable building practices. The existing small brickyards that
successfully operate in the Kuruman area can be the starting point to the greening of the industry. With
minimal means at their disposal and hard work these entrepreneurs have managed to run small businesses
successfully. Workshop interventions can support these businesses to expand on green products.
Successes of these interventions are limited since for the sake of job creation, unemployed and semi-skilled
individuals are targeted. The work of the EU the past two decades has shown the limited success of training
groups with no business skills in using earth construction techniques.

The social contribution of many contemporary buildings in different earth construction techniques used
worldwide (Bosman, 2006; Guillaud, 2010; Fontaine & Anger, 2009; Steyn, 2009) suggests that, from a
technical and a building systems typological point of view, individuals, groups and communities may be
convinced by the advantages of contemporary earth construction. The many advantages of earth as building
material are well known: 1) availability in large quantities, low price and ease of use by all, 2) good fire
resistance, and 3) thermal and acoustic insulation properties contributing to interior comfort of dwellings. The
shortcomings are mainly low mechanical characteristics, problems of erosion, abrasion and volume changes
(Siyan Siwe, 1983: 43). Other challenges are connected to social perceptions. The social issues with
acceptability and the status of traditional earth construction can make the application of contemporary earth
construction techniques a greater challenge. Addressing social and technical issues only solves some of the
problems at hand. The lack of business skill is often the cause for the early death of a newly formed
business, even before the new block making group of trainees has completed their technical training.

The involvement with the training and teaching activities at the EU in the Department of Architecture at the
University of the Free State (since 1996), equipped the authors with practical experience. Working with small
community groups in The Free State Province (Mangaung and Gariepdam) and in the Northern Cape
Province (Kuruman), which were trained in contemporary earth construction techniques, provided practical
experience on how to address concerns about compressive strength, erosion and abrasion. Building these
small-scale public building projects (a prototype farm worker’s house, two day-care centres, four ablutions
blocks, a workshop complex, a visitor's centre and two school assembly halls) provided good building
practice for detailing problem areas in earth buildings.
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The following section will highlight the importance of greening the cement producing brick industry. This will
be followed by theories on how to change beliefs regarding attitude systems. Case studies will be discussed
briefly to illustrate the past successes in the Northern Cape Province. The role of architects and local
governments will be stated for some recommendations before the concluding remarks.

2. Changes in the cement producing block industry

A study conducted in the clay soil areas of the Free State province (Steyn, 2004; Steyn & Jooste-Smit, 2006)
showed the impact that informal small fire brickyards have on local economic development. These
brickyards can have an even bigger impact if brickyard owners can be trained in the greening process of
promoting the use of un-stabilized sundried block as part of their products. This training can only be
successful if concerned efforts from local governments and municipalities support these brickyards and
understand how changes in societies occur. In order to change the production of cement blocks to a more
sustainable building process it is necessary to understand how change works in society.

Figure 1  Local small scale brickyard and transportation of blocks to a building site in Bankhara Bodulong
near Kuruman

The global green-movement, together with growing local awareness of green issues, has helped to sensitise
the public towards looking for more sustainable answers. Guillaud (2010: 15) emphasises support from
developed countries and implementation in developing countries. Concerned efforts to support the many
cement producing block brick yards can potentially make this industry more sustainable. Larger cement
producing block yards that produce the majority of available stock on a fully mechanized scale, often
monopolise the industry (Olivier, 2015). These centralized offset points/depots depend on formal road
transport to deliver cement blocks to their clients and these suppliers often provide the best competitive
prices, but do not provide a sustainable solution for local building cultures (Bosman, 2015: 100-104). The
potential of supporting local brick yard entrepreneurs are not new. Both users of cement blocks should be
targeted to show the advantages of supporting local brickyards (see Figure 1). Local government officials
that can support these entrepreneurs and should also be targeted to provide the best possible local
economic developmental support. To effectively achieve this, changes to existing funding structures,
perceptions to local material quality should be considered in a developing and changing society.

In a developing society, certain systems need to be taken into account. Context-driven actualisation of
potential (CAP) entities have the potential to change in different ways under different contexts: 1) some
aspect of this potential are actualised when the entity undergoes a change of state as a result of context
encounter; and 2) the entity undergoes another change of state, and so on, recursively (Gabora & Aerts,
2005: 81). The CAP framework within culture is “an integrated network of knowledge, attitudes, ideas and so
forth — that is, an internal model of the world, or worldview — and that ideas and artefacts are how a
worldview reveals itself under a particular context” (Gabora & Aerts, 2005: 83).

According to Nunn (2006: 183), the theory of change should consider time, and the experience of time,
where sameness is persistence in time, and change is differences over time. Nunn (2006: 189) believes that
two of the most important needs of humans are: 1) change; and 2) maintaining sameness. The brain is
central to this process to construct and envisage the future and provide the critical faculty for adaptation to a
changing environment. Changes to the built environment and the status of building materials are part of this
worldview exposed to changes. Our opinion and that of others around us, goes through a process before it
can be changed.
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Figure 2  Analytical diagram of the social comparison theory (Zimbardo & Leippe, 1991: 166)

According to Zimbardo and Leippe (1991: 166), the social comparison theory is the process by which people
actively collect persuasive information from others and assess validity of our opinions by comparing them
with those of others. The six mental steps that must occur before a message can change behaviour are the
following: the subject should 1) be exposed to a message, 2) pay attention to it, 3) understand it, 4) accept
its conclusion as the new attitude, 5) remembers the attitude and, 6) use it to guide the behaviour (see
Figure 2). Changing consumers attitude and behaviour to buying greener building product, such as
compressed earth blocks with a smaller cement content, has been successful in the past (Bosman, 2015).

Attitudes are difficult to change and not necessarily permanent, but can be modified, discarded or replaced,
usually in response to new information. Many factors may result in change of attitude due to information (a
message) that is communicated and received from others. When the individual (an audience) regards the
communicator as credible, a greater immediate change is possible. As time passes, the message source is
even less important that the message (Silverman, 1979: 502).

Attitudes can be changed due to a message (new information) or inconsistency between attitudes, behaviour
and the environment (Carocci, 2011: 370). Van den Berg (1974) defines his understanding of the theory of
change as “metabletica”. He describes change as a process that people will first reject, then wonder about
and later accept. New ideas will only bloom if the time for it is ripe, since it needs philosophical acceptance
and appropriate technology to support its development. Concepts such as development and sustainability
had to go through the same process. Rapoport (1977: 40) refers to the value filters that people look through
at life. These filters can be parents and upbringing, culture and religion that have a worldview. These filters
are sensitive and are especially influenced by the media.

3. The production of cement blocks and bricks in the central areas of South Africa

Since 1996 the researchers have been involved in the Free State, Northern Cape and Northern Province
doing research on the use, production and acceptability of traditional and upgraded earth constructed
material for walls of public and private buildings (Bosman & Steyn, 2014). Three aspects have been found to
influence the way people perceive and use available material for walls. Firstly, choice of material is
determined by its acceptability (Bosman, 2015: 21), which is a combination of understanding of the built
environment, (perceptions and beliefs), preferences (availability), behaviour (conformity and imitation) and
price (upward social mobility). Secondly, the role of climate, especially rainfall influences the use and
acceptability of more sustainable materials such as cement stabilized earth bricks or blocks (Bosman & Van
der Westhuizen, 2014a; 2014b). Rationally the use of this type of material should be more acceptable in
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drier areas like the Northern Cape and the North Western Province. However when research was done in
Taung in the in the North Western Province during 2004-2006, it was found that floods just before the survey
changed perceptions to the negative side due to the effect of exceptional heavy thunderstorms and flash
floods (Steyn & Bosman, 2010). Thirdly, the type of material available in different parts of the country should
be considered. In the SANPAD study (Steyn, 2009) it was found that in places where clay was found (central
and eastern Free State Province areas) people tend to produce burn bricks for construction purposes of
houses (Steyn 2009, 2004, 10-12). In areas such as Kuruman, Bankhara Bodulong, Motibistad, Mapoteng
(Northern Cape Province) and in Taung, Pampierstad, Manokwane (North Western Province) where only
sandy soils were available brickyards mainly produce cement bricks or blocks (Steyn, 2009).

Figure 3 Local small scale brick yard in Bankhara Bodulong.

In central South Africa, many small groups of entrepreneurs in poor communities have produced
cement/concrete blocks (see Figures 1 and 3). In the settlement around Kuruman (Bankhara Bodulong,
Motibistad and Mapoteng) in the Northern Cape, many local privately owned small brickyards produce
cement stabilised for many decade without financial, technical or organizational support. With proper training
programmes, these entrepreneurs could produce a bigger variety of blocks of a high quality (Bosman, 2003:
22-23; Bosman, 2006: 300-305; Jooste-Smit, 1998: 73). Cement stabilized industry in the Kuruman area can
therefore be considered as the current building culture.

Earth construction has more advantages than disadvantages for contemporary application in all possible
climates and South African weather conditions (Bosman, 2015). In some projects/cases it might not be the
best possible material option, for instance where no direct link between the building culture (local
construction technique and available resources) and the surrounding context can be made. This, however,
can be achieved over a longer period by proper training programmes, developing existing brick yards and
business skills aimed at development, and sustaining communities. The role of the architect in this case is
relevant for an impact on the sustainability of communities. The local governments and municipalities can
play a critical role in the support of local building cultures.

4. The future role of the South African government

Figure 4 Training of a group in the produ‘ction of cement stabilised compressed earth blocks (CEB) in
Bankhara Bodulong.

The South African Government should give contemporary earth building technology with special reference to
compressed earth blocks a clear position within the National Building Regulations. In the Kuruman
settlement of Bankhara Bodulong the promotional earth construction projects and work of the Earth Unit,
have shown that the community in the settlement have bought the idea of using compressed earth blocks
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(CEB), by supporting and buying these blocks (see Figures 4 and 5) from a prototype brick yard established
in 2003 (Bosman, 2003: 23; 2006: 300-301; Steyn, 2009: 28). This supports the social comparison theory of
Zimbardo & Leippe (1991), where the community collect persuasive information about CEB, since it was
bought by several home builders for the construction of their own houses. Other local brick yards can also be
trained in the production of CEB and local brick layers can be trained in the construction, implementing good
bricklaying principles and construction detailing.

5. Discussion and Recommendations

More CEB production training programmes should be introduced and conducted by the local government to
existing cement stabilised brickyards in the areas around Kuruman. These brickyards will be able to:

e produce blocks with abundant and affordable raw material with less cement used than needed for
conventional cement blocks or concrete hollow blocks (20% cement stabilization);

e make use of higher compaction, by mechanically reducing voids between soil particles to reduce
water absorption;

e expand on the product range to their customers;

e create more job opportunities in the small scale block making industry.

These efforts will expand the existing concrete block industry, and will provide a more sustainable solution
since the best qualities of the locally available soils will be used. Furthermore, the compressed earth blocks
are compacted and contain less than half of the conventional 20% cement stabilisation, as in the case of the
local block/brick yards that currently produce concrete blocks/bricks.

If the commitment towards sustainable development is to be taken seriously, the importance of earth
construction must not be overlooked, neither by government officials or professionals in the field. Cement
stabilised CEB can be as effective and versatile and compares very well to other forms of wall construction,
if not more so. It has the added advantage of making use of locally available resources, incurring less
transport costs and producing very few waste products. Regional sustainability also means to create jobs for
people in that region in order to make a living. The potential of the construction industry, small, medium
micro-enterprises (SMME) and small brickyards for creating jobs, plays an important role in local economic
development. These efforts to support small scale brick yards with training will tap into the context-driven
actualization of the local brickyard industry (Gabora & Aerts, 2005: 83).

Figure 5 Use of CEB bought from local entrepreneurs for a self-hel
Bankhara Bodulong

p house and the local school in

Brickyard owners will need to be trained in some technical issues that may differ between the traditional
cement stabilised block and the cement compressed earth blocks. Past feedback from groups trained by the
Earth Unit has shown that the building culture to soil selection, soil preparation and to stabilise with cement
is a clear link to existing knowledge. More accurate raw material proportioning and wet curing of block need
more quality control with new training groups. According to Nunn (2006) will it be important to accommodate
both sameness and change. The familiarity of the brickyard activities will be combined with the changes in
raw material proportions, workability of brick presses and proper wet curing. Other issues to consider will be
the marketing of a bigger product range to existing and new clients.

Since 1995, several South African building professionals have constructed well-designed contemporary
earth buildings in rural and urban areas with the help of locally trained construction teams (Bosman, 2006).
Many projects used cement stabilised adobe and compressed earth blocks. These projects are well
documented and available to the building industry. The reviews and debates about these often innovative
earth constructed buildings enjoy the support of the South African and international green building
movement (Buchanan, 2005). Excellent stabilisation results have been obtained on very different soil types
with various stabilisers. It is important to guarantee quality, to choose a stabiliser adapted for the soil type, to
study proper earth mix design and to carry out the work in compliance with well-established rules (Siyan
Siwe, 1983: 43).

6. Conclusions

A slow but steady progress for the advantaged of CEB for private and public buildings in South Africa is
evident. The technology as a credible indicator or communicator has shown the advantages as a more
sustainable option. New information about contemporary earth construction will continue to change the
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perception of more sustainable materials. Attitudes can be changed if there are inconsistency between
attitudes, behaviour and the environment.

The South African Government and all stakeholders in the built environment should evaluate their existing
efforts to support local sustainable development by tapping into small scale brickyard operations. This will
help to reduce the carbon foot print of the global and South African building industry, through the promotion
of cement stabilized earth construction as a green building technology. Technical, social and business skills
should be held as the three indicators to the success of intervention efforts (training). These efforts will also
help the many existing entrepreneurs to expand their range of traditional cement stabilised blocks in areas
around Kuruman in The Northern Cape Province.
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Abstract

Parameter uncertainty in water pipe network models are studied using newly developed simplified
mathematical notions. These enable studies to be done using public domain software, including EPANET.
The results obtained can be easier to use and interpret than those obtained from more general mathematical
notions. The general idea is to study how a flow- and pressure-related quantity varies as a set of state
parameters are varied. The quantity considered here is the average pressure, enabling smart optimisation of
a water distribution system by keeping the average pressure unchanged as water demands change, by
changing the speed of the pumps. Another application area considered, using the same mathematical
notions, is the study of the sensitivity of parameters. Two models are analysed as examples, showing how
smart optimisation works, and what the sensitivity of various sets of parameters are. The various parameter
categories have very different sensitivities to a given change in the average pressure that can be tolerated.
The critical state parameters to determine accurately in the models depend on the network. For the
combined schemes studied as examples, variation of the pressure with reservoir depths is only related to the
reservoir depths, and the pressure does not vary with the tank diameters. There is a relationship between
variations of the various pipe parameters for both the Hazen-Williams and Chezy-Manning pipe maijor friction
loss formulas. It holds for any network where there are no pipe minor friction losses. Pipe diameters are the
most sensitive, pipe roughness coefficients are medium sensitive, and pipe lengths are the least sensitive.

1. Introduction

In order to build a smart water distribution system, which optimises in real time in response to water demand
variation, the underlying pipe network model that represents the system needs to be a robust representation
of reality. This means that the uncertainty associated with input parameters of the model which are not
exactly known should be small enough to lead to model-predicted water flow rates and pressures that are in
an acceptable range consistent with reality. This is referred to as sensitivity of parameters. Input parameters
that are not known with sufficient accuracy need to be determined more accurately.

A smart water distribution system will optimise the water flow rates and pressures by changing one set of
input parameters in response to a change in another set of input parameters. This is referred to as smart
optimisation of parameters. For example, a change in water demands can lead to a change in pump
characteristics, so that either the water flow rates or pressures remain unchanged (on average).

The study of the sensitivity of parameters most generally involves various techniques that are
computationally complicated to implement (see “literature review” later), and hence are not available unless
specialised software is purchased or written. Here we propose a simplified, although generally less flexible,
method to study sensitivity that can be implemented with public domain software like EPANET (Rossman,
2000). It studies sensitivity by looking at the effect a subgroup of parameters all changing in the same way,
and its effect on, for example, the average of pressures.

It will be shown that the mathematical notions defined for the study of the sensitivity of parameters can
directly be used to study the smart optimisation of parameters, but are limited to cases where one set of
input parameters changes in the same way in response to a another set of input parameters changing in the
same way. For example, all water demands tend to rise or fall depending on the time of the day, and all
pump rates can adjust by rising or falling accordingly. The advantage of the limitations on smart optimisation
is that no specialised software is needed for the analysis.

In summary, it will be shown that the mathematical notions enable the study of sensitivity, as well as smart
optimisation, using public domain software.

After defining the mathematical notions, both sensitivity and smart optimisation are studied for a simple
network and one realistic network of a South African village. In the case of the sensitivity study, the influence
of the uncertainty of various parameters sets is investigated. Specifically, reservoir water levels, tank
dimensions, pump curves, as well as pipe types, diameters and lengths are considered. Such a study
determines the accuracy needed for these sets of parameters, and motivates which sets of parameters
should be determined more accurately.

To the best of our knowledge, the mathematical notions have not been developed elsewhere. Although more
general techniques are available, they cannot be implemented with public domain software, considerably
reducing their use in the community.
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This research is conducted within the context of the model being an accurate representation of reality when
the network is accurately constructed, and the parameters are well chosen. Weaknesses of the modelling
framework itself are beyond the scope of this work. The water distribution system concepts used are those in
standard models like EPANET.

2. Literature Review
Sensitivity analysis (Frey et al., 2002) is a tool that may be used to ascertain

e Forward use: how much the outputs of a given model depend on each or some of the input
parameters;

e Backward use: how variation in the outputs of a model can quantitatively or qualitatively be
apportioned to different uncertain inputs.

This work uses sensitivity analysis notions. Since nominal range sensitivity analysis (NRSA) is the easiest
sensitivity analysis method to implement and understand (Frey et al.,, 2002), we develop a sensitivity
analysis formalism based on this method. It is a mathematical, rather than a statistical, method. NRSA allows
only a single state parameter to vary at a time. This work extends this to multiple parameters varying in a
specific correlated way.

A recent application of mathematical (as opposed to statistical) sensitivity analysis to the hydraulics of a
water distribution system is a method for calibration, pipe diameter design, and input uncertainty assessment
(Moderl et al., 2011). This GIS-based sensitivity analysis method, which is closely related to NRSA, is
obtained from the mathematical notions developed here by applying Eq. 3 below, but allowing only one state
parameter to scale. A mathematical sensitivity analysis method that allows individual parameters to vary
independently, i.e. not correlated as in Eq. 3 below, was used for ranking the relative importance of pipes
(Izquierdo et al., 2008). Such a sensitivity matrix analysis is computationally efficient (Izquierdo et al., 2008),
and more general than NRSA, but is also considerably more complicated.

There have been some recent studies about the hydraulics of a water distribution system, e.g. on water age
via GIS-based sensitivity analysis (Sitzenfrei et al., 2014), and about demands via sensitivity matrix analysis
(Sanz et al., 2015).

3. Mathematical Development

3.1 Parameter Variation

The analysis of a pressurised water distribution network involves the construction of a network with N
internal nodes (junctions), and L links (or lines) joining the external and internal nodes. A link has water
flowing at rate g through it, and each individual node has pressure p; at the position of the node. Here

o k=1,..., L pj j=1....N (1)

are solutions of coupled non-linear equations. Each flow rate is taken to be positive for the base-case
solution, and a pressure is usually positive. (If a flow rate is not positive, is can be made positive by reversing
the direction of the corresponding link). External nodes are by definition either reservoirs or tanks.

To solve the equations, the state of the system must first be specified by a set of base-case parameters
€T 3 = _]_ ..... J_[ {2}

Examples of such parameters are pipe lengths and water demands. (Note that in standard water distribution
models, the demand at an internal node is a state parameter, not a flow rate qy). The solutions of the
equations can formally be denoted as a non-linear function f, such that the solution vector (q,p) = f(x).

Backward sensitivity analysis and smart optimisation both involve the inversion of f. Although complicated in
general, a meaningful case where it is simple is presented in the formalism below. Consider the parameter
state label set corresponding to all parameters. Let X be a subset of that parameter state label set {1,...,M}
and C (the complement) be the set containing the remaining elements. Define

ri(r)=rz; 1€X ri(r)=z; 1e€C (3)

Hence a subset of the state parameters is scaled by a common factor r (e.g. all pipe lengths can be scaled
by a common factor, while other parameters are not scaled).

Allowing scaling via a common dimensionless factor is a natural choice. For example, the reliability with
which the length of a pipe is known may well be proportional to the length of the pipe; the amount with which
water demand changes may well be proportional to the size of the water demand.

Applications where the state parameters of all the pipes change together according to Eq. 3 have particular
practical use. For example, if all pipe lengths are scaled, the pipe length of the entire network changes such
that the length of each individual pipe changes in the same proportion. This hence captures "the length of
the network changing". Similarly change of the roughness coefficients and diameters of the entire pipe
network can be studied.
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According to Eq. 3 the real number r is mapped into the solution vector according to
(a(r).p(r)) = f(x(r)) (4)

Hence as r varies a line is traced out in solution space. Consider a function g(q,p), mapping into a real
number. Introduce the function h defined by

h:R—R where h(r)=g(f(x(r))) (5)

Although the full solution of backward sensitivity and smart optimisation problems involves the inversion of f,
which maps a vector into a vector, these problems will be studied here as an inversion of the much simpler
function h, which maps a number into a number. Assume the function h is defined on a region around r=1.

In this work a meaningful choice of g will be studied for practical applications. Let T be a subset of the
internal node label set {1,...,N}, which has N; elements. Define the specific instance of g as g., and the
specific instance of h as P, such that

1 1 o o
9m(4:P) = -2 p; P(r) = <=3 €2 (x(r)) (6)
T jer T jer
Here & denotes a sign which can have the value -1 or 1. When all the ¢; are unity, g, is the average pressure
in the selected internal nodes.

If the average pressure is uncertain within certain limits, which uncertainty in the pipe lengths is allowed? To
solve such backward sensitivity problems, the lower and upper uncertainty limits of h are specified to be
respectively

h(ry) —h(1) <0 and A(res) — h(1) >0 (r; and r9 are limits of ) (7)
which are then solved for the limits of r. This gives the limits of the state parameters by using Eq. 3. The
solution procedure involves the inversion of the function h, which is assumed to be invertible.

3.2 Linearization
If some state parameters vary around the base-case parameters with r very near to 1, i.e.

Ar=r—-1 |Ar|<1
Ah=h(r)—h(l)=D Ar D =1'(1) (derivative at r = 1) (8)

using the Taylor expansion. Practically, this equation is used as follows. Choose state parameters satisfying
Eq. 3 with r very near to 1. Calculate Ah using software (including the public domain software EPANET).
Then deduce D from Eq. 8.

3.2.1 Smart Optimisation

The problem of interest is to scale a set of parameters together, and then to scale another set of parameters
together, so that the average pressure remains unchanged. The smart optimisation applications in this work
therefore use h=P from Eq. 6, with T the internal nodes with non-zero water demands and all signs equal to
unity. However, the results in this section are for general h.

The procedure for smart optimisation is as follows. Obtain D; and D, for two sets of scaling state parameters
X; and X, respectively, representing deviations around the same base-case parameters. Then, given the
scaling value r, determine scaling value r, such that

Ahl — Dl (?'1 — 1)
Ahg = DQ (?‘Q — l)
0 = Ahy+ Ahy (9)
yielding
. D _ L
;‘zzl—ﬁl(l“l—l) (10)

3.2.2 Sensitivity
Assume h(r) to be within the specified uncertainty limits

—Ah.Ah Ah positive or negative (11)
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Then applying Eq. 8 the deduced uncertainty limits are

_Ah
D

This gives limits of the state parameters according to Eq. 3. The procedure for a linear backward sensitivity
study is as follows. Obtain D for a set of scaling state parameters X, representing deviations around the
base-case parameters. Then, given the value Ah, determine Ar in accordance with Eq. 12.

In order for the procedure to be meaningful, Ah must represent a tolerance that is allowable for the water
distribution system. The sensitivity applications in this work assume that the "average" pressure has a
certain tolerance. They therefore use h=P from Eq. 6, with T the entire internal node label set and the signs
chosen in such a way that

Ar (12)

1
|AP| =

— > [ pi(x(r)) — pi(x(1))] Ar| < 1 (13)
N jer

This ensures that the pressure difference at each node contributes with the same sign, implying that the
effect of some nodes cannot cancel that of others, meaning that the effect of each node is taken into account
constructively.

Egs. 10 and 12 are the main results to be used. Even though they are only exact for r very near to 1, they will
be used for values near to 1 as well.

3.3 Time Dependence

Time is not a state parameter. Most the quantities discussed here are in principle functions of time. For
example, smart optimisation can be performed at various times as the hydraulic network evolves.

For the examples discussed in this paper, the state parameters and network controls are assumed to be
time-independent. Correspondingly, only the stationary solution is discussed. In practice, this means that the
parameters are constant over a time scale longer than the timescale that the hydraulic network settles into a
stable state (the relaxation time). Particularly, the water demands and reservoir levels are time-averaged
quantities. Smart optimisation is performed over a timescale longer than the relaxation time.

4. Network Models

4.1 Idealised Model

Consider the model in Figure 1. Water is pumped from the two reservoirs by two pumps. The water pushes
up into the tank, and stabilizes at a certain level in the tank. There are water demand points at nodes 3 to 6.

The model is referred to as “idealised” because many parameters are chosen to be the same to enable the
results to be easily understood. The base-case parameters are as follows. All elevations above sea level are
at 200 metres (m) (including the water level of the reservoirs), except for the tank minimum water surface
level at 230 m. The depths of the reservoirs are 10 m. Pumps 1 and 2 produce duty flows of respectively 40
and 20 litres/second (¥/s) at duty head 35 m (referred to as pump speed 1). The tank has a diameter of 20 m.
The non-zero demands at nodes 3, 4, 5 and 6 are respectively 9, 12, 15 and 18 {/s. All pipe lengths are 1000
m, all pipe diameters are 300 mm, and all pipe Hazen-Williams roughness coefficients are 100. All
parameters are expressed in the units shown.
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Figure 1 Idealized model. Unless shown otherwise, a link is a pipe. The flow rate along the links is
displayed in #/s. The pressure at the nodes is displayed as pressure head in m. The tank level
stabilizes at 3.4 m.

Parameters are varied from the base-case solution to obtain the derivatives D from Eq. 8. These derivatives
are shown in Table 1. They are measured in m, and their size should be compared to the average pressure
head of the internal nodes considered.

Table 1 Results for the idealized model.

Smart optimisation Reliability
Demand  Pump speed Demand Pump speed
D (m) -26.5 93.8 -25.2 93.8
Ar - - -0.20 0.053
Ax - - -1.8 to -3.6 £/s 0.053
Reliability
Pipe Pipe Pipe Reservoir Tank
length diameter roughness depth diameter
D (m) -3.33 15.7 6.08 10.0 0
Ar -1.50 T 0.32 0.82 0.50 No bound
Ax Insensitive 95 mm Insensitive 5.0 m No bound

T The deduced value of Ar is too large to be consistent with the Taylor expansion approximation used to obtain Eq. 12. However if
average pressure variation significantly smaller than 5 m is considered, pipe length and roughness can vary widely to be consistent with
the average pressure, so that these parameters are “insensitive” to the average pressure.

Assume all water demands rise from the base-case demands by 5.0%. Using the values of D from Table 1
and Eqg. 10, it follows that the pump speed must be increased by 1.4% to keep the average pressure of the
demand nodes the same. Similarly, if the water demands falls from the base-case demands by 5.0%, the
pump speed must be decreased 1.4% to keep the average pressure of the demand nodes the same.

In this way a smart water distribution system can be optimised to keep the average pressure of the demand
nodes the same.

For the sensitivity study, the influence of the uncertainty of all relevant parameters sets is investigated. The
derivatives D from Eq. 8 are shown in Table 1.

Assuming that the average pressure head at the internal nodes varies by +5 m from the base-case average
pressure head of 34 m, Eq. 12 is used to obtain Ar, shown in Table 1. This level of variation is a fair
representation of how accurate the average pressure head should be known in a real water distribution
system. Requiring that the average pressure head at the internal nodes to be known by 5 m, implies the
following extreme cases:
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e the pump speeds must be known extremely accurately (up to 5.3%);
e the pipe lengths do not have to be known accurately;
o the tank diameter does not have to be known at all.

From Ar the uncertainty in the parameter, Ax, is calculated from Eq. 3 and shown in Table 1. Requiring that
the average pressure head at the internal nodes to be known by 5 m, implies that

e the pump speeds (up to 0.053) and demands (up to 3.6 {/s for the 18 /s demand node 6) must be
known extremely accurately;

e the pipe diameters (up to 95 mm) and reservoir depths (up to 5 m) are probably known to the
required level of accuracy;

e the pipe lengths and roughness coefficients do not have to be known accurately;
e the tank diameter does not have to be known at all.

The analysis shows that the critical parameters to determine accurately are the pump speeds and the
demands.

4.2 Village Model

Consider the model in Figure 1, based on data for a South African rural village. As in the idealised model,
water is pumped from the reservoir by a pump. The water pushes up into the tank, and stabilizes at a certain
level in the tank.

Some of the base-case parameters are as follows. Elevations above sea level vary in this hilly terrain and
tend to decrease as the three pipe lines are followed away from the tank. The tank is at the highest
elevation, and has a diameter of 10 m. The depth of the reservoir is 10 m. The pump produces a duty flow of
6.4325 /s at a duty head of 8 m (referred to as pump speed 1). The total demand from all the taps is 6.4325
{/s. Pipe lengths vary: the total length is 7559 m. Pipe diameters vary in the range 50-90 mm, and almost all
pipe Hazen-Williams roughness coefficients are 100. In the base-case solution obtained, the flow through the
pipe equals 6.4325 {/s.

P8 T10
FT T Pressure
P 15
T6 &0
P4 a0
120
55 " T72
P3T4
TANK1 - 31? OFTT‘?M i
T2
1+ 0 T30 P26 T71
P25 b
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Flow
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I3 24

. 48
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Figure 2 Village model. The taps are indicated by “T”, and all have non-zero-demands. The pipes are
indicated by “P”. The tank level stabilizes at 3.0 m.

Assume all water demands rise (fall) from the base-case demands by 5.0%. From Table 2 it follows that the
pump speed must be increased (decreased) by 8.0% to keep the average pressure of the demand nodes the
same.
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Table 2 Results for the village model.

Smart optimisation Reliability
Demand Pump speed Demand Pump speed
D (m) -34.1 21.2 -34.1 21.2
Ar - - -0.15 0.24
Ar - - Various 0.24
Reliability
Pipe Pipe Pipe Reservoir Tank
length diameter roughness depth diameter
D (m) -15.4 72.4 27.9 10.0 0
Ar -0.33 0.069 0.179 0.50 No bound
Ax Various Various Various 5.0 m No bound

Assuming that the average pressure head at the internal nodes varies by +5 m, the calculated values of Ar
are shown in Table 2. Requiring that the average pressure head at the internal nodes to be known by 5 m,
implies the following extreme cases:

¢ the pipe diameters must be known extremely accurately (up to 6.9%);
e the demands must be known accurately (up to 15%);

e the reservoir depth and pipe lengths need to be known least accurately, and are probably known to
the required level of accuracy;

e the tank diameter does not have to be known at all.

The analysis shows that the critical parameters to determine accurately are the pipe diameters and the
demands.

4.3 Relationship between various Pipe Parameters

Assuming that there are no pipe minor friction losses in a network, we have been able to show for the
Hazen-Williams pipe maijor friction loss formula that the friction, and hence all flows and pressures in the
network, will be the same if (Page, 2015)

. 1 1 .
H-W: TL= =51 = 155 Arp = —4.87T1 Arp = —1.852 Are (]—1)
T‘b i T‘(": il

Here three separate scaling possibilities are considered in Eq. 3, with X referring to either (1) all the pipe
lengths in the network, (2) all the pipe diameters in the network, or (3) all the pipe Hazen-Williams roughness
coefficients in the network. The scaling is denoted by r., rp and rc respectively. The second relationship in
Eq. 14, which only holds if Ar is very small, can then be used to obtain a relationship between the derivatives
D in Eq. 8 for the three cases (noting that Ah in Eq. 8 is assumed to be the same for the three scaling
possibilities) " Infact, if D is very accurately calculated in Eq. 8, and is derived from the same function h for
the three classes of pipe parameters, then the values of Ar calculated from Eq. 12 (examples of which are
listed in Table 1 and Table 2) should exactly satisfy the second relationship in Eq. 14. It can be verified that
the values of Ar in Table 1 and Table 2 are well represented by this relationship.

The same considerations to be above for the Chezy-Manning pipe major friction loss formula lead to

1 16
w 'f‘?\-' Arp = — 3

p

Chezy-Manning: rL = Arp =2Ary  (15)

where N refers to the Manning roughness coefficient.

5. Findings and Discussion

In this paper research looking at water distribution networks from a novel angle is reported. The models
demonstrate how much pump speeds need to be adjusted for the same variation of all the demands, in order
to keep the average pressure the same. The various parameter categories have very different sensitivity to
changes in the average pressure of the internal nodes. It is not currently known how the order of sensitivity

! The first relationship in Eq. 14 is consistent with the values of D in the idealized model in Table 1 for r = 1.01 where the evaluations of
D were performed, up to numerical differences which have known explanations. The same is true of the village model in Table 2, except
that here additional numerical differences are caused by the fact that different P satisfying Eq. 13 were used for the different pipe
parameters.
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varies from one network to another. The critical parameters to determine accurately are hence network
dependent.

Both networks considered as examples are combined schemes (having operating pumps and demand
balancing tanks). The idealised scheme is in a pump-network-tank configuration, while the village scheme is
in a pump-tank-network configuration. Within the limits of the types of schemes analysed, the following
salient features emerge about the derivative D:

e For variation in the reservoir depth, D equals the reservoir depth, independent of the network.
e D =0 m for variation in tank diameter, independent of the network.

There is a relationship between D for the various pipe parameters that holds exactly. Such a relationship
exists for both the Hazen-Williams and Chezy-Manning pipe major friction loss formulas. It holds not only for
combined schemes, but for any network where there are no pipe minor friction losses. The uncertainties in
the pipe parameters, Ar, corresponding to the same pressure and/or flow uncertainty, satisfies the second
relationship in Eq. 14 for Hazen-Williams, and the second relationship in Eq. 15 for Chezy-Manning. Pipe
diameters are the most sensitive, pipe roughness coefficients are medium sensitive, and pipe lengths are the
least sensitive.

Further technical issues emanating from this research are:

o All parameters were taken to vary in the same direction in Eq. 3, which should be a reasonable condition
when X refers to parameters of the same nature. Are there certain parameter sets of the same nature in
certain networks for which this will not give reliable results?

o The case where g is the average pressure was employed in this paper (in Eq. 6). Which other choices of
g have significant applications?

6. Conclusion and Further Research

The investigation originated from a desire to have a simple overview of state parameter sensitivity for the
purpose of determining which parameters need to be determined more accurately during field work or from
other sources of parameter data. Hence parameter uncertainty in water pipe network models is studied using
newly developed simplified mathematical notions. These enable studies to be done using public domain
software, including EPANET. The general idea is to study how a flow- and pressure-related quantity varies
as a set of state parameters are varied. The quantity considered here is the average pressure. The
sensitivity of parameters (i.e. which parameters need to be determined accurately) is studied. Smart
optimisation of a water distribution system is also studied, using the same mathematical notions, by keeping
the average pressure unchanged as water demands change, by changing the speed of the pumps. Two
models are analysed with applications in the two areas.

The results in this paper are specifically relevant to quick smart optimisation and sensitivity studies using
public domain software.

Further research could unearth how the sensitivity of various parameter sets depends on the network. It may
also introduce emerging mathematical developments which lead to more robust conclusions than those
presented here.
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Abstract

In his February 2015 State of the Nation Address, President Zuma stated that there are still 3.4 million
households in South Africa without electricity. Most of these households are in the rural areas and are
largely dependent on traditional biomass and coal for survival. South Africa has a dire need for safe,
affordable and clean forms of energy to enable productive economic activities to generate much needed
income. Based on international collaboration, this paper will cover the development of a robust methodology
to adapt innovative and renewable smart grid technologies to deliver real and sustainable decentralised
energy solutions for remote and rural communities, thereby improving livelihoods and opportunities for
inclusive growth for the rural built environment. This shall be achieved not just through technical innovation,
but importantly by integrating it with both social and business innovation to also address the wide-ranging
impact of climate change. This international collaboration is amongst the Eastern Cape Provincial
Government, CSIR, the Global Research Alliance, the United Nations Environmental Programme (UNEP),
and the Carbon Trust, amongst others. The overarching objective is to influence South African national
policy and the UN’s Sustainable Energy for All (SE4All) programme.

1. Introduction

It is generally recognised that access to energy services plays an important role in economic development.
However, the linkages between the provision of energy and poverty alleviation through economic
development are not fully understood and it can be argued that this lack of understanding contributes to the
relatively slow pace of energisation of the African continent. Africa’s economic priorities are strongly formed
by the need to alleviate poverty. With more than 500 million people currently without access to electricity and
with more than 600 million people dependent on traditional biomass for survival on the African continent,
Africa has a dire need for safe, affordable and clean forms of energy to enable productive economic
activities to generate much needed income. The delivery of new energy services must be based on an
integrated and holistic approach where Africa’s priorities such as potable drinking water, sanitation, food
security and poverty reduction are included in any paradigm for development. Integrated thinking across the
energy, water and carbon nexus is essential, as is the interplay between social, economic and environmental
principles and policies. Even within the energy economy understanding the supply of energy and its use in a
development context is complex as shown in Figure 1 that illustrates the linkages to various sectors of the
economy and the associated cross cutting issues (Venter et al, 2004)

Transport |
Agriculture
Industry

Mining

L]

1
Commerce :
Households

Figure 1  Holistic nature of the energy economy.

Two of the key crossing cutting issues within this landscape, namely access to good and validated
information data and statistics, together with sound policy and how it intersects and implemented or
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exemplified through an integrated smart sustainable energy solution for the household sector forms the
rationale behind the clean energy mini-grid initiative described in this paper.

Conventional centralised generation and distribution energy solutions that prevail at the top of the pyramid
are being rapidly transformed by the introduction of smart grid technologies and large-scale renewable
energy systems. For remote and rural communities at the base of the pyramid, however, the transformation
has little value. The financial overhead and slow deployment of long-distance electrical transmission, the
expense of large-scale renewables and the information and communication technologies (ICT) requirements
of smart grid methodologies mean that many of the recent technical innovations in the energy space fail to
yield impact where energy access is at its lowest.

To date, the South African electrification programme has been extremely successful from a policy,
institutional, planning, financing and technical innovation perspective as described by Bekker et al (2008).
The focus on electrification and energisation, though, has moved from chasing numbers of connections
mainly in the urban areas, to one of achieving sustainable economic and social benefits mainly in the rural
areas. With approximately 80% of the urban areas and approximately 45% of the rural areas being electrified
there are still approximately 3.4 million households without electricity — this being unevenly distributed
amongst the provinces, and as mentioned between rural and urban areas.

1.1 Sustainable Energy for All (SE4All)

“Widespread energy poverty condemns billions to darkness, to ill health, to missed opportunities. Energy
poverty is a threat to the achievement of the Millennium Development Goals. It is inequitable and
unsustainable. Children cannot study in the dark. Girls and women cannot learn or be productive when they
spend hours a day collecting firewood. Businesses and economies cannot grow without power. We must find
a way to end energy poverty. And with climate change a growing menace to all, we must also rethink
conventional energy solutions. We can no longer burn our way to prosperity. Fortunately, providing
sustainable energy to all offers benefits for developed and developing countries alike. It can enable
developing countries to leapfrog over the energy systems of the past and build the resilient, competitive,
clean energy economies of the future.” Ban Ki-moon Secretary General UN

Sustainable Energy for All (SE4ALL) is a global initiative led by the Secretary-General of the United Nations,
Ban Ki-moon to achieve universal energy access, improve energy efficiency, and increase the use of
renewable energy. It was launched to coincide with the designation of 2012 as the International Year of
Sustainable Energy for All by the UN General Assembly in December 2010, (UN, 2015).

The Sustainable Energy for All initiative is intended to attract global attention and public and private
commitments to meeting three objectives by 2030:

o Ensuring universal access to modern energy services
e Doubling the rate of improvement in energy efficiency
e Doubling the share of renewable energy in the global energy mix

The CSIR is collaborating with the United Nation Environment Programme (UNEP) to not only develop clean
energy mini-grid projects for South Africa but also to have an impact on the UN’s SE4All initiative.

2. South Africa’s First Hybrid Mini-Grid Energy Systems

To gain first hand understanding of the complexity of smart sustainable energy for rural community
development, CSIR undertook a three year investigative project to investigate the linkages between
communities, energisation, the economy and the environment/ecosystem as well as identify any projects that
could be implemented. Due to its impoverished state, particular attention was given to the Eastern Cape
Province of South Africa in this project (Szewczuk et al., 2000). During this project an innovative analytical
tool was developed that could be used to assist in identifying viable renewable energy opportunities in areas
with no prospect of grid electrification in the Eastern Cape Province using wind, hydro and biomass-powered
remote area power supply systems. The analytical tool utilises Geographical Information Systems (GIS) and
provides the basis to investigate various scenarios.

An outcome of the above described project was the identification of two renewable energy based projects in
the Wild Coast region of the Eastern Cape Province of South Africa. With the endorsement of the South
African Cabinet, the then Minister of Minerals and Energy mandated the then National Electricity Regulator
(NER) to facilitate the implementation of hybrid mini-grids to inform decision and policy makers on this form
of energisation to complement the South Africa electrification programme. The NER contracted the CSIR to
develop an implementation plan for these hybrid mini-grid energy systems at Hluleka Nature Reserve and at
Lucingweni village. The implementation was carried out by Shell Renewables (Szewczuk, 2006).

Figures 2 and 3 show the hybrid mini-grid energy systems at Hluleka Nature Reserve and at Lucingweni
village respectively on the Wild Coast region of the Eastern Cape Province.
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Figure 2 Hybrid mini-grid system at Hluleka Nature Reserve

The electricity generation system for the nature reserve is provided by two small wind turbines, each being a
Proven 1.5 kW machine, and a photovoltaic array consisting of 48 X 100 W solar panels. The electricity
generation system has a nominal capacity of 11kW. Included in the electrical generation system is a control
system, batteries for electricity storage and a diesel generator as a backup. This system provided the
electricity for the electrical appliances for the nature reserve, namely lighting, office equipment etc.

Solar power via photovoltaic panels is used for pumping water out of a nearby river before the water is
treated in a filtration plant. Hot water for the chalets is provided by solar water heaters and liquid petroleum
gas (LPG). Due to the erratic solar insulation of the nature reserve LPG is also used to supplement the solar
water heaters in providing hot water. LPG is also used for cooking.

s o TN

Figure 3 Hybrid mini-grid system at Lucingweni village

Electricity generation at Lucingweni village is achieved through the use of a combination of solar photovoltaic
panels and wind generators and their associated control, accumulation and distribution equipment providing
a nominal electricity generation capacity of 86kW. In brief this consists of the erection of six mast mounted
wind generators (6 m tall), an array of 560 solar photovoltaic panels mounted on steel structures and a brick
structure to house the batteries and control system. The hybrid mini-grid system at Lucingweni village is
completely based on renewable energy and there is no diesel generator as a back-up.

CSIR’s participation in the conceptualization and implementation of South Africa’s pilot hybrid mini-grid
energy systems lessons have been learnt in obtaining practical know-how and experience towards
developing appropriate integrated energy systems that will contribute towards the energisation of not only
South Africa but Africa is general.

111



=l
EF' SASBE SASBE 2015 Proceedings, 9 - 11 December 2015, Pretoria, South Africac

One of the major barriers to implementation of clean energy systems in rural areas is the sociological
dimension of introducing new technologies to communities who are not aware of the benefits that such
technology can provide. This sociological dimension is understood to be an extremely complex issue but is
not yet fully investigated. To address the above issue the following drivers have been identified:

Energy & economic development are linked and the application of renewable energy in rural areas
should be integrated into local economic planning activities.

Poverty and lack of capacity in rural communities and their governance structures requires that such
energy introduction be integrated with community development and training programs.

An Integrated, support based systems approach is required, with emphasis given to relentless
measurement of all processes.

An approach should be dynamic, systematic, subject to standards, responsive, and able to be
duplicated throughout Africa.

Based on the above drivers the challenge of establishing new economic activities linked to renewable energy
based systems was taken up and to assist in this challenge the author developed the Integrated Energy
Economic Framework as a contribution to achieving sustainable socio-economic development. See Figure 4.

Governance facilitation
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Figure 4 Integrated Energy Economic Framework

Key factors to note in the methodology outlined in Figure 4 are:

the linkage, via Cost Benefit Analysis (CBA) and Life Cycle Analysis (LCA), of economic activities
(demand side) to energy (supply side)

intervention measures to stimulate new activities

these intervention measures must take into account other conditions such as markets, water,
infrastructure, telecommunications, natural resources and industry.

sociological facilitation to ensure community ownership and sustainable enterprise management.
environmental externalities such as Green Certificates and Clean Development Mechanisms (CDM)

3. Decentralized and Smart Electrification

Increasingly, the technical opportunity for energising the developing world and in particular remote and rural
areas is framed around the concept of mini-grids and decentralised power, as discussed comprehensively by
Berry et al, (2010). The direction is well motivated, alleviating many of the encumbrances that have thus far
inhibited the rapid, affordable, sustainable and reliable deployment of large-scale centralised energy systems.
Indeed, at least to some extent, the notion of decentralised power has been embraced by the developing
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world, with Nepal, India, Vietnam and Sri Lanka each hosting between 100 and 1,000 schemes and the
World Bank funding more than 30 off-grid projects. There is an opportunity, then, to build on these important
and pioneering first steps and move towards something bolder, more holistic and codified.

However it also needs to be recognised that many mini-grid and decentralised energy efforts in the
developing world are often narrow in scope, focussing on delivering meaningful, though very specific,
outcomes for a single community rather than a scalable, replicable and financially sustainable solution.
Moreover, many such systems become derelict due to poor community fit, inappropriate business models
and technical maintenance complexities.

Beyond decentralised electrification is smart electrification. There are truly impressive gains being made in
the smart grids space that have not found optimal application in developing world mini-grids. Smart grid
technologies that focus on dynamic demand management, automated battery control, low-cost solar
forecasting, intelligent refrigeration, optimal grid planning and automated fault detection and diagnosis all
have the potential to deliver significant savings, increased reliability and improved energy quality in a
development and especially low carbon context. But integration of such technologies is non-trivial; it requires
a reassessment of financial cost, an understanding of local energy needs, development of new business
models and community engagement practices and an acknowledgement that many of the assumptions
which hold in the developed or urban world are much less certain in a development context (i.e.
communications availability and reliability; end-use appliances and behaviour patterns).

There is an opportunity here to not only explore and qualify the nature of existing systems (and lessons
learned), but to plot a course for widespread, sustainable and fit-for-purpose smart mini-grid solutions in a
South African context. Insight and trialling of innovative community engagement practices that are married to
small-scale smart grid technologies and decision support tools that highlight smart mini-grid options across
the South African landscape (from both an environmental, economic and demographic perspective) will
deliver methodologies and documentation for driving technical and policy innovation in this space.

To satisfy the requirements for rural energy solutions, smart sustainable energy has to be done within the
context of the complex green economy policy landscape. Within that landscape will be a network of actors
and stakeholders. Such as CSIR and Risg DTU of Denmark, (Szewczuk et al., 2010), in investigating the
development of a wind energy industrial strategy for South Africa that provides an example of how an
analysis of stakeholders and theirs roles can be used by the intended target market (for instance the
Department of Trade and Industry) as a reference document in the development of national sector
development strategies.

From a technical innovation perspective and in the area of mini-grids and micro-grids, prior work has
focussed principally upon reviewing technologies, internal capability, developing fundamental science and
gaining deployment and simulation experience. Outputs include works that describe the state and future of
micro-grid systems and components, (Platt et al 2009 and Szewczuk et al., 2001), renewable resource
availability in South Africa using geographic information systems (GIS), (CSIR et al., 2008) and the Wind
Atlas for South Africa (Mortesen et al, 2012). Software decision support tools for distributed generation
(Berry et al., 2009 and Kok et al., 2009) and micro-grid experiments, case studies and simulations
(Szewczuk et al., 2011 and Berry et al., 2010), including pilot hybrid mini-grid energy systems in Hluleka
Nature Reserve and Lucingweni village in South Africa.

Socio-economic studies and reports have focussed upon identification of optimal tools for connecting poverty
alleviation with energy availability, system dynamics modelling (Greben et al., 2005) and the development of
economic assessment tools for local energy supply (TNO et al., on-going and Montalvo et al., 2012).

The key to building upon the body of work out there is to move away from distinct and separated technical
and socio-economic streams, as has principally been the case and to integrate, unify and extend prior work
and then to present it in an engaging and thoughtful manner to a wide range of stakeholders.

4. Project Design and Methodology

The Smart Sustainable Energy for Rural Built Environment project builds on the preceding work described
above and aims to capture, address and innovate around those challenges and perceptions regarding
renewable and clean energy systems and their incorporation into a low carbon economy. With the dual
challenge of alleviating poverty through establishing new economic activities based around energy access,
the project plans to make use of various social, business model and technological innovations. The
implementation of such innovation will be supported by good research, development and application, with an
overarching objective being to gain insight and understanding of the linkages between energy, societal
needs and the economy in developing communities with a view to replication into other communities.

Figure 5 provides an overview of the Smart Sustainable Energy for the Rural Built Environment project and
its various components. The main components of the project relate in particular to Technical Innovation,
Social Innovation and Business Innovation. The Innovation Application and Spin-in Innovation spheres
represent more the environment within which the project is planned to operate in.
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Figure 5 Overview of Smart Sustainable Energy for the Rural Built Environment

4.1 Technical, Social, Business Spin-In and Application Innovation

The introduction of Smart Sustainable Energy involves technical, behavioural, socio-economic and policy
aspects. Successful innovations for the Base-of-the-Pyramid (BoP) have to be:

o Affordable: people with limited financial resources are able to purchase the innovation
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e Acceptable: the innovation fits with the belief system of people at the BoP
e Appropriate: the innovation provides a suitable solution for a user need

e Accessible: the innovation is readily available for BoP users, in terms of distribution network and
required knowledge to operate and maintain the innovation.

Smart Sustainable Energy will deliver impact through three streams:
e Social Innovation: all aspects related to users being able to adopt the innovation

e Business Innovation: all aspects related to the ecosystem of stakeholders that is involved in
delivering the innovation to the user

e Technical Innovation: all aspects related to the development and application of technologies to
enable sustainable and reliable power.

Spin-in Innovation

The other opportunities presented by the Project are those technical innovations or future developments to
energy systems that could be added on or “spun-in” to the Project during its lifetime. It must be recognised
that the Project is not principally about developing new or cutting edge technologies on photo-voltaic
systems or battery storage for instance, but rather the smart integration of existing renewable technologies in
a mini-grid context.

Innovation Application

On the periphery of the Project is the broader environment within which the Project operates, influences and
is influenced by — namely what we have termed "Innovation Application”. This includes the institutional and
regulatory environments at different levels together with the services, enterprises, skills and job creation that
electrification can benefit, as well as the broader sustainable development imperative of a nation — namely
climate change, and the green economy.

5. Discussion and Conclusion

The foundation of the Smart Sustainable Energy for Rural Built Environment project is essentially “smart
electrification” and integrating technical, social and business innovation in the solution and journey of
engagement. Figure 5 provides the overview to the project. However it must be noted that Figure 5 is based
on the combining of field experience based on previous projects that have been implemented. For example,
CSIR’s contribution is based on field experience in South Africa’s first hybrid mini-grid energy systems at
Hluleka Nature Reserve and Lucingweni village the experiences of the CSIRO of Australia and the TNO of
the Netherlands also playing a major contribution.. There is a genuine opportunity for rural communities to
leapfrog the conventional paradigm of power. Where conventional electricity delivery is reliant on expensive,
slowly deployed, polluting and centrally controlled generation (with its spider web of infrastructure and
dependence on decades-old technologies), these communities can harness innovative, low carbon,
renewable, agile, smart and mini-grid/decentralised generation to rapidly deliver tailored, appropriate and
sustainable energy, potentially with increased speed, reduced cost and importantly better societal and
economic fit and outcomes.

Such a marked paradigm shift requires technical, social, government and business innovation, engagement
and buy-in. This Project will enable the corner-stones of such work to be established in South Africa with an
ultimate vision of application into the broader and beyond via the United Nation’s Sustainable Energy for All
(SE4AII) initiative.

In narrative form, the components of this design led innovation will be:
e aliving roadmap as a platform of knowledge and direction promoting universal energy access,

e supported by systemic modelling and simulation decision support tools that can assess the impact of
different policy interventions,

o exemplified by real-world trialling of pilot smart sustainable energy for selected rural communities in
and,

o deployment of smart sustainable energy solutions with modularity, scalability and associated
business cases and livelihood development impact.

These components will be underpinned by an inclusive innovation engagement process with collaboration,
cooperation, participation and co-creation across stakeholders at its core so as to engage and empower
citizens, communities, private sector and local government. Together with mechanisms to strengthen the
science-policy interface so that the Project can provide the necessary information for policies to be updated,
implementation strategies to be developed and exemplified, and institutional capacity and decision making
improved.

Figure 6 illustrates the above mentioned narrative in an overarching research design for the Project -
integrating social, technical business innovation in a policy landscape
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That integration will be reflected in the 5 main components of the research:

e Component 1 — Landscape & Roadmap to Promote Universal Access to Energy (review)

e Component 2 — Decision Support Tools to Assess Policy Interventions (analysis & modelling)

e Component 3 — Real world Trialling of Pilot Smart Sustainable Energy Solution (testing)

e Component 4 — Deployment of Smart Sustainable Energy Solution with business models

e Component 5 — Inclusive Innovation Engagement Process (co-creation and dissemination)
Currently the project team is using this paper as a basis to solicit funding to execute this project.
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Abstract

Municipalities worldwide are under increasing pressure to reduce the amount of solid waste ending up in
landfills. One way of doing so is to increase household participation in recycling. Although existing research
identifies several factors affecting household recycling behaviour, South Africa poses a unique situation with
regard to attitudinal and spatial factors. Socio-political transformation arguably causes many South Africans
to be less concerned about the environment, while increasing living costs and fear of crime drive many
households into smaller enclosed housing developments, especially townhouses, where several factors may
impact recycling behaviour. Using the Theory of Planned Behaviour, this paper examines the effect of three
factors on household recycling in townhouses, including ‘attitude’ (about recycling), ‘subjective norm’ (peer
pressure), and ‘perceived behaviour control’ (ability to recycle). A survey of 300 households using self-
administered questionnaires was conducted in Equestria, an enclosed middle-income residential estate in
Pretoria-east consisting of 13 different sub-estates, most of which are typical townhouse complexes. Both
recyclers and non-recyclers showed positive attitudes toward recycling and felt peer-pressure to recycle.
Non-recyclers, however, felt significantly less able to recycle. Most recyclers as well as non-recyclers
indicated that various different interventions toward increasing recycling within townhouses may well cause
them to recycle more, most notably a system where recycling companies collect recyclables from collection
points inside the complex.

1. Introduction

While recycling of solid waste is a well-established practice in many developed countries, South Africa
unfortunately lags behind in this regard. For example, although the South African Department of
Environmental Affairs and Tourism (DEAT, 2000) identified recycling as a strategic goal towards integrated
waste management, only about 10% of waste is recycled (DEAT, 2012). Moreover, current legislation
requires all major towns and cities to initiate programmes for waste separation at source by 2016. Household
participation in recycling is evidently important if the latter is to be achieved. However, only 3.3% of
households in South Africa currently recycle (Oelofse, 2012). Such a low level of participation requires closer
examination of household recycling behaviour, especially in enclosed medium-density spaces such as
townhouses — a housing type that has showed noticeable growth in South Africa over the last decade mostly
due to rising living costs and fear of crime (housing 3.3% of the total population in 2004 to 3.5% in 2014
(Statistics South Africa, 2015)).

International research on factors affecting household recycling behaviour abounds, highlighting the interplay
of various factors, particularly moral or attitudinal (e.g., see Botetzagias et al., 2015; Park & Ha, 2014; and
Pakpour et al., 2014). However, research in South Africa is limited — let alone research that focuses on
recycling in townhouses. Anderson et al. (2013) examined household recycling behaviour in urban areas in
South Africa, while Kamara (2006) examined recycling behaviour in the City of Tshwane Metropolitan
Municipality (which includes Pretoria). Both found low levels of awareness about environmental implications
of household waste and consequent low levels of participation in recycling, especially amongst African
households. Oelofse and Strydom (2010) examined drivers of recycling both in a household- and industry
context and found higher participation levels amongst households where members were better educated and
more environmentally conscious.

Given the South African context, as well as the unique features of townhouse complexes, a question arises
about the relative effect of different social and physical factors on recycling behaviour in townhouses. To
what extent are current levels of recycling in townhouses affected by different social and/or physical factors,
and how may planners and designers best respond to facilitate recycling in townhouses?

The aim of this paper is therefore to examine factors affecting household recycling behaviour in townhouses
in South Africa. The challenges associated with socio-political transformation arguably cause many South
Africans to be less concerned about the environment (Anderson et al., 2013). Moreover, townhouses pose a
unique set of challenges to recycling. Kitchens and backyards are typically smaller than what many South
Africans are used to, while the lack of communal facilities for recycling as part of the layout of complexes
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may also hamper recycling. A further challenge is the restricted access to such complexes that may deter
recycling companies, while managing agencies and house rules may also be unaccommodating of recycling.

The setting under investigation in this study is Equestria, an enclosed middle-income residential estate of
about 1 250 units located on the eastern edge of Pretoria. Equestria consists of 13 sub-estates, most of
which are townhouse complexes that each have their own enclosure and controlled access. Thus, sub-
estates in Equestria are effectively double-enclosed. Townhouse complexes in Equestria are typically of
medium-density with either single- or double storey units averaging around 90 square meters. Outdoor
spaces such as backyards and private gardens are generally small or non-existent. Communal spaces are
usually limited to storage space and visitor parking.

The subsequent section presents a theoretical model that incorporates both social and physical factors in the
study of recycling behaviour.

2. Theoretical Model

Since its conception, Ajzen’s (1985) Theory of Planned Behaviour (TBP) has become a popular
psychological theory for explaining environmental behaviour and is widely used in studies on recycling (e.g.,
see Botetzagias et al., 2015; Tonglet et al., 2004). Figure 1 depicts the TPB in terms of the interrelationships
between its central constructs.

Attitude

* ? )\
4 ™\ ]
Subjective norm | Intention Behaviour

e ¢ * N
Perceived behavioural
control
\. y,

Figure 1 Theory of Planned Behaviour.

According to the TPB, three factors guide human behaviour, including: ‘attitude’ towards a certain behaviour
(i.e., beliefs about the consequences of performing the behaviour), ‘subjective norm’ (i.e., perception of
others’ expectations of one to perform the behaviour, notably peer pressure), and ‘perceived behavioural
control’ (PBC) (i.e., how much control one believes one has to perform the behaviour, notably the ability to
perform the behaviour). The interaction between these three factors leads to an intention to perform certain
behaviour. If people’s attitude towards a certain behaviour is positive, there is enough peer-pressure, and
they believe they are able to perform the behaviour, then their intention to perform that behaviour — in this
case, recycling — should be strong (Ajzen, 2013). The subsequent section discusses how recycling
behaviour was examined in Equestria using the TPB.

3. Research design and methods

A household survey was conducted in Equestria during August 2014. Data were collected by means of self-
administered questionnaires at a single point in time in order to gain quantifiable data (Bryman, 2012). The
research team first designed a questionnaire to capture basic socio-demographic characteristics of
households and their recycling behaviour in terms of the TPB. The team formulated items to measure TPB
constructs considering the literature as well as the South African social- and spatial context. Table 1 shows
the items that were used to measure the constructs of ‘attitude’ (towards recycling), ‘subjective norm’ (peer
pressure), and PBC (ability to recycle). ‘Attitude’ and ‘subjective norm’ were measured with normative
statements about recycling and five-point Likert scales ranging from ‘agree completely’, ‘agree’, ‘neither
agree nor disagree’, ‘disagree’ to ‘disagree completely. ‘PBC’ was also measured on a five-point Likert scale,
albeit a different type that measured the extent to which households were able to recycle or not.
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Table 1 Questionnaire items used to measure TPB constructs

‘Attitude’
(about recycling)

‘Subjective norm’
(peer pressure)

‘Perceived behaviour control’
(ability to recycle)

“Please indicate the extent to
which you agree or disagree with
the following statements:”

“Please indicate the extent to
which you agree or disagree with
the following statements.”

“On a scale of 1 to 5, with ‘1’
being ‘not at all’, and ‘5’ being ‘to
a large extent’, to what extent...”

Recycling is important for the sake
of the environment.

Recycling is not worth the cost
incurred by recycling companies.

Recycling is important to help
reduce waste in municipal
landfills.

Recycling is not worth the effort
incurred by households.

My family and friends would like
me to recycle my household
waste.

My neighbours would approve of

me recycling my household waste.

My local authority (City of
Tshwane) expects me to recycle

my household waste.

...do you have information on
what, where, when and how to
recycle?

...is there sufficient space or
facilities within your house to do
recycling?

...is there sufficient space or
facilities in your yard to do
recycling?

...is there sufficient space or
facilities inside your estate to do
recycling?

...does your body corporate or
resident association promote or

support recycling inside your
estate?

...do recycling companies have
access to your estate to collect
recyclables?

...do you have access to a
kerbside or collection point for
recycling just outside your estate?

Actual recycling behaviour was determined by asking households whether they recycled any paper, glass,
metal or plastic in the past three months. (No distinction was made between ‘intention’ and ‘behaviour’ in this
study.) Following translation of the questionnaire to include an Afrikaans version, the questionnaire was
piloted and submitted to a faculty committee for ethical clearance.

After Equestria’s management agency granted permission for the survey, six students from the University of
Pretoria negotiated with stakeholders to gain access to five sub-estates within Equestria. These five sub-
estates exhibited typical design features of townhouse complexes in South Africa. The students surveyed
300 units across the five sub-estates using simple random sampling. They first had to identify the head of
the household in each sampled unit, introduce the study, obtain informed consent, and then ask heads of
households to complete the questionnaire in their presence.

Upon completion of the survey, random spot-checks were conducted on each student’s batch of
questionnaires (respondents were asked to provide anonymous contact details). After this procedure data
were captured, cleaned, and analysed in IBM SPSS Statistics 22. As some Likert scales were reversed, the
research team were able to identify a response set in two cases. These two cases were removed to yield a

final sample of 298 valid responses.

4. Findings

Households in Equestria are predominantly headed by females, persons aged between 19 and 35 years,
and persons with tertiary qualifications. The average household size is around three persons. There was no
formal recycling system in Equestria at the time of the survey, while some residents indicated that previous
attempts failed due to poor organisation and lack of participation. Households that do recycle probably use
various other systems outside the estate. Consequently, only about 31% of households recycled paper,
glass, metal or plastic in the past three months. The subsection below focuses on the determinants of
recycling behaviour in Equestria, followed by possible interventions to increase household participation in

recycling.
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4.1 Determinants of Recycling Behaviour

A factor analysis was first conducted to evaluate the construct validity of ‘attitude’, ‘subjective norm’ and
‘PBC’ as per Table 1. Using SPSS, three factors were extracted employing the method of principal
components, followed by an oblique rotation with Kaiser Normalization to account for correlations among the

factors. Table 2 shows the results of the analysis.

Table 2 Factor analysis of the validity of TPB constructs (pattern matrix)

Questionnaire items
(See Table 1)

Factor

(PBC)

2
(Attitude)

3
(Subjective norm)

...do recycling companies have access to
your estate to collect recyclables?
...does your body corporate or resident
association promote or support recycling
inside your estate?

...do you have access to a kerbside or
collection point for recycling just outside
your estate?

...is there sufficient space or facilities
within your house to do recycling?

...do you have information on what,
where, when and how to recycle?
Recycling is important to help reduce
waste in municipal landfills

Recycling is not worth the effort incurred
by households

Recycling is not worth the cost incurred
by recycling companies

...Is there sufficient space or facilities in
your yard to do recycling?

...is there sufficient space or facilities
inside your estate to do recycling?
Recycling is important for the sake of the
environment

My family and friends would like me to
recycle my household waste

My neighbours would approve of me
recycling my household waste

My local authority (City of Tshwane)
expects me to recycle my household
waste

0.681

0.660

0.633

0.539

0.468

0.406

0.536

0.471

0.284

0.665

0.579

-0.557

-0.507

0.463

0.772

0.766

0.651

‘Subjective norm’ showed good validity, as all three its items loaded clearly by themselves on a separate
factor. ‘PBC’ and ‘attitude’ showed reasonable validity, as most of their items also loaded by themselves on
separate factors. ‘To reduce waste in municipal landfills’ cross-loaded highly on PBC, indicating that this item
may actually be a control factor. Similarly, two control items about ‘sufficient space’ cross-loaded highly,
though negatively, on ‘attitude’. However, shaded factor loadings show that these three items still correlate
reasonably well with their intended constructs, especially the two control items about ‘sufficient space’.

The effect of different factors on household recycling behaviour in Equestria can now be examined in terms
of the TPB. Table 3 shows composite mean ratings for each of the constructs of ‘attitude’, ‘subjective norm’
and ‘PBC’ for both recyclers and non-recyclers, coupled with T-test results for group differences.
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Table 3 Group differences regarding TPB constructs

Construct Group N Comg;)r?lte SD t-statistic p-value
Recyclers 91 1.619 0.528
Attitude Non- -1.874 .062
199 1.750 0.596
recyclers
Subjective Recyclers 91 2.150 0.754
Non- -1.954 .052
norm 197 2.354 0.952
recyclers
Recyclers 91 2.709 0.854
PBC Non- 4.233 .000*
199 2.264 0.781
recyclers

Note: *Significant at the .05 level. (Equal variances not assumed.)

Table 3 shows that there were modest differences between recyclers and non-recyclers with regard to
‘attitude’ and ‘subjective norm’ (0.05 < p <0.1). In fact, recyclers and non-recyclers feel almost equally
positive about recycling, with little variation in responses amongst recyclers and non-recyclers themselves
regarding their attitude towards recycling (SD = 0.528 and 0.596 respectively). Similarly, both recyclers and
non-recyclers felt peer-pressured to recycle, although perhaps less so than what their own positive attitude
may cause them to do so. However, there was a statistically significant difference between recyclers and
non-recyclers with regard to ‘PBC’, with non-recyclers seeing significantly less opportunity to recycle within
Equestria compared to recyclers (p < 0.001). Thus, the perceived ability to recycle (or lack thereof) appears
to be the only factor in terms of the TPB foremost effecting household recycling behaviour in Equestria, at
least with regard to whether households have recycled paper, glass, metal or plastic in the past three
months or not.

4.2 Possible Interventions to Increase Household Participation in Recycling

The questionnaire concluded with five-point Likert scales that asked households about the extent to which
four possible interventions may cause them to recycle more or not, with ‘1’ being ‘not at all’ and ‘5’ being ‘to
a large extent’. The possible interventions included:

#1 Provision of facilities for recycling as part of the kitchen layout (e.g., space for additional refuse
bins);

#2 Provision of facilities for recycling as part of the backyard (e.g., space for containers or additional
wheelie-bins);

#3 Provision of a system whereby the body corporate/resident association arranges access for a
recycling company to collect recyclables from collection points inside the complex/estate; and

#4 Provision of a system whereby the body corporate/resident association arranges access for a

recycling company to collect recyclables from the kerbside (sidewalk) inside the complex/estate.

Table 4 shows mean ratings for each intervention for both recyclers and non-recyclers, coupled with T-test
results for group differences.
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Table 4 Group differences regarding interventions

Intervention Group N Mean SD t-statistic p-value

Recyclers 90 3.644 1.501

#1 Non- 195 3.313 1.566 1.710 089
recyclers
Combined 285 3.418 1.551
Recyclers 91 3.791 1.442

#2 Non- 194 3.397 1.541 2.105 037+
recyclers
Combined 285 3.523 1.519
Recyclers 89 4.045 1.278

#3 Non- 193 3.782 1.359 1.571 118
recyclers
Combined 282 3.865 1.338
Recyclers 87 4.046 1.284

#4 Non- 192 3.698 1.339 2.069 .040*
recyclers
Combined 279 3.806 1.330

Note: *Significant at the .05 level. (Equal variances not assumed.)

Each possible intervention is likely to cause households overall to recycle more, albeit to some extent only,
considering that all of the combined means fall between ‘3’ and ‘4’ on a five-point scale. However, standard
deviations suggest considerable variation in responses amongst both recyclers and non-recyclers,
suggesting that some households may now start to recycle, or recycle even more than they currently do,
while others may still not recycle at all or recycle anything more than they currently do despite these
interventions. Intervention #3 (providing collection points for recyclables inside the estate) is likely to
increase recycling the most, while, in addition, there were no statistically significant differences in the ratings
for Intervention #3 between recyclers and non-recyclers (p = .118). Intervention #4 (collecting recyclables
from the kerbside (sidewalk) inside the estate) is second most likely to increase recycling, although there
were significant differences in ratings between recyclers and non-recyclers (p = .040), with recyclers
significantly more likely to recycle even more compared to non-recyclers.

Interestingly, Intervention #1 (providing facilities for recycling as part of the kitchen layout) was rated least
likely to increase recycling. Such an intervention may have been expected to increase recycling significantly
as it is ‘closer to home’ compared to the other interventions. However, this result may have two possible
explanations, if not more. On the one hand, households may think that kitchen layouts in townhouses are not
so much the problem, and that recycling may better be served through other means. On the other hand,
households may think that kitchens in townhouses cannot really accommodate any additional facilities, and
that they would rather take recyclables to collection points inside the estate — perhaps even on a daily basis.
Further research is needed to confirm these explanations.

5. Conclusion

This paper examined factors affecting household recycling behaviour in townhouses in Equestria, an
enclosed middle-income residential estate in Pretoria-east. Using the Theory of Planned Behaviour, the
paper examined the relative effect of three factors, including ‘attitude’, ‘subjective norm’, and ‘perceived
behavioural control'. Both recyclers and non-recyclers showed positive attitudes toward recycling and felt
peer-pressure to recycle. Non-recyclers, however, felt significantly less able to recycle. While households
had access to recycling systems outside their estate, there was, in fact, no formal recycling system inside
their estate at the time of the study. Proper planning and design of townhouse complexes to help facilitate
recycling, coupled with the establishment of well-managed and accessible recycling systems, can therefore
significantly increase household participation rates in recycling.

Most recyclers as well as non-recyclers indicated that various different interventions toward increasing
recycling within townhouses may well cause them to recycle more. These include the provision of facilities
for recycling as part of the kitchen layout and backyard, as well as a system whereby recycling companies
collect recyclables from either the kerbside or, more so, from collection points inside the complex. The
stronger preference for collection points is probably due to a number of perceived benefits for households.
Households can drop recyclables at collection points that are within walking distance from their units;
thereby reducing the need to store recycles in kitchens or backyards, or to travel outside their complex to
dispose of recyclables. Limiting recycling companies to collection points make them less of a nuisance or
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security threat to households, while sidewalks are then also kept clean of recyclables. Collection points
rather than kerbside collection are also likely to be more cost effective for recycling companies. Planners and
designers can easily incorporate all of the above interventions in the development of townhouse complexes.
However, much also depends on how well recycling programmes are managed within townhouse complexes,
and how well households are informed to use them.

It should be noted that the findings here are limited to a single residential estate consisting of different
townhouse complexes. Further research is needed into household recycling behaviour in enclosed medium-
density housing types, both in South Africa and abroad. The questionnaire items developed as part of this
study provide a useful basis for such research, while further research can serve to test and refine
questionnaire items.
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Abstract

A strong research environment for Sustainable Integrated Renovation (SIRen) has been established in
Sweden, gathering scientists from the engineering and social sciences and from the real estate management
sector all of which hail from a large number of academic institutions and institutes, together with committed
industry and public actors. The focus of the research conducted within SIRen has been on the complexities
of the renovation of existing buildings and the redevelopment of urban areas, along with the issues involved
in conforming to objectives for reduced climate change, altered demographics, and democracy in planning,
which are among the most important challenges for contemporary society to be handled within the economic
context of construction, without the aid of national subsidies. The approach has been inter- and
transdisciplinary, with a solid basis in disciplinary research. Contemporary practices which fail to integrate
societal objectives with environmental protection have been challenged, and research which supports the
sector’s ability to deliver increasing sustainability has been produced. The research has integrated technical,
environmental, economic, architectural, and cultural issues in renovation, taking the social dimension as its
starting point, and focused on multi-value approaches and multi-stakeholder involvement. Specific results
achieved so far are: a resource bank of up-to-date knowledge; models for integrated sustainable renovation
including specific methods and tools; Living Labs and demonstrations; a platform for a Triple Helix dialogue
to support sustainable renovation; a basis for developing education in the field. The results are intended to
maximise the probability of the replication of models and methods, and to trigger large-scale market uptake,
targeting similar blocks, buildings, and districts in Sweden or Europe in need of renovation.

1. Introduction

Sweden, like many other nations, faces a large-scale and urgent need for the renovation of post-war building
stocks which have reached the end of their technical service lives. To ensure quality and effectiveness from
different perspectives — environmental, economic, and social — and to enhance the professional quality of
renovation processes, a concretisation of models for integrated sustainable renovation and development is
needed. Sustainability in the built environment calls for the coordination of a variety of actors and processes
of interaction and negotiation, as well as institutional changes. Discrepancies between stakeholders, as well
as diverse and sometimes contradictory discourses, agendas, and interests, can create communicative
barriers and have been identified as some of the most significant obstacles to the realisation of sustainable
practice (Hakkinen & Belloni, 2011).

Sustainable Integrated Renovation (SIRen) is a recently established research environment which has
gathered scientists from the engineering and social sciences and from the real estate management sector all
of which hail from a large number of academic institutions and institutes in Sweden, together with committed
industry and public actors. SIRen focuses on the complexities of the renovation of existing buildings and the
redevelopment of urban areas, along with the issues involved in conforming to objectives for reduced climate
change, altered demographics, and democracy in planning, which are among the most important challenges
for contemporary society to be handled within the economic context of construction, without the aid of
national subsidies. The approach is inter- and transdisciplinary, with a solid basis in disciplinary research.
Contemporary practices which fail to integrate societal objectives with environmental protection have been
challenged, and the aim has been to produce research which supports the sector’'s ability to deliver
increasing sustainability.

The research integrates technical, environmental, economic, architectural, and cultural issues in renovation,
taking the social dimension as its starting point, and focuses on multi-value approaches and multi-
stakeholder involvement. Within SIRen, knowledge is gathered and methodologies for sustainable and
integrated renovation are developed and implemented, with the aim of changing national renovation practice
and strengthening the international competitiveness of Swedish renovation practice and research. This is
realised by the following activities:

e Establishing a knowledge base
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e Documenting and analysing earlier and on-going cases of renovation

o Testing and accelerating the diffusion of innovation through demonstrations and Living Labs
e Developing models, methods, and tools for integrated and sustainable renovation

o Communication, dialogue, and dissemination of results

The research environment functions in collaboration with the National Centre for Renovation at Lund
University, and forms a foundation for the development of additional research, further innovation, and
attracting new funding. The impetus to start a strong research environment came from a group of
researchers from different disciplines and with different backgrounds and experience. More researchers
were invited to participate in a core steering group, and others were invited to join a resource pool of experts.
In November 2013, the research environment was granted 2.5 million Euro to be received over the course of
five years, by the Swedish Research Council, on the condition that the Swedish construction industry took
part and contributed in the form of in-kind resources corresponding to an equal amount of money. During
2014, a great deal of effort was made to convince the industry to write contracts and join the research
environment.

At present, SIRen consist of 11 researchers in a core and steering group, and an additional 16-20
researchers in the expert pool, all of whom contribute to the work. The participants belong to: Lund
University, Chalmers University of Technology, The Royal Institute of Technology, Lulea University, SP
Technical Research Institute of Sweden, Umea University, University of Dalarna, Gotland University, and
Malmé University. Most of the researchers belong to the fields of engineering and architecture, but some
come from real estate management, and social sciences related to construction.

By May 2014, no less than 27 companies and organisations had joined the initiative:

e Four municipal housing owners, of which one is a parent organisation for all of the municipal housing
in Gothenburg, together owning and managing over 100,000 apartments.

e Three large nationally and internationally active contractors (Skanska, NCC, and PEAB).

o Eight consultancies: Two large technical consultancies; one large architectural consultancy and one
small; one consultancy in the built environment, one specialising in renovation, and one in post-war
housing stock; a small design consultancy.

e Three suppliers: One of solutions for fagades, one of ventilation systems, and one of bath and
kitchen renovation concepts.

e Sector organisations: The Swedish Client Construction Forum, The Construction Industry's
Organisation for R&D, The Sector Organisation for Ventilation and Plumbing Companies, and the
Swedish Tenant’s Association.

e Municipal agencies: The City of Malmd, The Energy Agency of Skane, The City Museum in
Gothenburg, and Region Vastra Gétaland (division for heritage) as well as one governmental
agency; The National Board of Housing, Building and Planning.

2. Literature review

The refurbishment of existing buildings is a top priority in order to reach climate goals. In 2011, the Building
Performance Institute Europe, (BPIE) emphasised the critical role of refurbishment in relation to various
pathways to achieving the 2020 decarbonisation goals (Europe's Buildings under the Microscope, 2011). To
reach the 2050 target, renovation must be doubled or tripled as compared to the current situation. Sweden,
like many other nations in Europe, faces a large-scale and urgent need for the renovation of post-war
building stocks which have reached the end of their technical, economic, and service lives. The government
and the building sector, however, are not prepared for these challenges. There is no policy with which to
tackle both the housing shortage and affordability, at the same time as regulations push for reduced energy
use. In the building sector, knowledge in renovation is highly fragmented and difficult to access for
professionals, and the production of new constructions is normative. The training programmes of engineers,
architects, and construction workers often focus on new construction, and there is also an identified lack of
manpower. Furthermore, new competences are needed in order to handle the complexity of the renovation
process, particularly with regard to social aspects. The pragmatic reality of the market, political visions and
objectives, municipal and private services, and the needs of inhabitants and citizens must be reconciled so
as to create socially, environmentally, and economically sustainable built environments. A short-term and
reductionist view which favours low costs and efficiency could lead to devastating and irrevocable losses to
existing and functioning social values and architectural/cultural-historical qualities. The SIRen research
environment has focused on the five research areas described below.

2.1 Dynamics of Property Management and the Role of the Client

In this area, the participants in the SIRen research environment research the renovation process from
technical and economic perspectives, along with social framing. Few scholarly papers have focused on
renovation and its specific challenges in relation to sustainability (Thuvander et al., 2012). As compared to
new constructions, renovation is a process which is framed by uncertainties and risks. In recent decades,
renovation and energy efficiency has been neglected and not prioritised due to low energy prices. Existing
methods for facility and property management do not reflect the complexity of reality. Current practices are
reactive rather than proactive, and knowledge of the long-term effects of renovation and maintenance
strategies is lacking. The changing role of the client in delivering integrated renovation is also studied. A
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primary challenge for integrated renovation is the necessity for the client to manage the broader involvement
of stakeholders representing different interests and other influential or powerful groups such as local
authorities, residents, the local community, the property owner, etc. The role of the client should be
expanded to include the users, so as to address the complex settings of current construction (Newcombe,
2003).

2.2 Integrated Holistic Design and Effective Renovation Process

In renovation, it is necessary to analyse the building as a whole, factoring in users, managers, technical
systems, cultural aspects, and economics (Thuvander et al., 2013). This relates to not only the choice of
technologies, but also to renovation methods, design, and socio-economic issues. The design phase affects
the whole value chain. Energy-saving should be a natural factor to consider when prioritising different
renovation actions. It is rare for renovation to be preceded by necessary analysis. At the same time, there
exist methodologies that analyse energy optimisation with respect to profitability, life-cycle assessment, life-
cycle cost, and indoor environment (Ostermeyer et al., 2013). Furthermore, renovation is not without its risks.
Even simple actions can alter the building function, affect moisture balances, cause comfort concerns, and
affect aesthetic qualities (Fink et al., 2015). Another area is energy equipment and systems, with a focus on
advanced heating and cooling as well as domestic hot water solutions. Technique is evaluated, but there is a
need to integrate results into a holistic design. A multi-scale, cross-disciplinary approach fostering
interactions between actors needs to be set up. A validated cross-disciplinary “design for affordable
sustainability” framework may support refurbished construction projects, according to the EeB PPP Multi-
annual Roadmap (European Commission, 2010).

2.3 Economic Challenges Concerning Renovation

Economic challenges are related to the contemporary practice of calculating profitability and the incentive
structure for sustainable and energy-efficient renovation, and to the overcoming of an energy-efficiency gap
if one exists. The design of policy tools in relation to decision-making is an identified research question,
based on knowledge of how decisions are made and on what basis they are taken (Hogberg, 2011). Other
important questions relate to the timing of decisions; for example, the question of when certain renovation
and energy savings measures should be applied in order to reduce economic burdens during a specific
period.

2.4 Citizen/Tenant Empowerment and Democratic Decision-Making

In recent years, the importance of the social dimension as relates to realising sustainability goals has been
emphasised. Contemporary housing renovation lacks a relevant discussion related to affordability, the
housing shortage, and social stability and cohesion in housing areas, resulting in social exclusion and
gentrification. Dissatisfaction with traditional approaches has led to an interest in involving citizens in design
and planning. Social inclusion issues closely relate to ‘empowerment — a process in which
inhabitants/tenants gain knowledge and skills and so play a meaningful role in decision-making, with the
purpose of improving the environment and thus becoming producers, rather than mere consumers, of the
urban environment. Improving a dialogue to the point of empowerment, however, requires more than simple
tool development, and requires systematic changes to e.g. planning offices and housing companies, which
entails the need to include such institutions as knowledge producers in research processes (Fung, 2006).

2.5 Innovation and Learning

One common problem in construction relates to good practices not being adopted on a broad scale; another
to the fact that broader visions for sustainability are seldom a goal in renovation. In order to support the
implementation of integrated sustainable renovation, there is a need to understand the building sector in
relation to innovation. Learning and innovation should be understood with respect to social and cultural
perspectives (Harty, 2005) and organisational capabilities (Davies & Brady, 2000). There is a need to rethink
the roles of all actors, from the management down to the level of construction workers. New construction is
normative in both the industry at present and in the training of new professionals; thus, changes to training
and education which emphasise learning and collaboration are of great importance.

3. Research Methodology

The SIRen research environment includes disciplinary and interdisciplinary knowledge-building, which
function as important complements to transdisciplinary research. In traditional academic research,
knowledge is often fragmented in its relation to theory and practice, whereas in action-oriented,
transdisciplinary research approaches, the aim is often to link research and practice and create new theory,
tools, and practices. A transdisciplinary approach implies joint knowledge production, in which all involved
actors are considered to be producers, carriers, and users of knowledge (Carew & Wickson, 2010).
Implementation has therefore been an integral part of the research process. Connected to the project are
PhD, as well as master’s degree, students, who have facilitated the spread of knowledge to the academic
sector.

The research methodology has involved openly discussing the approach and/or the research design, data
collection, and data analysis to be adapted in the research. One of the most important issues has been the
choosing of the most appropriate of a range of possibilities, as well as discussing the appropriateness of the
selected methodology. This has been an opportunity for the authors to demonstrate their awareness and
understanding of the research tools commonly used in their field, and of how this knowledge is used to
inform them in constructing a robust methodology with which to tackle the research problems and questions.
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Even if there has been a focus on residential buildings, other building types, such as schools, are included in
the project. The work has been carried out across five parallel work packages (WP), which are interlinked by
the five research focus areas (RA) (Figure 1).

WP1 WP2 WP3 WP4 WP5
Creating a Analysing Demonstra- Developing | /Communication
knowledge renovation tions and models, tools, and

base cases Living Labs and methods dissemination

RAL. Dynamics of property management and the role of the client

RA2. Integrated holistic design and effective renovation process

RA3. Economic challenges related to renovation

RA4. Citizen/tenant empowerment and democratic decision-making
RA5. Innovation and learning

Figure 1  The connections between the five research areas (RA) and five work packages (WP).
4. Findings and Discussion

4.1 Creating a Knowledge Base

Results from earlier research have been collected, evaluated, and structured through the mapping of on-
going and recently concluded research projects among the members of the research environment and other
actors. Furthermore, a series of easily accessible booklets, each summarising the existing knowledge in a
specific field which is of relevance to all actors who deal with renovation, have been produced on various
themes. These include the financial or social aspects of renovation, rent control, the renovation of bath
rooms the history of housing renovation in Sweden, and results from earlier renovation strategies, as well as
a report on existing regulations concerning the technical aspects of renovation, how they are interpreted and
implemented, and their effect on cost, environment, social sustainability, etc. Research has also focused on
the role of the architect and the contribution of architectural strategies to sustainable and integrated
renovation (Femenias & Thuvander, 2015).

A compilation of information and evaluation of results from previous renovation projects has been made in
order to identify knowledge and information gaps so as to ensure the quality of data. One example is a
synthesis of studies on renovation profitability (Farsater et al., 2015), and another is a literature review on
the renovation of multi-family houses built in Sweden between 1950 and 1975, focusing on experiences and
results (Femenias, 2015).

The mapping of the state of existing building stock in Sweden, consideration of the future needs for
renovation, and identification of knowledge gaps through surveys, interviews, literature reviews, statistics,
and international data has recently started and will be based on national building stock statistics collected by
Statistics Sweden, Lantmateriet (the Swedish Mapping, Cadastral and Land Registration Authority) the
Swedish Energy Agency, and the National Board of Housing, Building and Planning. The data will be used
as input in urban strategy models.

4.2 Analysing Renovation Cases

In one study, information regarding concluded renovation projects has been collected and analysed. The aim
was to gather, evaluate, and structure existing information, results, and experiences from real renovation
projects in cooperation with industry and networks which coordinate efforts to facilitate e.g. energy-efficient
renovation, etc.

Another study collected quality-assured data from real renovation projects. The research questions focused
on what data is required to successfully conclude the follow-up stage and the evaluation and comparison of
completed renovation projects, as well as how lack of documentation can influence the renovation process
and final results. The data collection was based on questionnaires and interviews with project managers
involved in concluded renovation projects in Sweden.

Another study analysed the renovation of an office building which was designed and constructed in the
1960s as the head office for one of the main newspapers in Sweden, and was subsequently transformed into
an energy-efficient, environmentally-adapted, open office building for the consulting company Sweco. The
objective was to perform research on further building system technologies, construction solutions, and
potential additional improvements to the thermal performance of the building envelope. This was achieved
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through meetings with designers and engineers, the evaluation and processing of collected information, a
literature review of possible solutions, an IDA-ICE-based parametric study, and analysis and comparison of
results. The results consisted of a comprehensive analysis of the renovation of the Sweco office and an
overview of potential alternative high-performance energy systems and building service solutions which
would make use of innovative and cost-efficient technologies available on the market.

4.3 Demonstrations and Living Labs

No less than four so-called ‘Living Labs’ were established and studied, in which new methods and tools were
implemented in the renovation process and stakeholders were involved in order to achieve a more
sustainable and integrated renovation. The Living Labs are located in Hammarkullen and at Siriusgatan in
Gothenburg, at the Ulriksberg School in Vaxj6, and the Tjarna Angar residential area in Borlénge.

The first Living Lab is still on-going, and is being carried out in the suburb of Hammarkullen in Gothenburg —
see Figure 2 (Stenberg & Fryk, 2015). This Lab is focused on sustainable property management and
maintenance” and how this may affect renovation requirements. It aims to (a) develop methods for the
integration of knowledge from the tenants early in the process; (b) discuss with all actors what different
lifestyles imply in the context of sustainable renovation; and (c) find forms of participation for tenants in the
decision-making process during renovation. Thus, ambitions are high concerning the sharing of power.
However — for better or worse — no actual renovation process is taking place, as it was felt that, without the
stress involved in a real renovation process for all parties, it would be possible to focus on the learning
process. To emphasise these priorities, the project was labelled ‘Learning Lab Hammarkullen’. The involved
actors are Bostadsbolaget (municipal housing company), D Carnegie & Co/Graflunds/Real Holding (private
housing companies), the Swedish Union of Tenants, SP Technical Research Institute of Sweden, Chalmers
University of Technology, the Faculty of Engineering at Lund University, Gothenburg University, Stamfast,
and Rotpartner (the last two being private companies for renovation and financing). The actors meet on a
regular basis for planning and implementation of the project, and also collaborate closely with university
students who, in dialogue with tenants, contribute in an organised manner with work. The challenge is how
to organise the common learning process: How can it be formed so as to allow the participants to act on
local community reactions and responses in a manner that integrates produced knowledge from all actors,
and use it to form proposed new renovation strategies? In August 2015, 65 people in the area were
interviewed; 18 were tenants living in buildings owned by a private housing company, 25 lived in
municipality-owned apartments, and 22 were interviewed as they passed through the square in
Hammarkullen. The comments from the interviews conducted in the apartments dealt with overcrowded
apartments, the need to upgrade the bathrooms and balconies, and feelings of lack of security and problems
with dirt in staircases and laundry rooms; the comments from the interviews conducted at the square dealt
with feelings of lack of security and littering in playgrounds, car parks, and other common areas. 25 people
were interested in becoming involved and contributing to the process of improving sustainable property
management and maintenance.

Housing in Hammarkullen. Photo: Albin Holmgren

Figure 2  The on-going Living Lab Hammarkullen in Gothenburg.

The second Living Lab is the Ulriksberg School in Vaxjd, which was built in 1950 and is now (as of 2015) in
need of adaption so as to meet current and future living requirements. The project is in an early decision
phase in which all possible solutions, from varying degrees of renovation of the existing building to the
demolishing of the building and construction of a new one, are equally possible. A plan has been made on
the municipal level relating to the demands of space and localities, which will serve as a foundation for
forthcoming briefs and design documents. Until the time of writing, the study has consisted of meetings
between researchers, the owner, and a representative for the municipality who is also a tenant with the aim
of designing the research project; in Autumn 2015, however, a study of the preliminary decision-making
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processes will begin, together with an evaluation of the method and tools to be used to analyse the
sustainability of the building.

The third Living Lab is the Tjarna Angar residential area in Borlange, situated in mid-Sweden, Figure 3. A
large part of the study will focus on measures for comfort improvement. In addition, an evaluation will be
conducted of the housing organisation's role and actions as relates to the owner's participation and
incentives for implementation. A 36-apartment building has been selected as the research subject, and the
renovation measures will be implemented and the goals evaluated before 2017.

Figure 3 The Living Lab in Tjarna Angar, Borlange.

The fourth Living Lab is Siriusgatan, a residential area which is owned by the public housing company
Familjebostader, in Gothenburg. Here, there are great challenges, as there is a great demand for the
technical renovation of the suburban housing stock but a conflicting need to keep rents low, rather than raise
them. The plan is to densify the area in order to meet the demands of a more varied housing provision in
terms of size, form, and tenure, and find creative methods of upgrading the existing stock. Siriusgatan will be
used as a Living Lab for implementing the methodology for sustainable and integrated renovation developed
within SIRen. An internship position has been tasked with examining social values and, later, a master’s
student and a PhD student will focus on enduser/tenant demand, etc.

4.4 Developing Models, Tools, and Methodologies

A structure of models, methods, and tools such as existing useful templates/checklists (practical methods) is
to be set up and distributed so as to make the constituents available and well-known to the renovation sector.
Following this, it will be possible to identify the gaps and new tools required to facilitate the inclusion of

actors of different backgrounds in the renovation process. The intention is to organise the models, methods,
and tools into a scheme, following the renovation process with tools intended for different

stakeholders/actors in a manner analogous to former methodologies, e.g. the industry standard ByggaF,
which focuses on moisture safety design in the building process, etc. (Fuktcentrum, 2013).

Work is on-going to gather information and create tentative models for an enhanced renovation process,
building on earlier work in the field (Thuvander et al., 2011; Mjérnell et al., 2014). One area that is in need of
further study relates to how to handle existing architectural and cultural-historical values in the renovation, as
well as with respect to more everyday functional architecture. Researchers within the disciplines of
architecture and heritage engage in developing definitions and assessment methods, as well as simplified
methods for the integration of architectural and heritage values in guidelines, tools, and integrated methods
for sustainable renovation.

4.5 Communication and Dissemination

One of the earliest research results yielded by the SIRen environment was two debate articles, the first
undersigned by 11 professors and assistant professors (Dalenbéack et al., 2014) and the second undersigned
by no less than 11 of the involved researchers and actors from the industry (Muld et al., 2015). A number of
events and seminars have been arranged, including breakfast meetings, the annual renovation day, which is
arranged by the national renovation centre and which gathers together all of the stakeholders in the
renovation sector, seminars focusing on specific aspects such as the social, economic, or technical aspects
of renovation, contributions to national and international conferences, and other events, such as exhibitions
and fairs. Representatives of SIRen also had the opportunity to meet the Minister for Housing, Urban
Development and Information Technology and his State Secretary and discuss challenges, possibilities, and
positive examples of large-scale renovation, as well as to present work performed in the research
environment.
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Additionally, a number of papers have been published and presented at international conferences (Mjérnell
et al., 2014). A series of papers are to be written and published within the strong research environment, the
first two entitled “Economic aspects of renovations of housing” and “Do the rental rules lead to the right
renovations, analysis and proposals?”, authored by Hans Lind of KTH, and two others have already been
published (Lind, 2014; 2015). These are the first in a series of reports which take the construction industry as
a target group, and which summarise the state of knowledge in different areas related to sustainable
renovation.

Courses in the field of renovation will be arranged for master’s and PhD students, as well as training courses
for actors active in the renovation sector. A website has been set up to disseminate the results and
information generated by the project. http://www.renoveringscentrum.lth.se/siren/

5. Conclusions and Further Research

The strengths of the SIRen research environment are the broad interdisciplinary setting, which gathers
together a large number of researchers and forms of expertise in Sweden, and strong industry commitment,
as well as the large network which connects all parties. The setting provides an established platform for
complementary research and answering calls for proposals from national and European funders. Workshops
and seminars have so far resulted in personal connections which support informal knowledge exchange and
form a basis for spin-off activities. The involvement of the industry enhances the relevance and usability of
research, and will support up-take in the sector. The presence of representatives of municipalities and
governmental agencies will potentially decrease the gap between practice, research, and policy-making.

There are also a number of challenges for the research environment. While its broad level of participation is
a strength, this also leads to issues regarding coordination, administration, and work ethics. The need for the
establishing of a series of ethics to govern the sharing of knowledge and ideas, along with collaboration in
publications, has been highlighted, and guidelines for behaviour as relates to research have been presented
on several occasions. The involvement of both academia and the industry presents challenges regarding
reporting, which means that outcomes need to be adapted both to scientific publications and to industry-
relevant reports and innovation support.

Further, the broad distribution of resources among institutions reflects the inter- and transdisciplinary
approaches, but further findings will be needed for more in-depth studies to be conducted. At present, the
SIRen research environment focuses mainly on post-war housing stock, which is a reflection of
contemporary societal challenges but also the potentially limited skillsets of researchers and participating
property owners who represent housing owners. This has been brought forward as a limitation by some
industry partners. A broadening of the scope will be solved mainly by additional projects and funding in the
future.

In action-oriented research projects, such as investigations based on Learning Labs, it is not a huge leap to
organise common learning processes to facilitate analysis and theorising. This phase is perhaps the one in
which it is of the greatest importance to transfer power from those actors with the most, to those with the
least. Such an approach, however, puts high demands on the design of the learning process, as tenants,
employees in housing companies, and academics have very different prerequisites as regards their
exercising of power, and so the design of the process must be able to handle these inequalities. Ultimately,
such an approach could open up for a Learning Lab which creates cultures of capacity-building, where
tenants’ everyday lives and difficulties are at the heart of the learning process. The tenants of both
Hammarkullen and Siriusgatan have their roots in many countries, and often retain strong connections, in
the form of relatives and friends, to these countries. What can they, with their many different experiences of
housing and renovation, contribute with in a learning process focusing on sustainable renovation in Sweden?
Such interest from authorities and estate owners, not only in terms of joint knowledge production relating to
housing, but also to a changed balance of power for inhabitants, would radically change procedures and
require entirely new skills and competences from experts and from inhabitants. These are modes of
behaviour which must be developed.
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Abstract

The Guidelines for Human Settlement Planning and Design, commonly known as the Red Book, is a South
African publication aimed at providing practical guidance to built environment professionals in support of the
creation of sustainable and vibrant human settlements. The most recent set of guidelines, published in 2000,
are currently in the process of being updated and revised. This revision has been necessitated by a range of
factors, including the need to align the guidelines with recent policies and strategies and with current thinking
regarding sustainable and resilient human settlements. Also, socio-political changes and global challenges,
especially climate change and its impact on the built environment, need to be acknowledged, while new
technological innovation in materials and processes should be incorporated. This paper presents the
background to the current Red Book, including its nature, purpose and how it is being applied. The reasons
why a revision of the guidelines is required are described, and the process and method to be followed in
updating and revising the Red Book presented. This is followed by a discussion of the progress made with
this initiative and a summary of preliminary findings, including those related to possible enhancements to
existing content, new themes that may have to be addressed and potential structuring elements. The paper
concludes with an outline of the remaining components of this process to revise and update the Red Book.

1. Introduction

Throughout history, settlements have been shaped by the most powerful forces of the time, and today’s
settlements are no exception (Madanipour, 2006). A number of significant local and global transitions have
started to unfold simultaneously in recent years, among them environmental, economic, urban, demographic
and socio-political (UN-Habitat, 2014). The various emerging global and local issues need to be addressed
in the planning and design of settlements. These include climate change adaptation, infrastructure planning,
planning for informality, settlement economies and land markets, and issues of spatial justice.

Climate change has emerged as a major global threat to both the planet and to people. Settlements, with
their high concentration of people, are exposed to the impacts of climate change and are vulnerable to
disaster risks, with informal settlements being particularly vulnerable. Climate change impacts on all aspects
of human settlement planning and design, urging planning professionals to specifically change their
approach to the provision of infrastructure and the use of resources within settlements (Van Niekerk, 2013).
But settlements, as incubators of innovation, can also serve as a space where new climate friendly and
resilient building technologies can be developed and replicated, thereby playing an important role in the
mitigation of and adaptation to climate change (Hamin et al., 2009).

The last decade has seen many social, economic and environmental changes across the globe. In response
to this there has been a move towards approaches aimed at the creation of sustainable human settlements.
With the international development agenda emphasising settlement principles of integration, inclusivity,
resilience and sustainability, it has been largely accepted by state institutions and built environment
practitioners that similar principles be applied to the South African context.

In addition to the global challenges and emerging issues mentioned above, South Africa also has to address
a number of context specific issues with respect to the country’s cities and towns. Since the first democratic
elections held in 1994, these issues have regularly been highlighted. For instance, in the Comprehensive
Plan for the Development of Sustainable Human Settlements (Department of Housing, 2004), commonly
referred to as Breaking New Ground (BNG), the following is stated:

“After the 1994 elections, Government committed itself to developing more liveable, equitable and
sustainable cities. Key elements of this framework included pursuing a more compact urban form,
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facilitating higher densities, mixed land use development, and integrating land use and public
transport planning, so as to ensure more diverse and responsive environments whilst reducing
travelling distances. Despite all these well-intended measures, the inequalities and inefficiencies of
the apartheid space economy, have lingered on.”

The reasons for this, according to BNG, include the “...lack of integration between housing delivery and land
use, transportation and bulk municipal infrastructure investment planning has meant that the existing spatial
fabric has shown little change. Housing for low-income urban dwellers is still provided on the periphery and
very limited delivery has taken place in rural areas” (Department of Housing, 2004).

In 2011, similar concerns are again described in the National Development Plan 2030 (NDP) (National
Planning Commission, 2011):

“A great deal of progress has been made since 1994, but South Africa is far from achieving the
Reconstruction and Development Programme (RDP) goals of ‘breaking down apartheid geography
through land reform, more compact cities, decent public transport and the development of
industries and services that use local resources and/or meet local needs’. Despite reforms to the
planning system, colonial and apartheid legacies still structure space across different scales.”

Numerous documents have been developed since 1994 in support of the transformation of the South African
urban landscape, including the Guidelines for Human Settlement Planning and Design, commonly known as
the Red Book. Sharing a “...mutual concern for the quality of the built environment and the country’s natural
resources, as well as a common recognition of the role that human settlement planning and the provision of
engineering services plays in its protection or destruction...”(CSIR, 2000), several government departments,
under the auspices of the (then) Department of Housing, commissioned the CSIR to take responsibility for
the development of the Red Book. This document was published in 2000. Since then, substantial shifts in
priorities, values and the understanding of human settlements have occurred globally as well as in South
Africa, and the national Department of Human Settlements has again contracted the CSIR, as the custodian
of the Red Book, to update and revise the document. The process commenced in March 2015 and will be
completed towards the end of 2017.

This paper describes the planned initiative to update and revise the current Red Book and, this being an
ongoing project, discusses the progress made to date. It commences with a brief background to the current
Red Book. The reasons why a revision of the guidelines is required are described and the process and
method to be followed in updating and revising the Red Book presented. This is followed by a discussion of
the progress made with this initiative and a summary of preliminary findings, including those related to
possible enhancements to existing content, new themes that may have to be addressed and potential
structuring elements. The paper concludes with an outline of the remaining components of this process to
revise and update the Red Book.

2. The Need to Revise the Guidelines for Human Settlement Planning and Design

2.1 Background

The current Red Book represents the latest in a series of guideline documents that have played a significant
role in the development of South African residential townships. These documents were originally developed
in recognition of the fact that the cost of providing engineering services forms a significant component of the
overall cost of housing. As such, they were essentially aimed at optimising the provision of engineering
services by ensuring that they are of sound quality and also acceptable (both financially and technologically)
to the recipient communities (CSIR, 2000). The effect of layout planning on the cost of providing engineering
services became increasingly evident, and the guidelines evolved over time to acknowledge this reality. The
first set of guidelines, the Guidelines for the Provision of Engineering Services in Residential Townships
(Blue Book) was published in 1983. It was followed by the publication of Towards Guidelines for Services
and Amenities in Developing Communities (Green Book) in 1988. In 1994 the first Red Book, entitled
Guidelines for the Provision of Engineering Services and Amenities in Residential Township Development,
was published.

Subsequent to the publication of the first Red Book in 1994, South Africa experienced significant political and
societal changes and it soon became evident that these guidelines “...have a number of shortcomings which
restricted its usefulness in the drive to produce sustainable and vibrant human settlements, as opposed to
mere serviced townships” (CSIR, 2000). This led to the publication of the current Red Book in 2000.

2.2 The Current Version of the Red Book

The intention and purpose of the Red Book published in 2000 is summarised as follows in the document
itself (CSIR, 2000):

“The intention of the new Red Book is to provide performance-based guidelines for informed
decision making. The purpose is essentially to indicate the qualities that should be sought in South
African settlements, and to provide practical guidance on how these qualities can be achieved.”

The Red Book is primarily aimed at the various built environment professional and others responsible for
planning and designing human settlements, in particular engineers (civil, transportation, electrical etc.), town
and regional planners, urban designers, architects, landscape architects, and energy specialists. It is aimed
at practitioners and decision makers from both the private and public sectors.

The Red Book contains a set of guidelines rather than standards or regulations. It provides guidance on
appropriate practices and technologies and it does not replace the need for professional experience and
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judgement. The guidelines are also not legally enforceable. Furthermore, the Red Book is intended to
supplement guidelines developed by national and provincial government departments, statutory bodies and
local authorities.

The guidelines are focused on residential areas and associated developments and are specifically
concerned with ‘local’ services and planning issues. Bulk services and amenities (for instance main water
supply pipelines, outfall sewers, treatment works, landfills, freeways, etc.) are not addressed.

The document is divided into two volumes. The first volume introduces a guiding philosophical framework for
settlement making and the spatial and structural principles that support it, with chapters that provide
guidelines on planning and urban design aspects such as movement networks, transport systems, open
spaces, public facilities and land subdivision. Cross-cutting issues that are applicable to both planning and
engineering, such as environmental design for safer communities, ecologically sound urban development;
and fire safety are also addressed in this volume. The second volume contains guidelines that outline
technical engineering requirements, engineering principles and technology choices that should be
considered for the provision of various engineering services. These guidelines are informed by the planning
and urban design principles in volume one, and they pertain to stormwater management, roads, water
supply, sanitation, solid waste management and energy (CSIR, 2000).

2.3 Motivation for Updating and Revising the Red Book
In essence, a revision of the Red Book is required in order to:

o Reflect society’s altering values and give guidance on local responses to global challenges, especially
climate change and its relation to the built environment;

¢ Bring the theoretical approach to settlement-making in line with current thinking as reflected in the latest
research and in various policies and strategies developed by government since 2000; and

e Update the planning and design guidelines with the latest technical information, standards and costs and
incorporate the most recent technological advances in processes and materials.

2.3.1 A changing context

There are growing arguments internationally for linking spatial planning and infrastructure, with roads and
transport infrastructure being the most important in shaping the form of urban areas for they influence land
values and accessibility. “Spatially efficient investment choices in both economic and basic infrastructure
spending can make a significant impact on the equity, efficiency and sustainability of human settlements”
(Coetzee et al., 2014). There are many arguments for the inclusion of ‘green infrastructure’, which preserves
land for agriculture, environmental purposes, and open space. Important in this debate is infrastructure that
promotes sustainability, for example informal settlement upgrading, improving urban safety and redeveloping
land (Todes, 2011).

The South African spatial context has changed substantially during the last 15 years. New spatial forms and
processes impact on social and economic behaviour. “Most South African cities have experienced some
degree of spatial deconcentration and dispersal of formal economic activity over the last two decades”
(Sinclair-Smith & Turok, 2012). The resulting spatial form is in many places no longer arranged monocentric,
but increasingly has a multi-centred or polycentric pattern. Alongside other driving forces such as
globalisation, this has resulted in a major shift in the way settlement economies work. For example, city
spaces are increasingly used for income generation, resulting in street vendors becoming one of the most
visible economic actors (Hansen et al., 2014).

The issue of informality is receiving increasingly more attention. Al-Sayyad and Roy (in Watson, 2009) argue
that recent economic trends have given rise to an exploding informality in the cities of the Global South. For
a long time associated with illegality and marginalisation, informality in its many forms (income generation,
settlement and housing, negotiating life in the city) has become a dominant mode of behaviour in our cities
(Watson, 2009). But informality is not only relevant as an urban organising logic (where do things belong?); it
is particularly relevant in understanding wealth distribution (whom do things belong to?) (Roy, 2005).

The critical role of land markets in human settlement development has been emphasised by recent rapid
urbanisation in South Africa. The issue of land and specifically the identification of and investment in
appropriate land for government intervention is a key consideration to local planners (Todes, 2011).

Social and spatial justice in the planning and design of South African settlements is also a growing concern
among planners. The distribution of wealth, opportunity, health, educational attainment, job creation, and
virtually all of the metrics of quality of life are not distributed equally across space (Bromberg et al., 2007),
causing inevitable spatial injustices across the geographic landscape. Spatial justice can be described as the
equal distribution of resources (public goods and services) and the spatial distribution of people such that
there is a balance between who gets what. Furthermore, spatial justice is concerned with equal access to
and distribution of public services such as schools, jobs, health care, transport and other economic
opportunities, and the accessibility of these public services (determined by the freedom of movement and
proximity to services) (Amer, 2007).

2.3.2 Recent government policies and plans for sustainable settlement-making

The theoretical approach and normative framework of the existing Red Book need to be aligned with current
thinking regarding sustainable settlement-making as reflected in various recent government policies, plans
and strategies. Some of the key documents that have contributed significantly to shaping recent thinking
regarding settlement planning and design are briefly discussed below. These are the National Development

137



=l
EF' SASBE SASBE 2015 Proceedings, 9 - 11 December 2015, Pretoria, South Africac

Plan 2030 (NDP) (National Planning Commission, 2011), the draft Integrated Urban Development
Framework (IUDF) (Department of Cooperative Governance and Traditional Affairs, 2014) and the
Comprehensive Plan for the Development of Sustainable Human Settlements, or Breaking New Ground
(BNG) (Department of Housing, 2004).

The National Development Plan 2030 (NDP) provides a long term vision and perspective for the entire
country by defining the desired destination of the country in 2030. It also identifies the roles different sectors
as well as society will have to fulfil to achieve the vision. Chapter 8 of the NDP addresses the transformation
of human settlement and the national space economy, and identifies five overarching principles to guide
spatial development in the country. They are spatial justice, spatial sustainability, spatial resilience, spatial
quality, and spatial efficiency. The Plan argues that planning in South Africa should be guided by this set of
normative principles to create spaces that are liveable, equitable, sustainable, resilient and efficient, and
support economic opportunities and social cohesion. In the chapter an urban vision is introduced and
promotes the establishment of well performing human settlements that are vibrant, diverse, safe and valued
places. The qualities identified to achieve this include densification, affordable housing on well-located land,
retrofitting in support of sustainability, focussing development around transport corridors and nodes, using
public transport to link the urban poor with mainstream city life, in situ upgrading of well-located informal
settlements and increasing the quality design of public spaces (National Planning Commission, 2011).

Following the adoption of the National Development Plan, government, in 2014, developed an urban policy
framework to ensure that urban spaces are well planned and managed. The draft Integrated Urban
Development Framework (IUDF) sets out a policy framework on how the urban system in South Africa can
be reoriented so that cities and towns can become increasingly liveable, inclusive and resource efficient over
the next 20 to 30 years. The IUDF also recognises that urban and rural areas operate on a continuum and
proposes measures to strengthen the rural-urban linkages. To achieve this vision the IUDF identifies four
strategic goals, namely “to ensure people have access to social and economic services, opportunities and
choices, to harness urban dynamism for inclusive, sustainable economic growth and development, to
enhance the capacity of the state and its citizens to work together to achieve social integration, and to forge
new spatial forms in settlements, transport, social and economic areas” (Department of Cooperative
Governance and Traditional Affairs, 2014:9).

The Comprehensive Plan for the Development of Sustainable Human Settlements, or Breaking New Ground
(BNG) was developed by the then Department of Housing in 2004 and represents a shift in emphasis after
1994 from building houses to developing human settlements. The key elements of the plan is to pursue a
more compact urban form, facilitate higher densities and mixed land use development, and integrate land
use and public transport planning, so as to ensure more diverse and responsive environments whilst
reducing travelling distances (Department of Housing, 2004).

The concept Master Spatial Plan for Human Settlements articulates the principles and approaches that are
aligned with those of the Spatial Planning and Land Use Management Act of 2013 (SPLUMA) and Chapter 8
of the NDP. In addition, the plan introduces spatial targeting principles that can be applied at the various
planning levels and include increasing densities through compaction; restructuring and transforming space
through connections; and integrating settlements by providing mixed use environments and choice. It also
proposes short, medium and long term strategic phases in the delivery of human settlements. It is premised
on the creation of a spatial plan for human settlements investment, where state intervention in the residential
property market is seen as one of the catalysts of transformation (Department of Human Settlements, 2014).

The Habitat Il National Report by the Republic of South Africa for the Third United Nations Conference on
Housing and Sustainable Development (Habitat Ill, 2014) promotes a new model of urban development that
is able to integrate all facets of sustainable development to promote equity, welfare and shared prosperity,
by introducing a new Urban Agenda (Habitat lll n.d). The new Urban Agenda includes supporting
urbanisation, integrating equity into the development agenda, fostering national urban planning, supporting
development goals through sustainable urbanisation and aligning institutional arrangements to ensure
effective delivery of the new Urban Agenda (Habitat 11l n.d). The National Report encourages an integrated
approach to human settlement planning which is based on a sustainable livelihoods approach and promotes
higher densities in good locations, universal design, an emphasis on the green economy, and spatial
economic inclusivity. The 17 Sustainable Development Goals adopted by the United Nations General
Assembly are intended to stimulate action over the next fifteen years. The revised Red Book could make a
significant contribution in supporting South Africa with reaching the targets related to the goals.

The shifts in institutional thinking around sustainable settlement planning has largely been focussed around
addressing past imbalances by promoting development that supports equity, justice, integration and
economic growth.

3. Methodology

The project is divided into two phases. The first phase involves a range of assessments aimed at gaining a
thorough understanding of the weaknesses of the current Red Book, the context within which the revised
guidelines will be implemented, the needs of the potential users and the themes or topics to be considered
for inclusion in the new Red Book. The second phase will involve more studies of the themes or topics
identified during phase one and the preparation of the revised guidelines.

The extent and nature of the revision will vary, depending on the theme or topic under review. The content of
some of the existing chapters/themes may require only minor revisions and amendments, while others may
be subject to more intensive enhancements and could require the addition of new information. Entirely new
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sections may also have to be developed containing guidance on issues/themes not previously addressed in
the Red Book (e.g. housing typologies, informality and climate change).

The revisions and updates will be guided by a range of information sources. A series of assessments will be
conducted, including a rapid assessment to determine the key issues to be addressed and a situational
analysis to identify gaps in the current content and to gain an understanding of the context within which the
updated guidelines would have to be implemented. The assessments include various desktop studies to gain
an understanding of international and national trends and the policy environment. This will be supported by a
comprehensive consultation process that includes semi-structured interviews with selected role players,
including officials from relevant government departments and entities, municipal officials and councillors,
academics, researchers and built environment professionals including engineers, urban designers, town and
regional planners, architects and landscape architects. A limited number of case studies may be included to
serve as examples of environments that demonstrate the concepts and principles outlined in the guidelines.

A conceptual framework will be developed to structure the document in a systematic and logical way. Once
the assessments have been completed, specialist teams will take responsibility for the themes and topics
identified for inclusion in the revised document. These teams will be supported by two structures, namely a
Project Steering Committee (PSC) and Thematic Reference Groups (TRGs).

The PSC will provide strategic guidance with respect to the approach to settlement planning, design and
development that the Red Book should be advocating. It will also assist in defining the nature, purpose and
objectives of the revised Red Book, and, based on current and envisaged policy directions, advise the
project team on the philosophy and principles that should underpin settlement planning and design in South
Africa. The PSC will comprise of individuals with appropriate experience representing the DHS and its
entities, key government departments, the CSIR and councils for the various built environment professions.

A number of TRGs will be established to provide practical, domain-specific guidance to the project team.
Separate TRGs will be responsible for the respective themes to be addressed in the Red Book (e.g.
settlement planning and design, housing, energy, stormwater management, roads, water supply, sanitation,
etc.). They will advise the project team on the revisions to be made and the content to be included in the
different sections dealing with each of the themes identified. They will also be responsible for ensuring that
the revised technical content is appropriate and accurate by providing information and input and commenting
on the draft and final versions of the relevant sections prepared by the project team. TRG membership will
consist of an experienced representative of each of the relevant government departments responsible for the
different themes identified, institutes representing relevant built environment professionals and recognised
local or international specialists (e.g. academics, researchers, practitioners) in the field related to each of the
themes identified.

4. Discussion

The initial assessments conducted thus far as part of the first phase have confirmed that a comprehensive
revision and update of the Red Book is indeed required. A rapid assessment indicated that all the chapters in
the current document need to be amended. Some chapters would require fairly minor changes, while others
would need substantial revisions. Furthermore, it emerged that the purpose, nature and scope of the new
Red Book should be clearly defined to ensure that it provides relevant and practical guidance that will result
in noticeable changes in the built environment. The structuring framework and arrangement of the content
need to encourage and facilitate integrated planning and design. The updated Red Book may have to be
less permissive (at least in certain sections) so as to provide more concrete guidance. Tasan-Kok (2008)
calls for ‘guided flexibility’ to make planning more realistic and fair. The dissemination method and packaging
should allow the new Red Book to be accessible to as wide a readership as possible, and an internet-based
version as well as a printed version may have to be produced. The findings of the rapid assessment would
be explored further as the revision process unfolds.

The initial findings of the ongoing situational assessment have proved useful in guiding the revision process.
A range of relevant international and local publications have been accessed, including policy and strategy
documents, regulations, standards, guidelines, toolkits, studies, and research articles. These publications
serve different purposes — for instance, some provide information regarding the latest international thinking
and planning and design approaches to the development of sustainable settlements, others provide local
contextual information, while some will be used as supporting documentation in the new Red Book.

The assessments have resulted in the identification of emerging theoretical constructs in, and approaches to,
settlement planning and design. One of the key issues that emerged relate to climate change. It is clear that
the revised Red Book should aim to address some of the challenges faced by human settlements as a result
of climate change. The National Climate Change Response Policy lists the following challenges related to
settlements in urban settings (Government of the Republic of South Africa, 2011):

e Climate change may exacerbate the problems caused by poor urban management. For example, poor
storm water drainage systems and urban-induced soil erosion result in flash flooding. Increased storm
intensity due to climate change would exacerbate such problems.

o Cities are particularly vulnerable to climate change because they are slow to adapt to changes in the
environment and they have entrenched dependencies on specific delivery mechanisms for critical
services.

e The effective management of the interface between urban residents and their surrounding environment
producing sustainable social-ecological systems needs to the addressed. Similarly the concept of climate
resilience in the context of urban social-ecological systems needs to be further developed.
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e South Africa’s cities still reflect apartheid planning with the poorest communities tending to live far away
from services and employment. Our cities are relatively spread out and these two factors contribute to
increased transport emissions.

o Water demand in urban centres is growing rapidly, placing undue stress on water supply systems.
Investment in waste water treatment works has not remained in line with the growth in demand and use.

¢ Informal settlements are vulnerable to floods and fires, exacerbated by their location in flood- or ponding-
prone areas and on sand dunes; inferior building materials; and inadequate road access for emergency
vehicles.

¢ Cities and dense urban settlements consume large amounts of energy.

According to the strategy, responses that could be considered include the promotion of climate-resilient
urban infrastructure, densification, the use of climate-resilient technologies, water-sensitive urban design and
providing low-income developments with access to affordable lower-carbon public transport systems. The
revised Red Book should incorporate guidelines that focus on vulnerabilities at a neighbourhood level and
could deal with closed loop systems, energy efficiency, resource flows, low carbon infrastructure, green
infrastructure zero emission settlements etc.

Some of the other issues emerging from the situational assessments are briefly discussed below:

The strategic role of urban centres in enabling the necessary conditions for achieving government outcomes
has gained local prominence recently. An urban networks approach is aimed at facilitating the eradication of
spatial inequality to enable the creation of liveable, sustainable, resilient, efficient and integrated human
settlements. The focus of this approach is to shift infrastructure investments towards the creation of efficient
and effective urban centres through an approach of spatial targeting of public investment, primarily
infrastructure. An urban network is then created through a city-wide interconnected hierarchy of strategic
nodes and public transport links between and within nodes.

Transit oriented development recognises the importance of maximising access to public transport. Promoting
mixed land uses and higher densities, such an approach claims to reduce traffic congestion and air pollution.
Approaches such as non-motorised transport also need to be considered. Related to this is the concept of
the compact city, which attempts to concentrate growth and avoid sprawl by advocating walkable
neighbourhoods with mixed land uses and ‘complete streets’ with a range of housing choices and improved
access to public transport.

In recognition of the key role of housing in the creation of sustainable human settlements, the revised Red
Book should provide guidance on issues related to housing typologies. The guidelines could indicate how to
approach and plan for mixed incomes, mixed tenure and mixed typologies. Within the perspective of creating
more resilient settlements, the revised document could provide guidance on the planning for transitional low
income rental accommodation areas and emergency housing. Guidance could also be given on how to
structure investment in housing projects to make them viable ventures.

Guidance could be given to municipalities on strategies to improve the supply of (good) land for housing,
thereby contributing to a functional and accessible property market. Detail on land readjustment and land
value capture approaches as possible funding sources for urban investment could be provided.

The development of townships into more economically and socially sustainable communities has been the
subject of growing interest in South Africa. As a key driver for development, guidance could be given on how
township economies work, with practical examples of how this will inform decision-making. Guidance could
be given on how individual settlements fit into the broader township economy and should provide for on-site
and off-site opportunities for income generation. Planning guidelines could look at planning for economic
activity along main roads including trading spaces for informal traders.

Sometimes referred to as inclusive design, universal design creates buildings and environments that are
accessible to everyone, paying special attention to older people and to people with physical disabilities. By
designing for diversity, universal design makes things safer, easier and more convenient for everyone. Detail
guidelines could be included on the implications of designing for universal access at a neighbourhood level.

Given the changed thinking and the need to adapt settlement development practices to manage, minimise or
adapt to the impacts of climate change and respond to other, often associated, resource pressures such as
water and energy scarcity, there is a need to consider the incorporation of alternative, appropriate
technologies for housing and municipal service delivery. This would require a balance between the
implementation of established practices and new ideas and innovative technologies. The updated guidelines
also need to take into account advances in existing technologies and infrastructure, for instance in the field
of communication.

5. Conclusion

This paper introduced an initiative to update and revise the Guidelines for Human Settlement Planning and
Design (Red Book) published in 2000. This publication was intended to identify the qualities to be strived for
in South African settlements and provide guidance on how these qualities could be achieved. The reasons
why the current version of the Red Book needs to be updated and revised were outlined, particularly the fact
that the international and local understanding of settlement making has evolved significantly and priorities
have shifted, primarily due to challenges brought about by climate change. The method to be employed in
revising and updating the guidelines were discussed, highlighting the focus on thorough assessments aimed
at guiding the nature and structure of the revised guidelines and assisting in identifying potential themes and
topics to be included in the new Red Book. Some of the preliminary key findings of the assessments to date
were summarised, including, amongst others, the need to specifically address issues related to climate
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change, resource efficiency, sustainability, resilience, water sensitive urban design, informality, social and
spatial justice and the role of housing in the creation of sustainable human settlements.

The next phase of this project will involve the finalisation of a structuring framework for the revised Red Book,
agreeing on the themes and topics to be included and writing the new set of guidelines. This will involve
further focussed studies to ensure that the information provided on each of the themes or topics is current
and appropriate for the South African context. It is anticipated that the final publication will be made available
online and in hard copy to ensure that it is accessible to all. The ultimate aim with this new Red Book is to
lead to significant, visible changes in the built environment that would result in vibrant, safe and resource-
efficient settlements that are economically, physically, environmentally and socially integrated.
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Abstract

The Information Age represents an era where conscientious effort is required to ensure our built
environments are responsive to the evolved needs of our knowledge-based societies. The digital revolution
has evolved the concept of ‘form follows function’ forever, since function is no longer bound by physical
parameters. Physical space is supplanted by cyberspace, and our perceived reality is augmented and
digitized to the point where the future of the architect appears in danger of ‘virtual' disappearance. Built
environments can play an active role in enabling knowledge-exchange by recognizing that sustainable
development requires an integrated approach. Architecture represents an industry borne of integration,
serving as among the most inclusive of all disciplines by combining aspects of art, engineering, and
psychology into design process, and converging possibilities towards a final solution. In order to achieve this
suitably, a specific version of sustainable development for the built environment for today’s world is required.
This version recognizes the importance of context and scale of approach, replacing vagueness of concepts
with focused strategy. This provides the basis for a human-centric approach for enabling knowledge-
exchange through ICT integration within the context of a flexible built environment, while responding to real-
world restrictions such as infrastructure, policy, literacy, and the digital divide. In this paper the author will
investigate the changing face of sustainable development, how SD is affected by the requirements of today’s
knowledge societies, and the integration of the shared goals of sustainable development and ICT in the
establishment of an architectural implementation strategy for tomorrow’s built environment.

1. Introduction

This paper aims to evaluate the understanding of sustainable development design approaches in
architecture, and propose advancements to current theory and methodology. Through investigation of
various interpretations of sustainability and the associated difficulties of implementation, opportunities will be
identified for a more appropriate and focused architectural process in the context of today’s knowledge-
based societies.

For the purpose of this paper, the concept of sustainable development as introduced by the United Nations
in 1972, “The ability of an environment to meet the needs of current and future generations” (WCED, 1987),
will be considered a basis of sustainability theory.

Over the course of the past four decades, numerous and competing theories have evolved regarding
appropriate implementation of sustainability principles in the built environment. This paper identifies a
number of these theories, and identifies that their generic nature fosters difficulty of implementation and a
loss of touch with important requirements of the twenty-first century. In investigating this, the question
emerges: Since sustainability’s inception as a concept, how have the needs of humankind changed in
today’s world: the Information Age?

This new Age has brought with it a cultural shift whereby the realms of the physical and the digital have been
merged and overlaid. It is no longer a minimum requirement to be provided with a physical place of work in
order to do business, for example, and this has far reaching consequences to the role of the architect.
Humankind finds itself living within a context of ‘knowledge societies’ whereby a sustainable future hinges on
the ability to efficiently operate in an ever-evolving, information-charged world. Knowledge is the new
commodity to which sustainability and intergenerational equity are linked for fear of falling wayside of the
‘digital divide’.

Understanding this new dependence on information and communication is required in defining the scope of
its role in our daily lives. This investigation will thus seek to assess the concept that, in the context of this
Information Age, it is a responsibility of our built environments to cater to our knowledge requirements in
addition to the accepted criteria of sustainability (economy, society, ecology). The author proposes that while
it is important to aim to create and support healthy environmental, economic and social conditions in pursuit
of a sustainable future, supporting access to information and knowledge transfer is of equal importance. This
is a principle that should be entrenched in architectural process or risk side-lining the profession to the
periphery of a world where the digital realm is attributed equal, if not greater importance than the physical.

In pursuit of investigating the development of integrated architectural process, this paper seeks to investigate
that that information and communication is a staple requirement sustainable development sharing influence
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in all of the recognised realms of sustainability as per the 2005 UN Summit Report 60/1: Ecological,
Economical and Social realms. This investigation will be unpacked in the following chapters:

e Evolution of Sustainable Development (SD) concepts.

e Understanding the challenges of SD implementation.

e Reimagining Sustainable Development in the Information Age.
¢ Implications on architectural process and product.

Through this investigation, the current state of sustainable development theory for the built environment will
be explained and a sufficient theory base be demonstrated to exist to support future research.

1.1 The Problem and its Setting

The built environment today can be commended for embracing the importance of energy efficient
architecture, yet a deficiency in implementation of true sustainable architecture is prevalent. Buildings were
defined by le Corbusier in 1923 as ‘machines for living in’ on the premise that these buildings facilitated our
day to day operations. Currently architectural process is largely limited to correctively monitoring the
architectural design and construction process as a fixed moment in time due to the prevalence, and guided
implementation of quantifiable rating systems based on principles of energy efficiency and ‘green building’.

The 2005 World Summit accepted, within UN Resolution 60/1, the foundation for sustainable development
upon ‘three pillars’, namely ecological, social and economic. The definition of sustainability in this regard was
purposefully developed to remain generic enough for implementation in a variety of industries, yet this
implicit vagueness has resulted in difficulty of focused implementation. What is required is a scale of
approach specific to architecture that takes into consideration a capacity for future flexibility and continued
appropriateness of product.

A return of focus to the implementation of contextually appropriate sustainable design principles is required.
Humankind has progressed to the point where constant access to information and communication has
changed the way we live and work at an exponential rate in what have been termed ‘knowledge-based
societies’, yet architectural approach and tangible effect on building product is largely lagging, propagating
an inefficient culture of reactively retrofitting and renovating. Through inadequate implementation and
integration of knowledge and information-based infrastructures and ideals, intergenerational equity of
knowledge is compromised and subsequently potential sustainable social, environmental and economic
benefits are detrimentally affected.

The main problem is therefore delineated as follows: Access to information and communication through ICT
is integral to approaches for sustainable development in the built environment in the pursuit of adaptive and
flexible use over its lifespan as well as enabling the equitable use and access to knowledge resources for
current and future generations.

2. Literature Review

Theory building through objective literature review will serve as the basis for all assumptions and hypotheses
to be made in the course of this paper. Hypotheses will be derived from personal experience and
applications in the working environment pertinent to the topic of this paper, as well as rigorous research in
the field by means of referencing publications, as well as interviews with contributors to the field of research.
Theory testing will serve to assist in directing the data collected through research by placing the collected
data into context for evaluation of the implied successes and short-comings. However, this paper seeks to
derive its conclusions through a majority weighting on theory application. The findings will serve as
theoretical basis upon which a revised model of sustainability can be developed to advance not only the
architectural product, but also the architectural process.

The research conducted in this study can be classified as applied research with an open-ended approach to
the problem. The researcher acknowledges the description of applied research and accepts certain
principles of sustainability in the built environment, taking into consideration that integration of different forms
of research aid informed application in the built environment.

In order to address the research problem effectively, this paper proposes the following:

e The model of sustainable development as proposed by the Brundtland Report is in need of additive
elaboration in order to make it applicable to our current context.

e Information and communication technology is an enabler of optimum user experience and
operations within our current and future built environments.

e The role and responsibility of the architect must evolve to successfully integrate information and
expertise from all scopes if the concepts of sustainability are to be successfully applied.

o A revised methodology of sustainable design is therefore required for use by architects and other
built environment professionals as a basis for integration in the process
3. Research Strategy

The scientific method of approach proposed for this topic of research will begin by defining the problem,
deducing related hypotheses, the data collection and evaluation followed by introduction of new theory. This
approach method, while standard in its schedule, will be seen to demonstrate a number of positivistic
characteristics.
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The fact that the proposed methodology as a product will be best developed in a scenario where it is
context-free and will be best described in a voice that is unbiased and objective reinforces this assumption.
Information and findings represented in the study will assert themselves to be accurate and reliable through
analysis of current industry standards and phenomena, yet generalisations are to be accounted for in the
aims of providing a basis for prediction of applicable future trends and feasibility of the contained paper
product.

3.1. Method of study

A combination of qualitative and quantitative research is undertaken for formulation of a methodology for
specific application by built environment professionals. This theoretical methodology will be the product of
evaluation of the causal and symbiotic relationships that exist between social, economic, ecological and
technological factors. While deductions are sought to be made from empirical sources and experience,
observations through qualitative literature review will also be seen to contribute to data gathering processes
while heuristically interpreting that these relationships are affected by societal and contextual influence.

3.2. Data collection

Data collection is primarily derived from literature review via industry specialists and formalisers of related
evaluation models and methodologies. The reasons selection of this data gathering method is due to the fact
that since a theoretical methodology is proposed, deductive reasoning on the part of the writer is to be
implemented on a basis that incorporates a combination of a descriptive analysis of current environmental
conditions of varying contexts, as well as normative interpretation for evolution of those contexts.

4. Findings and Discussion

4.1 Evolution and Interpretation of Sustainability Concepts

The purpose of this chapter is to demonstrate that various sustainability concepts are in abundance and
continue to be devised, with some proving more popular than others. As a basis to providing an argument for
a need for a more focused approach, reasons for alteration and evolution of concepts will be investigated.

Sustainability is the subject of many opinions and variations. At the core of the debate lies the issue of
capacity versus potential. Should sustainable development be characterised by seeking to define the limits
that ecology poses to humankind within this planet of finite resources, as Meadows postulated in “Limits to
Growth” (1972), or should the concept be driven by the potential for contribution to this planet and its
inhabitants? To comply with the former argument, as stated by Gibberd (2005: 300), sustainability can be
described as a state in which humankind is living within the carrying capacity of the earth. The UN
Commissioned Brundtland report of 1987, however, based its approach on de-emphasising the environment
while underlining human need to be realised through development.

This created an ethical paradox since sustainability describes the characteristic ability to maintain a process
indefinitely, while development inherently relies on environmental modification and natural resources to
occur at all. ‘Sustainability’ was therefore originally devised as a concept to represent the field of ecology
and ecosystem longevity without alteration. Upon inclusion of the scope of ‘development’, the concept was
advanced to include the values of society and the capital economy (Jabareen, 2008: 181) and thereby seek
moderation of this paradox.

The paradox of sustainable development is a theme that has given rise to a multitude of varying theory and
approach within many industries. Yet while there are theories that are inclined on providing emphasis to
either capacity of ecology or the needs of humankind, a deeper understanding of an integrated systems
approach has emerged. Gibberd (2005: 310) states that sustainable development cannot be seen in
isolation from the end-users and their social context and should be responsive to local needs and
opportunities. This development should thus be seen as “systems of physical and non-physical aspects to
work together in an efficient and integrated way”. The success of sustainable development relies on the
continued success of humankind. Sustainable development concepts centre on people and will have the
same underpinning of time, quality and cost as with key management principles (Yang, 2005, xiii). The
following chapter outlines the impact that varying theories have had on broad scale implementation, as well
as specifically to the built environment. In investigating this, impetus is given to the requirement for further
refinement of the concept.

4.2 Understanding the Challenges of Implementation

Since the emergence of numerous frameworks and concepts, as introduced above, it has long been
observed that the bridge from theoretical concept to applicable implementation has been somewhat
challenging. By virtue of the fact that newer concepts are continually emerging and evolving demonstrates
the difficulty for implementation that the concept poses to practitioners, professionals and scholars in their
respective fields. For example, while a number of definitions of sustainability are currently used, many
convey the notion of a state in which humankind lives within the carrying capacity of the Earth (Cole, 2012:
44), while others refer to the common contribution possible to the three pillars. Du Plessis (2012: 7)
furthermore argues that the current and dominant concepts of sustainability have instead reached a limit to
their usefulness due to their conceptual foundation in an inappropriate mechanistic worldview and their tacit
support of a modernisation project that prevents effective engagement with a complex, dynamic and living
world.
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Critical review shows that definitions of sustainable development are vague, lack of operative definitions
fraught with contradictions over what should be sustained (Jabareen, 2008: 179). The inherent vagueness of
the concept of sustainability and sustainable development has resulted in a political battle for influence by
attaching varied interpretation to the concept (Mebratu, 1998: 503). This widespread interpretation has
resulted in a large variety of definitions that are personalised and specific towards institutional and group
prerogatives rather than a pursuit of the general essence of the concept (Mebratu, 1998: 493).In this case,
appropriateness surpasses performance as a key to technological success. According to McCullough, this is
further understood through the fact that appropriateness is almost always a matter of context. “We
understand our better contexts as places, and we understand our better design for places as architecture”
(2004: 3). A product, therefore, cannot be sustainable in an absolute sense. Rather it must be considered in
the context of the supply chain and the market (Fiksel, 2003: 5330). This evolution of thought is therefore
stating that sustainability and sustainable development is best achieved when specific understanding of what
is required is linked to the context for which it is intended. While the basis for departure is agreed based on
the previously discussed broader goals, versions of sustainability theory are thus required to be developed.

Within the industry of the built environment and architecture, Cole (2012: 43) reiterates a concept similarly
addressed by Gibberd (2005: 300) in stating that it is inappropriate to consider buildings as being
sustainable. A building is an element set within wider human endeavours and is necessarily dependent on
this context. Thus, an individual building’s performance is more substantially understood by the contribution
it makes to the social, ecological and economic health of the place it functions. This thus places the built
environment in the category of approach of sustainability that is not bounded by limits of growth or capacity,
but rather in the context of a system and its potential contribution to continued human and ecological benefit.

In the realm of the built environment, while it can be seen that industries are keen to advance in search of
appropriate mechanisms for delivering a final outcome that is environmentally sustainable (Yang, 2005: xii),
a recent trend has emerged in the form of ‘green design’ and the establishment of ‘eco form’, i.e.
technologies and ideas relating to ecology and sustainability such as alternative building materials,
renewable energy, organic foods, conservation and recycling. A lasting and predominant view among
scholars, planners and policy makers is that energy efficiency is key to achieving ecological form through
design (Jabareen, 2008: 185). This approach has been somewhat contradictory to the holistic vision
embraced by the greater community due to the fact that design for energy efficiency bears emphasis on
ecological capacity. Cole (2012: 40) states that ‘green design’ has been used fairly consistently over the past
decade or so to emphasise the environmental performance of a building and is primarily directed at reducing
the degenerative consequences of human activity on the health and integrity of ecological systems.
Performances are evaluated relative to a benchmark, rather than their absolute consequence on human and
natural systems. Process-related criteria are incorporated alongside performance issues (2012: 41) to be
applied to a specific product or intervention.

A sustainable society is one that continues to satisfy the current needs of its population without
compromising quality of life for future generations, while continuing to develop and adapt to meet the needs
of its shareholders and stakeholders. In recognition of this, a sustainable product should embody those
same common principles.

Social responsibility is a characteristic of the enterprise, not just of the product or service, and requires
constant adaptation to ensure transparency and responsiveness to the changing needs of its stakeholders.
In comparison, ‘green building’ approach, ecological integrity, and quality of life are often influenced by
characteristics of a product or service and thus can be addressed through sustainable design principles
(Fiksel, 2003: 5332). A parallel trend to ‘green design’ is required in the built environment focusing on the
holistic approach through endeavouring to achieve sustainability through creation of open and adaptive
systems. This approach is observed by the author to be embodied in the form of two complimentary
concepts: design for resilience, and regenerative design.

In designing for resilience, it is understood that complex systems are dynamic, non-linear and capable of
self-organising to sustain their own existence. The law of thermodynamics states that closed systems will
gradually decay from order into chaos, tending towards maximum entropy. However, living systems are open
in the sense that continually draw upon external sources of energy and maintain a state of low entropy. The
essence of sustainability is resilience, the ability to resist disorder. Characteristics of resilient systems are
defined as embodying (Fiksel, 2003: 5333):

¢ Diversity — existence of multiple forms and behaviours

o Efficiency — performance with modest resource consumption

¢ Adaptability — flexibility to change in response to new pressures
e Cohesion — existence of unifying forces or linkages

System evaluation quantifies selected performance criteria that portray consequences of design choices
through quantifiable performance indicators as part of its guideline for sustainable reporting (Fiksel, 2003:
5337). Through designing for adaptability (DFAD), products are conceptualised and modelled as dynamic
systems with feedback control strategies to respond or adapt effectively to changes in product performance
criteria. This approach takes into consideration changing performance requirements based on physical,
cultural, environmental or economic considerations among others (Kasarda 2007: 727). Through the
introduction of adaptability as a key feature of a product it is assumed that through this inherent ability to
resist obsolescence, product design for extended life which would have a high impact on sustainability goals.
DFAD seeks to characterise a product as a dynamic adaptable system, and models the product as a
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controllable system with a feedback loop. Control and feedback can therefore be used to modify system
performance.

In comparison, ‘regenerative’ design and development emphasises a co-evolutionary, partnered relationship
between humans and the natural environment, rather than a managerial one, building social and natural
capital (Cole, 2012: 39). In contrast to the human-centric approaches of sustainable development mentioned
previously, this instead places emphasis on carrying capacity of the environment through creation of
products and systems that require little ecological input to be self-sustaining.

While resilient and regenerative design is actively pursued, other research under the sustainable design
‘umbrella’ includes focus on increasing product life through flexible design, design for remanufacture, design
for disassembly, and product reliability (Kasarda, 2007: 728). This takes into consideration the fact that a
design product should not solely be in a position to ‘resist chaos’, but be sufficiently self-diagnostic in order
to validate its continued existence.

Buildings are designed and then assembled through a rigorously controlled series of processes, yet we
participate in social and ecological processes that are not at all designed. The requirement is thus to design
policies and interventions that influence system behaviour and evolution (Fiksel, 2003: 5334). To bridge
current gaps, the next stages of development must incorporate a more integrated approach (Yang, 2005:
xiv) which requires an understanding of the contextual contribution required. In the aim of an appropriate
systems design approach for sustainability, Fiksel (2003: 5338) lists the following:

o Requirements will include system behaviours rather than just outcomes

e Productive modelling will give way to exploratory scenario building

o Design strategies will rely on intervention rather than control

¢ Robustness will be achieved through resilience rather than resistance

¢ Risk management will draw upon new concepts such as adaptability and diversity
e System state indicators will be based on fundamental energy attributes.

“The old Newtonian view of an orderly, machine-like world is giving way to a new view of a chaotic, evolving
world. Designing systems that are inherently resilient will support our collective quest for sustainability in this
ever-changing, unpredictable universe” (Fiksel, 2003: 5338). The increasingly seamless debate and
investigation of scale and industry specific performance issues and the development of tools to evaluate
them has strengthened the need to understand buildings and their physical, social and ecological context as
a nested system with intrinsic hierarchy (Cole, 2012: 42). Additionally it is stated that the designing of future
buildings with embedded adaptive reuse potential is a useful criterion for sustainability and self-regulation.
Criteria can be weighted according to physical, economic, functional, technological, social, legal and political
categories to calculate adaptive reuse (Conejos, 2012: 95).

It is not the intention of the author to place emphasis on one form of approach over the other, but instead to
recognise that many evolved concepts towards sustainable development exist, and continue to be devised.
While each has basis in the goal of sustainable development to create environments that provide current and
future benefit equitably across the scope of human and ecological need, certain decisions are taken in their
formulation that make these concepts more or less appropriate to certain applications, contexts, and criteria.
The role of this paper is therefore to demonstrate that it is in fact a requirement of sustainability theory to
evolve and adapt with the times. In doing so current theories become future lessons from which to determine
the most appropriate response to the challenges of the time.

The way forward will require a new philosophical and comprehensive approach, as opposed to existing
technical approaches to the phenomena of sustainability. A rationalised, structured, and integrated process
should replace ad-hoc applications and impatient deployment of technologies aimed at immediate benefits
and returns.

The stage is thus set for a focused and unique approach to sustainable design for the industry. The following
chapter seeks to briefly outline how the evolved needs of humankind in recent decades bring with them a
need to evolve the concept of SD itself, recognising that development of focused variations are dependent
on the industry for which they are intended.

4.3 Reimagining Sustainable Development in the Information Age

Before embarking on an investigation of future concepts for implementation within in the built environment, it
is necessary to briefly understand the world to which sustainable development is now required to cater.
Following the development and adoption of the guiding principles of sustainable development, the world
experienced a digital revolution. This brought with it previously unimagined access to information and
changed the future of humankind forever. The Information Age encompasses the economic, social and
cultural changes brought about by access to information through transformed communications technologies
and processes. At its inception in most global societies, more people could were already observed to be
employed collecting, handling, and distributing information than in any other occupation (Mason, 1986: 5),
with trend continuing to grow exponentially in recent decades. While networks are an antiquated form of
organisation, digital networking technologies — characteristic of this Information Age — powered social and
organisational networks to foster limitless expansion and adaptability (Castells, 2010: 1969).

In the realm of the digital age, we also inevitably find ourselves immersed and operating in a ‘digital
economy’. This represents more than just an economy conducted on the internet but is instead defined in the
pervasive use of information and communication technologies (ICT) in all aspects of the economy, including
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organisational and inter-organisational operations and transactions. ICT serves as the enabler of the digital
economy and the Information Age, providing the means to create, manipulate, organise, transmit, store, and
act on information in new ways (Atkinson, 2007: 7). ICT represents more than computers and the Internet,
as was understood when the digital divide and issues of internet governance were much of the focus since
the first World Summit of the Information Society in 1993. The WSIS declaration outlined commitment to
building a “people-centred, inclusive and development-oriented Information Society, where everyone can
create, access, utilize and share information and knowledge, enabling individuals, communities and peoples
to achieve their full potential in promoting their sustainable development and improving their quality of life,
premised on the purposes and principles of the Charter of the United Nations and respecting fully and
upholding the Universal Declaration of Human Rights (WSIS, 2003: 1).” It is in recognition of these goals that
ICT exists as a concept for continued future development.

Access to information has thus resulted in the formation of a new paradigm of society, known as the
‘knowledge-based society’ (Mansell, 1998: 1). Individuals, companies and communities are linked through
worldwide systems of communication, transportation and commerce. This connectivity presents daunting
challenges to the design and commercialisation of new systems. Yet we live in a divided world: between rich
and poor, healthy and sick, literate and ignorant, between empowered and deprived. A new label of our time
which threatens sustainable development is the “digital divide” which describes the development of countries
and groups within countries in terms of their “capacity to harness the power of Information and
Communications Technology” (Tongia, 2004: 15).

In their study, “Digital Prosperity”, produced for the Information Technology and Innovation Foundation (ITIF),
Atkinson and McKay state that in the new global economy ICT is the major driver, not just for improved
quality of life, but also of economic growth. Indications also point towards ICT continuing to drive growth for
the foreseeable future (2007: 1). It is furthermore observed that new technologies exceed initial expectations
in the moderate to long-term in the digital revolution. Integration of ICT into almost all aspects of the
economy and society has created a digitally enabled economy which is responsible for a large part of current
economic growth (2007: 1). As a mechanism through which ICT is pervading global business, it is observed
that increasing numbers of businesses are investing in the development and management of online
resources directed to consumers, in support of the fact that the World Wide Web is perhaps the most rapidly
developing new medium in history.

As congruently enforceable concepts, sustainable development and information and communication
technologies share commonality in their goals: sustainable development seeks to highlight the importance of
ensuring current benefits extend towards generations of the future while ICT, in ideological terms, seeks to
ensure that equitable benefit is offered to all without environmental, sociological, or economic constraint.

It is observed by the author that a commonality of Sustainable Development and ICT goals for human
development exist in the establishment of the conditions for intergenerational equity and prosperity, and an
important factor in achieving long-term equity is empowering current generations to guide those that follow.
Without transfer of knowledge, the successful ideas and products of today would be short-lived when
deprived of the means to sustain themselves or adapt to future conditions. It is for this reason that, in the
information age, sustainable development is improperly pursued without integrating the means to foster and
transfer knowledge with equal diligence as the triple-bottom-line pursuit of social, environmental and
economic principles.

4.4 Understanding the Implications on Architectural Process and Product

Today the context of a digital task extends beyond the world of work, play, travel and dwelling. Whether
features are understood and applied depends on context in which they are encountered. The role of
computing has changed by virtue of the fact that ICT has become ambient social infrastructure, and this
therefore allies it with architecture. Computing is not just made of objects, it nhow consists of situations
(McCullough, 2004: 21). Formerly, architecture assembled form through the creation of variations in closure
and storing an energy that could only circulate in rigid relationships of space (Beckmann, 1998: 13).
Architecture is now required to emerge in dual form, through emergence of an architecture that “casts no
shadows (Beckmann, 1998: 15).”

Linked realities are driven by rapid advancements in computing and communication technologies. In this era,
people will be seen to spend more time ‘linked in’ to the digital world than experiencing their immediate
physical surroundings (Moravec, 1998: 92) — access to technology permitting. While the debate of
accessibility due to factors of affordability exist, the trend and demand for broad-reaching global availability
of this digital realm in prevalent. With the development of immersive and augmented environments we have
reached a new stage of evolution in the human condition through transition from analogue to digital
modalities. These are zones of simulation, instant electronic transmission and simultaneity, removing all
representations of the physical (Beckmann, 1998: 4).
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Figure 1  Microsoft HoloLens creates augmented reality experiences by visibly overlaying interactive
information onto our physical environments. Image source:
http://www.theverge.com/2015/1/21/7868251/microsoft-hololens-hologram-hands-on-experience.

We are now in the age of new technologies such as Google Glass and Microsoft HoloLens. An age where it
is proposed to the mainstream consumer society that we are able to function better than ever in spite of our
physical environments, rather than because of them. As can be observed in the above figure, these devices
represent a segment of the information and technology sector that recognise the importance of integration
and overlay of information on our daily lives as an enabler of progress and a facilitator of a new age of social
interaction. To ignore this places architecture and the built environment in the ‘background’, and with it a
missed opportunity to create physical environments rich in digital immersion. What is clear is that the
architect is being left out of the loop in how these ubiquitous digital environments are being overlaid and
integrated with our more traditional physical environments. One only has to think back to the 2013 launch of
Google Glass and the fluid musical marketing video' that captured the world’s imagination. In this promotion,
a first person perspective showed of a typical day in the life of a Glass user and the endless possibilities of
being constantly connected through augmented reality. What was most notable, watching this from the point
of view of an architect, was the sequence involving the user’s navigation to and within a building. The crowd
cheered as it was demonstrated that we can finally find our way around cumbersome or confusing interior
spaces symptomatic of the building’s original design. Should architects be blamed that we now have
buildings in need of virtual ‘retrofit’ in order to once again serve an efficient purpose? It is likely that the
building function has undergone changes from the original design intent, but had the architect of that building
known that it would one day be used to showcase that technology now replaces architecture in creation of
optimised usage, would the design of this building have been different? It is conceivable it would have.
These are questions we, in the industry of the built environment, must now ask ourselves and recognise that
the game has irrevocably changed. In order to remain relevant to the perpetuating lifecycle of a building,
architects must embrace a systems design approach that welcomes adaptable re-use, a link to information
networks, and an overlap with the digital landscape.

Figure 2. The architect's scope, and the building's influence rarely escape the confines of the site boundary.
Image source: http://thumbs.dreamstime.com/x/cityscape-model-3d-red-skyscraper-10876651.jpg

Towards this purpose, the author observes that one of the greatest challenges to architects and built
environment designers is the manner with which new projects are undertaken. New projects are bound by

! The Google Glass Project: https://www.youtube.com/watch?v=JSnB06um5r4
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physical limitation, as symbolically conceived in the figure above. The current mandate to design and build
requires confinement to a singular site due to legalities of proprietorship, a perceived unimportance of larger
planning frameworks, and budgetary restrictions. In an information age, where knowledge is passed freely
without limitation irrespective of locality or other constraints of the physical dimension, buildings remain relics
to a fixed point in time as soon as the planning process attempts to exclude the greater context. The fact of
the matter is that no client should be expected to pay for the design of a greater urban framework within
which the building resides if there is to be no economic benefit, guarantee of successful implementation, or
buy-in from the surrounding sites and buildings. This mandate therefore cannot be taken singularly, but
instead a greater system of inter-site collaboration is required.

Architecture in its primary sense is concerned with statics, resistance of materials, equilibrium, and gravity.
Architects are trained to work with the mass and energy of a building and its structure. However, in terms of
information, the author observes that architecture consistently remains behind the present development.
While architectural mass might always have a site and be bound by those constraints, a building is more
than a structure, it is a system. A building represents a localised intervention, while the author proposes that
architecture ideally represents an integrated system that derives and provides benefit to its grater context, in
keeping with sustainable development principles. Architects need to recognise that the digital footprint is as
integral to successful implementation and operation as the physical footprint.

Currently the building and urban design process is benefitted by Building Information Modelling (BIM), the
means of creating 3D virtual representation of buildings prior to actual construction. BIM runs deeper than
3D representation however, as it also provides a digital representation of a building in an accessible
database of quantifiable data. This can be in the form of construction area, materiality quantities, spatial
volumes, energy efficiency etc. What is effectively created is a digital avatar of a building, yet following the
planning stages this virtual representation and all the information it contains is resigned to the hard drives of
the design practitioner. Globally the construction industry is taking firm steps to recognise the importance of
this role, as can be currently observed |n Dubai whereby it municipality has legislated that all new large-scale
bwldmgs must be designed using BIM®. This new chapter in design, and the possible beginning of a new
global trend, opens up some interesting possibilities.

Intelligent buildings represent an era of architecture whereby built environments are provided with the means
to self-regulate, monitor and adapt (to limited degree). An intelligent building, with a building management
system (BMS) as its brain, is able to evaluate how different internal spaces are being utilised and control the
artificial intervention to supplement or adapt to conditions. This can be in the form of lighting and HVAC
control, the positioning of external shading devices, and CO, regulation to name a few. Intelligent buildings,
however, are limited to implement regulation to the function for which the building was originally designed.
An intelligent building does not a guarantee of successful or sustainable implementation since quantification
of building performance is not holistically adequate to properly integrate concepts of economics, society,
environment, knowledge and user-experience.

Smart Cities are currently being realised in varying manners in municipalities around the world. These cities
will make use of ubiquitous communication networks, highly distributed wireless sensor technology and
intelligent management systems in order to solve challenges and create new services (Clarke, 2013: 1).
Smart Cities provide an opportunity for buildings, city-wide users, and infrastructure to participate in a
dialogue for constant growth and renewal. However, the author proposes that since buildings are
implemented as ‘islands’ in the greater context, by being limited to their singular sites, this dialogue often
excludes the building and the architect. At present, when municipal approval is sought to initiate construction,
the potential for inner-city participation is never interrogated. Instead, compliance to outdated zoning
restrictions is applied, providing a static evaluation of context at a past point in time within which
development is required to occur. This is not conducive to sustainable environments, but instead slows the
process for growth and development which at their core require agile and flexible approaches to the evolving
needs of their populace.

Our buildings need to ‘plug-in’ to the digital context and in order for this to happen digital oversight is
required. The future sustainable environment requires recognition that the physical world is complemented
by the digital world. In lieu of this, the role of municipalities should therefore evolve from that of a fixed-point
approval of design, to that of constant oversight to include the digital landscape as a means to interrogate
and better our physical environments.

Imagine, therefore, a digital city built of BIM-based avatars (provided by the architect or engineer) that are
able to communicate in real-time with a smart-city central management system (municipal governing body),
providing the means to make informed real-world decisions. Through this communication, quantifiable data
such as building occupancy levels, user comfort and happiness, economic activity, traffic and pedestrian
intensity, electrical consumption, etc., could all be received and interpreted. Neighbourhoods could be
identified to be dwindling in economic prosperity, for example, prompting a broader scale recognition in
demand for amenities of certain nature that could cater to the particular social requirements of the area.
Buildings in an area that are deemed to be decreasing in popularity and population can be re-evaluated in
their function and re-use suggested. This would be of benefit to building owners, users, as well as the
continued involvement of construction industry. This actionable data could also even be extended to design
practitioners currently designing buildings in the area — on the assumption that the project is registered as

% As featured in online news article “Dubai to make BIM software mandatory for major projects”, source:
http://www.arabianindustry.com/construction/features/2014/may/25/a-model-approach-
4708613/#.VbOyQ_maqqgkq
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being developed with BIM data provided to the central oversight system during development — so that real-
time adjustments can be made prior to finalising the design. In the realm of software and simulations, where
it is possible to artificially reconcile contributing factors to change within one ecosystem of information
availability, developers have for many years recognised that the most effective means for sustaining
effective city-scale functionality and operations is to use all available data from macro and micro scales to
affect decision-making. This same ideology logically applies to an era of information availability that
knowledge societies are currently experiencing. Yet what is required is overall legislative support and on-the-
ground implementation strategies to make for contributing information feed-back loops.
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Figure 3. The popular city-management simulator SimCity 5, provides the ability to evaluate and adapt
planning to the evolving dynamics of a city and its occupants. Population happiness is related to
provision of infrastructure, services, and amenities. Source:
http://www.primagames.com/games/simcity/strategy/simcity-road-happiness.

The future of sustainable built environments is therefore not achieved through isolation of approach. It
requires an integrated systems approach. This approach is therefore inclusive of the architect, the client, the
single site, the greater urban and environmental context, and the urban over-seer (municipality). It is
required to recognise that the job is not done when construction is complete, but rather that a building
remains as a contributor to the greater sustainable context. Inclusion of these stakeholders therefore
importantly requires the framework for inclusion of a feedback loop. Integration of information and
communication technologies and processes that allow for real-time simulation and evaluation of the physical
world in a digital realm. For the first time in our existence, this technology is available to make this a reality,
all that is required is the impetus and know-how to implement. Sustainability in the Information Age is
therefore possible to achieve in recognition of the needs and opportunities that our knowledge societies
present.

5. Conclusion and Further Research

In this paper it has been discussed that the core concept of sustainable development remains a globally
recognised concept of importance. It has also been discussed that the concept has proven to be sufficiently
vague to create a barrier for implementation, giving rise to variations and evolution of the concept over time.
These variations demonstrate that sustainability theory is not equal in all sectors, but rather substantiates
that specific versions of sustainability theory are required depending of the intended scope of influence in
order to provide a greater focus of approach and greater ease of implementation. It has also been discussed
that while the concept of sustainability as originated in the 80’s remains relevant, this was developed at a
before the information revolution. Hence the economy and society of today have emerge with new needs
that were previously inconceivable prior to the digital revolution.

Sustainable development must therefore recognise humankind’s requirements in the information age, in
what are termed today’s ‘knowledge societies’. In this new information age, the built environment remains a
key contributor of sustainable development, but risks losing influence at the expense of immersion a digital
world that is succeed in supplanting the real with the virtual. The greatest risk to architecture is the current
prevailing approach that design is applicable to fixed point in time, whereby buildings are designed to be
isolated on a site, approved by a municipal authority at a fixed point in time, and left to their own devices to
be retrofitted by technology to prolong their usefulness over time — a process that is often removed of
architectural input. The onus is therefore on built environment practitioners and designers, building users,
and municipal authorities to recognise that sustainability requires the means to facilitate and preserve
knowledge transfer with equal importance as catering to the combined needs of economy, society and
ecology. This new version of sustainability for the built environment therefore provides the framework for an
adaptable new urban environment built on actionable information that recognises that the responsibility of
planning built environments extends beyond the stages of planning and construction, but must recognise a
lifespan intertwined with and contributing to a larger urban context. Establishing building feedback loops that
leverage on principles of digital building representations through BIM, intelligent building’s capacity for self-
evaluation and self-regulation, and smart city capacity for infrastructural monitoring create the building blocks
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for an evolved and sustainable built environment that is able to adapt to the ever-changing socio-economic
context.

While this paper refers to the Millennium Development Goals of 2000, 25 September 2015 saw the inception
of the UN Sustainable Development Goals as replacement. This new programme will require further
investigation into the potential applicability of these newly established goals and milestones.

In recognition that future sustainability concepts in the built environment require integration of ICT principles
in process and product, it is thus important that a methodology for implementation be developed. Focused
methodology will assist in providing a quantifiable basis according to which interventions can be assessed,
as well as remove the vagueness of sustainable development theory that has led to difficulties of
implementation.
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Abstract

Existing residential buildings and its renewal carries considerable potential in achieving the goals of
sustainable development. This is due to the fact that annually only 1-2% buildings are newly built but also to
the fact that the dwelling carries a great symbolic and material value both for the individual and society as a
whole. Like other countries in transition (former socialist countries), Croatia is facing serious problems in
terms of physical and functional obsolescence of the existing housing stock. In order to solve these problems
and meet the needs of modern living, it will be required a large-scale intervention in residential architecture.
However, in order to determine priorities and strategies of renewal, as well as to facilitate rational allocation
and use of available resources, it is primarily necessary to make an evaluation of the existing residential
buildings. In order to form an evaluation model of existing residential buildings, the durability is used as a
prism for the selection of sustainability indicators. Durability is thereby viewed not only through its temporal
aspect but also in a broader context of environmental, economic and social consequences resulting from it.
Through analysis of the durability problems, such as physical deterioration and obsolescence, the most
important factors affecting the durability and buildings contemporary use value have been identified.
Following the completion of an extensive and systematic analysis of all aspects of the existing residential
buildings, a framework for evaluation model was formed. Furthermore, in order to achieve the practical value
of this evaluation study, the problem must be placed within clearly defined spatial and temporal settings.

1. Introduction

Buildings, as utilitarian objects, have the task of satisfying a wide range of human needs and activities.
Because of their long physical life, buildings are faced with numerous changes of technological, economic,
social and political conditions as well as the laws that affect the growth and changing of needs and
requirements. If the building does not have the ability to adapt to new conditions and tasks it becomes
obsolete. The obsolescence is trying to be delayed by regular and systematic maintenance, but at some
point, it is necessary to restore the building.

In the renewal process it is possible to choose between different strategies: to renovate the building in order
to meet the growing needs and demands, to convert the building, or to demolish it and build anew. However,
in order to determine priorities and strategies of renewal, as well as to facilitate rational allocation and use of
available resources , it is primarily necessary to make an evaluation of the existing residential buildings.

Renovation represents an opportunity for the application of sustainability principles. ,Sustainable renovation®
is thus not just reduced to the care for the environment but it involves cultural, social, economic, and
institutional aspects of renovation projects. The aim of building renovation is to make a contribution to
sustainable development in wider context (having in mind future generation as well) by the improvement of
economic, tehnical, social, functional and environmental characteristics of a building.

Construction activity is an important field to achive the goals set within the sustainable development
framework since it affects all three aspects of sustainability: economic and social development as well as
environmental protection. A building has an effect on its surroundings throughout all stages of its life cycle:
from raw materials and their processing into complex products to design, construction, use, maintenance,
conversion, and finally, demolition. The result is an excessive use of land and resources, huge amount of
waste, greenhouse and other gas emission and most of all, energy consumption. Sustainable construction
aims to reduce the consumption of natural resources as well as the emission of harmful gases but also to
create desirable characteristics of buildings that would meet the needs and requirements of their users and
owners.

Housing construction, as an important segment of the total construction activity, shows great potential for the
realization of the sustainable development goals. Owing to the fact that only 1-2% of new buildings are
constructed annually, it becomes evident that the existing housing stock is of considerable importance.
Home as "the greatest material and symbolic value of every household" is a key element of human dignity,
and therefore the problems of housing construction directly affect the main objective of sustainable
development: do not compromise the ability of future generations to meet their own needs. In order to meet
this objective the housing has to be adoptable to the modern way of life and users’ needs and their changes
over time. As the number of housing units is on the increase approaching the number of households, so the
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construction of new buildings is becoming less important while the renovation of the existing housing stock is
becoming all the more important.

Taking into account the above facts, the aim of this study is to contribute to science-based decision-making
in the phase of renewal. This is particulary important for Croatia because it is like other countries in transition
(former socialist countries), facing serious problems in terms of physical and functional obsolescence of the
existing housing stock. In order to solve these problems and meet the needs of modern living, it will be
required a large-scale intervention in residential architecture.

2. Existing tools for building sustainability evaluation

A review of existing literature gives insight into a large number of various systems and tools focusing on
multiple aspects of buildings’ sustainability, designed for various types of projects. (Lorenz et al., 2011)
Since they have been developed for various needs, they greatly differ in terms of terminology, structure,
construction evaluation methods, relative importance of the environmental factors and documents required
for the certificate. (Ness et al., 2007; Fowler et al., 2006; Pope et al., 2004) They are designed for evaluation
of various types of buildings with emphasis on different stages within the building's life cycle and are based
on various legal acts, rule books, norms and instructions. (Segnestam, 2002) Some of them are
international, national or local. Besides the existence of many different systems for sustainability evaluation,
they are also constantly being changed. As a result, it is hardly possible to compare them. A obvious
shortcoming of most of the existing evaluation models systems from their ample scope and
comprehensiveness as well as the level of detail wich require great expertise and thus led to a long-lasting
evaluation process. (Ohemeng, 1998) The existing models may serve, however, as a basis for the
establishment of the possible criteria wich would be relevant for the sustainability of the existing housing
stock. Considering the subject of the research , i.e. the specific features of the particular houses, it is
necessary to select only a small number of factors as a basis for an evaluation model. In order to facilitate its
practical application, it is necessary to set a particular problem in the given time and spatial framework. The
proposed model should be multicriterial, integrated, based on a small number of carefully selected indicators
considering the area and the objective of the research.

3. Durability as a measure of sustainability

A review of existing sustainability measures noted that durability is one of the inevitable measures of
sustainability as all the other measures quantify the impact on the environment and resources, depending on
the length of the life cycle buildings. For this reason, the durability is used as a prism for the selection of
sustainability indicators. Durability is thereby viewed not only through its temporal aspect but also in a
broader context of environmental, economic and social consequences resulting from it. For this purpose, it is
necessary to observe the building at all levels, from the smallest detail, the entire project to the interaction
with the environment.

3.1 Problems of durability

Buildings and other facilities are planned, designed, constructed and maintained to ensure the protection
and meet the needs of its users and owners. (Committee on facility design to minimize premature
obsolescence, 1993) Over time, the quality of service declines as a result of wear, poor performance and
materials, unexpected events, aging, or a combination of those factors. The aforementioned decline was
largely expected, but after a while, there comes a moment when services are no longer appropriate and
renovation or demolition and replacement of buildings is needed.

At the beginning of building operation, its performance approximately meets the requirements. The gap
between the performance and the requirements increases simultaneously with the aging of buildings. (Figure

1)
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Figure 1  Building performance/requirements over time
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The gap between the requirements and performance created for two reasons (Aikivuori, 1996):

1. The level and character of the requirements is changing over time. Generally, the requirements grow
over time, creating the foundation of obsolescence. In addition to the period of change, there are
periods when the requirements are relatively stable.

2. Simultaneously with the change of the requirements comes to the physical deterioration due to wear
and tear because of use or external influences. The level of deviation depends on the level of
maintenance over time.

When we talk about durability, we distinguish the terms of obsolescence and physical deterioration. Any
object or piece of equipment can meet the basic requirements, but to be old and out of date. In another case,
the latest and most advanced product may break or not to be sufficient, especially in case of poor
maintenance.

At some point, the gap between the performance and the requirements can no longer be tolerated, and the
building is no longer appropriate for the same purpose or for some other purpose without major interventions.
These interventions may include the renovation of the building to meet the evolving needs and requirements,
the conversion of the building or tear it down and build anew.

3.1.1 Physical deterioration

Physical deterioration refers to the deterioration of the external building envelope, bearing structures, the
final floor finish and installation, because of aging, use and unforeseen events. Looking at the lifetime of the
building components, we can see a difference in their durability, both between components as well as within
each assembly or system. Besides, to the structural elements of the building all other components require
different maintenance, repairs or replacement during the buildings lifetime. (National Association of Home
Builders, 2007)

Construction elements of residential buildings can be divided into two groups:

1. those that last as long as the whole building - without renewal (eg. primary load-bearing structure -
foundations, walls, floor structures, etc.).

2. those which must be partially or completely replaced several times during the life of the entire
building

The causes of physical deterioration come from the building, but also outside of it. Such as (Bernard
Williams Associates, 1994.):

- neglect and lack of maintenance

- impact of weathering: the effect of snow, rain, wind, atmospheric pollution and chemical influences which
causes erosion and corrosion of the material of the outer shell of the building

- general wear as a consequence of aging and the use intensity
- the sudden appearance such as fire, earthquake or storm
- design and construction defects
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Figure 2  Durability as a function of service quality and service life
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In the last 20 years a large number of standards, guidelines and methods for predicting the physical life of
building materials and elements, has been developed, at the national, international and individual level.
(Rudbeck, 2002)

Looking at the physical lifetime, there are three important level of quality (Kesik et al., 2005) (Figure 2)
- specified quality - provided by the designer, the prescribed norms and standards

- minimum acceptable quality - requires repair and replacement

- failure - material or assembly is considered unserviceable

The extent of the physical deterioration of residential buildings therefore primarily depends on the level of
initial quality of construction, as well as the quality and frequency of maintenance.

3.1.2 Obsolescence

The obsolescence is usually caused by the change and increase of the requirements or expectations in the
facility use. In most cases, things or concepts that are outdated continue to function, but at levels below
modern standards. A key feature of obsolescence is shortening the life of the equipment because of rising
expectations. (Figure 3)

The buildings are usually captured in a certain physical, social, technological and environmental framework,
which limits their ability to adapt to change. This is the foundation of obsolescence.

(increasing expectations) -
- optimum performance
likely aging Fd
(without renewal) -
w with normal maintenance
minimum
- acceptable
(increasing expectations) - performance
i AN
o I N
(initial expectations) service life lost
) to increased expectations
(obsolescence)
i
TIME —»

Figure 3 Increasing expectations and optimum performance over time

The building obsolescence is very broad and complex subject as proven by the large number of

interpretations and aspects found in the literature. Golton (1989) cites several forms of obsolescence such
as structural, financial, geographic location, functional, control, style and perceptual. Ashworth (1996) also
lists several aspects of obsolescence including physical, economic, functional, technological and location.

U.S. Committee on facility design to minimize premature obsolescence (1993) divides the factors affecting
increase expectations and obsolescence in four categories:

Functional - related to the expected use of the building or its premises (eg. changing users)

Economic - primarily refers to the costs continuing to use the existing building, subsystems or components
in comparison to the cost of replacement with an alternative (eg. if the building can no longer attract and
retain customers in competition with some new buildings)

Technological - refers to the efficiency of the services offered by existing technologies in comparison with
the new and improved solutions (eg, some types of buildings - hospitals, research laboratories - have
become "obsolete before construction is complete")

Social, legal, political or cultural - wide impact of social goals, political agenda or lifestyle changes (eg. If
the building cannot meet the requirements, resulting from the law on accessibility for disabled persons)

Obsolescence is usually the result of a combination of several of the above factors. To avoid obsolescence
or to reduce the costs of obsolescence, it is necessary to effect throughout the buildings’ life cycle. The most
important thing is to anticipate changes and enable them before the costs of obsolescence become
prohibitive. Unfortunately, buildings often are not sufficiently flexible and adaptable to meet the changing
needs over a long period. So when it comes to the obsolescence before the expiry of the projected useful life,
the building becomes a huge designing and control problem. As a result, the demolition is more likely a
result of obsolescence than physical decay. (Sarja, 2000)
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Obsolescence depends primarily on the potential of initial use value and increasing expectations
(requirements and needs).

4. Durability factors of existing residential buildings

By analyzing the problems of durability, like physical deterioration and obsolescence, we have established

that the durability of the existing building, in spite of a number of factors, is primarily affected by its potential
of initial use value, increasing expectations, the level of initial quality of construction and the quality

and frequency of maintenance.

4.1 Use value

Use value is often identified with the utility, which is defined as a characteristic of a good to meet any human
need or desire. (Ekonomski leksikon, 2011)

The buildings are primarily utilitarian objects, created to meet a wide range of human needs and activities.
Broadbent (1984) states that the building function as a container for activities, economic investment,
environmental filter, a cultural symbol, a historical symbol, a symbol of prestige and image, social investment,
and part of the built environment. In general, the buildings are of great importance to individuals,
organizations, societies and nations. Buildings represent a large part of many countries wealth. In addition to
the economic impacts, the building creates a physical environment for many human activities. Thus, the
value of the building depends on the objectives of its owners and its ability to support the activities of its
users. Apartment, as well as other products, serves to its users, ie. provides a service. Wenzel et al. (1997)
report that the service (meeting the needs of users) is the reason for the existence of the product.

In his doctoral dissertation, Poljanec (2001) claims that there is not only one housing value, but it is the sum
of individual values, and each property of the house in the broad sense represents the value. As a basis for
research and defining the properties, it is necessary therefore to start from human needs and their
satisfaction.

Tomic and Canak (1974) state that the architectural and urban heritage according to its fundamental
character can be divided into three specific groups:

- heritage that over time obtained on the importance and value (valuable architectural monuments and
historical units)

- heritage that over time maintains its initial significance (some artificial environments)
- heritage that over time lost in importance and use value (utilitarian objects which include housing)

Because of its long physical life the buildings are faced with a number of changes to the social, economic,
technological and political conditions that affect the change or increase in needs and requirements. If the
buildings cannot adapt to the new conditions, they limit their customers to meet their needs, and thus directly
affect the main objective of sustainable development.

This loss of the use value of residential buildings represents a loss of original properties over time. In doing
so we take into account loss of:

- strength, toughness and resistance of building elements caused by the harmful effects of the environment
(resistance to humidity, resistance to frost, biological resistance, corrosion resistance)

- insulating properties (thermal insulation, noise protection, air permeability)
- the loss of the external appearance (plastering, painting, etc.).

However, besides these objective home values, there are those harder to capture, but equally important to
determine the use value of modern apartment.

Thus to determine the contemporary use value of the existing residential buildings it is necessary to
identify their existing properties and check the level of their compliance with modern requirements and
needs that are placed on residential construction.

4.1.1 Building properties

Definition of a product is that it serves to the user, provides a service. The service provided by a building can
be described by building properties. In order to compare the properties of the product, we must be able to
define and quantify them. If we are unable to quantify properties, they should be at least classified into
category so the required services could be expressed and compared among similar products. In this case,
we can compare the individual categories due to the potential environmental, economic and social impacts.

In order to get insight into the potential building properties and the way in which they can be measured and
compared, a certain number of existing assessment models were analyzed (Table 1), and several major
categories of properties were found. (Table 2) Classification of properties within the category depends on the
interpretation. Properties can meaningfully be allocated to more than one category. For example, the
individual properties that fall into the category of health and comfort can be classified under the functional
and social properties.
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Table 1 Building assessment models and evaluation areas

Name State Evaluation area
Environmental impacts Housing properties

SBTool International [ o
BREEAM UK - u
LEED us ] o
Housing quality indicator system UK g -
Housing performance indication system Japan u
QUALITEL France u

o evaluation area
m main evaluation area

Table 2 Building properties

Categories Properties

spatial suitability
adaptability
organization of the apartment
supporting facilities of the apartment
availability, support and technical potential of the system
handling technical systems
functional thermal comfort
acoustic comfort
visual comfort
air quality
availability of services and facilities near the building
traffic accessibility of buildings
accessibility for people with disabilities
bearing capacity
stability
interchangeability of equipment and installations
durability
reliability
thermal insulation of the building envelope
costs of planning and design
construction costs
cost of ownership
costs of demolition and disposal
total cost of ownership
the value of the property
income from real estate

technical

economic

return on investment
energy efficiency
environmental consumption of resources

environmental Impacts
protection and safety
access control and protection
firefighting
safety in use
social identity
integration of the building on the land and environment
cultural and historical value of the building
inclusion, participation and identification
aesthetics, image, appearance
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The properties established on these models are categorized into the following groups:

Functional properties - describe and evaluate how well certain activities and processes can be performed
in the building. Functional properties are closely related to the needs of the users of the building and others,
such as visitors and members of the public community.

Technical characteristics - describe the structural, physical and other technical features and characteristics.

Economic characteristics - are based on the costs associated with use and / or possession of the property.
They are particularly useful for investors and real estate owners in the decision-making processes, as well
as managers, planners, users and managers of buildings to monitor and control costs.

Environmental characteristics - describe and evaluate the features and characteristics of the building that
affect the environment.

Social characteristics - based on criteria that indicate the health, comfort and safety of users, visitors,
residents and neighbors of the building, and cultural value of the building.

4.2 The requirements in residential construction

Establishing requirements (what is expected of the building) will serve us as a basis for assessing the
sustainability of existing facilities. Primarly, it is necessary to determine who sets all the requirements of the
building. Ohemeng (1998) states that the building requirements can be generally categorised into ownership,
occupational and non-occupational. (Figure 4)

Ownership requirements may be economic or social, depending on whether the owner is private or public
entity, and what are their reasons and motivation for property possession. Motivation is also determined
whether the interest in property is long or short term.

Occupational requirements are dependent on people who continuously use the building or just visiting.
Poljanec (2001) the requirements of users in relation to the flat grouped into three basic groups:

1. physiological (human physiological needs - food, sleep, rest, hygiene - they are provided by
construction, technical and hygienic equipment of living space)

2. functional (total floor area, the organization of space, layout purposes, the frequency - connections
between individual groups of functions, setting and equipment, connections between rooms,
availability, etc.)

3. perceptual (certain psychological states —a need of security, isolation and belonging, the need of
isolation or integration, easiness of performing housework, children care, etc. These requirements
also apply to the formation of the aesthetic space, its construction and equipment, general urban
design and the aesthetics of the total housing environment and its details.)

Housing needs are one of the basic human needs, but under the influence of many factors, they might be
developed to a very complex and advanced. Improving the material conditions of life, increasing the number
of different structures of households, increasing divorce rates, "computerization" of daily life and the spread
of new ethical values, have transformed modern housing needs.

Non-occupational requirements include the requirements of all those who do not use the building and are
no owners but are concerned about the impact it has on their environment. These requirements result from
the legislation, standards and norms, but this group also includes the requirements of neighbors and
passers-by.

M BUILDING REQUIREMENTS |

[ \

OWNER- OCCASSIONALr

‘ PUBLIC 1 PRIVATE ‘ TENANTS THE ’ NEIGHBOUR
| OCCUPIERS | | VISITORS coMmuNITY L
. AT LARGE
LOCAL AUTH. DEVELOPERS
PUBLDEVAGY. | | INVESTORS
LOCAL AUTH.
'CENTRAL GOV'T.| | DEALERS i el S
PRESSURE GROUPS
PLANNING AGYS.

Figure 4  Building requirements

4.3 Maintenance of residential buildings

During their lifetime buildings require maintenance and certain repairs due to uneven physical age of the
buildings individual parts, which over time lose their firmness and other exploitative quality. Repairs and
costs allow partially restoration of consumed building use values. The problem of facility maintenance should
be viewed in the context of the entire construction process since it was shown that the resources invested in
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the maintenance increasingly outweigh the resources needed for the construction of new buildings.
(Radojevic¢ et al., 2007) (Table 3)

Table 3 The life cycle costs of the building by stages

Design Construction Use and maintenance Demolition Total
maintenance and use 35% 100%

4% 26% repairs 20% ? % ownership
replacement of materials 10% cost
1 year 2 years 50 years 1 year Total

There is a direct connection between the age of residential buildings and the level of repair costs and
maintenance. From the very beginning of exploitation there is no real restoration of basic structures and
devices, and even the cost of ongoing repairs in the initial period of building exploitation are primarily related
to preventive device repairs. The actual cost of repairs and maintenance of apartments, which are changing
over the years, may be replaced by average annual cumulative costs for a given limited period. Indicators of
average annual cumulative cost of repairs and maintenance are essential for economic calculations when
selecting the optimal lifetime of residential buildings and their components, and the calculations to determine
the future needs of the new construction and maintenance of existing housing.

To preserve the existing housing stock it is necessary to improve its maintenance and repair, and thus
prolonging its economic useful life. It is useful to connect with works of repairs and remodeling by increasing
the level of interior design for the existing facilities, ensuring comfort and lifespan of modern residential
buildings.

4.4 The framework for developing sustainability evaluation model of existing residential buildings

Table 4 The framework for developing sustainability evaluation model of existing residential buildings

Requirements Categories Building properties Verifying the compliance
spatial suitability

adaptability

organization of the apartment
|supporting facilities of the apartment | Project documentation analysis
availability, support and tech. potential of the sys.
handling technical systems

functional |thermal comfort

|acoustic comfort

visual comfort

air quality

availability of services and facilities near the buil
traffic accessibility of buildings

accessibility for people with disabilities

bearing capacity

stability

interchangeability of equipment and installations
durability

|reliability

users |thermal insulation of the building envelope { |
costs of planning and design
construction costs g
cost of ownership J
costs of demolition and disposal |
total cost of ownership
the value of the property
income from real estate J
return on investment f
energy efficiency
environmental consumption of resources
environmental Impacts [ \
protection and safety / A
|access control and protection ‘ ’
firefighting

|safety in use

social identity

Integration of the building on the land and envir
cultural and historical value of the building
inclusion, particip 1 and identifi

aesthetics, image, appearance

‘| Laws and regulations analysis

technical

Statistical data analysis

Field research

non-users

Interview / survey
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Starting from the fact that sustainability of existing buildings depends on its contemporary use value the
framework for developing sustainability evaluation model of existing residential buildings was formed. After
analyzing a number of existing systems potential building properties have been established, and classified
into categories. The research of building requirements, their priority to interest parties and possible ways of
verifying the compliance were also conducted. Formed framework can serve as a base for the development
of more than one evaluation model depending on case studies. Since it was established that the values vary
from group to group and from person to person, it is impossible to create a model based on a single set of
criteria that can be applied in all situations. Only locating the problem in a clear set of spatial and time
frames it is possible to reduce the current list of properties and achieve practical value of research.

5. Conclusion and Further Research

Existing residential buildings and its renewal carries considerable potential in achieving the goals of
sustainable development. Sustainable renewal aims not only to reduce environmental impacts and increase
economic efficiency, but also to create desirable building features that will improve the quality of life of its
users and owners. Due to the long physical life of residential buildings, their deficiencies affect not only the
present but also the future users, which is in direct relation with the primary objective of sustainable
development - non-restriction of future generations to meet their own needs. In order to meet this objective
the housing has to be adoptable to the modern way of life, users’ needs and their changes over time.

In order to determine the best way to evaluate sustainability of existing buildings, an analysis of existing
evaluation methods was conducted, and some common advantages and disadvantages are observed. As
the major shortcoming imposed the lack of definitive targets of evaluation leading to the excessive number
evaluation criteria. For this reason, systems become too extensive, comprehensive and detail which requires
great expertise and longevity in the evaluation process.

In order to avoid one-dimensional approach and keep a broad view of the concept of sustainable
development and a complex housing issues, durability was chosen as a prism for the selection of
sustainability indicators. Durability is thereby viewed not only through its temporal aspect but also in a
broader context of environmental, economic and social consequences resulting from it. By analyzing the
problems of durability, like physical deterioration and obsolescence, we have established that the durability
of the existing building, in spite of a number of factors, is primarily affected by its potential of initial use value,
increasing expectations, the level of initial quality of construction and the quality and frequency of
maintenance. Thereby, building durability depends on its contemporary use value that can be defined as the
degree of alignment between the modern and the required properties of the existing building. After research
of building properties and interest parties’ requirements and needs, the framework for developing
sustainability evaluation model of existing residential buildings was formed. Formed framework can serve as
a base for the development of a larger number of evaluation models depending on a chosen construction.
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Abstract

Transport- and urban planning often involves the use of large-scale simulation modelling with data sources
that include, among others, the national census, the National Household and Travel Survey (NHTS) as well
as trip diaries. Many of these sources of data are costly and time consuming to obtain, clean, and analyse.
This paper explores the significance of social media platforms as a source of open, more accessible data to
infer people’s movement and land-use patterns, by focussing on the City of Tshwane Metropolitan
Municipality in the Gauteng Province of South Africa. Users of social media platforms, such as Twitter,
Foursquare and Flickr, post millions of publicly available updates each day. Some of these postings have
spatial-temporal characteristics in the form of geo-tagged, time-stamped metadata fields. In this paper, data-
mining techniques are used to obtain, extract, and analyse data from social media to illustrate the usefulness
of such open data in the transport- and urban planning domains in South Africa.

1. Introduction

Transport- and urban planning are vital to ensure appropriate spending of funds for infrastructure
development and maintenance, to ensure sustainability in cities, and to enhance a country’s economic
competitiveness. To do effective planning for enhanced service delivery and to influence urban policy,
transport- and urban planners endeavour to understand how different parts of the transport- and urban
systems affect one another. A common tool used in these environments is that of simulation modelling,
which allows one to evaluate the effect of changes in the transport- and urban systems on, for instance,
expected travel times and land-use patterns in the future.

In both transport- and urban simulation models, the required data are vast and often very difficult to obtain.
Data which might be more easily obtainable through, for instance, surveys, tend to be very expensive. The
time and effort involved in collecting data on travel behaviour from trip diaries is also cumbersome.
Furthermore, these large-scale simulation models are notorious for the long time needed to develop it and
due to its complexity often has a simulation run-time of several days. The time it takes to develop and run
these models is, however, justified seeing that these models should inform multi-billion rand infrastructure
investment decisions. Yet, we need to find alternative, quicker, cheaper and reusable ways to gain insight
into people’s movement and land-use, which could complement existing methodologies that produce the
input to these simulation models as well as provide other insights relating to the transport- and urban
planning domains.

It is possible to exploit publicly available data in the form of social media. Millions of postings are made every
day on social media networks such as Twitter, Foursquare, Flickr, and Instagram. The metadata linked to
these postings contain very detailed information that could be utilised once it is reworked into a usable
format. While many studies have been conducted abroad using social media as a source of information for
research purposes, South Africa has yet to catch up with this trend, especially in the transport- and urban
planning domains. One of the major reasons often cited for this phenomenon is that a large portion of the
South African population is very poor (StatsSA, 2011), hence chances are that cellular phone usage, and
more specifically the use of social media on cellular phones, would not be high enough, or else biased
towards the higher income groups. According to the Social Media Landscape 2015 report by World Wide
Worx (2015), a large portion of the South African population still accesses Facebook by means of a basic
cellular device (not a smartphone). However, in the same report it is stated that Twitter had an increase of
20% in its user base from South Africa, with a total of 6.6 million users at the end of 2014. For this reason,
this paper explores whether social media, specifically Twitter, can be used to obtain insights into the
transport- and urban planning domains in South Africa through the development of smart and sustainable
procedures.

The main focus of this paper is to evaluate how publicly available data from social media can be extracted
and used with other datasets to gain insight into people-movement and land-use patterns in both the
transport- and urban planning domains. A secondary focus is to evaluate the usefulness of such data in a
developing country, such as South Africa, where smartphone user growth is slower than in developed
countries. The next section gives an overview of the literature relating to social media data mining in the
transport- and urban domains. Thereafter the methodology is described of how the datasets were obtained
and prepared for use in this paper. Section 3 sheds light on the usefulness of the data obtained from Twitter
by means of analyses, illustrations, and a machine learning model, by using the City of Tshwane
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Metropolitan Municipality as the study area. Concluding remarks are made with reference to sustainability
and further possible avenues of research are discussed in Section 4.

2. Literature Review

Transport- and urban planners are concerned with, among others, knowing how people make choices as to
where to live, where to work, and how to move between these (mostly) different locations. Insights into these
choices could potentially assist in improving service offerings to these individuals. While many insights into
travel patterns and transport needs could be gained from surveys, such as the National Household Travel
Survey (StatsSA, 2013), these surveys are extremely costly and time-consuming to conduct. Social media
provides an avenue to obtain some insights into travel and land-use patterns from publicly available data.

In the transport planning domain, Gal-Tzur et al. (2014) investigate the potential to data-mine social media
for valuable data to inform transport policy makers. They report that this type of data can assist in
overcoming transport challenges such as parking needs or bottlenecks in the transport system. In another
study, Gao et al. (2014) investigate the possibility of using large-scale social media data for the estimation of
origin-destination trips. They show favourable estimates of mobility flows and compare it with survey data.

In the urban planning domain, Noulas et al. (2013) combine telecommunication data with locations obtained
from Foursquare, a search and discovery service of points-of-interest. The authors infer the types of
activities in neighbourhoods by data-mining these points-of-interest from Foursquare and linking it to a
dataset of cellular signals from a telecommunications provider. Using a machine learning algorithm, they are
able to predict the land-use of zones with favourable confidence.

Ferrari et al. (2011a) identify hotspots in the city by analysing urban patterns in a Twitter dataset. They were
able to determine recurring crowd behaviour and link this behaviour to common locations. Ferrari et al.
(2011b) further discover routine behaviours and patterns from a dataset obtained from Google Latitude.
Being able to predict routine behaviour of users would be beneficial in multiple environments, for instance
targeted advertising and marketing.

Frias-Martinez et al. (2012) characterise urban land-use by analysing geotagged tweets in the Manhattan
area of New York City. They infer points-of-interest as well as land-use patterns from geotagged tweets with
favourable accuracy. Furthermore, Crandall et al. (2009) detect landmarks from geotagged photos from
Flickr, a photo management and sharing application. The authors plotted the GPS locations of photos to
create maps of tourists’ movements.

Zheng et al. (2012) analyse the movements of tourists through a city by also data-mining Flickr for
geotagged photos. They specifically look at tourists’ locations relative to points-of-interest as well as the
travel paths taken by tourists between these points. Such information could be useful, for instance, in the
design of public spaces to allow for better walkways or means of transport between these points-of-interest,
based on the frequency of visits to these places.

Zagheni et al. (2014) use Twitter data to infer both intra-zonal and international migration patterns.
Schneider et al. (2013) mention that daily mobility patterns can be attributed to a set of 17 motifs. They use
spatial-temporal trajectories in combination with network theory to determine these motifs and claim that
individuals exhibit a very specific motif that influences his or her travel behaviour, which could be inferred
from data.

Some of the methodologies in this literature review are used in this paper. The purpose of this paper is not to
develop perfect-fitting models, but rather to illustrate by means of practical examples and further discussions
how these techniques can be used in a smart and sustainable manner on social media data for developing
countries as well.

3. Research Methodology

The data that were used for this paper were obtained and prepared from various sources. Each dataset and
the steps involved to prepare the data for use for this paper are described in the following subsections.

3.1 Study area

The study area used in this paper is the City of Tshwane Metropolitan Municipality (hereafter also referred to
as the City of Tshwane) in the Gauteng Province of South Africa. Gauteng is considered to be the economic
hub of the country, which should result in higher cellular phone usage due to better affordability, while the
City of Tshwane, an area that includes Pretoria but extends further to the east, exhibits attributes of both the
developed and developing world. The area was subdivided into sub-places, which are geographical areas
determined and used by Statistics South Africa, which generally demarcates suburbs or villages. Figure 1
depicts the sub-places and where the City of Tshwane is located in South Africa.
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3.2 Twitter dataset

The process to obtain the Twitter dataset involved an implementation of the Streaming application program
interface (API) of Twitter, which is essentially a means to obtain data from a live Twitter feed. This APl was
used to capture tweets in near real-time during the period of 24 April 2015 — 25 June 2015, which equalled
63 days. A total of 2 821 338 tweets was obtained. Each tweet contains a large amount of metadata in JSON
format, but for the purposes of this paper only four parts from each tweet were stored for further analysis: the
unique tweet identification number, the username (anonymised on receipt) of the user that posted the tweet,
the longitude and latitude of the tweet (if the user enabled the geotag option), and the date stamp. For the
tweets that contained a coordinate, the location of the tweet was used to determine within which sub-place
the tweet originated from. The sub-place ID was subsequently also stored with the tweet. Table 1 contains a

summary of the fields that were stored for each tweet.
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Table 1 Summary of data stored for each tweet

Field Description

Tweet ID  Unique ID used by Twitter to distinguish between tweets

An anonymised ID string (originally the username of the person who posted the tweet, which begins with a
‘@’)

Coordinate  The longitude and latitude of the tweet, if it was available

Date stamp  Precise date and time of the tweet

If the tweet had a coordinate, the ID string that corresponds to the Sub Place ID in the Shapefile was added
to the dataset

Username

Sub-place

From the original dataset, only 1 151 133 of the tweets were geo-tagged (contained a coordinate in its
metadata), and finally only 146 586 tweets were within the confines of the City of Tshwane (the study area).
Only sub-places that had at least 150 tweets were considered for further analysis. For each sub-place,
tweets were grouped into 72 bins, which correspond with 72 equally spaced twenty-minute intervals in the
day. The frequency of tweets in each bin was determined and normalised, which represent proportions of
tweets throughout the day.

3.3 Transport network

For the purposes of this paper, only public transport networks were considered. The routes and itineraries of
buses, trains, and mini-bus taxis that operate in the City of Tshwane were obtained from the City of Tshwane
Metropolitan Municipality.

3.4 Land-cover dataset

The GeoTerralmage (GTI) 2013-2014 land-cover dataset was used as a starting point to aggregate the land-
cover classes to sub-place level. This land-cover dataset comprises 72 classes that describe the man-made
and natural landscape characteristics of 30mx30m raster cells for the whole of South Africa. For the
purposes of this paper, only built-up classes (areas covered by houses or other buildings) were considered,
which included 31 of the 72 classes. The Commercial and Industrial classes were used as-is. The other
classes in the dataset are subdivided according to the total surface area being dominated by trees, grass, or
bare surface. These secondary classes were aggregated to the primary class level, resulting in 8 primary
classes, namely: Village, Urban Residential, Commercial, Township, Industrial, Urban Informal, Mining, and
Other. For each sub-place, a percentage for each of the land-cover classes was assigned, which represents
the proportion of land that belonged to that class. Each sub-place was assigned a land-cover class attribute
based on the land-cover type that covers the highest proportion of land in the sub-place. Many of the sub-
places have mixed land-cover, but for the purposes of this paper, only the dominant land-cover was
considered. The dominant class was therefore assigned to the sub-place in the dataset. Figure 2 depicts the
number of sub-places that were classified in each land-cover class, which shows that Urban Residential is
by far the dominant land-cover class. The relevance of the distribution of the classes will be discussed
further in the section relating to the use of social media data to predict land use.

250 —

200 —

100

50 —

Number of sub-places

0 | T T T T T T

Urban Residential Township Urban Informal Village Industrial Commercial Mining
Type of landcover
Figure 2  Count of the dominant land-cover type per sub-place

The Twitter dataset was accordingly updated to include the land-cover class. The final dataset therefore
consisted of: a sub-place ID, 72 bins of normalised tweet activity, and a land-cover class.

4. Findings and discussion

As mentioned in the introduction, the study aims to derive two key information sets from the social media
data, which are land-use and travel patterns. The discussion will focus on the evaluation of tweet patterns at
different times of the day and how these relate to land use (the place from where tweets originate), and then
testing whether land-use can be derived from the tweet data.
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4.1 Tweet activity signatures and land-use patterns

It is possible to distinguish between different regions in a study area based on the tweet activity in the region,
which can also be referred to as the tweet activity signature (Frias-Martinez, 2014). Regions with similar
social network behaviour should have similar tweet activity signatures. Similarly, regions with differing social
network behaviour should have different tweet activity signatures.

Two land-cover types, Commercial and Urban Residential, were analysed. For both these land-cover types,
the tweet frequencies for all sub-places with the corresponding land-cover class were aggregated and
normalised to obtain an overall view of daily tweet activity. Error! Reference source not found. depicts the
social profiles/tweet activity signatures for these two land-cover classes.

Land-cover type
m— Commercial

= |Jrban Residential

002

Nomalised tweet activity

001 -

1 2 3 4 1] G 7 ] 9 M0 11 12 13 14 1% 16 17 18 19 20 21 22 23 M

Hour of day
Figure 3 Tweet profiles of different land-cover types

From Error! Reference source not found., it is evident that the tweet activity signatures for Commercial
regions differ from that of Urban Residential regions. In Commercial regions, peak tweet activity is observed
in the late morning hours between 09h00-11h00, which corresponds with the time that people arrive at work.
Secondary peaks are observed between 11h00-13h00 and 17h00-18h00, which could relate to lunch time
breaks and people leaving work to return to their homes. The Urban Residential tweet activity signature sees
a peak activity in the early to mid-evening hours, which is when many of the prime-time series appear on
television.

A simple text-mining procedure was followed to extract and clean the text from the tweets in these two
regions. Two word-clouds were generated from the text to compare the content of the tweets, as is shown in
Error! Reference source not found.. Words that occurred more often appear larger and darker. It is
evident that the tweet content of these two land-cover classes is similar with many of the most frequent
words present in both word-clouds. There are, however, some differences: place names such as “Pretoria”
and “Hatfield” are more prominent in the Commercial area, whereas in the Residential area, more colloquial
language is found, for example “lol” (which normally means “laugh out loud”). This information could be used
for sentiment analysis and to track opinions of citizens that could in turn be used for enhanced service
delivery.
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Figure 4 Word-clouds of tweet content in Commercial (left) and Urban Residential (right) areas

4.2 Connectivity and information flow

Using the techniques from the previous section, it would be possible in future research to develop a complex
network that describes the connectivity between different users in different regions. Furthermore, taking
tweet content into account would allow researchers to gain a better understanding as to the subject matter of
conversations between different users and areas. These insights could be used to better understand
prominent role players in the social network as well as how information flows throughout the network and
how individuals influence one another in the network.

4.3 Predicting certain land-use classes

In the previous subsections, a distinction was made graphically between tweet activity signatures of different
land-cover classes. In the case where the land-cover class of an area is not available, there would be value
in being able to predict the land-cover class given a certain tweet activity signature. To show how one could
typically go about doing this, a classification model was developed.

The Twitter dataset containing the tweet patterns per sub-place as well as the dominant land-cover class
was used as an input to the model. Stratified cross-validation was used with a 10-fold cross-validation in the
WEKA software (Hall et al., 2009). That is, the dataset is randomly partitioned into 10 samples of equal size,
of which 9 samples are used to train the model and the remaining 1 sample to test the model. Table 2
contains the confusion matrix, which shows the results of the model by comparing the predicted number of
sub-places classified per land-cover type versus what the actual land-cover of the sub-places is.

From Table 2, it is evident that the Urban Residential land-cover class was predicted with almost 100%
accuracy. Unfortunately, this model could not accurately predict other classes, except for the Commercial
class that had an accuracy of 20%. This could be due to the fact that many of the sub-places have mixed
land-use and when one land-cover type is specified as the dominant type, the second most prominent type
may still cover a fairly large percentage of the sub-place. Furthermore, 213 of the sub-places have a
dominant land-cover of Urban Residential, which equates to 62% of the total number of sub-places that were
used in the model. Furthermore, many sub-places were omitted from the model, since they contained fewer
than 150 tweets (the threshold that was used to include or omit sub-places). Frias-Martinez et al. (2012)
similarly only focused on the main land use in each of the clusters in their study and obtained a classification
accuracy of between 50%-70%. Future models would need to consider and predict mixed land-use.

Table 2 Confusion matrix

Classified as

Actual class _ Urban _ _ _ Urban —
Village Residential Commercial Township Industrial Informal Mining
Village 31
Urban Residential 1 212
Commercial 4 1

Township 48
Industrial 7
Urban Informal 40
Mining 1

Another possible explanation for the error in classification of the Township, Urban Informal, and Village
classes could be that they exhibit a similar tweet activity pattern to that of the Urban Residential class. While
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a distinction is often made between these land-use classes in terms of demographics or household
characteristics, the social media activity patterns tend to be quite similar.

Frias-Martinez et al. (2012) use an unsupervised learning approach to detect different classes from Twitter
activity patterns. They show that traditional land-use classes can be extended to include new classes such
as night life. Using such an approach could bring interesting new classes to the fore. An unsupervised
learning approach could also assist in understanding whether there are indeed similarities in the tweet
activity patterns between different classes, such as Urban Residential, Townships, Villages, and Urban
Informal regions.

While the model only predicted the Urban Residential class with favourable accuracy, there is still merit in
developing such classification models if more data are used and the dominant land-cover class is split into
mixed land-use classes. In the urban modelling domain, multiple datasets are used as input into urban
growth simulation models, of which one is a cadastre dataset that contains information on all parcels of land
in an area. The cadastre dataset is sometimes incomplete. Being able to predict land-use from tweet activity
patterns would be beneficial in such a case to complement an incomplete dataset. However, cadastres are
typically very small, hence enough data would be needed that fall within the confines of the cadastre in
question to be able to accurately predict the land-use from the tweet activity.

4.4 Travel patterns

The users who posted tweets were anonymised before further analyses were done on the dataset. One user
was randomly chosen from the dataset and the locations of the tweets of this user were extracted into a
subset with which to determine travel patterns.

Firstly, these tweets were subdivided into three parts based on the time-of-day that the tweets were posted.
All tweets between 19h00-08h00 were grouped, pre-empting that these would typically be generated from
home. This group will be referred to as the night-time tweets. Next, all tweets between 09h00-17h00 were
grouped, pre-empting that these tweets would typically be generated from a place of work during normal
working hours, if the person in fact is employed. These tweets will be referred to as day-time tweets. Finally
all other tweets were grouped into a miscellaneous group.

For the night-time tweets, the locations were repeatedly found in the same vicinity. For this reason the
locations were clustered and a heatmap was generated from these locations. This heatmap is shown in blue
on Error! Reference source not found.. The darker the colour, the higher the frequency of tweets per
square kilometre. This area is in fact classified as an Urban Residential area from the land-cover dataset,
therefore one can infer that the user’'s place of residence ought to be in this area. Further investigation
revealed that this is also a lower-income residential suburb.

The same methodology was used for the day-time tweets since recurring locations were found in the dataset
of the user during the day as well. The cluster and corresponding heatmap is shown in red in Error!
Reference source not found.. This area is classified as a Commercial area from the land-cover dataset
and upon further investigation it was determined to be the Central Business District (CBD) in the City of
Tshwane. From these two clusters, it can be inferred that the person resides in the residential area west of
the CBD and is possibly employed in the CBD.

Next, the remaining tweets were analysed to ascertain how the person travels between these probable
locations of residence and employment. A layer was added to the map that contains the minibus taxi and
bus service routes. The locations of tweets close to the user’s probable residence were in close proximity to
public transport services. Subsequent tweets (indicated by the numbers 1 and 2 on Figure 5) were also in
close proximity to public transport services that operate towards the CBD. The location of tweets close to the
user’s probable place of employment was also in close proximity to the public transport services. Due to the
fact that the user resides in a lower-income residential area, the chances are higher that the user utilises
public transport to commute between place of residence and employment and if this is the case, it is possible
that the user makes use of a combination of taxi and bus services.
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Figure 5 Travel pattern of 1 person

By analysing the tweet locations of this user, it was possible to construct a possible scenario of the mobility
patterns of the user over a 2-month period. It might be that the user was merely seeking employment or that
this was a temporary pattern. By observing these patterns over longer time-periods, one might be able to
detect migration patterns if the locations of the users change. Zagheni et al. (2014) for instance, utilise such
movement to infer migration patterns both internally and internationally. While the authors could not infer
migration rates at specific points in time, they were indeed able to predict turning points in the migration
trends.

These mobility patterns can further be analysed by distinguishing between typical weekdays and weekends
such as in the study of Herder & Siehndel (2012). The authors show how activity patterns differ between
these periods by using GPS logs. It is also shown that one of the users in the study moves mostly between 4
different locations of which the 2 most prominent locations would generally be the residence and
employment locations. Similarly, this could be applied to distinguish between the mobility patterns of multiple
Twitter users if enough data are available. Being able to predict routine behaviour of users would be
beneficial in multiple environments, for instance, targeted advertising and marketing.

In the 2011 National Census in South Africa, locations of employment were not captured. Therefore, another
useful application would be to determine people’s places of employment from Twitter data, as was shown in
this section.

5. Conclusion and possible further research

Proper transport- and urban planning are required to ensure urban growth, economic competitiveness, and
sustainability in cities. To test different policy scenarios, large-scale transport and urban simulation models
are often used, which require vast amounts of data and intricate modelling skills. Datasets are sometimes
difficult to source, expensive to obtain through surveys, or incomplete. For these reasons alternative sources
of data should be explored. Data-mining of social media is a common avenue to extract such datasets from
publicly available data.

This paper gave an overview of some of the techniques that exist in the literature to obtain data from social
media and to gain insights from such data. The techniques included supervised and unsupervised machine
learning approaches, which range from classification of land-use classes to gaining insights into people’s
mobility between points of interest. This paper aimed at illustrating how some of these techniques, and
combinations thereof, can be used in a developing country such as South Africa as well. The focus was on
the transport- and urban planning domains with a case study of the City of Tshwane Metropolitan
Municipality in Gauteng, South Africa.

It was shown that different land-use classes have different tweet activity signatures that distinguish them
from one another. Furthermore, a classification model could predict the Urban Residential land-cover class

172



=l
EE' SASBE SASBE 2015 Proceedings, 9 - 11 December 2015, Pretoria, South Africac

with almost 100% accuracy, but due to limited Twitter data in the other land-cover classes, the prediction did
not perform that well in the other cases. This work can be extended firstly with a larger dataset, and secondly
with an unsupervised approach, such as in the study of Frias-Martinez et al. (2014), to obtain areas with
similar or different tweet activity signatures, purely based on the activity signatures of the areas. These
classes can then be compared with actual land-cover classes to determine which classes share similar
patterns.

A complex network approach could also be followed in future research to understand the connectivity
between both individuals in the social network and areas that are geographically separated. It would further
be possible to determine the influence and roles in the network by using graph theory.

Similar techniques could be used to mine data from Strava, a social network that allows cyclists and joggers
to upload their geo-enabled exercise activities to a platform for further analysis. It is possible to obtain the
GPS logs of athletes from Strava and infer movements from these in an area. Such analyses would be
useful, for instance, for Non-Motorised Transport (NMT) projects. One drawback might be that developing
countries would not have enough cyclists or joggers that track and upload their activities to such a service
due to affordability constraints.

The techniques that were discussed as well as those that were demonstrated all use data that were obtained
from social media through data-mining. These procedures are smart since they are innovative means to
obtain publicly available data and rework these to a usable format, which in turn could be used in models
that inform transport- and urban planning. Since many social media services provide APIs with which to
connect to the service and obtain data from it, standard and automated procedures could be developed to
obtain, reformat, and use the data. These procedures would be sustainable since they can be reused with
minimal intervention. The derived information from these procedures could then be used to inform and
influence management of services in the built environment.
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Abstract

The impact of Tuberculosis (TB) is of epidemic proportions in South Africa (SA) being one of the developing
countries. Furthermore, studies seem to indicate that health care facilities are contributing to the spread of
Mtb (Eshun-Wilson et al. 2008). The contribution that the built environment has on airborne transmission,
combined with erratic energy supply and the international sustainable agenda raised the need for research
investigation for passive design building response for airborne contagion.

Natural ventilation uses buoyancy or wind as the driving forces for air movement. In this paper
Computational Fluid Dynamics (CFD) models were used to find out the optimum design for naturally
ventilated Tuberculosis (TB) ward designs. Natural ventilation can reduce the concentration of airborne
pathogens through removing and diluting airborne droplet nuclei. The effect of different parameters such as
roof angle, window type and size, positioning of closures in the permanent ridge ventilators on natural
ventilation performance were studied. The results indicated that the correct combination of the parameters
mentioned can significantly improve the natural ventilation effectiveness.

Tracer gas tests using carbon dioxide (CO,) were subsequently conducted for the real spaces with natural
ventilation systems as designed using CFD to establish the actual ventilation rates achieved. The ventilation
rates results indicate generally good to excellent ventilation rates especially in the coastal regions. These
rates are in line with the recommended rates as per the World Health Organisation (WHQO) and Centres for
Disease Control (CDC).

A Post Occupational Evaluation (POE) was undertaken through qualitative questionnaire and site
assessment to evaluate the impact and potential success of the as built modelled design. It is evident though
the various staff interviews and project team discussions that the new facilities have improved nursing
standards and patient ward standards.

1. Introduction

The obligate aerobe nature of Mycobacterium tuberculosis (Mtb) transmitted by airborne, impacts
environments with an immune deficiency disease i.e. Human Immunodeficiency Virus (HIV), unsuspected
patients, healthcare workers and healthy people at risk of contagion, with the emphasis on
immunosuppressed persons. In 2008 the World Health Organisation (WHO) ranked South Africa (SA) as the
worst infected country in the world (per capita) for Mtb. A WHO assessment in 2008 indicated the
epidemiological burden of TB and HIV co-infection in SA at an estimated 70%. WHO estimates that in SA,
out of every 100 000 people approximately 768 are Mtb positive and 5.5 million people in SA have HIV Aids.
These facts point to alarming risk exposure in hospital environments.

The airborne nature for the spreading of TB makes TB disease difficult to control in health care facilities. The
WHO and CDC identifies sufficient ventilation as one of the ways for controlling the spread of TB in health
care facilities. Ventilation can reduce the concentration of airborne pathogens through removing and diluting
airborne droplet nuclei (WHO, 2009 pp. 19). Ventilation in this paper is defined as the introduction of “fresh”
air from a “safe” source (preferably outdoor air) to continually replenish indoor air. There are three strategies
for ventilation namely natural ventilation, mixed mode ventilation and mechanical ventilation. Examples of
natural ventilation strategies are windows, doors, turbine ventilators, door grills etc. Mixed mode ventilation
strategy refers to mechanically assisted natural ventilation strategies e.g. motorised turbine ventilator.
Mechanical ventilation system uses electric fans to drive airflow through a building. There are many
advantages to reliance on natural ventilation for infection control such as low cost of installation, operation
and maintenance which reduces the reliance on electricity supply, which is erratic and constrained in many
certain areas, especially deep rural areas of South Africa.
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This paper reports on natural ventilation systems design using CFD and results of field tests and
experiments on ventilation rates achieved by the real spaces with natural ventilation systems as designed
using CFD.

This paper discuses a recent research investigation conducted by the Council for Scientific and Industrial
Research (CSIR) for the design and commissioning of TB care facilities in South Africa in considering natural
ventilation as a viable sustainable design solution for airborne contamination control using contaminate
dilution. A recent Global Fund M(X) DR-TB Infrastructure Project initiated by the SA National TB Control
Programme aimed to provide 312 additional M(X) DR-TB beds for long-term inpatient care at eight hospitals
in seven provinces (Nice et al., 2012). This project presented the opportunity to investigate modelling design
methodologies to present a design by research based outcome. Furthermore the project contributed to
developing and consolidate guidelines for accommodating long-term patients within the broad policy
framework developed by the National TB Control Programme at the time, subsequently focused has shifted
to home based care.

Facilities ranged from DR-TB and MDR units, to dedicated Multiple Drug Resistant (MDR) & Extensive Drug
Resistant (XDR) units, dependant of disease catchment areas and disease profile. To effectively address the
public health crisis at the time (2008), the National Department of Health (NDoH) determined that all
confirmed XDR and MDR-TB patients are to be hospitalised at specialised M(X)DR-TB units for the primary
treatment period (usually 6-18 months). Existing long-term care facilities for the treatment of TB patients are,
however, poorly designed to address needs of MDR and XDR-TB patients and of healthcare workers.
Paving the way for new facilities which could reduce the risk of cross infection to patients and staff and
create a more conducive healing environment.

The project required developing a research methodology based on key design principles that would on
completion be measured by both quantitative means (CO, decay) or qualitatively (by questionnaires and
other). One of the driving design principles was utilising natural ventilation as far as possible in all patient
areas to achieve maximum air changes at all times. The target was set at 12 — 16 air changes per hour
(ACH) as per the CDC and WHO recommendation at the time (this has evolved to include occupancy and
now measured by L/p/s). There are many advantages to reliance on natural ventilation for infection control
such as the low cost of installation, operation and maintenance which reduces the reliance on electricity
supply, which is erratic and constrained in many certain areas, especially deep rural areas in South Africa.

Due to the many factors affecting natural ventilation as a design solution, it must be considered during the
early stages of a facility’s design development. Retro fitment is not ideal and could be very costly, with
suboptimal performance. When developing the design concept for a naturally ventilated building the
following basic steps must be considered (Parsons et al., 2010):

e “The desired airflow patterns from inlets to outlets through the occupied spaces need to be defined.
This is related to the particular climatic region, site configuration, form and organisation of the
building as well as the use patterns. All openings such as through windows, roof ventilators and
other ventilators need to be considered.”

e “Ventilation systems need to be omnidirectional as wind is highly variable in direction and strength
and it is almost impossible to quantify it precisely.”

e “The principle driving forces, which enable the desired airflow pattern and air changes, are to be
identified. In good design the dominating driving forces are in sympathy with the intended flow rate
and distribution.”

e “The size, type and location of the openings such as windows so that the required flow rates can be
delivered under all operating conditions.”

It was clear from abovementioned that there are really only two ways that the airflows could be quantified, i.e.
in a low speed wind tunnel or by means of Computational Fluid Dynamics (1CFD). In order to provide
technical assistance to design teams, the CSIR Building Performance Laboratory ' provided decision support
for natural ventilation design.

The proverbial ‘proof of the pudding is in the eating’ was carefully considered. The opportunity to test the
various design decision iterations established by CFD modelling results could be implemented in built form.
This afforded the opportunity to physically, by experimentation, test the efficacy of the elected design
solutions two years post occupation of the facilities. The assessment technique selected for this assessment
was the CO, decay technique, tested under various site conditions. Combined with a qualitative POE
questionnaire and program assessment gave the design team insight into the efficacy of the suggested
solutions, the success in the proposed methodology and the user experience.

2. Research Background

This paper presents the process of developing a design methodology that can be used in the design for
natural ventilation buildings; firstly that incorporates CFD modelling to inform design planning and secondly
conduct performance analysis through site experiments to test the ‘real world’ performance. When
considering the project objective: ‘to reduce the burden of tuberculosis and HIV in South Africa’ a built
environment approach was conceived: built environment intervention through design measures that could
potentially advance the development of effective airborne infection control by natural ventilation, and lead to

" The Building Performance Laboratory is a specialized focus area located in the Building Science and Technology research programme
at the CSIR which uses predictive modelling of building performance towards achieving environmentally, functionally and operationally
appropriate and affordable design solutions for the built environment.
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the development of Norms and standards for TB facilities not only in and for South Africa, but also other
infected parts of the world. We consider the three part methodology:

1) Computational Fluid Dynamics (CFD)
2) Ventilation performance indicators — review of techniques and final selection
3) The Post Occupancy evaluation

2.1 Computational Fluid Dynamics (CFD)
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Figure 1 Methodology followed to simulate ventilation performance.

CFD simulations in the built environment are complex, because the external airflows are highly turbulent due
to the interference of different structures and a significant amount of ground effect. Furthermore the accurate
quantification of climatic conditions such as wind direction and strength, temperature and humidity is
extremely difficult. In this project CFD was used both as a qualitative and quantitative tool. The former was
used to experiment with different roof monitor configurations and the latter to determine the actual ventilation
effectiveness. At the time when the research was undertaken the team had little prior experience of CFD. An
Ansys Airpak CFD package was acquired to undertake the CFD analysis, because it was easier to master
than Ansys Fluent. The methodology that was adopted in the CFD modelling was essentially a two-stage
approach (Figure 1) where an external CFD site model was first created to study external airflows and to
determine the boundary conditions for a detailed zoom-in model to determine the ventilation performance.
The former contained block models of all the buildings on the site as accurately as possible whilst the latter
contained all the detailed building detail such as walls, windows, roof and roof ventilators. In the case of this
project analysis types 200 and 500 (Figure 1) were not done as it is not applicable.

2.2 Ventilation performance indicators

2.2.1 Air Changes per Hour (ACH) — (The preliminary approach)

The most widely used performance indicator for a ventilation system is air change per hour (ACH). ACH is
the number of times per hour that a volume of air equal to the enclosed space volume is exhausted. For a
positive pressure mechanically ventilated space ACH is calculated using equation 1.

3600,
AcH = 224 (1)
q is the fresh supply air flow m°/s)
% is the volume of the space m

WHO (2009) and CDC (2003) recommend 12 (ACH) in mechanically ventilated one bed TB isolation wards.
Recently emerging guidance for healthcare buildings such as the Building engineering services guideline
authored by the CSIR in collaboration with the National Department of Health has moved from expressing
ventilation requirements from air-changes per hour (ACH) to volume flow rates per capita (L/ s/ person). The
minimum requirement is 80 L/s/person for high risk areas such as waiting areas and TB treatment rooms.
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The ventilation requirements for naturally ventilated spaces according to the WHO 2009, p.21 guidelines are
as follows:

e Minimum of 80 L/s/per person for airborne precaution rooms,
e 60 L/s/per person for general wards and outpatient departments and
e 2.5L/s/ m?for corridors and other transient spaces without a fixed number of patients.

The ventilation rates as calculated in Tables 3-5 were compared against the recommended ventilation rates
specified in the WHO (2009) guideline.

2.2.2 Mean age of air

(Gao and Lee, 2011) used mean age of air as the ventilation performance indicator in their studies on
evaluating the influence of openings configuration on natural ventilation performance of residential units in
Hong Kong. Age of-air is a technique for evaluating ventilation that has been actively used for over 20 years.
Age-of-air quantifies the time it takes for an elemental volume of outdoor air to reach a particular location or
zone within the indoor environment. Age-of-air is often also used to quantify the ventilation effectiveness with
respect to indoor air quality (Sherman, 1997). The mean age of air in a point is defined as the mean time that
the air particles contained in a differential volume around the point have stayed inside the room. The
youngest air will be found at outdoor air inlets, while the oldest air can be found at any other point, not
necessarily at the outlets. For instance, if there is a stagnation region or a recirculation one, the mean age of
air will be high in these areas and the ventilation will be poor (Mendez, et al., 2008). Mean age of air
represents the average time that air spends in the same place till extraction. Mean age of air was also
considered, especially in the design iteration phase; the aim was to obtain a design that exhibited the lowest
mean age of air.

2.2.3 Ventilation rate measurement- tracer gas tests

Tracer gas techniques for measuring ventilation rely on the possibility of differentiating air already within the
test room from new air coming into the space. The user should be able to either mark the air already in the
space and follow how the marked air is replaced by new ventilation air; or mark the incoming air and
measure how this marked ventilation air is distributed through the space. REHVA (2004) describes different
tracer gas techniques for evaluating ventilation effectiveness:

e Tracer step down (concentration decay)

e Tracer step up method

e Pulse method

e Homogeneous constant emission method.

In this study the concentration decay method was used. CO, was used as the tracer gas. ASHRAE (1997)
states that the calculations for ventilation rate using results of tracer gas concentration decay are based on a
mass balance of the tracer gas within the space.

2.3 The Post Occupancy evaluation

According to (but not limited to) Meir et al. (2009) in their paper the authors define POE as: both qualitative
and quantitative approach, but more importantly the value of design analysis post construction and in use,
“Post-occupancy evaluation (POE) is a platform for the systematic study of buildings once occupied, so that
lessons may be learned that will improve their current conditions and guide the design of future buildings.
Various aspects of the occupied buildings’ functioning and performance can be assessed in a POE, both
chemo-physical (indoor environment quality (IEQ), indoor air quality (IAQ) and thermal performance) as well
as more subjective and interactional (space use, user satisfaction, and other).” It is from this very same
perspective that a POE was undertaken to not only review the success of the intervention, but measure the
success and acceptance by the user. The POE becomes a critical design feedback tool not only for analysis,
or assessment but for critical design review. The POE in this research process incorporated the
experimental test, observational assessment, and user qualitative response. The holistic POE outcome is
not described in detail in this paper as more attention is given to the development of a design methodology
as a tool for naturally ventilated building design.

3. Research Methodology

3.1 The CFD process and methodology

Using CFD software, a virtual model of four” of the Global Fund facilities were created, in order to simulate,
visualize and analyse the ventilation performance of the initial design proposals. Subsequently the Brooklyn
Chest Hospital in Cape Town was also simulated. The simulations developed from purely qualitative to
quantitative as the process was refined. The simulation results led to revisions to the design proposals and
directly informed the design development.

The ventilation efficiency of naturally ventilated buildings is complicated dependent on (Parsons et al., 2010):
e Climate zone — wind direction, speed and availability, temperature, humidity;

2 Jose Pearson, Manguzi, Catherine Booth and Modimole
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e Wind direction and profile;

e Site topography and latitude;

e Building geometry and roof angles;

e Interior obstructions and flow paths;

e Inner and outer temperature (buoyancy);

e Indoor air temperature which relates to incident solar radiation and thermal performance of building
materials;

e Type and degree of envelope and building permeability;
e Adjacent structures and building location;

e Terrain; and

e Complimentary ventilation systems.

One of the most critical aspects for building performance testing is the creation of appropriate simulation
models (Parsons et al., 2010). In the various case studies drawings were provided in different electronic
formats. The most sophisticated drawings were created by the Autodesk Revit 2009 Building Information
System (BIM). In all cases the working drawings contained far too much geometric information for the
simulation purposes. Building performance simulation models created for Ecotect or Airpak normally consist
of simple and symbolic geometry that are supported by a significant amount of alphanumeric technical
information. The emphasis is, therefore, more on the technical alphanumeric attributes than the detailed
geometric representation. For example a simple multi-layered wall is represented by a simple geometric
surface in simulation software and a set of technical/ engineering alphanumeric values that handle inter alia
values such as U-value (W/m2.K) and Admittance (W/m2.K). At the time of the project the interoperability
between CFD and CAD was a key barrier to the general technology uptake of CFD in the built environment.

Figure 2 illustrates the measures that were taken to maximise the air flow through the spaces. These were
qualitatively simulated by CFD. The roof angle was specifically made 25° so that when air moves across the
roof the windward side would develop a positive pressure and the leeward side negative pressure. This

Raked cailing under purlins
exposed frisses.

ventilation

- Aitflow gap - stoep roof to wall iz -
(2= Horzontal pivat < Gap for fied
\_Horizantal pivot orizontal pivot /1 ) giriow
windoy windows ~/ | |
covereo\ ||| “BARGom g seoRoom | | ) covereo
§ \ [/ waiway

Tl TIITITIE

COVERED
AY

Figure 2  The natural ventilation design of the wards for maximising natural ventilation (authors).

directly improves the ventilation efficiency of the roof ridge ventilation. A literature study (ASHRAE, 2005)
and CFD simulations indicated that this pressure difference phenomenon would be fully developed at a roof
angle of approximately 25°. Due to the unpredictability of the wind direction and in an attempt to make the
ridge ventilation more effective various literature studies, CFD simulations, field studies and laboratory tests
were undertaken. Conventional wisdom at this stage was that wind driven roof ridge turbines, also known as
“whirlybirds” would be adequate. The findings of field tests and a laboratory study (Salie, 2014) clearly
indicated that the installation of the turbine ventilator did not increase the ventilation flow rate in all natural
ventilation configurations. Further CFD simulations were undertaken and it was discovered that permanent
ridge ventilation with alternating closures would be the best solution (Figure 2). This solution combined with
a roof angle of 25° proved to be omnidirectional and effective.

Other interventions are a very large openable window area (25% of floor area) in a cross ventilated
configuration. To ensure an omni-directional and effective flow of air horizontal pivot and hopper openable
windows were extensively used in the various projects. This was enhanced by permanent eaves ventilation
slots and a gap for free airflow in the roofs of the covered walkways. The total volume of the space is 61.4
m3. This is a very large volume for a single patient.
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3.2 The Carbon Dioxide (CO,) decay methodology
The tests and experimental measurements were done in the following stages:

1) The CO, concentration was first measured in the room and the outside ambient air. This was done to
determine the background CO, concentration in the room air and to check for unknown sources of carbon
dioxide nearby.

2) CO, gas was injected into the ward from the CO, cylinder. Mixing fans were used to disperse and mix the
injected carbon dioxide gas. The concentration of CO, in different parts of the ward was monitored at two
points at 1.1m height above finished floor level that would be the breathing zone for sleeping patient by a
SENTRY ST-303 non-dispersive infrared CO, gas sensor. This was done to confirm uniformity of
concentration of the tracer gas in the ward as stipulated by REHVA (2004) and ASHRAE (1997). Demmers,
et al. (2001) suggests that the best sampling points of the tracer gas is at the outlets, if inlets and outlets are
well defined. However, in naturally ventilated buildings an air opening can be an inlet or outlet depending on
the prevailing wind direction. Therefore the average tracer gas concentration taken at the two points in the
ward was assumed to be the exhaust concentration.

3) When a uniform and sufficiently large concentration (less than 5 000 ppm) of carbon dioxide gas was
achieved, the fans and carbon dioxide injection were stopped. The openings associated with the respective
test scenarios (See Table 2 key for different test scenarios) were opened, and the tracer gas was allowed to
decay naturally.

3.2 The Post Occupancy Evaluation (POE) methodology

A Post Occupation Evaluation assessment was developed to gage the expected projected outcome versus
the factual final site outcome. The CSIR developed a prototypical design layout as guidelines to facilitate
architects and the consultant team with the added benefit to communicate the architectural philosophy and
spatial layout for airborne diseases design to hospital staff. Computer aided air movement modelling
(computational fluid dynamics) was used during the development of both passive and natural ventilation
systems to ascertain an effective cross ventilation design.

The methodology of assessment required both testing and interviews

1) Firstly: a formal meeting was held with all relevant staff members within the new facility, provincial
department representatives and members of the consulting team. Individual interviews were
conducted with staff members; and a debriefing interview was done with the architect/principle agent.

2) Secondly, but simultaneously: a scientific test was done in one of the new patient bedrooms, using
tracer gas methodology by means of CO2 release to saturation (5000 ppm) and measuring the
decay rate in assessing the number of air changes achieved within the hour. Comparing these rates
to world standards and thus the effectiveness of the design specifically with regards to air change
rates as described in detail in section 3.1

4. Findings and Discussion

4.1 Findings from the CFD modelling

Figure 3  Qualitative and quantitative CFD studies undertaken for the Modimole project. The left illustrates
the development of an efficient roof ventilator and right the ventilation effectiveness in terms of
MAA.
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Figure 4 Pressure development over the Brooklyn Chest roof on the left and external wind studies to
determine the boundary conditions for the detailed interior models on the right.

Figure 3 (left) illustrates the CFD simulations that were used in the Modimole project to improve the
effectiveness of the permanent roof ventilation. Various roof ventilation designs were explored to ensure
proper mixing of the fresh outside air with the interior contaminated air. It was also used to test the
ventilation effectivity of the windows. In the particular example an outside air speed of 4 m/s was used.
Figure 3 (right) illustrates an analysis of Mean Age of Air (MAA). In the particular example the MAA varies
from 77 s on the windward side to 154 s in the far side of the room (leeward side).

Figure 4 illustrates CFD simulations that were undertaken at the Brooklyn Chest project. Figure 4 (left)
illustrates the effect of air movement over the building with a roof angle of 25°. On the windward side a
positive pressure of 3.78 and 9.35 N/m? develops and on the leeward side negative pressures between -12.9
and -1.78 N/m?, relative to atmospheric pressure. The alternating closure method that was developed for the
Modimole project (Figure 1) was used in the Brooklyn Chest rectangular roof ventilator. Figure 4 (right)
illustrate one of many external wind studies that were used to determine the boundary conditions for the
detailed interior CDF models under various wind directions, strengths and heights. In this case it was a wind
of 6 m/s from a south-easterly direction.

Table 1 ACH analysis for Brooklyn Chest

Air Change per Hour Analysis for Brooklyn Chest

Block Name Wind Direction ACH with wind speed 1 (6 m/s) ACH with wind speed 2 (1.5 m/s)
South Block South-east 58.368 19.293
Middle block South-east 50.685 8.278
West 54.185 17.347
North-wind 63.500 18.560
Consultation South-east %192.931
Room
West *142.723

4.2 Findings from the Carbon Dioxide (CO,) experiment

The decay in concentration of the carbon dioxide was plotted as illustrated in the graph of Figure 5. The
exponent of the equation of the graph of Figure 5 was multiplied by 60 to obtain ventilation rate in ACH. All
the results for the test scenarios are shown in Tables 3-5.The value of ventilation rate in L/s in the last row of
Tables 3-5 was calculated using the formulae in equation 3.

ACH x roomvolume(m § ©)

Ventilation rate(l / s# 3600 x0.007

® This number is very high because it was assumed that the door is open. If the door is closed then open able windows will have to be
provided at lower level.
* As in 2 above the number is very high because the door was assumed open.
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Table 2 Key for ventilation scenarios

Key Definition

AWDC All Windows and Door Closed

RMO Roof Monitor Operational

SGO Side Grills Operational

AWDO All Windows and Door Open

3GO 3 Grills Operational

AWOEDO All Windows Open External Door Open
THDO Top Half Door Open

MWBSO Middle Windows Bathroom Side Open
BWWSO Bottom Windows Ward Side Open
ATWWSO 4 Top Windows Ward Side Open
3TWBSO 3 Top Windows Bathroom Side Open
HTDO Half Top Door Open

ABSWC All Bathroom Side Windows Closed
WSWDO Ward Side Windows and Door Open
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Figure 5 Tracer gas concentration decay for mostly closed ventilation openings at Modimolle hospital See

Table 3.

Table 3 Quantified ventilation performance for mostly closed ventilation openings

Hospital Jose-Pearson Catherine Booth Modimolle
Climatic region Bsh (E.C) Csa (KZN) Bsh (Limpopo)
Wind speed (m/s) 8.4 5 0.8

Wind direction SwW N NW

Ward type 1 bed En-suite 2 bed En-suite 1 bed En-suite
Ventilation system Natural Natural Natural
Openable area 6.95 11.9 9.35

Floor area 13.8 24.94 17.82
Ventilation scenarios investigated AWDC,RMO AWDC, SGO, RMO  AWDC, SGO, RMO
Ward volume (m?) 59 68 61

Measured ventilation rate (ACH) 17.4 14.2 4.1
Ventilation rate (I/s/patient) 285 133.7 69

Table 4 Quantified ventilation performance for mostly opened ventilation openings

Hospital Jose-Pearson Catherine Booth Modimolle
Climatic region Bsh (E.C) Csa (KZN) Bsh (Limpopo)
Wind speed (m/s) 8.4 2 0.9

Wind direction S N NW

Ward type 1 bed En-suite 2 bed En-suite 1 bed En-suite
Ventilation system Natural Natural Natural
Openable area 6.95 11.9 9.35

Floor area 13.8 24.94 17.82
Ventilation scenarios investigated AWDO,RMO AWDO, SGO, RMO AWDO, SGO, RMO
Ward volume (m?) 59 68 61

Measured ventilation rate (ACH) 38.9 25.1 20.5
Ventilation rate (I/s/patient) 638 237.1 347
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Table 5 Quantified ventilation performance for typical ventilation opening scenarios.

Hospital Jose-Pearson Catherine Booth Modimolle

Climatic region Bsh (E.C) Csa (KZN) Bsh (Limpopo)

Wind speed (m/s) 8.4 2 0.9

Wind direction SW N NW

Ward type 1 bed En-suite 2 bed En-suite 1 bed En-suite

Ventilation system Natural Natural Natural

Openable area 6.95 11.9 9.35

Floor area 13.8 24.94 17.82

Ventilation scenarios investigated THDO,RMO,MW  AWDO, SGO, RMO AWDO, SGO, RMO
BSO, BWWSO

Ward volume (m?) 59 68 61

Measured ventilation rate (ACH) 21.3 25.1 20.5

Ventilation rate (I/s/patient) 349 237.1 347

4.3 Findings from the Post Occupancy Evaluation (POE)

The research process developed by the CSIR through various design criteria, modelling and user experience
studies have produced improved the air quality of the facilities, created safer patient and nursing spaces and
set a minimum standard for future designs. Thermal comfort was a noted concern with numerous comments
on the driving rain through the roof top ventilations and the cold conditions in the ward rooms. These
challenges can be overcome without compromising the project and airflow design. Potential solutions
included utilising weather louvres at the roof ridge and installing infrared heaters in the ward rooms with
additional supply of blankets to patients.

The project allowed for the development of a baseline design standard to be built upon and improved for
future facilities.

5. Conclusion and Further Research

When considering the various scenarios studied the following observations have been made: For the case
where ventilation openings are mostly closed, for example, the ventilation rate for Modimolle did not comply
with the WHO (2009) guidelines (Table 3). Therefore the ward natural ventilation systems for Modimolle
hospital must never be operated as outlined in row 9 of Table 3. This is largely due to the low ambient wind
conditions and climatic region. For the case where ventilation openings are mostly closed, the ventilation
rate for both Jose Pearson and Catherine Booth hospitals complied with the WHO (2009) guidelines (Table
3). Therefore for the external wind speeds recorded (see row 4 Table 3), the natural ventilation systems for
these hospitals can be operated as outlined in row 9 of Table 3.

Lastly, for the case where ventilation openings are mostly opened, the ventilation rate for all the hospitals
complied with the WHO (2009) guidelines (Table 4).

The ventilation rate is proportional to the external wind speed where windows where mostly open. Therefore
it can be concluded that the higher the opening area (openings which separate the air in the ward interior to
outdoor air), the higher the ventilation rate (number of ACH). This conclusion is evidenced by larger
ventilation rates for scenarios where ventilation openings were mostly opened when compared to the
scenarios where ventilation openings are mostly closed. Therefore it is highly recommended for optimum
ventilation performance of the wards that all openings to the exterior environment to be permanently opened.

The results of the study indicate that the CFD methodology and various iterations of design solutions did add
value and contributed to the improved ventilation rates found in the various facilities. The roof ridge design
and top-light air ventilators are a direct outcome of iterative CFD analysis. This played a governing role in the
improved airflow and rates in especially ‘closed’ environments, where it otherwise would have been little to
no ventilation. Utilizing CFD simulation is a viable option for both testing design options towards predicting
natural ventilation flow patterns for built environment design.

The POE indicated that the implementation of a built environment design by research solution for high risk
areas of TB infection. The research created indicators and valuable data in a series of design initiatives
employed within a variety of climatic regions and wide spectrum of patient demographics. It is evident though
the various staff interviews and project team discussions that the new facilities have improved nursing and
patient ward standards.
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Abstract

In 2006 the South African Institution of Civil Engineering (SAICE), in partnership with the Council for
Scientific and Industrial Research (CSIR), released the first ever “report card” assessment rating of the
condition of engineering infrastructure in South Africa. The purpose of the report card was to draw the
attention of government, and of the public at large, to the importance of maintenance, and to factors
underlying the state of repair of infrastructure. Its success was such that the CSIR and SAICE brought the
next report card out in 2011, and are again working together to prepare a new edition, to appear in 2016.

1. Introduction

Many factors enable a city to be a liveable and viable entity, a desirable place for working, investing and living.
The condition of the built environment infrastructure, i.e. that part of the public sector capital stock producing
services utilised by households, such as hospital services, drinking water, sanitation, electricity, or which
facilitates economic activity, such as electricity, roads and ports, is a very important such factor. Well-
maintained infrastructure underpins quality of life and economic development. Studies are increasingly
showing that dysfunctional sanitation facilities, for example, or unreliable water supplies, constitute not only
threats to health and economic activity, but can — and do — also trigger service delivery protests.

National-level attention has over the years been given to policies and strategies to improve the maintenance
of infrastructure, and hence its quality and reliability. Among other measures have been the National
Infrastructure Maintenance Strategy, the Government Immovable Asset Management Act, the National
Water Services Infrastructure Maintenance Strategy, and the "Green Drop" (wastewater) and "Blue Drop"
(drinking water) quality assessments of the Department of Water Affairs (now the Department of Water and
Sanitation (DWS)).

The importance of well-maintained infrastructure to the economic health of nations is clear. Indeed the
positive relationship between gross fixed capital formation (GFCF) and economic growth, is well documented
(Investec, 2005, Kumo, 2012), and is the basis for sustained economic and social development. If
maintenance is inadequate, social and economic growth will be impeded — something that cannot be
afforded.

In 2006 the South African Institution of Civil Engineering (SAICE1), in partnership with the Council for
Scientific and Industrial Research (CSIR)Z, released the first ever “report card” assessment rating of the
condition of engineering infrastructure in South Africa (SAICE, 2006). The purpose of the report card was to
draw the attention of government, and of the public at large, to the importance of maintenance, and to
factors underlying the state of repair of infrastructure. Its success was such that the CSIR and SAICE
brought the next report card out in 2011, and are again working together to prepare a new edition, scheduled
to appear in 2016.

The intent of the report card work has throughout been to inform the public about the importance of
infrastructure in their daily social and economic intercourse, by highlighting the current status of its condition.
Furthermore, many decision makers are technical lay-people. The report cards should enable better
informed decisions to be made, especially regarding maintenance management and planning for new
expenditure.

It is anticipated that the findings of this next report card will be widely debated, because in the last few years’
service delivery problems, particularly those attributable to operation and maintenance of infrastructure, have
received heightened attention across the country.

This paper:

" SAICE has more than 9000 individual members in government, contractors, designers, education and other fields related to civil
engineering, and is the largest learned society in the built environment. lts members collectively are very well placed to give an "insider"
perspective of all aspects of the performance of engineering infrastructure.

2 The largest research organisation, public or private sector, in Africa, has more than 2000 professional staff, many of them the leaders
in the field of built environment matters.
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e describes the process of research and compilation of the report cards;

o describes the origins and development of the methods — the assessment tools, indices and rating
systems — which have been employed;

o reflects on the condition of infrastructure in South Africa as revealed by the 2006 and 2011 report
cards, and the key factors and trends revealed, and begins to speculate what the 2016 report card
might find in this regard; and

e recommends that the new report card be prepared along the lines of the previous, because their
methodology worked well.

2. Infrastructure Report Cards

Infrastructure report cards are a reflection at a point in time on the state of built environment infrastructure,
i.e. that part of the nation’s public sector capital stock that produces services that are consumed by
households, such as hospital services, drinking water, sanitation, electricity, or facilitates economic activity,
such as electricity, roads and ports. This infrastructure is a public asset. All in a nation have a stake in its
upkeep and operation, and all share in the expense of its construction and its ongoing maintenance.

Institutions in many countries publish infrastructure reports, but these are mostly in relation to commercial
activity in the construction sector or on the general condition of infrastructure to the extent that it supports
commercial activity. They generally do not attempt to grade the condition of the infrastructure or to comment
on the trends in condition, or the constraints preventing improvement. They are also seldom prepared by the
professionals intimately involved with the design, construction and maintenance of these assets.

Infrastructure Report Cards (IRC) have since the 1990s been published at regular intervals by three other
countries in the English-speaking world. The American Society of Civil Engineers (ASCE) has produced the
‘Report Card on America’s Infrastructure’®, the Institution of Civil Engineers (ICE) (UK) the ‘State of the
Nation’ reports — both of these more or less annually — and Engineers Australia has published a national
Infrastructure Report Card at less frequent intervals. They are intended to draw the attention of both
government and the public at large to the importance of maintenance, and to factors underlying the state of
repair of infrastructure — factors such as skills and finance, for example. In themselves, these reports have
little technical value to infrastructure professionals, but they may be put to good use in macro level planning,
lobbying for infrastructure funding, stimulating debate and highlighting the actions that civil engineers believe
are needed to improve the state of a nation’s infrastructure. By publishing them, learned societies and
institutions provide more than information — they commit to a role of advocacy.

These report cards do not comment on backlogs as expressed in the absence of infrastructure to serve
certain areas and communities. It is the condition of existing infrastructure which is the focus, together with
the effect of that condition on service delivery (e.g. that a badly operated and maintained water treatment
works is sometimes unable to supply the town for days at a time). Also important, but not the main focus,
are the factors which lead directly to this infrastructure being in the condition that it is.

To reiterate: the focus of each report card is on the then current condition of existing infrastructure. The
pertinent service delivery is the service which that infrastructure directly delivers. Thus, for a school for
example, the infrastructure report card focuses on the condition of the infrastructure — in particular on the
buildings and the water and sanitation facilities. The quality of the teaching and learning which takes place
in the school is not of interest to the report card.

3. The South African Infrastructure Report Cards

Before embarking on the first IRC in 2006, the authors took the view that it would be a reflection at a point in
time on the condition of public infrastructure in the built environment, and would not comment on the legacy
of apartheid. This was not a decision made lightly. The inherited backlogs are large, but the past cannot be
managed. Only the present can be managed in the hope and with the objective of creating a brighter future.
It was also decided that the reports would not highlight the stated intentions of many agencies to improve
infrastructure in the future, even when these are accompanied by plans with budgets — these intentions
would instead be reflected through improved grades in future report cards. The focus would be entirely on
the contemporaneous condition of infrastructure.

Since democracy in 1994, massive strides have been made by the government to correct infrastructural
imbalances. Drinking water, sanitation, energy and transportation access have received focused attention,
and, acting on its mandate, the government is continuing to invest at rapid pace in infrastructure for
disadvantaged communities. However the combination of limited resources for the demands of existing
infrastructure, priority provision for the previously disenfranchised, public sector restructuring, and shortages
of key skills has led to extreme pressure on the condition of the public infrastructure asset base.

The answers to many issues posed in the report are neither simple nor easy. All the more reason for the
public to be better informed about the serious decisions that must be taken about our infrastructure and,
where appropriate, to change our behaviour. It is imperative that we do not continue to build only to permit
decay. On the contrary, adequate budgets and maintenance management plans are required for existing
and new additions to the infrastructure asset base.

®*The early editions of the ASCE report cards were subtitled "A Voter's Guide to Renewing America’s Infrastructure”, and were punted
as "a means of empowering citizens to lobby government" to address infrastructure issues. ASCE took the view that if citizens had the
facts at hand, this should lead to closer and more informed collaboration between civil society and the various tiers of government.
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SAICE decided about 10 years ago that the widely-reported condition of engineering infrastructure, and the
effect which poor condition was having on quality of life and economic development, was of sufficient
concern that it should compile a "report card" of the condition of infrastructure. It approached the CSIR for
assistance with the research component — which assistance was readily given — and, in 2006, the first
"National Infrastructure Report Card" was published.

This, the first ever report card of the condition of engineering infrastructure in South Africa, highlighted “the
observations of the professionals responsible for the planning, construction, operation and maintenance of
our nation’s life-support system”. It graded infrastructure (water, sanitation, solid waste, roads, airports,
ports, rail, electricity and hospitals and clinics) on a scale from "A+" ("in excellent condition"), through to "E-"
("infrastructure has failed or is on the verge of failure, exposing the public to health and safety hazards").
Overall, it gave the infrastructure a D+ grade.

In 2009 the decision was taken that, whereas so much construction had been taking place in preparation for
the Soccer World Cup, the next edition of the IRC should be published late in 2010 or early in 2011. This
would allow a reasonable period for the new infrastructure to be used before being graded.

The acceleration of projects required for the 2010 Soccer World Cup — highways, mass transit, airports and
the many stadiums — provided South Africa with a welcome buffer from the negative consequences of the
global financial crisis since 2008. The downside is that this appears to have distracted authorities from the
core business of maintenance and upgrading of other infrastructure — with predictable consequences”.

The modest resources available to a learned society such as SAICE motivated the development of a
partnership for the research component of the process. As in 2006, for the 2011 report card SAICE
recognised the CSIR as the organisation best placed to assemble and analyse the body of data required.
Thus an understanding was in 2009 reached between SAICE and CSIR — CSIR would draw up the research
reports across all sectors. SAICE would then refine and interpret these findings through the input of its
network of engineering professionals and technical divisions, perform the grading, and publish and publicise
the report.

The new Report Card was launched in April 2011, weeks before local government elections. Once again,
skill shortages and lack of maintenance across all sectors were highlighted. Two new key themes also
emerged, viz. holistic systems and sustainability.

The 2011 IRC covered ten sectors®, one more than in 2006. These were further divided into 27 sub-sectors,
six more than the previous time. It was found that, in comparison to 2006, nine of the sub-sectors showed
improvement, twelve remained unchanged and four had deteriorated. The Public Schools sector and the
Fishing Harbours sub-sector were new and therefore did not have trend indicators. Overall, a grade of C-
was awarded.

This overall improvement from a grade of D+ in 2006 reflected marginal improvement in the average
condition of South Africa’s infrastructure over the past five years, influenced by the heavy investment in,
especially, national assets such as ports, rail, airports and national roads, much of this in preparation for the
2010 FIFA Soccer World Cup. The authors strongly cautioned, however, against a perception that the rise to
C- represented a blanket improvement. On the contrary, “the quality and reliability of basic infrastructure
serving the majority of our citizens is poor and, in many places, getting worse. Urgent attention is required to
stabilise and improve these” (SAICE, 2011).

4. Research Methodology 2006 and 2011

The IRC2006 was published under intense time pressure and without the comfort of a defined budget. As a
first initiative, the work was executed by a small, mostly voluntary, team. Access and (usually) generous
assistance was gained from various key executives in public sector infrastructure bodies from whom
strategic information was gleaned. Maximum use was made of research already undertaken by SAICE
experts, and of some peer review. SAICE also took the view that a synthesis of the perception of field
experts is at least as credible and informative as primary research data. The grading was uneven to the
extent that it was in some areas based on extensive primary and secondary research, whereas in other
areas the grading relied heavily upon the expert opinion of a small number of key SAICE members practising
in those areas.

* A more recent very major example of the long-term effect of the World Cup has proved to be the ongoing power crisis in South Africa.
This has been caused by a number of factors, prominent among which, it must be noted, is the neglect of maintenance because of the
imperative that "the lights stay on during the World Cup", as admitted by the CEO of Eskom at his widely-reported and most revealing
press conference in January 2015. (Matona, 2015)

5

Water and sanitation services infrastructure.

Solid waste management.

Roads.

ACSA-owned airports.

Commercial ports.

Rail permanent way and structures.

Electricity generation infrastructure.

Health care infrastructure.

Public ordinary schools infrastructure.

The large-scale water resources infrastructure owned by DWS.
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The process towards the 2011 report card had the comfort of a more formal agreement between SAICE and
the CSIR, a much bigger budget and longer timeframe, and a more formal and more intensive process of
peer review.

In summary the following research methodology has in the past been followed by the CSIR:

o Drafting sector reports (desk top work) for infrastructure sectors to be identified and for which it has
the required in-house expertise;

o Endeavouring to arrange for the drafting of reports for selected sectors where it does not have
sufficient expertise itself; and

e Contributing to the process of grading and, particularly, to the drafting of the report card itself.

SAICE has then used a number of peer review groups, selected for their knowledge and expertise in each
subsector, to review the CSIR output and use a consensus grading of the condition of infrastructure in each
of the subsectors as mentioned above.

The same principal research questions have been posed to the 2016 report card team as were posed to the
earlier teams. These questions are simply stated:

o What is the condition of key elements of South Africa's bulk infrastructure?

e How does this compare with the 2006 and 2011 assessments? What is the overall trend, and what
are the trends by sectors?

¢ What contributes to the condition and its trends? What recommendations can be made?

The methodology used in 2006 and 2011 has worked well, and therefore the 2016 report card will be
prepared following more or less the same principles.

5. Key Findings, 2006 and 2011

In both 2006 and 2011, two key themes ran as a thread through all the grades. The first is the extreme
shortage of skills and the impact of this on planning, procurement, design, construction and care of
infrastructure. The second is the lack of adequate funding for the maintenance of the existing asset base and
the new assets that come on-stream each day.

South Africa suffers an acute skills shortage in the infrastructure sector. Just two illustrations should highlight
how serious this is. Firstly, a survey undertaken by SAICE some years ago showed that more than one-third
of all 231 local municipalities did not have a single civil engineer, technologist or technician — vacancies in
local government for engineering practitioners exceeded 1000. Secondly, while the link between engineering
infrastructure and economic growth may be clear, it is not always clear that a similar link exists with social
health. It is obvious, though, that cleaner drinking water, proper sanitation, better shelter, access to transport
and electricity, all improve the quality of life. Indeed, SAICE research indicates that, in general, developing
countries have more doctors than engineers, whereas the opposite is true in developed countries. The
reason is obvious: proper infrastructure prevents disease and sickness.

It is concerning then, that South Africa has only half as many engineers as doctors. By comparison, Australia,
North America, Western Europe and even China and India, have a similar number of engineers to doctors,
or more engineers than doctors. Furthermore, the ratio of population to engineer in South Africa is of the
order of 3200 to 1, twenty times less than some of the countries just mentioned. Furthermore, while the
average ratio is 3200 to 1, the ratio amongst the white population is approximately 300 to 1, similar to
America and Western Europe, while the ratio in the black population is in the order of 50 000 to 1, amongst
the worst in Africa or the world. The case for transformation cannot be clearer.

The links between technology professionals, infrastructure provision and quality of life must be recognised.
The provision and maintenance of infrastructure that performs well and is sustainable into the future also
depends on the quality of human capital and technological capacity in a country. Thus the technology
achievement index (TAIl) in South Africa, as defined by the United Nations, is an important indicator of
infrastructure provision. The UN indicated that a direct positive relationship exists between the TAIl and both
GDP and the Human Development Index (HDI) (Roux, 2007).
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Figure 1 The dependence of wealth and living standards on technology (after United Nations reported in:
Roux, 2007)

More relevant to infrastructure maintenance is the low skills base of so many in the public sector who are
responsible for infrastructure. This manifests itself in many ways, one of the most important of which is the
frequent underspending of the capital budgets of many public sector institutions — particularly municipalities,
some of which grossly underspend every year. Another manifestation of the low skills base is the frequently
encountered poor quality of workmanship, public and private sector.

After skills, the second key constraint was the lack of adequate funding for the maintenance of the existing
asset base and the new assets that come on-stream each day. An annual maintenance budget allocation of
4% of replacement cost is commonly regarded as the minimum needed in order to keep assets in good
condition. However, such allocation is rare. Moreover, it is simply not sufficient, especially when it is
expected to cater for a maintenance backlog that usually requires upgrading, repair or refurbishment rather
than routine maintenance.

There is an old saying that somebody pays for maintenance, whether it is done or not. For example, on
roads, maintenance that is delayed for one year could cost three to six times more. The consequences of
neglect are severe, impairing both quality and, sometimes, length of life, through outbreaks of water-borne
disease, reduced safety on roads and rail, inconvenience and inefficient commercial activity.

In 2011, two additional key themes also ran as a thread through all the grades, viz holistic systems and
sustainability.

Another technique to improve the delivery capability of a network is to improve the systems and efficiency of
application of limited resources. A systems-based approach will enhance the integration of services and
maximise the use of scarce human and infrastructural resources. It will also reduce the incidence of failure
as constant data collection on condition allows early identification of acute and chronic weak points in the
delivery chain. Neglect is also costly in financial terms - for example, roads maintenance that is delayed for
one year could cost three to six times more when there is eventually no choice but to do it. A systems-based
approach also makes it more difficult for those responsible to avoid doing the necessary work.

An alarming feature is the dearth of data pertaining to infrastructure — and, on the basis of early enquiries in
preparation for the 2016 report card, it would appear that the availability of data and its reliability are not
likely to have improved. Reliable, consistent data is a prerequisite for the urgently required shift from reactive
"repair" to planned "maintenance". Data permits planning, prioritisation of targets and adequate budgeting
for maintenance. A small number of municipalities have shown how this should be done - they have utilised
their data consistently in order to prioritise spending, even while their budgets are invariably less than
required for comprehensive maintenance of all their infrastructure, or even of all of their most strategic
infrastructure.

The allocation of maintenance funding is by owners of public sector infrastructure, with very few exceptions,
simply not sufficient, especially in circumstances where it is expected to also cater for a maintenance regime
that has led to neglect. All too frequently the inadequacy of the allocation is compounded by poor
management which results in these meagre funds going unspent, e.g. in the health sector. The major
airports managed by ACSA are one example of a sector that has consistently maintained its infrastructural
assets, reducing the need for expensive refurbishment at a later stage.

Adequate, integrated systems would also improve coordination across different departments of government.
Often, departments share responsibility for infrastructure, e.g. the Department of Public Works is responsible
for construction of hospitals and clinics which are operated and managed by the Department of Health. In
other cases, diversified responsibility may result in competing priorities or non-sequential project completion
because of a lack of coordination across departments. One example of this is the discontinuity between the
Gauteng Freeway Improvement Project and the incomplete public transport initiatives for the province. In this
case the competence of one agency (SANRAL) is punished by the tardiness of another. In general, there is
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a need for departments to communicate with one another more effectively through better systems, in order
for infrastructure to be more efficiently and cost-effectively managed.

The importance of life-cycle costing cannot be overemphasised. Although departmental-specific policies or
legislation often support this idea, this does not translate to implementation, especially in early stages such
as procurement, which is so often performed in a way that ignores life-cycle costing. That is, the bid with the
lowest capital price is favoured, although accepting this bid usually means significantly more expensive
maintenance and repair costs in the long term.

Although government’s infrastructure-related deficiencies have been outlined above, all South African
citizens are responsible for sustainability, and urgently need to recognise this. Infrastructure is human-made
and subject to technological advances multiplying its quantity and quality; however it is built on a foundation
of scarce natural resources that is finite and generally speaking defies any attempt at its multiplication.

6. Impact of the South African Report Cards
In brief, the following might be regarded as the primary positive achievements of the previous report cards:

e The first publication in South Africa (or Africa) of consolidated reports on the condition of a broad
range of infrastructure by a credible institution, drawing attention to its condition and importance by
headlining issues in a manner understandable to technical, decision making and lay persons. It
provides the headline issues requiring attention and a benchmark for further monitoring.

e The primary objectives of informing the public and decision makers achieved through the numerous
live interviews and presentations, print, visual and audio media exposure and discussions with client
and sector organizations.

e The credibility of SAICE and the CSIR as institutions with the authority, indeed the duty, to comment
broadly on engineering infrastructure has been enhanced.

e The role of civil (and all) engineering professionals as creators and custodians of all aspects of
infrastructure brought to the attention of the public.

e The awareness raised of the public, parents, learners, educators and government to the urgency of
the infrastructural crisis in South Africa.

Compared to the 2006 experience, in the preparation for the 2011 report card it was found that some
infrastructure owners had in the interim become very sensitive to criticism, irrespective of whether they
perceived it to be fair or unfair. One of their "defence mechanisms", it seemed, was to restrict access to
information. The 2011 IRC research team consequently found great reluctance on the part of professionals
in certain areas to share information with the team.

Another disappointment and concern in 2011 — but it must be made clear that this was in respect to a
minority of infrastructure sectors — was the discovery that less monitoring of the state of infrastructure was
taking place than had been the case a few years before. On the other hand, it was pleasing to report that
condition monitoring had greatly improved, both in breadth and in quality of coverage, in at least one sector —
viz. the water services sector.

7. The Next Report Card

When each of the 2006 and 2011 report cards appeared, the interval until the next report card should appear
was left undefined — this was left for the future leaders of the CSIR and SAICE to decide upon. Several
years have since passed, and the process is now underway to prepare a new report card, to appear in 2016.
The agreements between the CSIR and SAICE are at the time of writing (September 2015) being finalised.
Once again, as in previous years, the key roles of the two parties will be:

e The CSIR takes responsibility (including carrying its costs) for compilation of the basic research
reports, and initial gradings; whereas

e SAICE takes responsibility (including carrying its costs) for moderation of the gradings and
determination of the final gradings to be published, and for everything to do with writing of the report
card itself, its launch, and any following up.

In addition, and subject to the availability of additional funding, and perception at the time of the importance
of this work, the CSIR is considering undertaking:

e Research of, and reports on, topics material to the condition of infrastructure. (For example
opportunity cost of not doing maintenance, and selected issues around supply chain management.)

e The design, conduct and analysis of a perception survey, and reporting on the findings. (This survey
will solicit opinions regarding the current state of infrastructure and what this implies for priorities to
be addressed.)

As emphasised earlier, the focus of these report cards is on the condition of the infrastructure. However
increasing importance has over the years been accorded to recognising the factors which lead directly to this
infrastructure being in the condition that it is. The writers of the sector reports are currently being briefed to
include material of this type in their research. (Annexure A.)

There is little doubt that skills factors and financial factors will be shown to be playing an important role in the
condition of infrastructure. Studies over the years, highlighting the inadequacy of the current technical skills
base in the public sector (in some areas much more than in others) have regrettably made little difference
(e.g. the far-reaching study of technical skills in municipalities which was published in Lawless, 2007). More
recently, work undertaken on behalf of the Water Research Commission (WRC), and as yet unpublished,
has come up with findings on the skills encountered in a small sample of water services institutions. The
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worst-performing municipality was found to have a "skills gap" of 92% —i.e. A gap determined by comparing
the number of the current staff who possess the minimum qualification and years of experience against the
"required staff" as determined by the infrastructure which the municipality is supposed to be taking care of.
(And, yes, allowance is made for the extent to which the municipality outsources its responsibilities.)
(Vienings, awaiting publication)

The same study also looked at a larger sample of municipalities and other water services institutions (e.g.
catchment management agencies), and found that people get appointed to technical posts without having
the necessary qualifications. Particularly scary is that "40% of respondents said the minimum requirements
of job profiles were overridden when recruiting staff". (lbid)

The effect of this lack of skills on the condition of infrastructure, due to inadequate operation and
maintenance of the infrastructure, can be imagined.

On the financial side, National Treasury has of late increasingly been voicing its concern about the financial
sustainability of municipalities, and about factors which undermine that sustainability. For example, in the
most recent of its annual assessments (a report which came out at the end of 2014), Treasury classified 86
of the 278 municipalities as "financially distressed". Nine of them, it said, are "in serial distress", having been
on the list four years in a row. (Bruce, 2014)

Financial distress of this type is likely to affect residents’ quality of life quite profoundly. Shortage of finance
could (and usually does) result in repairs and maintenance being neglected (sadly, this is often a favoured
target for municipal cost-cutting). It could also result in inability to operate services, to send accounts and
collect revenue due, and to pay bulk suppliers. (It was at the same time reported that 60 of the municipalities
owed Eskom R 4 billion, which has since threatened to bypass municipalities and instead supply electricity
directly to consumers (Lund 2015).) Furthermore, shortage of financial and technical skills has been a direct
contributor to the inability of many municipalities and provincial government departments responsible for
infrastructure to spend the whole of their capital budgets each year.

It is disturbing that many of the interventions to support ailing small municipalities and help them to function
seem to have borne little fruit. The same Treasury report stated that: "Over the last number of years, national
government has made available substantial amount of money for capacity building. Yet there is very little
indication that such funds ... have yielded the intended outcomes." (Bruce, 2014.)

8. Conclusion

The intention behind the infrastructure report card initiative has been for engineering professionals to provide
a public opinion on the condition of infrastructure in the manner of “expert witness”. By the professionals
highlighting the current status of the condition of infrastructure, the public is informed about the importance
of infrastructure in their daily social and economic intercourse. Furthermore, whereas many decision makers
are lay people, and not technical, the reports will empower those responsible to make better informed
decisions, especially decisions regarding maintenance management and planning for new expenditure.

At the same time, the report cards highlight the role and relevance of civil engineers and the professional
engineering institutions.

Reception of the previous report cards by the media and the general public, and in official circles, can be
described as “mature”. For example, there was only minimal questioning of the credibility of the report card
findings, and no serious criticisms were received. There was in 2006 and 2011 broad recognition that the
process had provided the first national-scale credible benchmark against which progress (or regress) can be
measured.

SAICE and the CSIR agree that the initiative should be sustained and extended, but that at the same time
the independence of the benchmarking process should not be compromised.

The future of the project must also consider embracing the participation of partners such as aid agencies,
and SAICE’s own partners such as statutory institutions, Voluntary Associations, the African Engineers
Forum, the World Federation of Engineers Organisation, UNESCO and others. Future cooperation might
include the promotion of the process in other developed and developing countries as a leadership initiative
by societies of engineers.

The reports and the indicated trends from 2006 to 2011 made it possible to conclude that, while government
should not change its drive to provide new infrastructure to address backlogs, the challenge is to supplement
this by at the same time also focusing on the maintenance of both new and old infrastructure. If this is not
done, the already considerable legacy of that infrastructure which is dysfunctional for want of sound
operation and adequate maintenance in the past, and which therefore needs rehabilitation or replacement at
considerable cost, will increase rapidly.

Infrastructure, once created, is unrelenting in its demand for maintenance, and this demand will escalate
increasingly the longer it is ignored.

As a developing nation, South Africa's engagement in the global economy, and the upliftment of its citizens,
are constrained by the infrastructure capabilities. The challenges revealed by the infrastructure report cards
are no less acute because they are chronic in many parts of the country, but they can be overcome. Skills
and budgetary constraints notwithstanding, bold leadership and effective management are irreplaceable
ingredients for a successful and sustainable infrastructure services delivery.

The public in general, as well as many civil engineering professionals, have over the years increasingly
expressed concerns about the state of our infrastructure. A new infrastructure report card will, as its
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predecessors were, be of interest and value to all tiers of government, business, industry and the general
public.

The work of the Presidential Infrastructure Coordinating Commission (PICC) has thrown further light on the
condition of infrastructure and the reasons why this condition ranges from excellent through to very poor.
The PICC Technical Task Team has followed up on this with proposals to Cabinet (with which Cabinet has
agreed) for a greater focus on infrastructure maintenance. Responsibility for the design of a process to
improve maintenance has since been assigned to the Municipal Infrastructure Support Agent (MISA).

While there is no doubt that a new report card is needed, and that it will be a valuable resource for
government and civil society alike, the current Cabinet and PICC sentiment increases the importance of this
proposed partnership between the CSIR and SAICE. Indeed, the PICC Technical Task Team has already
indicated that it wishes to keep in close touch with progress on the new report card.

The CSIR and SAICE feel that government needs to be aware of the opinion of the professions (as
represented by SAICE and the infrastructure professionals within the CSIR) on where maintenance or
replacement is most needed, such as where infrastructure is ageing or approaching obsolescence, and what
needs to be done to improve the condition of infrastructure and thereby service delivery.

This thinking is in line with government’s National Infrastructure Maintenance Strategy. (Public Works et al.,
2006)
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Annexure A. Summary of the ground to be covered in the sector reports

In brief, the sector research reports will draw from interviews and suitable research documentation which can
be sourced, on relevant material that can be gleaned on:

¢ In the broadest of terms, who owns what.
e Also in the broadest of terms, what has been done to monitor condition of infrastructure.
e The condition of infrastructure. (The primary focus — all others are secondary.)

e Generic comments about contributors to the condition of infrastructure (e.g. in respect of roads,
vehicle overloading might prove to be a factor).

e The state of management of the infrastructure (including comments about resources, skills,
leadership, etc.).

e Trends since 2006 and 2011, and observations on these.
o Observations on the stability of the current condition.
¢ Anything which drives current operation and maintenance practices, including, particularly:

o issues to do with the owner of the infrastructure, such as financial stability, or political
infighting, which affect all operations, and not just maintenance of infrastructure;

o standards - including whose standards, how valid and/or useful it is for those standards
to be applied, and why and in what way these standards influence current operation and
maintenance practices;
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o measuring and monitoring, whether internal, or external (e.g. Green Drop and Blue Drop,
citizen monitoring, media); and

o legal and/or regulatory compliance requirements (for example, in respect of airports, the
International Civil Aviation Organisation standards; for another example, the standards
for drinking water quality).

If information is not available:
o Does it actually exist, but is being withheld?
o Does it not exist at all? And/or that it is unreliable and/or incomplete?

o What does this say about the owners of the infrastructure? And what does it say about
the authorities whose responsibility includes monitoring the owners of this infrastructure?

The range of conditions that the infrastructure is in, and if any patterns which can be discerned
within that (e.g. urban versus rural; e.g. municipalities in a certain area as opposed to
municipalities in a different area), while pointing out that grading major infrastructure investments
on their average condition unfortunately conceals this range.

If any policies or mechanisms are discerned which are used by infrastructure owners to assist
them to cope with the difficulties they face, or in order to make best use of the resources they
have available, these policies or mechanisms will be recorded. (For example that some provincial
roads authorities are said to be consciously focusing their resources on the more highly trafficked
roads, and have in effect, because of insufficient budget allocations, abandoned maintenance of
the least important roads.)
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Abstract

Environmental sustainability remains foundational to the achievement of the overall goals of sustainable
construction and ultimately, sustainable development goals. However, systemic challenges as well as
framework and knowledge gaps contribute to the ad-hoc manner in which Environmental Sustainable
Construction (ESC) is practiced. Few sustainable construction frameworks available have not been able to
propel the development of construction industry policies to establish recognized practices of ESC across
developing countries. Further, little has been done with regards to the adoption of theories to enhance
understanding and advance knowledge in the issues that could be responsible for fostering regularized
sustainable construction practices in developing countries. Resilience theory and ecological modernization
theory have been used for sustainability studies in the developed world context. In this paper, they have
been hybridized for adoption to aid conceptualization and understanding of the issues regarding the
application and regularization of ESC by construction organizations in developing countries. Ghana is used
as the study area. A face-to-face semi-structured in-depth interview of 20 Built Environment (BE)
professionals in 20 construction organizations was conducted to facilitate gaining deeper understanding of
the ramifications of construction organizations’ adaptation to ESC. The adaptive capacity and rationality of
construction organizations concerning the use of modern technologies to manage environmental challenges
have emerged as some of the issues surrounding adaptation to ESC.

1. Introduction

Environmental sustainability is one of the three traditional pillars of sustainable development (Borland, 2009).
It is regarded as foundational to the achievement of sustainable development goals globally (Du Plessis,
2002). Hill and Bowen (1997), Ofori (1998) and Bon and Hutchinson (2000) have shown that inequalities
regarding economic development, implementation framework and resources between developed and less-
developed countries pose barriers to adapting to sustainable construction in developing countries. Recently,
Kaygusuz (2012), Reid (2011) and Du Plessis (2007) have also confirmed this menace of developing
countries’ construction industry and stakeholders’ inability to establish sustainable construction. Hence, little
has been done to achieve environmental sustainability in developing countries.

As far as the existence and operations of the construction industry are concerned, construction organizations
remain significant stakeholders (Wong, 2013). Hence, their ability to adapt to sustainability requirements is
paramount to the achievement of sustainable development goals globally. Ghana, a developing county, has
a huge infrastructure gap to fill as part of economic development challenges (Ministry of Finance and
Economic Planning, 2011). In pursing such economic development goals, care has to be taken not to
compromise on sustainable development requirements. A lot of unsustainable development practices exist in
Ghana. Some of these include deforestation through illegal felling of timber, not reclaiming land after sand
weaning and illegal mining contaminating water bodies (Ospina et al., 2012). However, awareness about
sustainability issues in developing countries such as Ghana is low even among built environment
professionals (Mensah and Ameyaw, 2012). To reverse this trend, it is crucial to create awareness and
further develop knowledge to promote sustainability practices in the construction industry.

Cabezas and Fath (2002) have emphasized the importance of utilizing more theories to underpin sustainable
systems studies in order to improve awareness and advance knowledge. However, the application of
relevant theories to advance implementation of sustainability practices, especially in the developing world,
has been less exploited (Sarkis et al.,, 2011). This paper responds to the important call to advance
knowledge in sustainability practices in the construction industry applying relevant theories. Hence a hybrid
of resilience theory and ecological modernization theory has been applied to empirically understand the
complications of construction organizations adaptation to environmental sustainable construction in
developing countries. These theories have been selected in view of their relation to sustainability and system
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adaptability studies. Ghana is used as the study area in view of the presence of unsustainable practices and
recipe for more occurrence due to the huge infrastructure gap to be filled.

2. Resilience Theory conceptualization of ESC

According to Folke et al. (2010:3) and Walker et al. (2004:2) “Resilience is the capacity of a system to
absorb disturbance and reorganize while undergoing change so as to still retain essentially the same
function, structure, identity and feedbacks”. Thus the capacity of a social-ecological system to change in a
changing world while maintaining its functionality as well as its ability to resist and recover from disturbances
come to play (Walker and Salt, 2006; Chapin et al., 1996). Resilience Theory (RT) has grown to be
multidisciplinary since its inception by the ecologist, Hollings (1973). Awareness of the importance of
resilience theory in sustainable development studies have been on the increase (Folke et al., 2002). The
discourse on the importance of resilience theory in achieving sustainable development goals has developed
for over three decades and continues to develop (Pisano, 2012; Folke et al., 2010; Folke, 2006; Walker et
al., 2004; Hollings, 1973). However empirical studies of RT in the context of sustainable construction in
developing countries are rare.

The CI has a basic function, which borders on contributing to infrastructure and economic development
through routine construction business activities while generating and maximizing profit for the benefit of
humans within. There is an integrated system of ecosystems and human society with reciprocal feedback
and interdependence (Tan et al., 2011; Folke et al.,, 2010). The ClI is therefore considered as a social-
ecological system in which construction organizations are actors. Thus, construction activities of the
construction organizations lead to deforestation and emission of Green House Gases (GHG) (Ospina et al.,
2012). This trend has high tendency to thrust the resilience of the ecosystem, as well as social systems
within it, beyond bearable limits if not checked.

Application of RT would require the construction industry, as a social system, to possess skills, abilities,
knowledge and insights needed to enhance its capacity to adapt to changes in construction practices It is
expected that adaptation to the changes, brought about by SD demands, should take place while the CI still
maintains its functionality, competence and energy. Going beyond sustainability, the construction industry
should be enabled to pursue and achieve a resilient social-ecological system. RT is very relevant to
explaining the dynamics involved in the achievement of resilience by the Cl in the developing country context
such as Ghana.

2.1 Adaptive Cycle in RT

An important feature of the concept of adaptive capacity in RT is the adaptive cycle of a social-ecological
system. This cycle, referred to as Resilience Alliance by Holling and Gunderson (2002) has been discussed
and explained further by Walker et al. (2004), Walker and Salt (2006), Folke et al. (2010) and Pisano (2012).
Figure 1 depicts the four phases of the adaptive cycle. The four phases represent four growth stages through
which a social-ecological system that is adapting to changing external conditions would go. This feature of
RT requires a normal movement from the r-phase to the K-phase, to the Q-phase and to the a-phase, after
which the cycle would commence again. Some movements result in high adaptability of the system whilst
others result in low adaptability. This is dependent on the strategy that is adopted.

K-negative feedback strategy, which depicts a systemic movement from the r-phase to the K-phase is
advocated for attaining increased resilience and capability (Holling and Gunderson, 2002). This movement is
preferred to a movement from the conservation to the release phase which results in low resilience and loss
of accumulated resources. Movement of a social-ecological system from one phase to the other depends on
certain situations. For the construction industry to adapt to the K-negative feedback movement while
resisting movement into the release phase, a typical situation such as loss of built environment professionals
and other human resources within a construction organization for the purpose of establishing their own firms
should be avoided. Also, diversification of capital of construction organizations into other business ventures
could be another resilience-weakening situation that should be guarded against. However, these need to be
empirically verified in the CI.

a -phase r-phase (Rapid
(reorganization growth or
or renewal) exploitation)

Q-phase
(Release or K-phase

creative (conservation)
estruction)

Figure 1 The Adaptive Cycle Source: Pisano (2012) and Walker and Salt (2006)
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2.2 Adaptive Capacity of the construction industry

Adaptive capacity is a key theme in resilience thinking (Pisano, 2012). It is “the capacity of actors in a system
to influence resilience” (Pisano, 2012:20; Walker at al., 2004:2). Possessing adaptive capacity, a system
such as the construction industry, should have the “ability to reconfigure itself with minimum loss of function”
(Gonsalves and Mohan, 2012: 343). As the environment in developing countries changes due to rapid
urbanization, the construction industry as a social-ecological system, should possess the required
adaptability that will enable it to deal with such changes through integrated actions of observation, learning
and altering interactions (Folke et al., 2004; Gunderson and Holling, 2002).

Thus, construction organizations, as actors within a social-ecological system, should be able to develop the
capacity and attain resilience in a manner that will lead to effective adjustment to the demands of ESC.
Construction organizations should be able to observe and learn about changes within the construction
industry, both local and international, in order to be able to alter practices towards meeting changing
demands, especially the ones emanating from the concept of sustainable development. A social-ecological
system should possess adaptability to demonstrate resilience. Networking with other similar construction
organizations to learn and store knowledge and experience could be an effective way for construction
organizations in developing countries to gain adaptability for creation of a resilient Cl. This is very important
since the knowledge of even some large construction organizations in the GCI, with regards to ESC
practices and SD requirements, has been found to be low (Mensah et al., 2015)

3. Ecological Modernization Theory (EMT) Conceptualization of ESC

Much academic research works on the application of EMT, especially with regards to sustainability of the
ecology, has been carried out (see Lockie et al., 2013; Spaargaren et al., 2009; Young, 2001; Mol and
Sonnenfeld, 2000). However, little has been done with respect to its application in the Cl in developing
countries. According to Rosa (2003:273), EMT theorizes that “continued industrial development, rather than
inevitably continuing to degrade the environment, offers the best option for escaping from the global
ecological challenge”. Another proposition of EMT is that, to ensure efficiency in resource usage, ‘ecological
rationality’ percolating all aspects on society is required (York et al., 2010; Mol, 2001). Ecological
rationality involves matching the structure of bounded rational decision mechanisms to the structure of
information in the ecology (see Gigerenzer and Todd, 1999). The objective here is to ensure that the best
decision that will favour the ecology should always be acted on by society.In this paper, emphasis is placed
on the three approaches EMT focuses on.

The first approach is that modern societies themselves possess reflexivity which drive them to use
processes to achieve environmental sustainability. The second aspect focuses much more on environmental
approaches at the micro level to solve environmental problems rather than emphasizing on macro theories
that offer economy-wide process solutions. Micro level solutions focus on using the dynamics of small-scale
interactions that happens at the individual and organizational level rather than large-scale social-ecological
processes that happens at the national or international economy-wide level. Thirdly, EMT argues that
modern societies that are affluent, especially heavily industrialized societies, can achieve sustainability as
there is evidence of such trends across the world (York et al., 2010; Mol, 2001; Mol and Spaargaren, 2000).

Among Chinese manufacturers, Green Supply Chain Management (GSCM) has been indicated as an
emergent ecological modernization tool (Zhu et al., 2011). More investigations into the ability of ESC to
foster environmental performance among construction organizations in developing countries is crucial to the
achievement of ecological rationality. To balance environmental performance with productivity and business
performance gains, construction organizations within the context of a developing countries like Ghana may
have to fall on improving capacity and using modern methods, as per international standards, to be able to
match up with the competitive environment (Laryea, 2010). To this end, advancing knowledge and building
capacity through the application of EMT is critical to construction organizations adaptation to ESC.

3.1 Potential EMT challenges in the ClI

In spite of EMT’s ability to advance knowledge towards achievement of ecological rationality, York and Rosa
(2003) raise some relevant challenges that face EMT, which are worth examining. Significant among the
challenges raised is whether every organization necessarily modifies to deal with environmental problems.
They found out that the challenge has not been well addressed. This study seeks to investigate purpose of
construction organization’s modification of existing practices.

Another key challenge revealed by York and Rosa (2003) is that EMT should go beyond the mere
introduction of efficient forms. They argue that the rate of efficiency introduced within organizations should
exceed the overall level of production to ensure sustainability. The challenges identified in their study
emerged out of macro level observation of institutions. However, it is also necessary to investigate at the
micro level, as advocated by York et al. (2010). It is required to verify whether construction organizations in
GCI modify in order to increase the rate of efficiency. How these modifications occur or how and why they do
not occur also requires interrogation in the developing world context.

3.2 Similarity between RT and EMT

RT and EMT converge at a point where a system’s increased ability to overcome environmental challenges
becomes dependent on conservation of economic resources. The adaptive cycle of RT indicates that
increased resilience to adapt to changing conditions of a social-ecological system is obtainable by means of
increasing and conserving resources. This ability to conserve resources is typical of highly industrialized and
modernized societies, which are also tagged by EMT as having the ability to achieve prudent environmental
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management. It is such a hybridization of RT and EMT that is employed in this study to foster understanding
of the ramifications surrounding construction organizations’ adaptation to ESC in the developing world
context.

4. Research methods

The theoretical reviews formed basis of the issues to be empirically investigated. The purpose was to
promote understanding of the issues underlying adaptation to ESC in the construction industry in a
developing country context through in depth investigation. Also, data on why unsustainable practices are still
prevailing in the construction industry were collected. The strategy used to gather and analyse data was
exclusively qualitative. This was to allow deeper investigations into the characteristics of the phenomenon
under investigation and also facilitate usage of the theories for advancing knowledge in ESC as aimed in this
study. Through the qualitative strategy, a platform that enabled respondents to provide in-depth discussions,
was provided (Creswell, 2013).

Using purposive sampling, a selection criteria was developed to select the organizations. This sampling
approach was carried out in order to avoid the situation where a selected respondent would not be able to
speak to the issues bordering on the characteristics of the phenomenon under study (Tansey, 2007). The
criteria related to: the Ghana government’s financial classification for construction organizations (D1/K1
class used in this study); use of heavy construction equipment that have tendencies of emitting Green House
Gases (GHG); and presence of a designated qualified built environment professional who would be the
interviewee. Moreover construction activity in progress during the time of interview, to allow for visual
observation of construction practices, and the presence of an organizational structure to enhance effective
assessment of organizational adaptability, were part of the criteria.

An in-depth face-to-face semi-structured interview was conducted with BE professionals within the
organizations that met 100% of the set criteria. Before and during the interview, participants were assured of
confidentiality via letters seeking appointment for the interview. This ethical step allowed participants’
openness and willingness to permit audio recordings, which were transcribed verbatim during the analysis.
With the use of open-ended questions in an interview guide, data was received from 20 construction
organizations.

Analysis of the qualitative data obtained from the interview was carried out by means of data matrices and
template analysis techniques (King, 2012; King, 2004; Nadin and Cassell, 2004). The template analysis is
particularly employed due to its allowance for the use of both theory driven codes set a priori and data-
driven codes obtained after further coding and categorization typically performed in a qualitative data
analysis (Naoum, 2012; King, 2004).

5. Findings and discussion

All of the twenty construction organizations that participated in the study had construction activities in
progress during the time of interview. This paved way for observation of some of the construction practices
to help gain better understanding and interpretation of the qualitative data obtained from the interviews.

Table 1 Thematic template analysis revised template

CATEGORIES THEORY-DRIVEN AND DATA DRIVEN CODES
(Higher order codes) (Lower order codes)
Organizational ESC e  Adaptability growth stage —RT
Adaptability e  Growth factor — RT

Growth Enabler — RT

ESC knowledge and e  Environmental damage recovery mechanisms — EMT
practices e  SC modern technologies — EMT
e ESClearning means — RT
. Social networks utilization — DD
ESC empirical barriers . Organizational flexibility — RT
e  Ecological efficiency of modern technology — EMT
e  Locally existing construction technology sufficiency — EMT
. External pressure barriers — DD
. Local peculiar ecological barriers — EMT
. Local peculiar social barriers — DD
. Local peculiar economic barriers — EMT
Organizational ESC e  Environmental disturbance prevention construction methods — EMT
enablers e  Environmental restoration construction methods — EMT
e Ability to introduce specific changes to unsustainable practices — RT
. Individual skills utilization to minimize environmental challenges — DD
e  Overall organizational capacity enhancement — RT
. Modifying existing practices purposefully to minimize environmental

"The highest financial classification given to a building and civil engineering construction organization by the Ministry of Water
Resources Works and Housing of the Republic of Ghana.
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challenges — EMT
e  Ability to maximize business profit while practicing ESC — RT
. Improving rate of efficiency through ESC — EMT

Organizational ESC e  Specific organizational ESC driver — DD

drivers Environmental resource conservation, regeneration and usage
efficiency technology driver — EMT

Organizational Networking influencer — DD

Benchmarking organizational best practices — RT
Governmental role — DD

Market or client situations /conditions — DD

LEGEND
[- RT = code relates Resilience Theory; - EMT = code relates Ecological Modernization Theory; - DD = code is Data-Driven]

The data matrix analysis technique was used to organize the large qualitative data, according to themes set
a priori. This enabled better overview paving way for subsequent coding and categorization. Triangulating
with the template analysis, subsequent analysis (coding and categorization) was performed. This yielded the
revised template labelled as Table 1. It is the final template and contains both theory-driven and data-driven
codes.

5.1 ESC adaptability of construction organizations

Out of the twenty construction organizations that participated in the study, thirteen described their
organizations as exploiters of the construction business. Attributions to this claim relate to the relatively
shorter period of existence and the situation of low jobs ascribed to poor economic conditions. Some of
these organizations indicated that workers are normally laid off in view of low or diminishing construction jobs
acquisition trend. Some of the organizations indicated that they see their organizations as having large
conserved resources due to longer period of regular and heavy construction activities. These descriptions of
the organizations are an indication of the stages of the adaptive cycle they belong to; the former being at the
r-phase (exploitation stage) and the latter description indicating a conservation stage. Considering the RT
postulations, the K negative feedback strategy of the adaptive cycle needs to be adopted by most of these
organizations to ensure movement into the conservation stage where resilience would be high to be able to
adapt to ESC (Holling and Gunderson, 2002).

Analysis of the data revealed three main growth enablers; general economic improvement, investment into
new or modern technological and human resources and continuous delivery of quality jobs to the satisfaction
of clients. Realizing the need to invest in resources agrees with the adaptive capacity concept, which calls
for increased or conserved resources as a means of gaining resilience in order to meet the demands of
sustainable construction.

The reliance on economic well-being for growth indicates existence of less or lack of internal organizational
controls required to propel movement into high adaptability state. While this is a demonstration of weaker
strategy, it is also a revelation of an aspect of the EMT; highly modernized societies having the ability to
realize ecological rationality (York et al.,, 2010). Here, the poor economic conditions that characterize
developing countries have been revealed as a challenge to achieving ESC.

Nonetheless, other organizations posited that delivery of quality jobs to the satisfaction of clients would
enable them have more jobs, increase resources and consequently obtain higher capability to deal
sufficiently with environmental challenges amidst the economic challenges characteristic of the developing
world. This finding seem to raise some challenges to an aspect of the EMT that favours highly modernized
societies in terms of achieving environmental sustainability.

5.2 ESC knowledge and practices of construction organizations

For an organization to practice ESC effectively, means of minimizing environmental challenges, applying
sustainable construction (SC) modern mechanisms, continuously learning about ESC changing practices
and engaging in useful networking among relevant organizations could foster improvement in ESC
knowledge and practices. All participants were of the view that construction activities cannot be carried out
without some form of damage to the environment and therefore effective means of minimizing these
challenges have to be adopted. However, from the analysis, knowledge of modern technologies required to
deal with some of these environmental challenges in construction activities mostly centred on advocating for
the use of other types of formworks to replace excessive use of timber formwork in the construction industry.
The irony is that while there is a general acknowledgement that some of these newer technologies are useful
in practicing ESC, field observations confirmed that most of the organizations were still using the traditional
timber formworks extensively. Low or lack of capital resources to invest into more modern formworks such
as geo-panels, metal and reinforced fibre glass, was cited as the main challenge. This emphasizes the
presence of low-resilient state of most of the construction organizations.

Being in a social network and continuously learning about ESC practices at the organizational level came out
strongly as a means of improving knowledge and experience in ESC practices. Some of the organizations
indicated that they form part of a network of construction organizations internationally, where there is
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periodic engagement in sustainability issues in the construction industry for purpose of improving daijly
construction practices. A common trait that was realized among these organizations was their foreign roots~.

The absence of a construction organization being in a social network as a common characteristic among
majority of the organizations raises the issue of lack of collaborative working. The competitive nature of job
seeking in the construction industry was cited among the reasons leading to the inability of construction
organizations in the country to be in a working social network. Meanwhile, Tan et al. (2011) have found
sustainability performance as an important feature for improving organizational competitiveness. The fear of
becoming less competitive was realized as a challenge against construction organizations learning about
ESC practices through social networks. This ‘fear-of-becoming-less-competitive’ can be seen as an essential
feature that calls for the need to intensify awareness creation about sustainability benefits to the CI.

5.3 Barriers to ESC in construction organizations

Other studies on barriers to the practice of sustainable construction have been carried out (see for instance
Adegbite et al., 2012; Fonseca, 2010; European Network of Construction Companies for Research and
Development, ENCORD, 2010). Barriers identified by the authors include: corporate and individual
indifference to environmental issues; Lack of knowledge about sustainability issues in businesses; and lack
of effective planning to reduce electricity and fuel usage towards carbon emission reduction. However,
empirically determining these barriers in the context of developing country’s construction industry seems to
be lacking. From the analysis, four issues emerged as barriers to ESC in developing countries:
organizational flexibility; ecological efficiency of modern technologies available; adequacy of locally existing
construction technologies; and ecological challenges peculiar to developing countries. Table 1 indicates the
relation between these findings and RT and EMT, and brings to bear the role of these theories in
understanding the barriers to realization of sustainability in the CI.

To overcome these barriers, flexibility of a system or the actors within to learn and adapt to new ways of
doing things is required, as posited by the RT. It was realized that lack of flexibility would not be a challenge
in a situation where the need for modification towards ESC practices becomes legally necessary. On the
other hand, doubts about organization’s flexibility to allow sustainability-oriented modification to existing
unsustainable practices were expressed. It was confirmed that modifications in organizational construction
practices that had taken place over the years were not intended to overcome environmental challenges.
While EMT theorizes that reflexivity of modern societies encourages ecological rationality, this did not come
out clearly from the analysis. One of the participants summarized this posture of stakeholders in the
developing world context:

“...in Ghana where we have virtually the same weather throughout the year and a lot of greens, we tend to
think that because of all these things we have they cannot be extinct. We have been taking a lot of things for
granted and now we have realized they are getting extinct.”

With urbanization taking place at a greater speed in developing countries and its associated industrialization,
as noted by Du Plessis (2014), the EMT postulations would have made one expect a corresponding increase
in ability to deal with the emerging environmental challenges. The findings from this study indicate otherwise

5.4 Enablers of ESC

ESC enablers are conditions that enhance effective adaptation to ESC practices. It was recognized that an
organization’s ability to enhance capacity and resources is an essential quality for improving upon its
adaptive capacity. Capacity building, particularly, training of human resources in sustainable technologies,
was recognized as necessary for improving upon a construction organization’s ability to practice ESC. Thus,
a mere increment in the human and plant resources cannot be regarded as adequate, as portrayed in the
adaptive cycle of RT; intensive awareness creation, education and training are also essential.

A business organization mostly aims at profit maximization (Bowen, 2013). However, this should not be
pursued at the expense of the society and the natural resources it depends on. Bowen (2013) indicates that
corporate Social Responsibility (CSR) has been repurposed as an instrument for profit maximization.
Nonetheless some organizations disregard this responsibility. Traces of such quality was found in the
statement of one of the respondents:

“Modifying our practices was for decreasing cost and to increase profit. If we will get profit and the extent of
damage to the environment is minimal we will go ahead and do it.”

With the manifestation of such tendencies, the adaptive capacity of a construction organization becomes
weaker.

5.5 Drivers of ESC

Analysis of the data revealed factors necessary for driving ESC among construction organizations in
developing countries, even after an enabling situation is created. ESC drivers that came out relate to:
Governmental roles, client and market situations, intra organizational drivers, technological drivers,
networking and benchmarking.

Considering the postulations of RT, the participating construction organizations should be able to adapt to
the trend of networking among themselves (see for instance ENCORD, 2010) without losing the essential

2 The presence of all or one of the owners of a locally established construction organization being a non-national (particularly from a
developed country)
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quality of competitiveness. The need for Governmental roles regarding formulation of policies and
regulations to institute and guide the practicing of ESC by construction organizations came out strongly in
the analysis. It is important to note that introduction of such ESC practices should not result in falling out of
businesses from the construction industry or, resistance to new entrants. Rather, standardized practicing of
ESC should be facilitated. Participants recognized this and emphasized on the importance of governmental
role in creating favourable economic conditions for the importation and usage of sustainable technologies to
drive ESC. Thus, technological ESC driver emerged as necessary for a construction organization’s prudent
ecological management. This is an essential feature of EMT.

6. Conclusion and further research

The adaptive capacity of the RT calls for the need to have negative feedback strategy, which refers to
movement into the K-phase where resilience is high. The situation observed among the construction
organizations show the need for application of this strategy to ensure an improvement in the adaptability of
the organizations. EMT puts emphasis on the higher ability of modernized society to achieve ecological
rationality in view of reflexivity of such a society. A hybridized view of these two organizational theories have
shed light on the ramifications surrounding practicing of ESC by construction organizations in developing
countries.

A template analysis of data obtained through a semi-structured face-to-face in-depth interview of BE
professionals in purposively selected construction organizations has added to how RT and EMT interplays in
fostering ESC in developing countries. The analysis revealed adaptability, knowledge and practices, barriers,
enablers and drivers of construction organizations’ ESC.

Most of the organizations are relying on economic well-being as an enabling condition for achieving ability to
adapt to ESC. Thus, less or lack of internal organizational control required for movement into high
adaptability state exists. This is a revelation of an aspect of the EMT which indicates that highly modernized
societies have the ability to realize ecological rationality (York et al., 2010). It has also emerged that to attain
higher capability to deal sufficiently with environmental challenges amidst economic challenges, construction
organizations need to deliver quality jobs to the satisfaction of clients and also win the confidence of
available market. The organizations have knowledge of some sustainable construction technologies but are
not practicing them in view of economic challenges, lack of governmental support and inability to learn
through social networks. There is the view that social attitude could play a role in the inability of the
construction organizations to adapt to measures needed for effective ecological management.

Some construction organizations have been found to prioritize profit maximization over ecological
management. Thus, high awareness creation about the long term benefits of sustainability practices is
critical to the achievement of sustainable development goals in the construction industry. Flexibility in
modifying conventional construction practices to meet sustainable development demands is recognized as
an essential quality to be exhibited by the construction organizations. Apparently, management body of a
construction organization would have to embrace professional advice that promotes organizational flexibility
in order to smoothen the path towards adapting to ESC. Governmental involvement, in terms of instituting
and monitoring sustainability policies and regulations has also been found to be a critical ESC enabler.
Collaboration with government initiated by construction organizations, would be required to awaken the
support of governments in developing countries towards improving the adaptive capacity of construction
organizations.

Achieving resilience for effective adaptive capacity of the organizations as well as utilizing available
technologies that come along with modernized societies has been found to be very crucial to achieving
ecological rationality in developing countries. However, further research to explain the function of social
networks and collaborative working attitudes in fostering sustainability practices in the construction industry
in developing countries has become evident.
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Abstract

Sustainable urban resource management gains importance due to ongoing urbanization. Cities increasingly
show commitment to reduce their environmental pressure. Amsterdam, for instance, has the ambition to
generate twenty percent more renewable energy per capita in 2020 than in 2013. To reach Amsterdam’s
sustainability objectives, a detailed understanding of the city’'s resource flows is required. At what level
temporal and spatial resolution should resource flows be analysed to support urban managers in choosing
planning interventions, what is the availability of data needed for such analyses and is there a gap between
data needed and data available?

This research addresses abovementioned question from an Urban Metabolism (UM) and Material Flow
Analysis (MFA) perspective, with particular focus on planning and design practice. A case study on the
energy objectives of Amsterdam is presented, which is threefold. Firstly, the energy targets of the City of
Amsterdam were translated into data needs. Secondly, the status quo of data availability was assessed.
Thirdly, data gaps were identified.

Results show that two types of data needs can be distinguished: 1) data required for assessment
(benchmarking) of the objectives, strategies and corresponding indicators, and 2) data required to inform the
interventions that put the strategies into practice. Detailed knowledge of space-time dynamics, up to hourly
data on building block level, showed to be essential to inform interventions that relate to the coupling of
supply and demand and the sourcing of secondary resources. For Amsterdam, limited monitoring data is
available. Especially data with a high temporal resolution is lacking.

1. Introduction

Sustainable urban resource management gains importance due to ongoing urbanization. Globally, urban
areas accommodate more than half of the world’s population and they are estimated to be responsible for
70% of the current pollution and resource depletion (Rees and Wackernagel, 2008). Growth of urban
resource demands will not only accelerate resource depletion, but it will also add to direct and indirect
environmental impacts associated to resource extraction and use (Agudelo-Vera et al., 2011). Many city
authorities are dedicated to reduce the environmental pressure of their cities. For example the Aalborg
Charter, signed by over 2700 European local authorities from more than forty countries, declares that the
associated cities and towns shall move towards sustainability (European Commission, 1994). Likewise, the
global C40 Cities network, to which seventy cities are affiliated, aims to collectively take measures to
mitigate climate change. The network constitutes of megacities and so-called innovator cities, which are
leaders in the field of taking climate change mitigation and adaptation measures and environmental
sustainability (C40Cities, 2015).

One of the cities that have shown willingly to reduce its environmental pressure is Amsterdam. The city
signed the Aalborg Charter, represents a C40 innovator city and has formulated ambitious objectives and
related transition pathways in becoming a more sustainable city (City of Amsterdam, 2014a; City of
Amsterdam, 2014b). For energy the targets are to generate twenty percent more renewable energy per
capita in 2020 than in 2013, whilst decreasing energy consumption per capita by twenty percent. In terms of
waste management, Amsterdam aims for an increase in municipal solid waste separation from 19% (2013)
to 65% in 2020. To inform the strategies formulated to reach the city’s sustainability objectives, a detailed
understanding of the city’s resource flows is required. This raises one main research question: At what level
temporal and spatial resolution should resource flows exactly be analysed to support urban managers in
choosing interventions to put the city’s sustainability agenda in place, what is the availability of data needed
for such analyses and is there a gap between data needed and data available? The objective of this paper is
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to respond to the question above, by means of a case study on the energy objectives of the City of
Amsterdam from an Urban Metabolism (UM) and Material Flow Analysis (MFA) perspective, and considering
planning and design practices.

2. Urban Metabolism and Material Flow Analysis

The notion of urban metabolism (UM) is increasingly used to analyse resource flows in cities and to develop
sustainable urban resource management concepts and practices (Kennedy et al. 2011). It fuelled the idea
that urban areas should become more self-sufficient and resource demands of cities should not exceed the
carrying capacity of their hinterlands. This advocates a shift from the current linear metabolism of cities -
using inputs only once- to a circular metabolism that incorporates recycling of resources (Castan Broto et al.
2012). While UM is being used by a range of disciplines (Castdn Broto et al., 2012), most research
originates from urban ecology, industrial ecology and related disciplines (Barles, 2010). Urban ecologists laid
the theoretical base of UM, with Wolman (1965) being the first to characterize the city as an ecosystem
(Barles 2010; Castan Broto et al. 2012). Wolman used the term metabolism to describe how cities process
the “materials and commodities needed to sustain the city’s inhabitants” (Wolman, 1965), whereas other
urban ecologists used UM as a metaphor for the city as an organism (e.g. Odum 1989) (Barles, 2010;
Castan Broto et al.,, 2012). From these process analytical studies of urban metabolic processes (Zhang
2013), a quantitative approach developed primarily within the discipline of industrial ecology (Castan Broto et
al., 2012). This discipline commonly defines UM as “the sum total of the technical and socio-economic
processes that occur in cities, resulting in growth, production of energy, and elimination of waste” (Kennedy
et al. 2007). Related research encompasses mainly empirical studies that quantify resource flows to disclose
how a particular city functions at a specific moment in time (Kennedy et al., 2011). A variety of accounting
and assessment methods have been used for these studies, including Material Flow Analysis, Energy Flow
Analysis, and ecological footprint assessment (Barles, 2010; Zhang, 2013). Material Flow Analysis (MFA) is
extensively used for quantitative assessment of urban metabolism (Castan Broto et al., 2012; Zhang, 2013).
MFAs allow to systematically assess the inputs and outputs of selected resources of a predetermined
system as well as the flows and stocks within the boundaries of that system. Although MFA is often referred
to as if it is a specific methodology for UM research, it should be considered rather a procedure for
systematic assessment than a detailed method. That is, MFA theory does not prescribe how to determine
system boundaries, nor what flows to and stocks to consider. Consequently, MFA studies range from
analyses of particular elements (like phosphorous) to comprehensive analyses of the UM (Kennedy et al.
2011). In particular studies that provide a comprehensive analysis of the UM are of importance to inform
sustainable urban resource management, planning and design practices. Only with a systematic assessment
of all resource flows and stocks of an urban system, resource management practices can be developed that
consider the interconnectedness between different resource flows, like the energy-water-food nexus
(Villarroel Walker et al., 2014). The complete and integrated picture of a city’s resource flows that such
MFAs provide can be used to “identify environmental problems and to design more efficient urban planning
policies” (Castan Broto et al., 2012).

2.1 Urban metabolism research for urban planning and design

Although it is increasingly argued that UM analyses can contribute to sustainable urban planning and design,
few examples of application in practice are reported (Kennedy et al., 2011). One possible reason for this is
that UM is mainly used in a technological paradigm that fails to acknowledge the interplay between society
and biophysical processes influencing the actual metabolism of cities (Wachsmuth, 2012). Such a version of
UM excludes socio-economic indicators (e.g. lifestyle) that are crucial for achieving sustainability (Kennedy
et al. 2011). Another reason could be caused by a mismatch of the scale levels at which UM studies are
performed, i.e. that of the city or regional scale, and that of urban planning and design practice (district,
neighbourhood, building block) (Spiller & Agudelo-Vera, 2011). Literature on comprehensive MFAs of
European cities indicates that the great majority of these studies are performed on the level of the city or
metropolitan region whilst employing a method that represents the urban system as a ‘black-box’, not
providing a thorough insight of resource flows needed by planners and designers (Barles, 2009; Browne et
al.,, 2011; Hammer and Giljum, 2006; Niza et al., 2009; Rosado et al., 2014). Furthermore, MFAs do not
provide information on the spatial organisation of the flows and processes they describe and the concept of
time is not properly dealt with either (Moffatt & Kohler 2008). Yet, knowledge of the variability of resource
provision and consumption through time and space is essential to design more self-sufficient cities. One has
to consider when and where resources are available to couple supply and demand or to enable sourcing of
secondary and renewable resources (Agudelo-Vera et al., 2012). Knowledge of space-time dynamics is also
important because it provides insight in the interconnectedness of flows. Understanding the linkages
between flows is essential when aiming to propose effective interventions, and not those that simply shift the
burden of resource extraction and use from one flow to another (Kenway et al., 2011). It also supports the
development of synergetic solutions that have greater potential to reduce urban environmental pressures like
pollution and resource depletion (Villarroel Walker et al., 2014).

3. Research Methodology

The approach taken in this case study on data qualifications for analysis of Amsterdam’s energy metabolism
comprised three elements. Firstly, the energy targets of the City of Amsterdam were translated into data
needs. Secondly, the status quo of data availability was assessed. Thirdly, data gaps were identified.

206



=l
EE' SASBE SASBE 2015 Proceedings, 9 - 11 December 2015, Pretoria, South Africac

3.1 From Energy Objectives to Data Needs

The energy objectives of the City of Amsterdam were translated into data needs using a literature review and
stakeholder consultation. The stakeholders involved were the waste-to-energy company AEB Amsterdam,
the City of Amsterdam (department of Urban Planning and Sustainability) and the water cycle company
Waternet.

Firstly, the strategies, indicators and targets that are set to realize the city’s two energy objectives were
determined by a review of policy documents. Secondly, for each of the objectives the strategies were
selected that require analysis of resource flows to inform implementation, as well as the planning
interventions that put these strategies into practice. Because the strategies “Increase sustainability of the
existing housing stock” and "Reduce energy consumption of the commercial and social sector” are rather
generic and have no specified indicators or targets, one particular measure was chosen to illustrate the data
needs for those strategies. Thermal energy recovery from wastewater, a measure considered by the water
utility Waternet, was selected as intervention that can contribute to reduced residential energy consumption
and/or to a reduction of energy consumption by commercial and public buildings. Recovery of thermal
energy from wastewater and subsequent usage as source for heating of residential and office buildings
seems a promising intervention for Amsterdam to reduce energy consumption. In the Netherlands, about
23% of the gas demand is used to heat water (Frijns et al., 2013). Due to this water heating, on a yearly
basis 8 GJ per house is lost via the sewer. This implies that in theory there is a potential 2.560 TJ/year can
be recovered from all 320,000 households in Amsterdam (Van Der Hoek, 2012). Thirdly, we identified at
what temporal and spatial resolution energy flows have to be analysed to provide the information needed to
1) evaluate if the objectives and strategies are met (benchmarking), and 2) decide upon implementation of
the selected interventions. Stakeholders were interviewed and stakeholder workshops were held to find out
which analyses are necessary. Finally, the stakeholder consultations were also used to determine what
spatial and temporal resolution data are required to perform these analyses. Data requirements were
classified on spatial and temporal resolution, using a qualitative scale. In terms of temporal resolution, this
scale ranges from decades (low resolution) to seconds (high resolution), whereas the spatial scale ranges
from the Netherlands (low resolution) to exact GPS coordinates.

3.2 Assessment State of the Art Data Availability

Stakeholder commitment played a crucial role in identifying and obtaining the datasets necessary to assess
data availability. The transdisciplinary research approach of the larger project this research is part of
provided the commitment of relevant stakeholders that enabled us to obtain the required data. Affiliations of
the stakeholders involved in this project are: AEB Amsterdam, City of Amsterdam (department of Urban
Planning and Sustainability), Port of Amsterdam, Waag Society- institute for art, science and technology,
Wageningen University and Research Centre (sub-department of Environmental Technology; Laboratory of
Geo-information Science and Remote Sensing; Landscape Architecture Group), and Waternet. The data
provided by the stakeholders were analysed on their temporal and spatial resolution. Subsequently, these
data were classified in terms of spatial and temporal resolution, using the same qualitative scale that was
used to classify the resolution of data required.

3.3 Identifying Data Gaps

Data available could then be compared with data required on spatial and temporal resolution because data
needs and data availability were classified using the same qualitative scale. Accordingly, data gaps were
identified: differences between the spatial-temporal resolution of data available and the qualifications of the
data that are needed to assess and benchmark the energy targets set and data needed to perform the
analyses that inform the choice for interventions to put the city’s sustainability agenda in place.

4. Findings and Discussion

4.1 From Energy Objectives to Data Needs

To reach the two energy objectives that the City of Amsterdam has formulated to make the more sustainable,
three strategies per objective are formulated. Both objectives and four out of the six strategies have
indicators and corresponding targets. These are the following (City of Amsterdam 2014b):

1. Objective: Generate per capita in 2020 twenty percent more renewable energy than in 2013
Indicator:  Yearly amount of renewable energy generation per capita (GJ/ca)
Targets: 3.3 GJ/cain 2013, 3.5 GJ in 2016, 3.7 GJ/ca in 2018 and 4.0 GJ in 2020

1.1. Strategy: Increase the amount of electricity generated from solar energy (PV)

Indicator: Installed capacity PV (MW)

Targets: From 9MW in 2013, towards 25 MW in 2016, 75 MW in 2018 and 160 MW in 2020
1.2. Strategy: Increase the amount of electricity generated from wind energy

Indicator: Installed capacity wind turbines (MW)

Targets: From 67 MW in 2013, towards 76 MW in 2018 and 85 MW in 2020
1.3. Strategy: Increase the usage of district heating

Indicator: Number of house equivalents connected to the district heating network

Targets: From 62.000 in 2013, towards 70.500 in 2016, 81.000 in 2018 and 102.000 in 2020
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2. Objective: Energy consumption per capita in 2020 is twenty percent less than in 2013
Indicator:  Yearly energy consumption per capita (GJ/ca)
Targets: 68 GJ/ca in 2013, 61.9 GJ/ca in 2016, 57.8 GJ/ca in 2018 and 54.4 GJ/ca in 2020.

2.1. Strategy: Increase sustainability of the existing housing stock
2.2. Strategy: Reduce energy consumption of the commercial and social sector
2.3. Strategy: Stimulate energy-neutral building

Indicator: Number of net-zero energy buildings

Targets: From 0 in 2013 towards 1000 in 2018

4.1.1 Required analyses and data to benchmark objectives and strategies

In order to assess all indicators (both these related to objectives and strategies), yearly analyses have to be
performed. The relevant spatial scale for benchmarking the objectives and strategies is the municipal scale
level, because the indicators and corresponding targets are formulated at municipal level. Yet, to inform
these yearly, municipal numbers, analyses at the building level are required. This is the level at which PVs
and wind turbines are installed, connections to the district heating network are made and energy-neutral
buildings are realized. As such, these analyses provide the information needed to determine the total
numbers for Amsterdam as a whole.

4.1.2 Required analyses and data to inform strategies

To inform the strategies 1.1, 1.2 and 2.3 (i.e. where to implement PV panels, wind turbines and energy-
neutral buildings) primarily data on city and climate characteristics is required, like data on land use, building
protection status, roof top orientation and angle, building restrictions and distance to dwellings at building
level. Conversely, assessing the options to realize strategy 1.3, 2.1 and 2.2 clearly also requires analyses of
resource flows.

For strategy 1.3 different assessments are required. On the one hand, an analysis of building characteristics
is required to assess which houses are suitable for connection to district heating, including ownership of the
building, building typology (low-rise or high rise buildings), function (residential, industrial, commercial, etc.),
existing or newly built houses. Likewise an analysis on neighbourhood characteristics is needed to know if
implementation of new infrastructure (i.e. the district heating network itself) is possible. Moreover, the heat
demand and potential supply have to be assessed. In Amsterdam the main elements on the supply side of
the district heating system are two centralized combined heat and power (CHP) plants, which are
Amsterdam’s waste-to-energy plant and a gas-fired CHP-plant in Diemen, a smaller biogas turbine, several
small fossil fuel based cogeneration turbines and heat storage facilities. When aiming to extend the district
heating network, one needs to know whether these suppliers are able to meet the future demand. High time-
space resolution data is required to get a good impression of the heat demand, considering that heat
demand is seasonal and variable during the day, but also dependent on a building’s function. This means
that data on hourly demand at building block level is desirable for optimal system layout. Because heat can
be stored up to several days, supply data of lower temporal resolution suffices (about 72-hourly). Supplier-
specific data is required because each supplier feeds the heating network within a particular geographic area
of the city.

In order to identify favourable locations to install heat exchangers that collect heat from the sewer network
and transfer the heat from the sewer into the heating network (intervention for strategy 2.1 and 2.2), data
with a high spatial and temporal resolution is of crucial importance. In particular because options to store the
recovered thermal energy are limited. To enable the balancing of heat supply and demand, hourly data at
neighbourhood level on quantity and temperature of the wastewater in the sewer as well as on heating
demand are required.

4.2 Data Availability

4.2.1 Data to assess objectives and strategies
Table 1 Locally generated energy in Amsterdam Municipality in 2012, in total and per capita

(TJ) (GJ/ca)

Locally generated energy 21.040 26,6
Renewable energy 19.199 24,3
Electricity 2.501 3,1
Wind energy 560 0,7
Solar energy: PV 12 0,0
Incineration of green waste 1846 23
Biogas combustion 83 0,1
Heat and cold 16.698 21,2
Solar heat Unknown Unknown
(Geo)thermal 288 0,4
Incineration of green waste 231 0,3
Biogas combustion 214 0,3
Biomass fuelled stoves and boilers 15.815 20,0
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Cold extracted from surface water 150 0,2
Energy recovered from waste 1.842 2,3
Electricity from waste incineration 1.637 2,1
Heat from waste incineration 205 0,3

The recently performed comprehensive MFA of Amsterdam provides insight in data availability for evaluation
of Amsterdam’s vyearly renewable energy generation and consumption per capita (GJ/ca). The
comprehensive analysis revealed the amount of locally generated renewable energy in Amsterdam
Municipality in the year 2012 and it identified the amount of energy recovered from waste as other major
category of local energy extraction within Amsterdam (shown in table 1). Note that not all categories included
in the MFA are also considered in the calculation of Amsterdam’s energy targets.

Although these numbers provide insight in the Amsterdam’s renewable energy generation per capita (GJ/ca),
only few are based on actual measurements of energy provision. A look at the data sources behind the
figures on renewable energy generation shows that only the amount of cold extracted from surface water
and the amount of electricity and heat produced from biogas combustion rely on actual measurements (AEB,
2015;Nuon, 2015). Wind and solar energy figures are based on installed capacity (City of Amsterdam, 2015;
Windstats, 2015), whereas numbers for geothermal energy are estimates based on licensed ATES (Aquifer
Thermal Energy Storage) capacity (City of Amsterdam, 2014c). Although electricity and heat production from
waste incineration is measured (AEB, 2015), the biogenic waste fraction of the incineration waste in
Amsterdam is unknown. Therefore the Dutch average percentage of the biogenic fraction in incinerated
waste (Agentschap NL, 2013) was taken as a value for calculations. For the heat generation by biomass
fuelled stoves and boilers, no Amsterdam-specific data were available. Therefore, top-down extrapolations
from national data were used, provided by the Dutch Ministry of Infrastructure and the Environment
(Klimaatmonitor, 2015). Data on the sourcing of solar thermal energy by solar heat collectors are lacking
entirely. So, for evaluation of Amsterdam’s yearly renewable energy generation per capita (GJ/ca) data are
generally available. Yet, these data rely on calculations and estimations rather than on monitoring data of
actual energy generation.
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The MFA results do not show the yearly energy consumption per capita (GJ/ca). Nonetheless, these data
can be derived from the restricted access data of the energy utility on Amsterdam’s yearly energy
consumption (EnergielnBeeld, 2015).

4.2.2 Data to inform strategies

Concerning data availability for the extension of the district heating network and the implementation of
thermal energy recovery from wastewater, a distinction can be made between demand-specific and supply-
specific data. In terms of demand specific data, data on energy (electricity and gas) consumption are
available with a high spatial resolution, namely on building block level. Figure 1 shows these data for
electricity consumption. Data with a higher temporal resolution than yearly are not available. Regarding the
potential future demand for district heating in Amsterdam, a study on prospective additional connections has
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been performed (AEB and Nuon, 2012). Based on an analysis of building and neighbourhood characteristics,
it has been determined for which buildings connection to the district heating network is feasible. For supply-
specific data, data qualifications of the information available are diverse. As regards to district heating, the
heat flow and its temperature is monitored at different places in the district heating network, including at the
heat source, at boosters and transfer stations and at (particular) consumers. Depending on the location, data
is recorded every minute up to every month (Nuon, 2015). Supplier-specific, validated monthly totals of the
amount of heat supplied are reported (AEB, 2015). For the implementation of thermal energy recovery from
waste water, essential data on sewer characteristics are available. For the entire municipality the drains and
sewers with a diameter of at least one meter, which is the minimum required width for heat recovery from
wastewater to be cost-effective, are known and mapped out (City of Amsterdam, 2014c). However,
measurements on quantity and composition of the wastewater flow only occurs at the wastewater treatment
plant. These influent characteristics are reported on yearly basis, but wastewater temperature is not
recorded (Waternet, 2014).

4.3 Data Gaps

The analysis on data gaps uncovers that only for the assessment of (the indicators of) all strategies the data
available meets the data qualifications (Figure 2). The data available for assessment of the objectives as
well as for informing the planning interventions of strategies 1.3, 2.1 and 2.2 is of insufficient temporal
resolution, except for some data on heat supply by the district heating network. The data available to assess
the objectives partially lacks the required spatial resolution (such as data on heat from biomass fuelled
stoves and boilers), whereas data on heat supply by the wastewater network (for 2.1 and 2.2) is lacking
entirely.
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Figure 2 Comparison of data qualifications and availability for Amsterdam’s energy objectives

5. Conclusion and Further Research

The case study of the energy metabolism of Amsterdam shows that we can distinguish between two types of
data needs to inform the city’s sustainability objectives: 1) data required for assessment of the actual, yearly
renewable energy generation and consumption (status quo) and 2) data required to inform the interventions
that put the strategies into practice (potentials). A comprehensive MFA study on the scale level of
Amsterdam Municipality can provide the data needed to assess yearly renewable energy generation,
whereas data on yearly energy consumption is available at the energy utility. Nonetheless, limited monitoring
data is available that relies on measurements of actual yearly renewable energy production. Data
qualifications to inform the strategies are highly dependent on the planning interventions envisioned.
Detailed knowledge of space-time dynamics up to hourly data on building block level showed to be essential
to inform interventions that relate to the coupling of supply and demand and the sourcing of secondary
resources. For Amsterdam especially data with a high temporal resolution are hardly available. Accordingly
much additional data of a high temporal and spatial resolution has to be obtained to perform the UM
analyses that are needed to inform sustainable management, planning and design. Further research is
needed that identifies and weighs different means to close the identified data gaps.
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