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PREFACE
We are living in a rapidly changing world. The effects of climate change and the weakening of
critical ecosystem services are beginning to impact on every aspect of our lives; big data, the
Internet of Things and artificial intelligence are creating both new opportunities for more effective
management of cities, as well as new challenges and threats; and a range of new economic and
governance models are emerging that make use of distributed networks for effective stakeholder
engagement. All of these changes come together in our cities, which themselves are rapidly
changing in form, nature and extent.
Given this situation, it is not only valuable to understand these changes and their impact on the
physical and cultural heritage of our cities and the standard practices of producing our built
environment. It is equally, if not more, important that high impact, positive change also occurs.
Positive change must be informed by rigorous and targeted collaborative research that can be
readily and rapidly applied to counter climate change and develop more sustainable built
environments.
The papers at this seminar characterise this positive approach from different spheres of interest
and perspectives. The papers cover a wide range of subjects reflecting the various research
interests and pressing topics of the day. We welcome you to this seminar and look forward to
sharing, discussing and developing ideas, tools and plans needed for smarter and more resilient
and regenerative urban environments.

Dr DCU Conradie

Prof. C du Plessis
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[SSC01]

PRE-DESIGN CONSIDERATIONS FOR URBAN CLIMATE CHANGE ADAPTION AND
MITIGATION STRATEGIES
Jeremy GIBBERD 1

1

Built Environment, CSIR, Email: jgibberd@csir.co.za

Keywords: Climate change, urban resilience, adaptation and mitigation strategies

Abstract
Pre-design considerations and assumptions are made prior to embarking on climate change adaptation and
mitigation strategies for urban areas. Responsive and effective strategies should be informed by an
understanding of potential climate change hazards and existing vulnerabilities. It is also important that
limitations and resources that may influence the design and implementation of climate change strategies are
acknowledged and addressed. The Urban Resilience Urban Resilience Assessment Framework (URAF) has
been developed to identify and structure these pre-design considerations to inform the development of urban
climate change adaptation and mitigation strategies. This paper describes the development of the URAF. It
also critically reviews framework as a methodology for supporting the development of climate change
strategies. The review indicates that the URAF provides a robust means of identifying key issues prior to the
development of climate change strategy and therefore helps to ensure that these are addressed, and
appropriately integrated, in strategies. However, it finds that the URAF in its current form only provides
outline guidance and recommends further development of the framework to ensure that this becomes more
comprehensive and effective.

1. Introduction
There is an increasing awareness that current measures to address climate change are insufficient
(Intergovernmental Panel on Climate Change, 2014, Sheppard et al, 2011; Hamin and Gurran, 2009; Stern,
2006). Urgent measures that not only slow down, or reduce the extent of climate change (Mitigation), but
also to address impacts caused by climate change are required (Adaptation) (Hamin and Gurran, 2009;
VijayaVenkataRaman et al, 2012 Hrabovszky-Horváth et al, 2013).
Climate change strategies need to ensure that the right mixture of mitigation and adaptation measures is
achieved and that these are tailored to the specific context (VijayaVenkataRaman et al, 2012; Sheppard et
al, 2011). Synergies between adaptation and mitigation measures need to be harnessed and conflicts
avoided (Hamin and Gurran, 2009). Therefore a strong understanding of the relationship between
communities and their environment and the interdependencies within between these systems is key input in
the development of urban climate change strategies (Wilkinson, 2012; Andersson-Sköld et al, 2015).
Climate change strategies require methodologies that, firstly, identify potential climate change hazards,
secondly, identify vulnerabilities in relation to these hazards and, thirdly, develop responses that address
vulnerabilities and result in more resilient urban areas (Mehmood, 2016; Andersson-Sköld et al, 2015).
These methodologies are being developed in a project being undertaken by the Council for Scientific and
Industrial Research (CSIR). This aims to develop guidelines to support South African settlements adapt to
climate change. An aspect of this project focusses on predesign consideration and assumptions for urban
climate change adaptation and mitigation strategies. This aims to identify important factors that should be
considered at an early stage in the development of urban climate change mitigation and adaptation
strategies. An initial framework, called the Urban Resilience Assessment Framework (URAF) has been
developed to support this process.
This paper introduces the URAF and describes how this works. It also evaluates the URAF as means of
supporting the development of effective urban climate change strategies. The paper finds that while the
framework provides valuable early guidance for the development of climate change strategies it requires
further development and makes a number of recommendations. The paper is structured around the following
research questions:
•
•
•
•

What is the Urban Resilience Assessment Framework?
How can it be used to support the development of Urban Climate Change Adaptation and Mitigation
Strategies?
Does the URAF provide sufficient input into the development of Urban Climate Urban Climate
Change Adaptation and Mitigation Strategies?
How can the URAF be improved to support the development of Urban Climate Change Adaptation
and Mitigation Strategies?
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2. Urban Resilience Assessment Framework
The Urban Resilience Assessment Framework has been developed as an input to the Green Book Project
being undertaken by the CSIR. The Green Book project aims to develop planning and design guidelines to
adapt South African settlements to climate change. It has a focus on smaller urban settlements (under 2
million people) and aims to provide a resource that can be used by municipalities and other stakeholders to
develop more climate-resilient settlements. The project has been structured into a number of work streams
(WS) which are described below:
•

WS 1: Scope and assess existing adaptation plans. This stream will review existing climate
adaptation and mitigation plans that have been developed by municipalities.

•

WS 2: Climate change projections. This stream will carry out detailed modelling to develop climate
change projections for the years 2030, 2050 and 2100. Projections will be provided at a 8 x 8 km
grid resolution for South Africa.

•

WS 3: Vulnerabilities of cities. This stream identifies vulnerabilities within cities and urban areas in
relation to climate change.

•

WS 4: Hazards. This work stream identifies climate change hazards within identified urban areas
and cities.

•

WS 5: Risks. This stream draws on climate change projections, vulnerabilities and hazards to
ascertain and quantify risks.

•

WS 6: Adaptation options. This stream presents adaptation options that can be used to address
the climate change risks identified.

These work stages and their relationship are shown in figure 1.

Figure 1 Urban Climate Change Adaptation and Mitigation Strategies Project Work stages
An early task in the project aimed to identify pre-design consideration and assumptions that need to
identified prior to the development of urban climate change adaptation and mitigation strategies. This task
undertook a literature review to identify the main climate change areas and questions that needed to be
addressed as an input to the development of strategies. These are shown in table one. Literature reviewed
in the development of the Urban Resilience Assessment Framework (URAF) includes the following
guidance, tools and frameworks:
•

Hyogo Framework of Action (2005-2015) (UNISDR, 2005)

•

Sendai Framework for Disaster Risk Reduction (2015-2030) (UNISDR 2015)

•

Global Resilient Cities Campaign(UNISDR, 2017)

•

City Resilience Profiling Tool (CRPT) (UN-HABITAT, 2017)

•

Asian Cities Climate Change Resilience Network (ACCRN, 2014)

•

Community Based Disaster Risk Reduction (CBDRR) (Arup International, 2011)

•

Resilience Capacity Index (Foster, 2010)

•

Building Resilience; Principles, Tools and Practice (Jha et al, 2013).

•

The Global Adaptation Institution (University of Notre Dame, 2017)

•

City Resilience Index (Arup International, 2016)
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The URAF has ten focus areas. Within each of these areas, a number of questions are provided which can
be used to understand the situation in each of these areas in relation to climate change. It also provides a
description of methodologies that can be applied as well as the type of data that may be reviewed. Working
through these areas and questions provides a valuable insight into the key factors that need to be
understood prior to developing urban climate change mitigation and adaptation strategies. The framework is
presented in table one.
Table 1: The Urban Resilience Assessment Framework (URAF)
Climate change
area

Key questions

Methodologies

A. Climate change
hazards

1. What are the key climate
change hazards that may occur
in the urban area?
2. What is the nature and scale of
these hazards?
3. What and who will be affected
by these hazards?

Review of climate
change projections for
area

Types of data
Weather data
Climate change
modelling data
projected for specific
geographical locations
(such as 8x8km grid)
Climate change
projections for 2030,
2050, 2100 for
geographical locations

B. Climate change
vulnerabilities

C. Vital
infrastructure

D. Planning and
infrastructure
development

1. What are the key vulnerabilities
(social, economic,
environmental) of the urban
area in relation to these
hazards?
2. What structures and plans
currently exist to address
climate change hazards in the
area?

Review of economic,
social and
environmental surveys
and data

1. What infrastructure in the urban
area is vital to the continued
functioning of the community?
2. Where is this infrastructure
located?
3. How vulnerable is this
infrastructure to climate change
hazards identified in (A)?

Review of GIS
locations / maps of key
infrastructure

1. What are the current local
development plans for the urban
area?
2. Do these include addressing
climate change? If climate
change is addressed do
measures proposed address the
envisaged climate change
hazards identified in (A)?

Review of local climate
change strategies,
plans and structures

Household incomes,
Inequality, Economic
diversity
Climate change and
Disaster Plans
Climate Change Units
Disaster Management
and Response Units

Review of condition
surveys of key
infrastructure
Review of key
infrastructure in relation
to climate change
hazards
Local development plan
review

Water infrastructure
location and condition
Energy infrastructure
location and condition
Education
infrastructure location
and condition
Health infrastructure
location and condition
City Strategies
Growth and
Development Plans
Integrated
Development Plans
Spatial Development
Plans
Local Development
Plans

E. Policy and
regulation

F. Governance and
capacity

1. What are the current regulatory
and policy instruments used to
shape development in the urban
area?
2. Do these instruments address
the climate change hazards
identified in (A)?

Policy and regulation
review

1. To what extent are effective
local governance structures (for
instance local municipal
councils) in place?
2. To what extent do these
governance structures have

Review of local
governance structures
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Municipal bylaws
Town planning
schemes
Building regulations

Review of climate
change unit / structures

Local governance
structure, mandates,
capacity
Climate change units
structure, mandates,
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capacity

technical capacity, or access to
technical capacity, that is able
to develop and implement
climate change adaptation and
mitigation strategies for human
settlements?
G. Awareness,
education and
engagement

1. To what extent are communities
in the urban area aware of the
potential hazards (A) that they
may face?
2. To what extent are communities
being educated and engaged in
the development of strategies
that address climate change
hazards (A)?

Review of social
surveys

H. Social cohesion
and networks

1. What are the organisational
structures within the urban area
that can be used to support the
development of climate change
strategies?
2. How strong are social cohesion
and social networks within the
community?
3. How effective would levels of
social cohesion and networks
be in coordinating actions to
address climate change and the
impacts of climate change?

Review of reports on
social and
organisational
structures

1. Are there adequate financial
resources to develop and
implement climate change
adaptation and mitigation
strategies?
2. Are there other resources, such
as human capacity, that can be
used to develop and implement
climate change adaptation and
mitigation strategies?

Review of climate
change funding policies
and allocations

1. Are there natural features,
environments and ecosystems
that can play a role in reducing
the impact of envisaged
hazards (A)?
2. What type of role may these
features, environments and
ecosystems play in addressing
hazards (A)?

Review of GIS
locations / maps of key
infrastructure

Mapping of
environmental
features

Review of condition
surveys of key
infrastructure

Physical
characteristics of
identified
environmental
features in relation to
climate change
impacts (such as
flooding)

I.

Resources

J. Environment and
ecosystems

Review of climate
change related
communication by local
councils and other
parties

Social survey data
Climate change
communication

Data on local
organisational
structures
Social survey data

Review of social
cohesion surveys

Reviews of household
economic surveys

Climate change
funding policy
Climate change
allocations at local
government level
Household economic
survey data

Review of key
infrastructure in relation
to climate change
hazards

A description and discussion of each of the URAF’s climate change areas, questions, methodologies and
data is provided briefly below.
2.1 Climate Change Hazards
The climate change hazards component of the URAF aims to establish the availability of climate change
projection data for the area. Existing climate change projections would, therefore, be reviewed in order to
ascertain the extent to which data, such as climate change projections for the area in to the future, can be
used to develop climate change mitigation and adaptation strategies. Tests of the data include the following
questions. Is this detailed enough? Are projections for suitable timeframes? Does the data enable the
nature and scale of climate change hazards to be understood sufficiently to understand the implications of
this for infrastructure? If an assessment using the URAF indicates that existing data does not meet these
tests, further climate change modelling and analysis may be required as an input into a climate change
strategy.
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However, the ‘data tests’ described above are not detailed and raise a number of questions. These include:
What minimum level of detail does climate change projected data need to be provided in in order to be
useful for climate change strategies? For instance, is projected climate data provided an 8 x 8km grid
resolution for years 2030, 2050 and 2100 sufficient for the development of an urban climate change
strategy? Is this sufficient to understand local climate change impacts, such a flooding and extreme
temperatures and how this may be affected by local urban features such as extensive hard surfaces and
microclimates?
As the URAF currently does not provide minimum standards for climate change projection data it is
recommended that this is addressed in the further development of the tool. Further research should be
carried out to develop minimum specifications for climate change projection data in order for this to be used
in urban climate change strategies. This specification should ensure that data can be used to determine
projected local climate change impacts, such as flooding and extreme temperatures, in a way that enables
clear strategies (such as the development of flood defences and urban greening) to be developed to address
these impacts adequately (Cutter et al, 2008; Hrabovszky-Horváth et al, 2013).
2.2 Climate Change Vulnerabilities
The Climate Change Vulnerabilities component aims to ascertain the vulnerabilities of an area in terms of
climate change (Cutter, 2008). It includes an assessment of key vulnerabilities of the area and whether plans
exist to address climate change. Assessment methodologies applied in this component could include
reviews of local economic, social and environmental studies and data as well as an analysis of existing
climate change strategies, plans and structures. This component is easier to carry out if there is a clear
understanding of the climate change hazards, as vulnerabilities can be assessed in relation to these.
However, even if this is not available, a review can still provide a picture of vulnerability through analyses of
economic, social and environmental data to establish aspects such as household incomes, levels of
inequality and extent of environmental degradation, as well establishing the local levels of ‘preparedness’ by
determining whether plans and structures exist to address climate change.
The URAF does not provide explicit data requirements in relation to assessing climate change
vulnerabilities. This makes it difficult to establish whether data that is available can be used and is an
adequate basis for the development of a climate change strategy. Therefore, it is recommended that further
research is undertaken to establish minimum data requirements to assess local vulnerability to climate
change. This should include specific requirements related to the social, economic and environmental
vulnerability of the area. It should also define minimum requirements for local climate change plans to enable
existing plans to be reviewed in relation to an explicit framework.
2.3 Vital Infrastructure
The Vital Infrastructure component of the URAF establishes the availability of information on infrastructure
that is deemed essential within an area. Vital infrastructure is infrastructure, such as a water supply, that is
required for the continued functioning of a community (UNISDR, 2005; Jha et al, 2013). The URAF aims to
establish whether data, such as location, capacity and condition of this infrastructure is available. Vital
infrastructure may vary from location to location but is likely to include aspects such as water and energy
supply infrastructure. The availability of information on vital infrastructure is a priority for the development of
climate change strategies, as this infrastructure must be able to maintain the provision of services, such as
water, required for a community to survive.
Defining infrastructure that is vital to the continued functioning of a community will vary. Poorer communities
may regard access to clean water as the sole vital requirement, while wealthier communities may regard
other services such as energy, telephone and access to the internet as being essential. Therefore, it is
recommended that further research is carried to develop an objective definition of minimum infrastructure
that is required for the continued functioning of a community. In addition to this vital infrastructure, it is
recommended that the URAF allows for additional infrastructure that is determined by local communities to
be ‘vital’ to be added so that this can be addressed in urban climate change strategies.
2.4 Planning and Infrastructure Development
The URAF Planning and Infrastructure Development component aims to establish the existence and content
of local development plans. It ascertains the extent to which local development plans such as City
Strategies, Integrated Development Plans (IDPs), Spatial Development Frameworks (SDFs) exist, and
whether these address climate change (Andersson-Sköld et al, 2015). In particular, it is interested in
identifying types of proposed development that may have significantly favourable, or unfavourable, impact on
climate change in order to ensure that these are addressed in mitigation and adaptation strategies. By
understanding local development plans, the URAF process can also begin to determine how climate change
mitigation and adaptation strategies can be integrated, and supported, in local planning.
Planning for climate change in urban development processes is still in its infancy in many cities
(Zimmerman, 2011). It will, therefore, take time for climate change considerations to be effectively integrated
into current urban planning processes. The URAF could support this process by providing an indication of
how climate change considerations should be integrated into development plans. It is therefore
recommended that further research is carried out to develop explicit requirements for the integration of
climate change into local development plans.
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2.5 Policy and Regulation
Policy and regulation structure many aspects of the planning, design and management of infrastructure and
built environments. The URAF aims to establish which aspects of policy and regulation are important to
urban climate change adaptation and mitigation strategies. In particular, it is concerned with identifying
aspects that have the potential to make a significant impact on climate change mitigation and adaptation
strategies (UNDISR, 2016, Stern, 2006). It, therefore, reviews the existence and content of regulations
such as bylaws, town planning scheme and building regulations. Where policy and regulation were found to
not to support climate change mitigation and adaptation, the URAF could be used to support the process of
updated and adapted this.
The URAF does not provide explicit requirements on how policy and regulation should address climate
change. Without this, assessments may be arbitrary. Therefore, it is recommended that research is
undertaken to define how different policy and regulatory instruments, such as building regulations, should
address climate change. This can be developed into simple assessment criteria that can be included in the
URAF to ascertain whether policy and regulation adequately address climate change, or has to be
addressed as part of an urban climate change strategy.
2.6 Governance and Capacity
Governance and capacity refers to structures such as local councils and other structures that govern
development within the identified urban area. The URAF aims to establish whether these structures are in
place and understand the extent to which they are able to play an effective role in the development and
implementation of climate change mitigation and adaptation strategies. The identification of insufficient or
inappropriate capacity and governance during the URAF process would suggest that this needs further
investigation and should be addressed within climate change mitigation and adaptation strategies
(Camacho, 2009; Zimmerman, 2011).
Governance and capacity to guide urban development vary widely. Large municipalities will have strong
capacity and systems to guide development and, in some cases, even have specialist climate change
offices. Other small municipalities may have very limited capacity which means they struggle with even basic
planning tasks. This capacity, however, is essential if effective urban climate change strategies are to be
implemented (Camacho, 2009; Adger, 2001). Therefore, this criterion should be developed further in the
URAF as it could provide useful guidance on capacity requirements within municipalities that will be
necessary to address climate change effectively.
2.7 Awareness, Education and Engagement
The Awareness, Education and Engagement component of the URAF refers to an assessment of the extent
to which communities that will be affected by climate change are aware of these changes and their impact
and can plan and react appropriately. It includes a review of social surveys that capture climate change
awareness data as well as a review of climate change communication disseminated by government and
other parties within the identified area. An early scoping exercise using the URAF can help ensure that,
education and engagement on climate change are addressed by a climate change strategy if this is not in
place.
Effective climate change strategies require occupant communities to be actively engaged in developing and
implementing climate change strategies (Tompkins and Adger, 2005; Hallegate, 2008). This aspect is not
currently addressed in detail in the URAF and it is recommended that this criterion is developed. This should
detail minimum requirements for awareness, education and engagement in relation to climate change and
strategies to address these.
2.8 Social Cohesion and Networks
Social cohesion and networks refers to levels of trust and social networks within the identified area (Adger,
2000; Mehmood, 2016; Moulaert et al, 2013). The extent to which these are in place provides an indication
of whether these can be used to develop and implement climate change mitigation and adaptation strategies
(UNDISR 2016; ACCCRN, 2014; Arup International 2011). Establishing the strength and effectiveness of
networks is complex. However, a picture can be provided through proxy indicators such as the number,
diversity and membership of community organisations such as religious groups, sporting association as well
as residents associations. A number of specific tools and methodologies have also been developed to
measure social cohesion (Krishna and Shrader, 1999). Where a review using the URAF indicates that local
levels of social cohesion and networks are weak, this will have to be addressed in climate change strategies
to ensure that there is adequate local support for plans.
The URAF does not provide detailed criteria for the assessment of social cohesion and networks. It is,
therefore, likely that assessment of this aspect will be highly subjective. This should be addressed by
developing simple robust criteria that will support more objective assessment and provide useful input in the
development of climate change strategies. To avoid assessment being overly complex, proxy indicators and
existing tools should be used, so long as these provide a reasonably accurate picture of the local situation.
2.9 Resources
Resources refer to the means used to implement a climate change strategy. It includes financial and human
resources that may be required to implement aspects of climate change strategies, such as flood defences
(Porter et al, 2008; Zimmerman, 2011). Depending on the type of physical or other interventions required,
13
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resources could come from local government or from individual businesses or households. The availability of
resources to implement climate change strategies may not be easy to establish, but an indication of these
could be obtained through a review of climate change funding policy and allocations at local government and
a review of household expenditure surveys. Establishing whether resources are available to implement
climate change strategies early is important because this will affect the type and nature of strategies
selected.
The URAF does not provide any indication of the type or extent of resources that may be regarded as
sufficient for a climate change strategies. This is to be expected, as the level or resourcing required is
proportional to the scale of climate change hazards and vulnerability. An assessment of the availability of
resources to address climate change is, however, still important as it provides an indication of local
resilience. It is therefore recommended that this criterion is developed in the URAF so that an indication of
resource availability to address climate change can be ascertained. This criterion should not however by
overly defined or prescriptive as overall resource requirements would have to be determined in relation to
climate change hazards and vulnerabilities.
2.10 Environment and Ecosystems
Environmental features and ecosystems within, or adjacent to, an urban area can be used as part of a
climate change adaptation and mitigation strategies (Pickett et al, 2004; Colding, 2007). For instance,
features such as natural wetlands can be used as effective, low-cost components of a storm water and flood
control strategy. It is, therefore, valuable to review the extent and nature of these features in order to ensure
that they are drawn on in climate change strategies (UNDISR 2016; ACCCRN, 2014; Arup International
2011). This type of early review can be used to support an integrated design which responds to, and uses,
existing natural features in a way that strengthens.
The URAF criteria for environment and ecosystems captures whether environmental features and
ecosystems that could be used as part of an urban climate change strategy exist. It does not assess the
scale of these resources and their capacity as part of an urban climate change strategy. URAF criteria are
also vague on the type and nature of environmental and ecosystem features that should be assessed in
relation to climate change. It is therefore recommended that this criterion should be more detailed. Further
detail can be provided by providing a full list of the type of environmental and ecosystem features that should
be assessed (such as wetlands) and key parameters that should be measured (such as surface area).

3. Conclusion and Further Research
A review of the Urban Resilience Assessment Framework indicates that this is a robust framework for
identifying key factors that need to be considered prior to the development of an urban climate change
strategy. A review of the detail of the URAF, however, highlights a number of areas that could be developed
further. Developing these areas could be used to transform the URAF from an early stage checklist–type
assessment tool to a much more comprehensive assessment and guidance tool. Addressing the following
recommendations can be used as a means of developing this more comprehensive tool.
•

The URAF should provide minimum requirements for climate change projection data that are
required for the development of urban climate change mitigation and adaptation strategies. This
should include specifications for geographical resolution and timeframes. It should also provide
guidance on acceptable emission scenarios (IPCC, 2000).

•

The URAF should define climate change vulnerabilities clearly and provide clear data requirements
for this to be assessed. Requirements should be comprehensive, so make reference to social,
economic and environmental vulnerability, and have an emphasis on data that is readily available.

•

The URAF should develop a definition for minimum infrastructure that is required for the continuing
functioning of a settlement. It should also provide a way that local communities can add
infrastructure that they deem to be vital to this category to ensure that this is addressed by climate
change strategies.

•

The URAF should be developed to include a definition of the type of local development plan that is
required to address climate change effectively. Assessment criteria should then establish whether
these plans are in place and whether they can be utilised in urban climate change strategies.

•

Simple assessment criteria should be developed for the URAF to ascertain whether a) appropriate
policy and regulations are in place to guide local development, and b) whether this addresses
climate change appropriately.

•

The URAF should define urban governance and capacity required to address climate change so that
the existing situation can be compared with this standard in order to provide a standardised
assessment process.

•

A standard for public awareness, education and engagement on climate change should be defined
within the URAF. This would enable the existing situation to be evaluated against this standard and
provide more objective results.
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•

Research should be carried out to develop a standardised assessment method for social cohesion
and social networks within an area which can be included in the URAF.

•

Further research should be carried out to define criteria which can be included in the URAF to
establish the extent and nature of resources that can be applied to the implementation of climate
change strategies.
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Abstract
The aim of the paper is to identify key principles for adapting SA settlement patterns to climate change.
Section 1 reviews the range of climate-related impacts likely to affect SA settlements using climate change
models and scenarios as a context for the generation of principles for South African settlement patterns. The
impacts on settlements are then characterised by hazard type. Section 2 reviews literature pertaining to
settlement patterns and the relationship between settlement pattern and climate change. The section also
reviews contemporary global city adaptation plans and collates the principles identified in their adaptation
plans. Section 3 describes the research methodology used. Section 4 prepares a set of key principles for
adapting SA settlement patterns to climate change and discusses the findings. Section 5 concludes with
recommendations for future research especially with regard to the use of urban morphology types as a basis
for integrating climate responsiveness into city spatial development plans.

1. Introduction
The projected impacts of climate change is renewing the focus of planning analysis and policy on the
complexity and uncertainty of economic, social and environmental systems. This realisation is likely to
change both the context and the nature of spatial planning at all levels. As Davoudi, Crawford and Mehmood
(2009) note, planners will have to reconcile, trade-off and, at times, overturn short-term and long-term
development expectations. Davoudi et al (2009) note that planners will need to “address questions such as:
what will low-carbon, ‘climate-proof’ settlement look like in terms of barriers to effective planning for such
development; what are the implications for governance, from transnational to local levels, and the
relationship between these levels; who will bear the risks and what are the implications for equity and social
development?”
It is also increasingly recognised that the “spatial configuration of cities and towns and the ways in which
land is used and developed have significant implications for both adaptation to the adverse impacts of
climate change and reduction of the emissions that are causing the change” (Davoudi et al 2009).

1.1 Climate Change Projections in South Africa
It is projected that climate change is likely to impact drastically in southern African during the 21st century
under low mitigation futures (Niang, Ruppel, Abdrabo, Essel, Lennard, Padgham, and Urquhart, 2014). The
southern African region is projected to become generally drier under enhanced anthropogenic forcing
(Christensen, Hewitson, Busuioc, Chen, Gao, Held, Jones, Kolli, Kwon, Laprise, Magana Rueda, Mearns,
Menendez, Raisanen, Rinke, Sarr, Whetton, 2007; Engelbrecht et al., 2009; James and Washington, 2013;
Niang et al., 2014).
Climate change impacts will also manifest through changes in the attributes of extreme weather events
including more frequent occurrence of dry spells over most of the interior (Christensen et al., 2007;
Engelbrecht et al., 2009); cut-off low related flood events are also projected to occur less frequently over
South Africa (e.g. Engelbrecht et al., 2013); and intense thunderstorms are conceivably to occur more
frequently over South Africa in a generally warmer climate (e.g. Engelbrecht et al., 2013). A summary of
potential climate impacts is provided below (Engelbrecht 2016; (e.g. Christensen et al., 2007; Engelbrecht et
al., 2009).

1.2 Potential Impact on SA Settlements
The climate variables identified in 1.1 have direct impacts on SA settlements: Table 1 tabulates these
projected impacts per hazard types (Engelbrecht 2016).
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Table 1: Climate Change Impacts on SA Settlements
Hazard Type

Impact

Temperature

Temperature increases will have significant
impacts on energy demand (higher cooling
demand), and water insecurity (drought,
evaporation).
Temperature increases may impact on human
and animal health through increased heat
stress.
Temperature increases are also conducive to a
higher incidence of veld and forest fires.

High fire-danger days

An increase in veld and forest fires will
undermine the resilience of ecosystems.
Combating veld and forest fires will further
exacerbate water insecurity.
Veld and forest fires may lead to an increase in
loss of life and also increase the health risks to
settlement dwellers from exposure to smoke
and ash pollution.

Rainfall, including
extreme rainfall

A decrease in rainfall will impact negatively on
water demand and increase water insecurity.
The need to take into account a range of
different rainfall futures, often of different
signals (i.e. drier and wetter), complicates the
development of adaptation strategies.
Settlements will have to radically rethink their
approach to urban water use.

Wind speeds

The decrease in wind speeds in some parts of
the country may aggravate heat stress.
The increase in wind speeds in some parts of
the country raises the threat of veld fires and
pollution spread.
Depending the extent of increase, it may
require more stringent wind loading structural
codes.

2. Literature Review
2.1 Settlement Pattern
A human settlement can be described as a place inhabited more or less permanently: it includes buildings
which the inhabitants use and the streets over which they move. A settlement pattern refers to the general
shape of a settlement i.e., how the buildings are distributed across a landscape and how they relate to one
another. The description of a settlement pattern is therefore based on the observable distribution of sites.
Settlement patterns illustrate how people responded to a given landscape and what resources they choose
to live by (water, arable land, transportation networks, etc.) (Roy, Domon, and Paquette 2002). Settlement
patterns essentially reflect the social organization of a human settlement and how it evolved over time.
Because the settlement pattern reflects the way people within the community relate to their environment and
one another, it can be considered a ‘blueprint’ that sets out how, where and when development will occur in
the future.
Settlement patterns and their impacts on the use of natural resources and levels of emissions are influenced
by many complex factors, including “available building technologies, land and property markets, the
investment strategies of public and private institutions, public policies (related to, for example, planning,
housing, transport, environment and taxation), institutional traditions, social norms and cultures, and
individual lifestyle choices and behaviour” (Davoudi et al., 2009). Roy et al 2002 found in their study that the
three main factors that affected early settlement patterns were physical access; the soil features; and the
presence of supportive neighbours (2002).
Settlement patterns can be categorized as ‘dispersed’ (a number of buildings spread out over a large area);
‘nucleated’ (a number of buildings grouped together around a central core); and ‘linear’ (the buildings are
arranged in lines that generally follow the route of a road, a body of water, or contours of the land). Further
patterns can be discerned within the nucleated and linear types. Generally this can be described as CBD,
inner city, inner suburbs, and outer suburbs: the distribution pattern will also become less dense as it shifts
from CBD to outer suburbs. Davoudi et al. (2009) further suggests that there are three main types of
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settlement interventions that can be adopted to accommodate new development, namely urban infill, urban
extension and entirely new settlement. The settlement patterns described will dictate, to a varying degree,
which interventions are possible.

2.2 Settlement Pattern and Climate Change
Extensive literature exists commenting on how human settlements both contribute to and are affected by
climate change. Van Staden (2014) found that “many emerging climate change risks are concentrated in
urban areas” and “climate change impacts on cities are increasing and include rising temperatures, heat
stress, water security and pollution, sea-level rise and storm surges, extreme weather events, heavy rainfall
and strong winds, inland flooding, food security, and ocean acidification.” The Urban Climate Change
Research Network (UCCRN) notes that “accurate diagnosis of climate risks and the vulnerabilities of urban
populations and territory are essential” (2015). However, researchers are also arguing that “CO₂ emissions
from land-use change have been substantially underestimated because processes such as tree harvesting
and land clearing from shifting cultivation have not been considered” (Arneth, Sitch, Pongtaz, Stocker, Ciais,
Poulter, Bayer, Bondeau, Calle, Chini, Gasser, Fader, Friedlingstein, Kato, Li, Lindeskog, Nabel, Pugh,
Robertson, Viovy, Yue and Zaehle, 2017). Of particular interest is the observation that “contextual conditions
determine a city’s challenges, as well as its capacity to integrate and implement adaptation and mitigation
strategies” (2015). More specifically Burton, Challenger, Huq, Klein, Yohe, Adger, Downing, Harvey, Kane,
Parry, Skinner, Smith, and Wandel (2001) argue that the “adaptation of the built environment will be primarily
concerned with ‘changes in processes, practices, or structures to moderate damage or realise opportunities,
as well as adjustments to reduce the vulnerability of communities, regions or activities’.” Furthermore they
note that “research has shown that the type and severity of impact on the urban environment varies
according to neighbourhood type, for example city centre, restructuring, densifying suburbs, new build”
(Burton et al. 2001). More pertinently they conclude that ‘placed-based’ integrated assessments appear to
hold greatest potential for exploiting any synergies that do exist, with an effective planning system and
innovative urban design crucial for combining mitigation and adaptation measures and hence promoting
more effective climate-proofing of the urban environment” (Burton et al., 2001). Their argument is supported
by Altvater, de Block, Bouwma, Dworak, Frelih-Larsen, Görlach, Hermeling, Klostermann, König, Leitner,
Marinova, McCallum, Naumann, Osberghaus, Prutsch, Reif, van de Sandt, Swart, and Troitzsch, (2012) who
conclude that “existing policies related to urban built environment and open spaces do not explicitly address
the climatic pressures and impacts which can be expected in the future as potentially harming urban built
environment.” In this regard the UCCRN study suggests four strategies namely: improving the efficiency of
urban systems; modifying urban form and layout; the use of heat-resistant construction materials; and
increasing vegetative cover (2015).
The UCCRN study also speaks to scale and specifically metropolitan region, city, district/neighbourhood,
block and building. They also argue for the adoption of measures that benefit both mitigation and adaptation
while yielding a “higher quality of life for urban citizens as the key performance outcome” (2015), a goal that
is expanded further under ‘transformative adaptation’ later in this paper. The City of Copenhagen adopted a
similar approach in their adaptation plan tabulating levels of adaptation against geographical levels, namely
region, municipality, district, street, and building (2011).
Settlement pattern will also influence and be influenced by climate change impacts. Stoney and Rodgers
(2007) found that “lower density patterns of residential development contribute more radiant heat energy to
surface heat island formation than higher density development patterns.” They recommend “compact
moderate-to-high density new construction” as policy strategies for mitigating the effects of urban
development (Stoney and Rodgers 2007). Davoudi, Crawford and Mehmood (2009) state that with regard to
urban form and flooding “the goal of a city layout must be to stop water flowing in from areas beyond the city
limits and the rapid disposal of excess rainwater.” They note further that the “extensive paved surfaces of
suburban neighbourhoods offer both advantages and disadvantages in relation to flooding.” With regard to
urban form and wind speeds, Bosselmann, Arens, Dunker and Wright found that winds along relatively wide
streets lined with buildings up to four stories in height were “only 25 percent to 50 percent as strong as winds
in the open countryside” whereas in streets with several highrise towers the “wind speeds were equal to or
higher than those measured at the weather station” (1995). They found that a consistent building height had
the least effect on wind speeds.
A critical component of spatial planning going forward is the reduction of settlement vulnerability with regard
to economic, social and environmental systems. They can be affected directly through projected changes in
climate (temperature, precipitation, etc.) and indirectly through projected impacts on the environment, natural
resources, and agriculture. Indirect pathways to impacts include expected changes in the availability of
natural resources, geographic shifts in climate-sensitive resource industries, effects on environmental quality
and health from changes in ecosystems, and other effects resulting from changes in environmental service
functions (IPCC 1997: IPCC 2014a: IPCC 2014b). Thus spatial planners will need to have a clear
understanding of the risk profile of their city or town which is the outcome of climate change projections,
vegetation cover, settlement pattern, and infrastructure typologies.
References to form, layout, urban fabric, and scale suggest that the study of urban morphology may be
useful in preparing adaptation plans. Urban morphology aims to understand the spatial structure and
character of a metropolitan area, city, town or village by examining the patterns of its component parts and
the process of its development (Simendi, 2011). Urban morphologists agree that the “city or town can be
‘read’ and analysed via the medium of its physical form” (Moudon 1997; Levy 1999). They also agree that at
its most elemental level, morphological analysis is based on three principles namely, (i) urban form is
defined by three fundamental physical elements i.e., buildings and their related open spaces (plots or lots)
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and streets; (ii) urban form can be understood at different levels of resolution corresponding to the
building/lot, the street/block, the city, and the region; and (iii) urban form can only be understood historically
since the elements of which it is comprised undergo continuous transformation and replacement.
Thus form, levels of resolution, and time constitute the three fundamental components of urban
morphological research” (Moudon, 1997). Studies also focus on the ‘plan unit’: “plan units are groups of
buildings, open spaces, lots, and streets, which form a cohesive whole either because they were all built at
the same time or within the same constraints, or because they underwent a common process of
transformation” (Moudon, 1997). Gill, S., Handley, J., Ennos, A., Pauleit, S., Theuray, N., and Lindley, S.
2008) notes that “studies have suggested that the distinction of UMTs or urban structural types at a ‘meso’scale (i.e. between the city level and that of individual plots) is a suitable basis for the spatial analysis of
cities for environmental and landscape planning.” The relative importance of this approach is that it “has a
close affinity to land use categories commonly used in urban planning, thus enhancing the transfer of
ecological information into the planning process” (Gill et al., 2008).

2.3 Contemporary Settlement Adaptation Responses to Climate Change
A comparative literature review was undertaken to assess what other global cities had identified as key
principles to be applied in their adaptation plans. From the review the following key principles are included in
climate change adaptation plans (Lindley, S., Handley, J. Theuray, N., Peet, E. and McEvoy, D. 2006; City of
Toronto 2008; City of Copenhagen 2011; City of Sydney 2014; UN-Habitat 2015), viz.: adaptation to shortterm climate variability and extreme events is included as a basis for reducing vulnerability to longer-term
climate change; policies and measures are assessed in a developmental context; adaptation occurs at
different levels of society; adaptation strategies are ambitious, fair, transparent, comprehensive, integrated,
relevant, actionable, and evidenced-based; adaptation strategies are politically sustainable, economically
efficient, socially inclusive, and environmentally supportive; and adaptation strategies are flexible and
dynamic and able to evolve and respond to unexpected trends and consequences.

3. Research Methodology
This study relies on a literature review to assess what impacts climate change may have on human
settlements and what key principles should be applied by urban and town planners when considering
adaptation measures concerning human settlement patterns.
The literature review involved summarising what is already known about climate change impacts in southern
Africa in general, and on human settlements in particular. This was done to generate a body of knowledge
through the synthesis and critical analysis of the data to seek new perspectives.
A comparative literature review was used to assess what other cities had identified as key principles. The
comparative literature review involved collecting data from a number of cities. The selection of the cities was
based on climate compatibility to the South African context, and/or cities in countries known to be leaders in
promoting climate change adaptation and mitigation measures. Comparative analysis is useful for providing
data of a qualitative nature. The findings were used to generate new understandings of the approaches and
responses adopted by cities around the world.

4. Findings and Discussion
From the above the paper finds that there are very specific projected climate changes and consequential
impacts for South African settlements over the next 100 years. Key principles for South African settlements
will have to specifically address these settlement-related hazard types from the climate variables, namely
temperature, high fire-danger days, rainfall and wind speeds.

4.1 Climate Change and Settlement Pattern Adaptation
From the literature review it is possible to collate settlement pattern type and hazard risk exposure derived
from Table 1. This collation is depicted in Table 2: it must however be noted that there are many factors, as
alluded to in section 2, that will influence the risk exposure. Table 2 should therefore only be considered a
point of departure for further analysis for each settlement type and climate change related impacts.
Nonetheless it does suggest that some basic principles can be applied.
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Table 2: Settlement Pattern Types and Associated Hazard Risk Exposure
Hazard

Dispersed

Nucleated

Linear

Temperature

May result in
higher levels of
exposure due to
large surface
area.

May result in
lower levels of
exposure
especially if
settlement pattern
is compact and
pavement- and
building surface
area is minimised.

Levels of
exposure may
vary from CBD to
inner city, inner
suburbs, and
outer suburbs.

High firedanger days

May result in
higher levels of
exposure to veld
fires.

May result in
lower level of
exposure to veld
fires.

Levels of
exposure may
decrease from
CBD to inner city,
inner suburbs,
and outer
suburbs.

Rainfall

May result in
higher levels of
exposure to
flooding due to
larger catchment
area.

May result in
lower level of
exposure to
flooding due to
smaller catchment
area.

Levels of
exposure may
vary from CBD to
inner city, inner
suburbs, and
outer suburbs.

Wind speeds

May result in
higher levels of
exposure.

May result in
lower levels of
exposure due to
protection
provided by
adjoining
buildings.

Levels of
exposure may
vary from CBD to
inner city, inner
suburbs, and
outer suburbs.

The question Table 2 raises is whether combining urban morphology type mapping with a climate hazard
analysis is an approach that could also be applied to planning for climate change impacts in South African
settlements? Section 26(E) of the Local Government: Municipal Systems Act, No. 32 of 2000 (the “MSA”)
requires all municipalities to compile Spatial Development Frameworks (the “SDF”) as a core component of
Integrated Development Plans (the “IDP”). The compilers of the SDF are required to “investigate the spatial
form and development of the municipality, including the bio-physical, socio-economic and built environment
status quo” (RDLR: 2011). The spatial analysis includes “patterns and trends” while the bio-physical analysis
includes “geology, soils and climate” which “gives rise to hydrological, topographical and bio-diversity
patterns” (RDLR: 2011). This would seem to suggest that climate-related hazards could readily be
incorporated into SDFs.
There would therefore appear to be a strong case for using UMTs as a generic base from which to prepare
adaptation strategies. Given the resources and capacity constraints that exist at local government level, the
UMT approach may enable local authorities to only collate the UMT strategies into their SDFs.

4.2 Key Principles for Adapting South African Settlement to climate change
Table 3 collates a number of principles identified in the comparative literature review. From this it is possible
to develop a set of key principles having regard to the specific impacts of climate change on human
settlements analysis as described in Table 1 and settlement patterns as described in Table 2. These are set
out in Table 3 below.
Table 3: Key Principles for Adaptation of South African Settlements
Issue

Guiding Principles

I. Climate modelling, projections, scenarios, potential impacts and uncertainty
Models, projections
and scenarios

1. A range of climate projections and scenarios should be used for
adapting settlement patterns.
2. There should be a clear understanding of the assumptions made and
the uncertainties related to those assumptions.
3. The best climate change model or scenario for a certain region or a
settlement pattern should be decided on a case-by-case basis because
of the variability in projections across South Africa.
4. Climate projections and scenarios together with the assumptions
made should be periodically reviewed and adjusted as necessary.
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II. Settlement adaptation and management
Overall guiding principles
for settlement planning

1. Settlement pattern adaptation should protect and enhance the
economic, social and environmental systems of the settlement pattern
from becoming compromised by climate change impacts.
2. Coverage of data (e.g. meteorological, hydrological, water quality, soil
moisture data, damage cost data, etc.) should be evaluated as it
becomes available.
3. Issues of climate change impacts on the settlement pattern should be
incorporated into city development plans.
4. Adaptation measures should improve the efficiency of urban systems.
5. Adaptation measures should modify urban form and layout to reduce
risk and vulnerability.
6. Adaptation measures should include the use of heat-resistant
construction materials.
7. Adaptation measures should increase vegetative cover.

Settlement pattern
adaptation based on
uncertainty of
Projections and scenarios

8. The best available scientific information should be taken into account:
planning decisions should always be evidence- and placed-based.

Reducing vulnerability

10. Development in zones at risk of landslides should be resisted.

9. Settlement pattern adaptation to short-term climate variability and
extreme events should be included as a basis for reducing vulnerability
to longer-term climate change.

11. Development on coastal zones subject to sea level rise and sea
surge should be resisted.
12. Systems should be designed with multiple nodes rather than a
central node to ensure that failure of one node does not cause the entire
system to fail.
13. Decentralise the provision of infrastructure services to the lowest
possible level, i.e. household, block, precinct, and city.
14. Strategic landscape patterns and critical ecological processes should
be preserved and strengthened and threaded through the settlement
pattern.
15. Urban infill should be developed in preference to urban extension
and new settlement formation.
16. The settlement pattern should be compact with higher densities and
a consistent building height.
17. Mixed land uses should be pursued.
18. Climate change risks should be integrated into infrastructure
investments (climate-proofing).
19. Eco-efficiency should be integrated into new infrastructure and
retrofit projects.
Drought and water scarcity
adaptation and management

20. When considering urban infill, urban extension and new settlement
development, determine, on the basis of robust scientific evidence and
on a case-by-case basis, the risks for a prolonged drought and water
scarcity and take into account climate change predictions in this caseby-case approach.
21. When considering urban infill, urban extension and new settlement
developments, take into account long term forecasts of supply and
demand and favour options that are robust to the uncertainty in climate
projections.
22. Choose sustainable adaptation measures, especially those with
cross-sectoral benefits, and which have the least environmental impact,
including GHG emissions.
23. Avoid adaptation measures that modify the physical characteristics
of water bodies (e.g. reservoirs, water abstractions) and deteriorate
water status.
24. The settlement pattern should be amended to facilitate the
harvesting and reuse of all stormwater.

Flood risk adaptation and
management

25. Understand and anticipate as far as possible increased exposure,
vulnerability and flood risk due to climate change, for establishing areas
of potential significant flood risk.
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26. The review of flood maps should incorporate climate change
information.
27. Development within 50 year flood zones should be resisted.
28. Development in high-risk flood zones should be resisted.
29. Existing development
progressively relocated.

in

high-risk

flood

zones

should

be

30. The zoning scheme should be amended to promote the most
desirable use of land in low- and moderate-risk flooding zones.
31. The zoning scheme should be amended to mitigate the effects of
elevated and flood-proofed buildings on the streetscape and pedestrian
activity.
32. Riverine systems running through the settlement pattern should be
stabilized and protected.
33. Sustainable Urban Drainage Systems (SUDS) should be preferred
over hard engineering solutions.
34. Existing urban drainage systems should be re-engineered in line with
SUDS principles.
35. All recreational open spaces including school properties and sports
fields, should be altered to capture stormwater.
36. Urban infill, urban extension and new settlements should be
responsive to flood risk.
37. More than one access route to settlements should be established.
38. The settlement pattern should be amended to facilitate flood-water
capture and release in moderate- and high-risk flood zones.
39. Urban infill, urban extension and new settlements should be
structured along contour lines, especially transit routes.
Heat stress adaptation and
management

40. The settlement pattern should be adapted to facilitate the use of
prevailing cooling winds to reduce the heat island effect.
41. The settlement pattern should be adapted to reduce the heat island
effect, i.e., reduce pavement area.
42. Urban infill should be preferred to urban extension and new
settlements.
43. The settlement pattern is amended to prevent and restrict the spread
of veld fires and facilitate rapid access for fire-fighting services and
systems.

Transformative adaptation
and management

44. Adaptation policies and measures are assessed in a developmental
context i.e., meeting the needs of the community.
45. Adaptation measures should support mitigation measures as well.
46. A greater place for nature should be made in the settlement pattern.
47. All new infrastructure investments conform to green infrastructure
precepts.
48. Areas and communities of greatest vulnerability are adapted first.
49. New developments strengthen relationships between communities,
i.e. CBD, peri-urban, and suburban.

4.3 Discussion
Firstly, it is possible to prepare an extensive list of key principles as reflected in the various adaptation plans
included in the case study. For purposes of this study however the identification of key principles was based
on those that most accurately address the specific climate-related hazards projected for settlement patterns
in South Africa. The projected climate impacts for South Africa are fairly clear: human settlements will have
to cope with a hotter and drier climate. What is less clear is how particular human settlement patterns are
likely to behave, or what the preferred settlement pattern or urban form would be. The global city
comparative literature reviewed was not helpful in this regard: this raises the question as to why settlement
pattern or urban form adaptation is not included in city adaptation plans. It would seem that since South
African cities are projected to become hotter and drier, valuable lessons can be learnt from desert cities.
Secondly, these potential impacts will need to be examined in more detail. Existing policies related to urban
form will need to explicitly address the climatic hazards which can be expected in the future. This adaptation
will require, inter alia, improving the efficiency of urban systems; modifying urban form and layout; the
application of heat-resistant approaches for buildings and settlements; and using green infrastructure as a
heat- and water management strategy.
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Thirdly, using the hazard types described in section 1 and settlement pattern types described in section 2 it
is possible to generate a more detailed hazard/UMT classification system than that shown in Table 3. This
merits further investigation: it may well be that the adoption of an UMT approach would enable the adoption
of new practices and processes into municipal SDFs.
Fourth, very few of the global city adaptation plans reviewed acknowledged the transformative role of
adaptation measures if applied to settlement patterns beyond the ability to contribute towards mitigation as
well. Examples of this would could include overcoming segregated spatial planning patterns of the past
(race, income group, land use, access to services), climate-proofing infrastructure, and incorporating green
and blue infrastructure into the settlement pattern.

5. Conclusion and Further Research
With the exception of extreme weather events, the projected climate impacts for southern Africa are fairly
clear. Essentially the challenge for human settlements in South Africa is to cope with a hotter and drier
climate.
Notwithstanding a substantial body of knowledge developing around climate change and impacts on
settlements, few adaptation plans identify the transformative potential in adaptation. Adaptation plans need
to seize the opportunity for the planning and design of existing and future settlements with regard to
infrastructure planning, design, operation, and maintenance in a manner that will strengthen the resilience of
communities to cope with the potential impacts of climate change, while also addressing the country’s
developmental goals.
The question regarding the combining of urban morphology type mapping with a surface analysis for
planning for climate change impacts in South African settlements merits further research. Given the
resources and capacity constraints that exist at local government level, this approach may be useful in
assisting local authorities in including climate change strategies into their SDFs.
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Abstract
In an attempt to stimulate urban renewal, South African Cities have increasingly turned to the private sector
developments which attract artists and other creatives to the urban core. This paper shall discuss the relative
success of these strategies and outlines several issues surrounding gentrification through literature and
precedent. These considerations then inform the on-going theoretical and organizational developments of
Tshwane Arts Union (TAU); an artist established civil organization aimed at working with the various
institutions housed in Tshwane. This investigation sets out a guiding framework for urban renewal strategies
through art that seek to unlock underutilized land and drive urban regeneration.
This research is extracted directly from the engagement with TAU, and many of the theories underpin the
conceptual foundation of TAU. It thus serve as an example of the broad considerations when investigating
the relationship between a real world project and the gentrification impacts it might have.

1. Introduction
Citizenship and participatory governance are core to the City of Tshwane’s 2055 vision to provide a liveable,
inclusive and resilient environment where citizens enjoy a high quality of life with enhanced social, economic
and
political
freedoms
that
recognizes
the
citizen
as
a
partner
in
development
(www.sacommercialpropnews.co.za). The Tshwane Arts Union (TAU) argues that the right to political
participation places a responsibility on the citizen, and in so doing invites us to reframe challenges as
opportunities for problem-solving and self-actualization. Primarily, TAU sees state or institutionally owned
infrastructure as a resource for social development, and seeks a way to access these often underutilized
resource in an attempt to stimulate development through community engagement. At the time of writing, this
goes hand-in-hand with a new political awakening where South African citizens are calling for political
accountability, transparency and responsible governance, as is evident in a series of recent protest
movements such as #FeesMustFall and #ZumaMustFall. As a self-identified product of these circumstances,
TAU serves as an on-going case-study for an alternative, more inclusive Urban Renewal process that aims
at revitalizing the city of Tshwane, from the bottom-up and top-down respectively.
In a progressively globalised, hyper-competitive world where economies are shifting away from heavy
industry and manufacturing to service industries with artist-led consumer cultures, cities capable of attracting
the ‘creative class’ have successfully stimulated alternative sectors of economic growth (Bahmann &
Frenkel, 2012, see also Lees et al. 2008). Several authors have illustrated how segregated environments
and diminishing heterogeneous contact lead to stronger perceptions of social difference, inequality, and
distance, often to the point that people from different social groups are perceived as a threat (Caldeira
1999:104); a condition Bahmann and Frenkel (2012) argue is exacerbated by the dominance of the car.
Apart from representing and protecting the creative industry, TAU actively seeks to provide a platform for renegotiating urban space and promote the use of existing public transport such as the A Re Yeng BRT, in an
attempt to stimulate social cohesion and exchange.
Socio-spatial transformation of South African cities in the Post-Apartheid era have been slow and
problematic as uncertainty and low property prices prevented landowners from maintaining, upgrading or
selling their buildings and recouping costs (Bahmann & Frenkel, 2012). The lack of investment potential and
therefore middle-class capital, which underpins the economic sustainability of cities, has led to the
proliferation of alternative developments. These often tap into the creative industry’s predisposition to
pioneer an urban area, engage and promote the city and its urban culture to attract the middle-class
(Bahmann & Frenkel, 2012). The event nature of these initiatives and the subsequent varying experiences
from week to week inspire viewers from diverse backgrounds to return and explore the area. These cultural
hotspots are often promoted as incubators that drive social interaction; but critics often point out that these
may simply function as middle-class enclaves that drive gentrification and class segregation (Bahmann &
Frenkel, 2012), and is therefore the primary issue addressed in this paper.

2. Literature
Situated in the Anglo-Saxon world, South African theorists often liken these processes to artist established
developments such as SoHo in Manhattan in the 1960’s and 70’s, which not only displace the poor
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(Bahmann & Frenkel, 2012), but in a second cycle of gentrification displaces the original gentrifying artists
(Bernt & Holm, 2002).
Privately developed creative hubs also exclude less well established artists, since private development often
depends on attracting established artists and therefore cannot afford to make space available to less well
established artists. By turning our gaze to continental gentrification theory, to explore other features of
neighbourhood and class transformation, may lead to better insights into the ‘geography of gentrification’ and
milder forms of gentrification (Lees, 2012). We may learn not only from Dutch housing policy, but a long
tradition of socialist intervention in Western Europe.
While gentrification is still the most ‘politically loaded’ word, some authors emphasized the importance of
mild gentrification policy over the past two decades, usually from the perspective of housing associations
(Doucet, 2014, van Weesep, 1994). Here subsidies, regulation and direct action have managed to provide a
comparatively high number of large, good quality, non-stigmatised social housing to low-income households
throughout attractive neighbourhoods and have thus prevented socially segregated ghettos from emerging
(Doucet, 2014).More recently, a lack of appropriate housing for middle and higher income household as well
as budgetary constraints on social housing in Dutch cities, and in Amsterdam in particular, resulted in an
imbalance of jobs in the city and middle-class residents living in the suburbs (Doucet, 2014). Soon the city
looked to attract affluent residents with expendable capital to stimulate the economy and provide marketdriven solutions to housing, and the progress made towards creating a socially just city in the 1980’s was
lost (Uitermark, 2009). Market driven development and owner-occupation, often segregates society and
neighbourhoods along class divisions, demographics and ethnicity, as poor families purchase homes
relatively cheaply, and are replaced by middle-class households who are looking for property in a restricted
market, resulting in an out migration of the poor and in-migration of the middle-class (Uitermark 2009). This
suggests that we need to identify the internal mechanisms and counterbalances to gentrification, and implies
that the role of the state in dampening gentrification effects in South Africa is critically underdeveloped.
In Tshwane, where the essential urban lubricant that is middle-class capital has evaporated in the wake of
‘white flight’, it has manifest in a poly-centric morphology with nodes such as Hatfield and Menlyn Main
spreading ever further east. The combined effect of this capital drain, and the institutional nature of
Tshwane, which houses three prominent Universities and a large number of Government Departments has
seen the CBD reduced to a mono-functional city, largely residential and poor in the South with an
administrative work environment in the North. Deprived of the complexity and richness that makes for a good
urban environment, the city struggles to attract private investment and cannot unlock development in the
CBD or the largely underdeveloped Western parts as unused, dilapidated, institutionally owned properties
make this an insurmountable task.
By comparing gentrification in Western Europe and South Africa, with different relationships between the
public and private sectors, and the various NGO’s, NPO’s, community organizations, unions and civil
society, we gain insight into how gentrification theories ‘travel’ through a political economic paradigm (Lees,
2012, p.164). It allows us to anticipate the impacts of private investment and ownership, and highlights the
importance of thoroughly investigating the South African processes of providing tenure to the poor. This
research thus aims to track the impact of one such organization (TAU) as part of a larger project that
describes these local processes.
Commercial gentrification, a growing field of research describing changes in the landscape beyond housing
(Doucet, 2014) such as working class displacement, rent increase and landlord harassment, and captures
the impact of market forces to explain the rise of street-level spectacles, fashionable bars and cafes, social
diversity and clothing outlets (Slater, 2006, p.738). Critiques tap into the perceived sense of diversity despite
relative homogeneity along racial and class lines, and the subtle or overt codes of exclusion (Bahmann &
Frenkel, 2012). Here aesthetics of diversity lead to a cultural enthusiasm and associated patterns of
consumption and lifestyle (Bernt & Holm, 2002). The image of a place is no longer a reflection of reality, but
through condensed, hybrid mixes, adopt and transplant commonplace occurrences, to evoke a cosmopolitan
dream or capture a condensed microcosm of the city (Bernt & Holm, 2002). In these condensed spaces of
“conspicuous consumption” (Beauregard 1986) a cultural enthusiasm is increasingly becoming the
foundation for material investments in a ‘cultural’ infrastructure (Bernt & Holm, 2002).
Rather than fixating on loss, the opportunities for urban spaces, communities and activities stimulated by
these developments may serve to dampen the effects of gentrification in the long run as the city increasingly
becomes more family friendly and consumption spaces such as streets and parks help to create a sense of
community and decrease gender and age inequalities (Doucet, 2014). Learning from tenant participation
processes in urban restructuring programmes in Amsterdam; one should be cautioned that participant
processes often serve to legitimise displacement as models are often presented as the only option, rather
than a policy choice, to be approved by the community (Doucet, 2014). This implies that TAU should ensure
that participants are continually involved and actively shape the goals of the organization.
From the literature we can therefore conclude that drawing on the creative industry’s predisposition to
pioneer an urban area one may attract investment; but that special attention needs to be given to include,
protect and sustain the urban poor and less well established artists. While this protection needs to be
extended beyond housing to include all patterns of consumption, the literature indicates that ownership
needs to be protected beyond individual ownership, as this will still be subject to market forces, and should
therefore be protected by institutions or housing associations to ensure a diversity of households across the
urban fabric.
Tshwane therefore needs to attract affluent residents with expendable capital to stimulate the economy of
the CBD while reserving the existing housing stock for the poor through institutions. As the area becomes
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more popular, new built projects should also cater for middle and higher income household to reduce the
shortage of appropriate housing for these income groups and thus curb the associated market driven
displacement of the urban poor, while actively working towards providing more subsidized housing.

3. MABONENG, a case study
A comparative study and report on creative enclaves driven by private development conducted by Bahmann
and Frenkel (2012) details the development of the Maboneng Neighbourhood development just East of the
Johannesburg CBD, and inform theories advanced in this paper. Formerly a declining light industrial area,
the emergence of formal and informal residential and retail spaces where soon followed by a developers
vision of a series of inter-related, multi-use buildings that would include office space, apartments, artist
studios and galleries, street-facing restaurants and retail space, an independent cinema, a theatre and a
hotel (Bahmann & Frenkel, 2012). While the study indicates that this scale of development, inserted into a
neglected urban environment attracts a far more diverse user group than is the South Africa norm and has
managed to build a small, but regular, community (Bahmann & Frenkel, 2012) this may largely be attributed
to place making principles.
Drawing on transport infrastructure such as the Rea Vaya (BRT) and Jeppe Train Stations and the resulting
slow moving, pedestrian character of Fox Street, the development opens up to the street and extends the
public gallery spaces up onto the roof (Bahmann & Frenkel, 2012). Whilst arguing that the numerous cultural
institutions where freely accessible to the public, and are therefore inclusive across economic lines, the
study still finds similarities to the Mall typologies that burgeon in the fragmented and segregated urban
landscape of South Africa (Bahmann & Frenkel, 2012). Here they touch on the importance of the ever
present private security, but turn their attention primarily to the economic exclusion that expensive consumer
goods engender (Bahmann & Frenkel, 2012).
While the perceived authenticity and excitement of an urban experience attracts middle class capital and
drives the process of reinvestment, space making principles and direct engagement with the street seems to
be key to social integration and a sense of safety (Bahmann & Frenkel, 2012). A partnership with the City to
install street lights, plant trees and upgrade pavements saw a dramatic upliftment of the urban fabric and
encouraged surrounding property owners to maintain and upgrade their buildings; while the retention of the
areas light industrial architecture and historical character creates a cohesive and legible district (Bahmann &
Frenkel, 2012). As passers-by witness and implicitly become contributors to the daily performance the street
allows for a re-negotiation and mixing of interactions between different identities. This defines it as a
significant space and results in prolonged periods of occupation (Bahmann & Frenkel, 2012). Therefore,
claiming ownership of the street is not an exclusive ownership, but a shared, inclusive social process of
creating common space rather than adjacent spaces; and by-laws are secondary to the value of shared
ownership, and thus stand in stark contrast to the middle-class suburban experience (Bahmann & Frenkel,
2012). To some extent, this would indicate that place-making principles have resulted in a more heterotopic
and inclusive social mix, not forgetting that the development made use of the inherent qualities associated
with the creative industry as a vehicle to achieve this goal.
Previously unpublished fieldwork which makes use of mental maps drawn by residents of the area
substantiates the studies hypothesis that the transport nodes and permeability play a role in the success of
the development. Beyond the fact that Maboneng is not fortified, providing physical access to upmarket retail
features, a similar research methodology led Bahmann and Frenkel (2012) to suggest that the access to
elevated roof spaces could simultaneously provide the urban user with a better understanding of their urban
environment, strengthen the sense of place and support security through both passive surveillance and a
sense of ownership.

4. The impact of place-making principles on social de-segregation
These findings validate the hypothesis that place making principles are a fundamental key in making people
from diverse backgrounds feel safe. Access to shared space is fundamentally lacking in South Africa, and it
is important to recognize the role security plays in our urban environment. Not only do spaces have to be
open and inviting, but physical security engenders a sense of relaxation and a willingness to interact. This
section shall draw on the theories of Jane Jacobs (1961) for the sake of familiarity, but acknowledges the
considerable research done by Bahmann and Frenkel (2012).
Bahmann and Frenkel (2012) contend that the dominance of the car exacerbates social isolation. Here
Jacobs (1961) would argue that to remove cars is to open the streets up, so that they may “work harder”,
thus concentrating urban activities to promote diversity and urban excitement. This does however not
necessarily mean that we should altogether ban cars, but in a South African context may mean that we
should promote Mini-Bus Taxi’s. (Not only do they generally add excitement to the urban environment, but
their informal networks and organizational networks are well established.)
“By its nature, the metropolis provides what otherwise could be given only by traveling; namely, the
strange.” (Jacobs, 1961)
As research indicates walking encourages environmental awareness as opposed to driving, but to be truly
urban is to embrace difference (Jacobs, 1961). To be surrounded by the ‘other’, is to acknowledge difference
(Jacobs, 1961), to occupy a space, whether as a performer or as part of the audience, is to take ownership
and to create public space (Bahmann & Frenkel, 2012). The public space is made of ‘bits and pieces’ and
the ‘trust of a city’ is amassed over time, through every experience on the sidewalk (Jacobs, 1961). This
reading suggests that trust is a circumstantial occurrence, and does not need any personal commitment from
the user, but Bahmann and Frenkel (2012) observed far more substantial investment in the cultural and
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socio-economic variety to actively embed what constitutes the character of this part of the city. Not only have
they observed significant efforts made to create a cohesive identity, both visually and in the functional
arrangement, which leads to higher levels of passive surveillance (Bahmann & Frenkel, 2012), but the fact
that people occupy the street in their daily lives, regardless of class, amounts to a mutual and ‘informal
policing’ of the urban environment (Jacobs, 1961). As opposed to an enclave or gated community, the
spatial freedom of the well-used street can make dense urban streets feel oddly safe. Here order is the
diametrically opposite of how urban environments function; what makes it lively is the variety, and where you
find variety, you find nightlife (Jacobs, 1961). As such the rules of engagement around Maboneng are
implicit and flexible, and there exists a constant re-negotiation between the urban poor and upper class white
suburbanites (Bahmann & Frenkel, 2012).
At odds with its immediate environment, this constant re-negotiation is reflective of the relationship
Maboneng has to its surrounding environment, where even the smallest spaza shop1 has security gates and
burglar bars (Bahmann & Frenkel, 2012). The strong relationship to the street, and contrasting character is
even more pronounced at night when the illuminated restaurants suck the street in through large open glass
windows and doors, and expose the inner workings to the street, but we are reminded that security guards
and CCTV cameras are ever present (Bahmann & Frenkel, 2012). They provide formal security for the area,
but more importantly represent the first ‘eyes on the street’. This in turn encourages people to occupy the
street and embodies the character of a well-used city, thus adding numerous eyes on the street and
supporting two shifts of foot traffic (Jacobs, 1961, Bahmann & Frenkel, 2012). It can therefore be
concluded that if TAU intends to prolong the hours of use in the city, they must provide for security in the
street so as to encourage people to occupy it, which in turn may drive a new economy of
entertainment.Despite these successes, Maboneng continues to be the object of critique, and perhaps the
most illuminating fact to explain this uneasiness towards Maboneng lay not in the fact that it was developed
by the private sector, who implicitly sits at odds with the will of the public, but in the fact that it is marketed as
a Neighbourhood. A sentimental concept, (which does harm to city planning) the notion of the 'neighborhood'
warps imitations into city life and projects an ideal rather than embracing a variety of buildings, of varying
age and condition, to encourage social and class integration in a close-grained fabric (Jacobs, 1961). TAU
therefore needs to embrace a larger narrative, one that is heterogeneous and celebrates diversity as part of
a larger, on-going, social/urban project that speaks through many voices.

5. Findings and Discussions: A background on Tshwane Arts Union
Underpinning the formation of the Tshwane Arts Union were the shared experiences of creatives living in
Tshwane. Not only are the barriers to entry into the creative market high, with many artists living subsidized
lives (supported by friends and family), but with irregular incomes, many full time artists struggle to find place
to live and work in, in the private sector.
Contrary to Western Europe, Tshwane cannot afford to subsidize these young creatives; but there is local
precedent that creative cultures serve as laboratories within the city and can potentially attract the middleclass capital investment in the property market. While the city may struggle to acquire properties from
various government departments, and lacks the budget to do so (thus preventing it from implement radical
spatial change) it poses several policy mechanisms to negotiate space. TAU has therefore identified this
intersection between the local and national government as well as the close proximity to universities and the
array of foreign diplomatic and aid missions as a key feature to unlocking unused, underutilized or derelict
properties for the creative industry by leveraging institutional resources and tapping into international
markets.
In recognizing the creative capital that artists poses in shaping spaces, experiences and perceptions, TAU
want’s to align itself with local government to negotiate a strategic partnership for urban reinvestment and
regulated gentrification. The project functions as an experimental, catalytic urban driver, rooted in the
creative industries predisposition to pioneer space, while engaging with the public on the cities behalf. By
aligning with city government, this strategy allows for a new paradigm where the creative industry may be
more easily integrated into urban strategies, to support existing city programmes such as education
programmes, drug-rehabilitation and youth programs, therapy and a host of community programmes. This
may allow for a planned, more gradual gentrification process, dampening the effects on the urban poor while
curbing the effects of gentrification beyond housing.
Bernt and Holm (2002) describe the typical double invasion–succession cycle of gentrification as a sequence
of socio-economic displacement cycles in which the displacement of long-established inhabitants of an area
by “pioneers” (typically young, ‘alternative’ adults who are well educated) is succeeded by a second cycle,
when they are then in turn displaced by slightly older households in well-paid jobs. Closely related to these
gentrification process may be the cultural phenomenon of consumption arising in spatial developments with
high densities of cultural capital (Zukin, 1991), and the translation of symbolic capital into ‘real’ investment in
a particular area (Levine, 2004). A form of “symbolic gentrification” thus precedes the social and economic
turmoil of gentrification (Bernt& Holm, 2002) as a process where a district is made palatable to future
gentrifies, through image and culture, before architectural enhancement and economic conversion are
arranged. This illustrates a distinct overlap between cultural and economic cycles, and would suggest that a
conscious message of democratic participation may allow TAU to actively engage with the issues of
gentrification through communication and community engagement. If TAU manages to draw together the
collective efforts of the creative industry, it would be able to influence the perceptions of space and attract
investment while retaining a measure of control that allows for a managed urban renewal process.
While the organization has not yet formalized its relation to local government, it has already started to
capitalize on the institutional nature of the city as well as the creative capital in an attempt to rally towards
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acquiring space. In recognizing the organizations lack of technical skills to navigate the legal and policy
landscape, TAU has opened itself up to academic inquiry.
This has two main potential benefits: By engaging young researchers to align research interests with
structural and developmental questions regarding the future of TAU, they not only provide a platform for
interdisciplinary work where new ideas may be developed; but manage to reduce the cost involved in
research and development. This allows a multi-dimensional model that is adjusted and iterated to guide the
organisation through the changing policy landscape, while Levine (2004) emphasizes the importance of
citizen participation and programmes that help to equip and integrate marginalized communities into the
development process. Thus, while universities command vast amounts of resources, TAU sees partnerships
with universities as critical in the transfer of knowledge and skills, from professional to student and from
student to the public to ensure this inclusion.
In activating the project, TAU once again turns to the creative capital in the so-called #ipledgeTAU
campaign, where it engages the general public to pledge any number of things, including time, space, skills,
expertise, support or money. People who sign up as supporters are asked to pledge something to the cause,
and while the sweat equity is logged, the belief is that the resulting ‘vested interest’ ensures accountability
and democracy within the organization. Simultaneously, pledge involvement allows the organization to
extract data on the long term involvement of its members, and therefore respond accordingly. A sample of
new registrations taken over a period of time should therefore provide a qualitative indication of who the
organization resonates with, while the quantitative data should indicate which resources or skill are available,
to inform future strategies.
As an example, a recent registration cycle indicated an unusually high number of videographers were
pledging their skills. While TAU acts as unifying and representative body of the artists, it sees itself firstly as
a platform for artists, and has therefore positioned itself as a blank canvas on which artist feature their art
and their vision of a city. This informed a marketing strategy which asks videographers to produce a short
video about a local artist, thus drawing on the available resources while simultaneously promoting both local
artists. Not only is it based on a barter of skills, but it illustrates how this continual supply of labour may best
be deployed towards collective urban agendas.

6. Conclusion
This research shows a clear link between middle-class consumption patterns and gentrification, and
illustrates that spatial developments resulting from these consumption patterns may directly correlate to the
densities of cultural capital. This would suggest that an urban renewal strategy making use of creative capital
should spread the concentration of creative capital more evenly across districts. This will reduce the
concentration of consumption patterns and more evenly integrate with existing social-development
programmes in an attempt to slow down, and mitigate the impact of gentrification in favour of more holistic
and incremental development. While the creative industry possess the power to influence the perceptions of
space, and thus drive upliftment of the urban fabric, TAU needs to make concerted efforts to shield creatives
against double invasion/succession cycle of gentrification. Since the proposed strategy makes use of
institutional land to protect artists against the impacts of gentrification, such a strategy should make provision
for a future, when the institutional support may laps, and artists may become exposed to the impact of
gentrification. Similarly, the urban poor are not immune to the impact of gentrification in the proposed model,
and further research needs to be done to determine how increased investment in land may be leveraged to
protect the urban poor. Since tenure transfer may lead to gentrification, research into housing policy, and
specifically cooperative or integrated housing models may provide a useful mechanism for curbing
gentrification. Furthermore, the research indicates that while the creative industry may stimulate urban
investment, the image constructed in order to do so often relies on a romanticized ideal held by the middleclass and may serve to legitimize gentrification. TAU should therefore seek out and speak on behalf of
marginalized populations, and should retain its open, democratic and collaborative nature. A key principle
here is diversity, and TAU needs to ensure that both spatial use and it’s organizational structure promote
inclusion while working towards building a community.
The research suggests that place-making principles are key in stimulating social-cohesion and a sense of
collective ownership, and that this may play a role in promoting gender and age equality by providing
amenities to a wider public. Despite the physical access provided by the various cultural institutions, many
developments remain economically exclusive, and it would be reasonable to suggest that TAU needs to
ensure that they provide cheaply accessible consumables (e.g. street food). Here the guiding principle of
collective ownership should be engendered through collective action. This focuses efforts on public space
and ownership of the street as an inclusive social process of creating common space that accommodates
heterotopic and inclusive social mixes.
The social mix may be enhanced by drawing on transport infrastructure to produce active streets with a slow
moving, pedestrian character as direct engagement with the street seems to be key to social integration and
a sense of safety. Therefore it is argued that spaces have to be open and inviting so as to “work harder” and
concentrate urban activities to encourage diversity and urban excitement.
Collective ownership should translate into a sense of security provided by passive surveillance. The
research shows that issues of safety have a direct impact on the public space and shared ownership, and
special attention needs to be given to spatial design characteristics that enhance active and passive
surveillance.
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Abstract
The paper assesses to what extent cultural and heritage sensitive adaptation measures are included in
climate change adaptation plans of South African metropolitan cities. Section 1 reviews the climate change
projections for South Africa over the next 100 years. Using the projections it examines how climate change
related hazards may possibly impact on heritage resource conservation and management. Section 2 reviews
the regulatory environment for heritage resource conservation and management in South Africa, reviews the
adaptation plans of the metropolitan municipalities in South Africa, and collates a set of heritage resource
conservation principles to guide metropolitan municipalities with regard to heritage resource conservation
and climate change adaptation. Section 3 provides the research methodology adopted for the paper. Section
4 prepares a risk-based vulnerability analysis framework together with the determination of heritage
susceptibility to climate change. The section develops key heritage resource conservation principles which
could be applied by the metropolitan municipalities when preparing adaptation plans. Section 5 finds that
heritage resource conservation and management in response to climate change has been poorly dealt with,
and that South Africa’s rich heritage resource inventory is at extreme risk. The findings will be of particular
benefit to policy makers and heritage conservation and management practitioners.

1. Introduction
The CSIR has been awarded grant funding by the Canadian International Development Research Centre
(IDRC) for the purpose of developing a set of guidelines – called the Green Book – to adapt existing and
future South African settlements at risk to climate change impacts.
The Green Book will be complementary to the South African “Guidelines for Human Settlement Planning and
Design”, commonly known as the Red Book. The Green Book will however address a wider range of spatial
planning and land use management principles relevant to climate change adaptation, and specifically the
design of neighbourhoods, and engineering, economic and ecological infrastructure and services.
Differentiated adaptation choices will be developed for distinctive types of settlements with similar types of
risk profiles, based on existing adaptation strategies and plans guided by an economic analysis of the
implications of these options.
One of the issues addressed in the Green Book is heritage resource conservation and management in
response to climate change. The proposed intervention is aimed at developing differentiated climate change
adaptation guidelines for South African heritage resources at risk. No such guidelines exist at yet.

1.1 Climate Change Projections in South Africa
It is projected that climate change is likely to impact drastically in southern African during the 21st century
under low mitigation futures (Niang, Ruppel, Abdrabo, Essel, Lennard, Padgham, and Urquhart, 2014). The
southern African region is projected to become generally hotter and drier under enhanced anthropogenic
forcing (Christensen, Hewitson, Busuioc, Chen, Gao, Held, Jones, Kolli, Kwon, Laprise, Magana Rueda,
Mearns, Menendez, Raisanen, Rinke, Sarr, Whetton, 2007; Engelbrecht et al., 2009; James and
Washington, 2013; Niang et al., 2014). Average temperature increases of 1 to 2.5 °C may be plausible over
the southern coastal regions while over the interior regions larger temperature increases are likely, which
may well exceed 3 ̊C over the northern parts. Maximum temperature projections towards the latter part of
this century under a low mitigation scenario are projected to exceed 4 ̊C over most of the interior, and may
indeed exceed 7 ̊C over parts of the northern interior. With regard to precipitation, under low mitigation,
rainfall is projected to increase over the central interior and east coast while the western interior, northeastern parts and the winter rainfall region of the southwestern Cape are projected to become generally
drier.
Climate change impacts will also manifest through changes in the attributes of extreme weather events
including more frequent occurrence of dry spells over most of the interior (Christensen et al., 2007;
Engelbrecht et al., 2009); cut-off low related flood events are also projected to occur less frequently over
South Africa (e.g. Engelbrecht et al., 2013); and intense thunderstorms are conceivably to occur more
frequently over South Africa in a generally warmer climate (e.g. Engelbrecht et al., 2013).. Under low
mitigation, high fire-danger days are projected to increase with as many as 10-30 days per year in the
forested regions of Mpumalanga and Limpopo while somewhat larger increases are projected for the central
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grasslands and the western parts of the domain (Engelbrecht 2016; (e.g. Christensen et al., 2007;
Engelbrecht et al., 2009).

2. Literature Review
2.1 South African Heritage Resource Management Environment
South Africa’s national heritage resources are managed through the provisions of the National Heritage
Resources Act (Act No. 25 of 1999). The Act aims to “promote good management of the national estate, and
to enable and encourage communities to nurture and conserve their legacy so that it may be bequeathed to
future generations.” The Act defines “heritage resources” as any place or object of cultural significance and
“conservation” as protecting, maintaining, preserving and sustainable using places or objects so as to
safeguard their cultural significance. The Act further defines “objects” as any movable property of cultural
significance including any archaeological artefact, palaeontological and rare geological specimens, and
meteorites, while it defines “places” as a site, area or region; a building or other structure which may include
equipment, furniture, fittings and articles associated with or connected with such building or other structure; a
group of buildings or other structures; an open space including a public square, street or park; and the
immediate surroundings of a place. Of particular relevance to this paper is the broad inclusion of the national
estate which includes places, buildings, structures and equipment of cultural significance; places to which
oral traditions are attached or which are associated with living heritage; historical settlements and
townscapes; landscapes and natural features of cultural significance; geological sites of scientific or cultural
importance; archaeological and palaeontological sites; graves and burial grounds; sites of significance
relating to slavery in South Africa; and movable objects.
The Act establishes the South African Heritage Resources Agency (SAHRA) to manage the national estate
as well as the establishment of provincial and local heritage authorities. The Act empowers SAHRA to
prescribe any principle for heritage resources management, and for provincial authorities to prescribe any
principle for heritage resource management as long as they are not inconsistent with the nationally
prescribed principles. The Act empowers SAHRA to establish a system of grading of places and objects
which form part of the national estate as follows (Table 1):
Table 1: Grading of Places and Objects which form part of the National Estate
Grade

Description

Grade I

Heritage resources with qualities so exceptional that they are of special national
significance.

Grade II

Heritage resources which, although forming part of the national estate, can be
considered to have special qualities which make them significant within the context of
a province or a region.

Grade III

Other heritage resources worthy of conservation.

Critically the Section 5(6) of the Act requires that “policy, administrative practice and legislation must
promote the integration of heritage resources conservation in urban and rural planning and social and
economic development.”
The Revised White Paper on Arts, Culture and Heritage (November 2016) proposes a useful framework for
the national heritage system in South Africa namely museums; monuments; heritage sites and resources;
geographical place names; heraldry and national symbols; archives and public records; and libraries and
information services.

2.2 Heritage Resource Conservation in Climate Change Adaptation Plans of South African
Cities
The literature review was based on climate change adaptation plans of the eight metropolitan cities in South
Africa.
The City of Cape Town Adaptation Framework notes that the National Heritage Resources Act (Act No. 25 of
1999) relates to potential climate impacts (2006). However, heritage resources are not included in the key
sectors identified in the report (2006). The framework does not address heritage other than the reference to
the word in the title of the Act, and there is no reference to culture. The City of Cape Town has a second
document titled Moving Mountains: Cape Town’s Action Plan for Energy and Climate Change (2011) and its
only reference to ‘heritage’ is acknowledgement that the Cape Floristic Region is a UNESCO World Heritage
Site (2011). There is no reference to ‘culture’. The City of Tshwane’s Vulnerability Assessment to Climate
Change (2014) has no reference to ‘heritage’ or ‘culture’. The City of Johannesburg’s Climate Change
Adaptation Plan (2009) has no reference to ‘heritage’ and ‘culture’. Ethekwini Municipality’s Durban Climate
Change Strategy (2014) has no reference to ‘heritage’ or ‘culture’. The municipality also has a document
titled Durban’s Municipal Climate Protection Programme: Climate Change Adaptation Planning for a
Resilient City (2010/11) which also has no reference to ‘heritage’ or ‘culture’. The Nelson Mandela Bay
Municipality’s document Climate Change and Green Economy Action Plan (2015) has no reference to
‘heritage’ or ‘culture’. Buffalo City Municipality’s Sustainable Energy and Climate Change Mitigation Policy
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and Strategy (2008) contain no references to ‘heritage’ or ‘culture’. No adaptation plan could be found for
Manaung Municipality. Ekurhuleni Metropolitan Municipality’s Ekurhuleni Energy and Climate Change
Strategy (2007) have no reference to ‘heritage’ or ‘culture’.
To ensure that the matter has not been addressed in a related document, the literature review included a
review of ‘heritage plan’ for each metropole but again no references were found. External stakeholder
documents were also reviewed including the South African Cities Network which produced a document titled
Synthesis Report: An Analysis of Cities Resilience to Climate Change with particular Focus on Food
Security, Transport and Water Provision (2016). The document contains no reference to ‘heritage’ and
‘culture’.

2.3 Key Principles for Heritage Resource Conservation and Management in Climate
Adaptation Plans
The development and application of adaptation strategies for heritage resource conservation and
management should occur within the framework of best practice for heritage resource conservation. The
internationally accepted standard is contained within the Burra Charter, a set of conservation principles
prepared by the Australia section of International Council on Monuments and Sites (ICOMOS) and adopted
by ICOMOS as best practice in 2013. ICOMOS is a non-governmental professional organisation formed in
1965, with its head office in Paris. It is closely linked to United Nations Educational, Scientific and Cultural
Organisation (UNESCO), particularly in its role under the World Heritage Convention 1972 as UNESCO’s
principal adviser on cultural matters related to world heritage. The Charter sets a standard of practice for
those who provide advice, make decisions about, or undertake works to places of cultural significance,
including owners, managers and custodians.
It must be borne in mind that the Burra Charter principles were not framed against the background of climate
change. Thus the key conservation principles set out below is the author’s extraction of key principles which
may apply to heritage resource conservation within the context of climate change adaptation. In selecting the
principles acknowledgement of the potential impacts of climate-related impacts were borne in mind i.e., it is
recognised that in some circumstances the environment of the heritage resource may be significantly altered
to the extent that the heritage resource itself is under threat for example by flooding, sea surge or sea level
rise. Under other circumstances the context of the heritage resource may change to the detriment of the
cultural significance of the resource. There may also be circumstances where interventions required to
preserve and protect the resource alters the cultural significance of the resource.

3. Research Methodology
The Green Book is meant to assist small town and cities in South Africa in preparing climate change
adaptation measures: the assumption made is that the metropolitan cities have the capacity to prepare
adaptation plans for them. South Africa has eight metropolitan, namely Buffalo City; City of Cape Town;
Ekurhuleni Metropolitan Municipality; City of eThekwini; City of Johannesburg; Mangaung Municipality;
Nelson Mandela Metropolitan Municipality; and the City of Tshwane.
For purposes of this paper, the eight metros were therefore used as a basis for evaluating to what extent
their respective adaptation plans have responded to climate-related heritage conservation and management
risk. The specific research questions to be addressed by this paper are:
i)

What are the climate change risks impacting on South Africa and how, and in what way, does
this influence heritage resource conservation and management?

ii)

What is the legislative framework governing the conservation and management of heritage
resources in South Africa and to what extent does it deal with climate change?

iii)

How, and in what way, have metropolitan municipalities responded to climate change risks to
heritage resources in their respective adaptation plans?

iv)

What are the heritage conservation and management key principles and how, and in what way,
do they respond to climate change risk?

The scope of this paper is to review how heritage resource conservation and management has been dealt
with in the adaptation plans of metropolitan cities in South Africa.
The scope of this study is limited to:
i)

Literature review pertaining to the scope of the study;

ii)

Developing a heritage resource conservation and management risk framework; and

iii)

Establishing key conservation principles that could be used in adaptation plans.

The research methodology is based on a literature review and a comparative literature review. The literature
review undertook a review of the projected climate change impacts for South Africa. Included was a review
of the heritage resource conservation and management legislation and policy environment in South Africa,
and of literature pertaining to heritage resource conservation by other international heritage resource
conservation and management agencies including UNESCO and ICOMOS, with a particular focus on
references to climate change. The comparative literature review was based on the eight metropolitan cities
of South Africa since the assumption of the larger research project was that the metropoles are in a position
to prepare and implement their own adaptation plans.
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The research design included the entry of key search words in the adaptation plan documents as published
on the website of the eight metropoles. The keywords entered were ‘heritage’ and ‘culture’. This was
supported by a search for ‘heritage plans’ on the websites as well, and the search for ‘climate change’ in
heritage plans where they existed. The website of the Department of Arts and Culture was also searched for
‘climate change’.

4. Findings and Discussion
4.1 Potential Impact on Cultural and Heritage Sites
The climate variables identified in 1.1 have direct impacts on heritage resources: Table 1 tabulates these
projected impacts per hazard types (Engelbrecht 2016; UNESCO 2009; UNESCO 2014).
4.1.1 Temperature
Temperature increases would have significant impacts on the comfort levels of heritage resources,
especially buildings. In certain cases this may result in the building no longer being fit-for-purpose. The
demand for additional heating and cooling may result in the installation of heating, ventilation and airconditioning systems with potential negative consequences on the heritage value. Temperature increases
may impact on the materials and structural integrity through increased heat stress. Climate change will force
some plant species to migrate posing a problem for the conservation of biodiversity hotspots.
4.1.2 High fire-danger days
A potential increase in veld and forest fires will raise the threat of fire to heritage resources. Veld and forest
fires may lead to an increase in loss of life and also increase the health risks to heritage resource dwellers
from exposure to smoke and ash pollution.
4.1.3 Precipitation
A decrease in rainfall may impact negatively on ground moisture levels and thus the geological conditions of
heritage resources. Drying out clays, for example, will shrink and potentially undermine founding conditions.
The need to take into account a range of different rainfall futures, often of different signals (i.e. drier and
wetter), complicates the development of adaptation strategies. Some properties listed as cultural heritage
are built in coastal lowlands and increased precipitation, sea level and coastal erosion could threaten their
conservation. Wetter conditions will expose heritage resources to higher humidity with a concomitant threat
to materials and structural integrity. Similarly, higher rainfall in areas with clay soils will result in swelling with
a threat to structural integrity. Archaeological evidences buried in the ground could be lost if the stratigraphic
integrity of the soils were to change as a result of increased floods and changes in precipitation.
4.1.4 Wind Speeds
The increase in some parts of the country poses a threat to roof structures, particularly grass and thatch
roofs, as well as structural integrity. The increase in wind speeds in some parts of the country raises the
threat of veld fires and pollution spread.
4.1.5 Climate Change Related Hazard and Associated Risk
Given the climate change related hazards identified in 1.1, and taking into account the grading of heritage
resources in Table 1, it is possible to identify which heritage resource is at risk from climate change impacts
(Table 2).
Table 2: Components of Heritage Resources and Associated Climate Change Related Hazard
Category

Tangible

Climateassociated Risk

1
2
3
4
5
6
7

Museums
Monuments
Heritage sites and resources
Geographical place names
Heraldry and national symbols
Archives and public records
Libraries and information services
Intangible
Cultural traditions
Customs
Oral history
Performance
Ritual
Popular memory
Social mores
Knowledge of nature

Yes
Yes
Yes
No
No
Yes
Yes

8
9
10
11
12
13
14
15
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Yes
Yes
No
No
Yes
No
No
Yes
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4.2 The Heritage Resource Conservation and Management Legislative Framework and its
Response to Climate Change
The literature review finds that the National Heritage Resources Act, although not addressing climate-related
impacts directly, does provide some principles that offer guidance with regard to heritage conservation and
management in a changing climate. Of particular importance are the following: the principle of conservation
as an act of bequeathment to future generations; the very broad and all-encompassing definition of heritage
resources; the principle of places and objects; the principle of cultural significance; the principle of context;
the principle of grading by importance; and the principle of integration of heritage resources conservation in
urban and rural planning.
Furthermore, the White Paper’s proposed national heritage system constructs a useful framework which
could be useful for heritage resource conservation and management in adaptation planning namely:
museums; monuments; heritage sites and resources; geographical place names; heraldry and national
symbols; archives and public records; and libraries and information services.

4.3 Metropolitan Municipalities Adaptation Plans and Response to Heritage Resource
Conservation and Management
The literature review finds that heritage conservation and management is ignored in metropolitan adaptation
plans (Table 3). The review finds very little literature in South Africa addressing heritage conservation and
management linked to climate change. A search for ‘climate change’ on the website of the Department of
Arts and Culture returned no results.
Table 3: Metropolitan Cities Adaptation Plans and Heritage and Culture
Metropole

Adaptation
Plan

Culture
reference

Heritage
reference

Buffalo City
City of Cape Town
Ekurhuleni Metropolitan
Municipality
City of eThekwini
City of Johannesburg
Mangaung Municipality
Nelson Mandela
Metropolitan Municipality
City of Tshwane

Yes
Yes
Yes

No
No
No

No
No
No

Yes
Yes
No
Yes

No
No
No
No

No
No
No
No

Yes

No

No

This is a matter of grave concern and will need to be addressed as a matter of urgency at all three tiers of
government not just from a conservation perspective, but also from a maintenance perspective. Heritage
resources, because of their frailty, will be less resilient to the impact of climate change than contemporary
cultural resources.

4.4 Emerging Principles for Climate Change Related Heritage Resource Conservation and
Management
The literature review finds that the establishment of key principles of heritage resource conservation and
management in the context of climate change is in its infancy: UNESCO acknowledges the importance of
addressing climate change impacts and is in an early stage of preparing guidelines and principles. It must
also be noted that UNESCO deals with world heritage: similar efforts are required from national
governments. It must be borne in mind that the Burra Charter principles were not framed against the
background of climate change. Nonetheless, key conservation principles as set out below can be applied to
heritage resource conservation within the context of climate change adaptation.
4.4.1 Key Conservation Principles, Guidelines and Plan Methodology
From the literature review it is possible to construct key conservation which can be included in adaptation
plans (Table 4).
Table 4: Key Conservation Principles
Principle

Description

Conservation

The aim of conservation is to retain the cultural significance of a
place.
Places of cultural significance should be safeguarded and not put
at risk or left in a vulnerable state.

Cautious approach

Conservation is based on respect for the existing fabric, use,
associations and meanings. It requires a cautious approach of
changing as much as necessary but as little as possible.

Knowledge, skills and

Traditional techniques and materials are preferred for the
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techniques

conservation of significant fabric. In some circumstances modern
techniques and materials which offer substantial conservation
benefits may be appropriate.

Values

Relative degrees of cultural significance may lead to different
conservation actions at a place.

Burra Charter process

Policy development should also include consideration of other
factors affecting the future of a place such as the owner’s needs,
resources, external constraints and its physical condition.

Use

Where a place is of cultural significance it should be retained.

Location

The physical location of a place is part of its cultural significance.
A building, work or other elements of a place should remain in its
historical location. Relocation is generally unacceptable unless
this is the sole practical means of ensuring its survival.
If any building, work or element is moved, it should be moved to
an appropriate location and given an appropriate use. Such action
should not be to the detriment of any place of cultural significance.

Change

Change may be necessary to retain cultural significance, but it is
undesirable where it reduces cultural significance. The amount of
change to a place and its use should be guided by the cultural
significance of the place and its appropriate interpretation.
Demolition of significant fabric of a place is generally not
acceptable.
Maintenance is fundamental to conservation.

Maintenance
Reconstruction

Reconstruction is appropriate only where a place is incomplete
through damage or alteration, and only where there is sufficient
evidence to reproduce an earlier state of the fabric.

Adaptation

Adaptation is acceptable only where the adaptation has minimal
impact on the cultural significance of the place.

New work

New work such as additions or other changes to the place may be
acceptable where it respects and does not distort or obscure the
cultural significance of the place, or detract from its interpretation
and appreciation.

Where a heritage resource us not under threat, the remaining principles of the Burra Charter apply.
UNESCO is also addressing the potential impact of climate change on the principles of heritage resource
conservation and management (2008; 2009; 2014). In various policy documents they provide the following
guidelines (Table 5).
Table 5: Guidelines for Inclusion in Adaptation Plans
Issue

Guideline

Serve as best practice

World Heritage properties will be used to communicate best
practices in vulnerability assessments, adaptation strategies,
mitigation opportunities, and pilot projects (UNESCO 2008)

Climate change scenarios

Ensure that the dynamics of climate change is taken into
account when developing management plans.

Zoning system

Review the zoning system for the place.

Laws and regulations

Review the laws and regulations that may have an impact on
the effectiveness of the management and ability to adapt.

From the literature review it is also possible to a plan for adaptation, namely: assess the site; determine how
resilient the site is; assess the capacity of the heritage resource to adapt; consider adaptation options;
identify the key issues in adaptation planning; analyse the different climate change scenarios; analyse the
associated risks; select and prioritize the actions; implement the plan; and monitor and evaluate.

4.4 Discussion
From the above it is clear that the conservation and management of heritage resources in the context of
climate change adaptation plans have not been effectively dealt with at either a national or metropolitan
government level. The absence of a national policy places heritage resources under extreme risk as it is
policy that will determine whether or not a resource is to be conserved, or lost. Those heritage resources
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most at risk will require that adaptation measures be introduced in a staged manner to avoid facing
significant adaptation costs when the full impacts are felt.
In addition, some heritage resources, such as buildings, may not be fit-for-purpose under a changing climate
scenario, and may be required to be reconfigured or repurposed for other uses. This may require
amendments to laws, regulations, and zoning scheme provisions, all of which will have time and budget
consequences.
Lastly, the projection of a hotter and drier climate will impact severely on heritage resources that are, by
definition, sensitive to changes. At the very least heritage resource management and maintenance will have
to be adjusted annually in anticipation of climate-related changes as they emerge.
The proposed intervention of the Green Book is thus timely: developing differentiated climate change
adaptation guidelines for South African heritage resources at risk is of utmost importance. These guidelines
should identify risk, propose principles for conservation and management, advise on maintenance
requirements, and inform the preparation of budgets based on the risk analysis.

5. Conclusion and Further Research
Developing and ensuring adaptation options are sensitive to culture and heritage is of utmost importance.
These adaptation options require that the principles governing the conservation and management of heritage
resources is understood within the context of climate change, and that adaptation options create an enabling
environment for the conservation and management of those resources. Adapting heritage resource
management to climate change presents opportunities to not only enhance heritage resource conservation
but also support adaptation and mitigation commitments.
Further research is required to develop differentiated climate change adaptation guidelines for South African
heritage resources at risk. The research should identify climate-related risk within the national system of
heritage resource conservation and management, advise on maintenance requirements, and inform the
preparation of short-, medium- and long-term budgets based on the risk analysis.
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Abstract
The purpose of this paper is to research the expected effect of climate change on South African cities, with
specific reference to Pretoria. A bioclimatic analysis is used to quantify the most appropriate mitigation
techniques for new and existing structures. With increased climate change, it is increasingly important that
South African cities and buildings are resilient. Recent research predicts that Southern Africa can expect a
temperature increase of between 4 °C and 6 °C in the hot western areas. Significant warming is expected in
cities where high temperatures will be exacerbated by the Urban Heat Island (UHI) effect.
In this research weather files were generated for the current climatic conditions of the three main climatic
regions of Pretoria. Subsequently synthetic weather files were generated to quantify the effect of climate
change up to the year 2100. An A2 climate change scenario of the Special Report on Emission Scenarios
(SRES) for the period 1961-2100 was used. An A2 scenario can be described as business as usual. Recent
research indicates that this is the most likely scenario for South Africa. Using these weather files a
comprehensive bioclimatic analysis was firstly run to quantify the current appropriate passive design
measures and secondly to determine changes caused by climate change. This was further analysed in
relation to proposed passive design measures.
The results indicate that a significant amount of mitigation is possible if the correct engineered bioclimatic
design approaches are used and complimented by other beneficial building and urban techniques such as
the use of cool roofs and urban vegetation.

1. Introduction
Cities contribute significantly to global greenhouse gas emissions and on the other hand are also adversely
affected by the effects of climate change caused by these emissions such as the complex problem of urban
heat island effect (UHE). At the moment about half of the world’s population live in cities. That is likely to
increase to 70% by 2050. Cities use as much as 80% of all energy production worldwide (The International
Bank for Reconstruction and Development & World Bank, 2010: 15). To address this situation a range of
carbon emission mitigation strategies have been developed including:
•
•
•
•
•
•
•
•

Use of renewable energy
Commercial and residential energy efficiency
Solar water heater subsidy
Limits on less efficient vehicles
Passenger modal shift
Waste management
Land use
Escalating CO2 tax (Gibberd, 2015)

Three levels of intervention can be distinguished. These are at building, neighbourhood and urban level.
Previous research indicated that in a hot country such as South Africa the most important factors at building
level are building orientation and solar shading at appropriate times (Conradie, 2016b: 38-41). The general
principle is that the sun should help to heat buildings in winter and should therefore be allowed to penetrate
the building at this time. However in summer the building and especially the windows should be protected
against direct solar radiation. The appropriate use of glass is closely related to the latter. Other factors such
as building shape, building depth, insulation, opening areas, air tightness and correct use of mechanical
systems are also important. It is also beneficial to use cool roofs and surfaces in its various forms such as
green, blue and reflective cool roofs (typically white roofs). At neighbourhood and urban level the use of
plants and street trees (Stoffberg et al., 2010: 9) is a good method to reduce the UHE due to a combination
of shade and evaporative cooling (Stoffberg et al., 2010: 9).

2. Methodology
The purpose of this paper is firstly to research the effect of climate change on the South African city, with
specific reference to the three main climatic zones of Pretoria (Conradie et al., 2016a: 3). A bioclimatic
analysis is then used to quantify the most appropriate mitigation techniques for new and existing structures.
It is not possible to directly quantify the effect of all mitigation techniques such as urban trees, however the
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use of bioclimatic techniques in conjunction with other techniques are able to quantify a significant subset of
design strategies. Lastly the critical solar angles were calculated to achieve better solar control.
To support both the bioclimatic analysis and the solar angle calculations detailed weather files were
generated with the Meteonorm software for the current three climatic zones of Pretoria using typical
meteorological years based on measured data. A second set of weather files were generated to quantify the
effect of climate change up to the year 2100 using an A2 climate change scenario of the Special Report on
Emission Scenarios (SRES) for the period 1961-2100 using the first set as a baseline. An A2 scenario can
be described as Business As Usual (BAU). Recent research indicates that this is unfortunately the most
likely scenario for South Africa. Using these weather files a comprehensive bioclimatic analysis was run by
means Climate Consultant 6.0 to quantify current appropriate passive design measures and the predicted
changes that will be caused with climate change. This was then further analysed in the light of techniques to
achieve better solar control.

3. The expected effect of climate change in Pretoria
The City of Tshwane metropolitan municipality range in latitude between 25° 6’ 41.86” and 26° 4’ 26.00” and
in longitude between 27° 53’ 34.85” E and 29° 5’ 42.25” E (Figure 1). The altitude varies from 975 m in the
north to 1 620 m above mean sea level (masl) in the south (Figure 1)

Figure 1 The current Köppen-Geiger climatic zones of the City of Tshwane metropolitan municipality.
(Based on Conradie et al., 2012: 195-203) The locations of weather stations used in the calculations are
indicated with black dots. Johannesburg is south of Midrand, just off the map.
This large area of 6 296 km² includes cities and towns such as Pretoria, Bronkhorstspruit and Cullinan.
Currently it comprises three distinct Köppen-Geiger climatic zones, i.e. BSh, Cwa and Cwb (Conradie et al.,
2016a). BSh (Steppe climate, hot steppe/ dessert) occurs in the northern part. Cwa (Temperate, Dry Winter,
Hot Summer) occurs in the centre of the area and Cwb (Temperate, Dry Winter, Warm Summer) in the
southern parts. The latter forms part of an extensive high lying area of 140 405 km² (12.11% of South
Africa’s area) locally known as the “Highveld”. Johannesburg, that is 53 km to the south of Pretoria/
Tshwane, also falls in this climatic zone.
Climate change means it is increasingly important that the South African city is resilient. Recent research
predicts that Southern Africa can expect a temperature increase of between 4 °C and 6 °C in the hot western
dessert areas if the global average temperature world increases by 3 °C (Engelbrecht et al., 2016: 258). This
significant warming will have a severe impact on cities where the so-called Urban Heat Island (UHI) causes
cities to be significantly warmer than surrounding rural areas.
Higher temperatures cause more extreme weather conditions. In December 2015 and once again in January
2016 exceptionally high dry bulb temperatures of 42.5 °C were experienced in the central Pretoria area with
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a Cwa Köppen-Geiger climatic classification (Temperate, Dry Winter, Hot Summer) as measured by the
author’s own WH3081 solar wireless weather station made by Fine Offset. The previous summers of
December 2014 and January 2015 were also extremely hot. During this heatwave the amount of energy in
the atmosphere increased drastically that led to extreme weather conditions. This was evident in an extreme
precipitation event of a severe hailstorm that fell on the farm Selderus (Broederstroom west of Pretoria) on
Saturday afternoon, 9 January 2016 during a storm that followed the extreme heatwave mentioned above.
The diameter of the stones was 50 mm Ø as measured by the author and it was calculated that the terminal
velocity when it reached ground level was at least 35.833 m/s. This caused massive damage to
infrastructure and vegetation.
In 2008 climate modelling groups from around the world agreed to promote a new set of coordinated climate
model experiments. These experiments comprise the fifth phase of the Coupled Model Intercomparison
Project (CMIP5) (Taylor et al., 2012: 485). For the CMIP5 four Representative CO2 Concentration Pathways
(RCPs) have been considered (Taylor et al., 2012: 489). These Greenhouse Gas (GHG) concentration
trajectories, which are all considered as realistic, are used by modellers to generate climate response and
change projections. The RCP2.6, RCP4.5, RCP6.0 and RCP8.5 RCPs have been defined according to their
contribution to atmospheric radiative forcing in the year 2100, relative to pre-industrial values. For example,
the addition to the earth’s radiation budget as a result of an increase in GHGs are for RCP2.6 = +2.6 W/m²,
RCP4.5 = +4.5 W/m², RCP6.0 = +6.0 W/m² and RCP8.5 = +8.5 W/m². In this paper a high (RCP8.5)
pathway is used that is similar to the IPCC A2 climate change scenario. The RCP8.5 trajectory is associated
with a CO2 concentration of approximately 950 ppm by the year 2100 (Riahi et al., 2011). The RCP8.5, also
known as business as usual is projected to increase even further to a CO2 concentration ceiling of
approximately 1200 ppm after the year 2100.
There are different opinions on the effect of climate change on South Africa, because it is a very complex
subject due to the complex interaction of the different variables used to describe the various earth systems.
Below two recent quantitative climate predictions are discussed that give different perspectives.
In the first study Rubel et al. (2010: 135-141) undertook a comprehensive study, in 2010, to map the world
climate change. Two global sets of climatic observations were used to determine the Köppen-Geiger climatic
regions. Both sets were available in a 0.5 degree latitude/ longitude with a monthly timeline resolution. The
first dataset was provided by the Climatic Research Unit (CRU) of the University of East Anglia. This dataset
has nine climatological variables of which only temperature was used. This set is known as the CRU TS 2.1
and has worldwide coverage with the exception of Antarctica. The second dataset was provided by the
Global Precipitation Climatology Centre (GPCC) of the German weather service. This is known as the GPCC
Full Data Reanalysis Version 4 for 1901-2007. This dataset covers all land areas with the exception of
Greenland and Antarctica.
Global temperature and rainfall projections for the period 2003-2100 of the Tyndall Centre for Climate
Change Research dataset (TYN SC 2.03) were also used. This consists of a total of 20 Global Climate
Change simulations, combined with four possible future IPCC Special Report Emissions Scenarios (SRES)
(IPCC, 2000: 3-5). The TYN SC 2.03 dataset takes account of the A1FI, A2, B1 and B2 scenarios.
Table 1 Global Climate Change model simulations used in the two climate change simulations
Description
Hadley Centre Coupled Model Version 3
National Center for Atmospheric Research-Parallel Climate
Second Generation Coupled Global Climate Model
Australian Industrial Research Organization – Climate Model
Australian Industrial Research Organization – Climate Model
European Centre Model Hamburg Version 4
National Oceanic and Atmospheric Administration
National Oceanic and Atmospheric Administration
German Ocean Model
Japanese Agency for Marine-Earth Science and Technology

Rubel et al.

Engelbrecht et al.

(2010: 138)

(2016: 249)

HadCM3
NCAR-PCM
CGCM2
CSIRO2

HadCM3

CSIRO3.5
ECHam4
GFDL-CM2.0
GFDL-CM2.1
ECHAM5/MPI
MIROC3.2-medres

The result of these simulations with regards the IPCC A1FI and B1 simulations over the period 1976-2000
up to 2076-2100 was as follows. The most visible climate change was in the northern hemisphere in the 30°
- 80° band.
The A1FI and B1 climate change scenarios are the extremes, but illustrate the point quite clearly. In the
period 1976-2000 29.14% of the global land area has a Köppen-Geiger of B, followed by 21.62% D climates,
19.42% A climates, 15.15% E climates and 14.67% C climates. In the A1FI scenario for the period 20762100 the ensemble average (Table 1) predicts that the A climates will be 22.46%, B climates 31.82%, C
climates 15.2%, E climates 11.04% and D climates 19.48%.
The B1 emission scenario indicates much smaller changes. In the B1 scenario for the period 2076-2100 the
ensemble average (Table 1) predicts that A climates will be 21.69%, B climates 30.07%, C climates 14.29%,
D climates 21.75% and E climates 12.21%. It is evident from the accompanying climatic map of Rubel et al.
(2010: 135-141) that Pretoria will fall in a much hotter BSh climatic zone (Figure 2).
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Figure 2 Expected climate change with an A2 scenario by 2076 to 2100 (Rubel et al., 2010)
In the second study Engelbrecht et al. (2016: 247-261) used an alternative set of Global Climate Change
Models (Table 1). These simulations were specifically done for South Africa and once again Köppen-Geiger
maps were used to map the climate change. In all cases the A2 scenario of the IPCC has been used.
According to current research by Engelbrecht et al. (2016: 247), the A2 scenario is the closest to reality for
Southern Africa. A2 is almost as bad from a greenhouse gas emissions point of view as the worst case A1FI
climate change scenario. In this study the approach was different than the first study described above. The
researchers took 1 to 3 °C as global temperature markers and then calculated the local effect on South
Africa that is unfortunately significantly higher than the average global trend. The majority of these
simulations indicate that South Africa will in general have a much drier and significantly hotter future. It is
clear that the hot western dessert zone (BWh) of South Africa will expand significantly southwards and to a
lesser extent eastwards. Simulations also indicate that a drastic local temperature increase of between 4 to 6
°C can be expected locally in the case of the 3 °C global scenario.
The conclusion can be made that the current three climatic zones in Pretoria is very likely to change from the
current BSh, Cwa and Cwa to a much expanded BSh Köppen-Geiger classification, both in the case of the 2
and 3 °C global temperature increases. Figure 2 indicates that Johannesburg will also fall in the significantly
expanded BSh climatic zone. The latter is a Köppen-Geiger Arid, Steppe, hot climate type. This agrees with
the predictions of Rubel et al. (2010) as illustrated in Figure 2.
Table 2 The expected year when global temperature will reach 1, 2 and 3 °C above the current baseline for
different Global Climate Change Models.
Engelbrecht et al. (2016: 249)

1 °C

2 °C

3 °C

HadCM3
CSIRO3.5
GFDL-CM2.0
GFDL-CM2.1
ECHAM5/MPI
MIROC3.2-medres

2032
2021
2029
2026
2037
2019

2058
2051
2058
2064
2061
2054

2079
2071
2078
2083
2077
2070

Table 3 The percentage area of the different Köppen-Geiger climate types in Southern Africa in comparison
to the historic basis (1961-1990) (Processed from Engelbrecht et al., 2016: 251 results).
Köppen-Geiger main
climate family
A
B
C

Current
basis

1 °C

2 °C

3 °C

1.74
77.58
20.67

2.16
78.93
18.91

2.89
82.57
14.55

3.96
82.65
13.39
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4. Bioclimatic analysis

Figure 3 Illustration of the current and climate change applicable design strategies for the three main
climatic zones of Pretoria. Top left is Irene station, top right Pretoria Forum and bottom left Roodeplaat. In
each case the blue areas are the current situation and the red the change with climate change. (Overlays
compiled by author on backgrounds based on Watson & Labs, 1983: 206)
Victor Ogyay (1963), city planner is the father of bioclimatism or bioclimatic architecture. He was professor of
the School of Architecture and Urbanism of the University of Princeton until 1970 and a leading researcher in
the investigation on the relation between architecture and energy.
Bioclimatic architecture is an alternative method of designing and constructing buildings in which the local
climate are considered and diverse passive technologies are used with the aim of improving occupier
comfort and energy efficiency (Manzano-Agugliaro et al., 2015: 737).
Many research projects in South Africa and particularly at the CSIR (Nice et al., 2015: 175-184) have
indicated that the use of passive design principles to design thermally comfortable and energy efficient
buildings in hot climates such as South Africa using methods such as such as natural ventilation is feasible
and in fact highly desirable.
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One of the most accessible methods to determine the correct mix of passive building design techniques is
the bioclimatic chart that is combined with psychrometric chart as an overlay. Bioclimatic design is nothing
new as the concept was already developed and documented by Olgyay (2015: 14-31) in 1963. At the time it
was rather difficult to quantify the different design techniques precisely as there were no detailed supporting
weather files or appropriate software analysis tools available to achieve this rather complex task.
Furthermore the effects of climate change weren’t well understood. This technique is as valid today as it was
five decades ago and is today supported by good software that facilitates the analysis task. Bioclimatic
design is essentially used to determine passive building design strategies that use natural energy sources
that significantly reduce energy use that are appropriate for the specific climatic zone. (Visitsak et al., 2004:
1-11). Givoni and Milne (1979: 96-113) improved the original Olgyay chart by replacing the square chart with
Cartesian axes that containing respectively humidity and dry bulb temperature with a standard psychrometric
chart used by mechanical engineers.
As indicated above the current scientific indications are that the A2 climate change scenario as defined by
the IPCC (IPCC, 2000: 3-5) will be applicable to South Africa. To quantify the current effect of the climate
and to simulate the likely effect of climate change in Pretoria the weather file creation software Meteonorm
was used to create six weather files. Three weather files represent the current climate. Measured weather
data of the weather stations at Irene (25° 54’ 36.00” S, 28° 12’ 36.00” E), Pretoria Forum (25° 43’ 58.8” S,
28° 10’ 58.8” E) and Roodeplaat (25° 34’ 58.8” S, 28° 21’ 0.00” E) were used for this. These stations are
representative of the three climatic zones of Pretoria. This set is as close as possible to the current climate
with a period of radiation from 1991 to 2010 and the period for temperature 2000 to 2009. Three other
weather files were synthetically generated using an A2 climate change scenario for the year 2100 using the
same measured locations previously mentioned. The Meteonorm climate change calculations, to create
future synthetic weather files, use the IPCC report of 2007 (Meehl et al., 2007). The averages of all 18
models have been included in the software. Three different scenarios B1 (low), A1B (mid) and A2 (high) are
available in Meteonorm, but only the A2 instance has been used. The anomalies of temperature,
precipitation, global radiation of the periods 2011-2030, 2046-2065, 2080-2099 were used for the calculation
of future time periods. The forecast changes of global radiation until 2100 with all scenarios are relatively
small compared to temperature changes.
Climate Consultant 6.0 was then used to create the bioclimatic analyses that are illustrated in Figure 3. The
climatic overlays have been simplified somewhat to make the current and climate change effect more visible.
Only the outlines of the annual 8 760 hourly temperature/ humidity point clouds have been drawn. It is clear
that the climate in all three cases will change significantly with the demand for ventilation (strategies 9-11),
promote radiant cooling (strategies 10-13) and “Mechanical cooling and dehumidification” (strategies 15-16)
increasing significantly. In all three climatic zones a significant shift in the direction of higher dry bulb
temperatures combined with higher humidity is observed.
Table 4 below quantifies the actual changes in design strategy for the current climate and with an A2
changed climate by the year 2100. There is a more extensive set of passive strategies available, however
the best set has been selected by the software. The best set is defined as the smallest number of passive
design strategies that can potentially achieve closest to 100% or 100% comfort. The surprising result is,
even with climate change, it is still possible to achieve 100% comfort in all cases, with a large portion totally
passive and some mechanical intervention in extremes (hybrid solutions).
Table 4 Design strategies for the Cwb, Cwa and BSh climatic zones for Pretoria, currently and with climate
change. The contribution of each strategy is expressed in hours.
Design strategies

Comfortable
Sun shading of windows
High thermal mass
High thermal mass night flushed
Internal heat gain
Passive solar direct gain high mass
Dehumidification only
Cooling add dehumidification if
d d add humidification if needed
Heating

Cwb (Irene)

Cwa (Pretoria
Forum)

BSh (Roodeplaat)

2009

2100 2

2009

21002

2009

21002

2074
913
348

1985
1993
981

2337
1342
637

1991
2106

2299
1337
638

1858
2281

3686
2464
553
35
1057

2416
1718
1470
1217
353

3238
1614
704
172
1250

1154
2114
1561
1502
1330
363

3270
2310
736
188
834

1069
1953
1377
1626
1829
234

Comfort as used in the Climate Consultant 6.0 software is clearly defined in the ASHRAE 55-2010 (ASHRAE
55-2010: 5) standard. This standard uses operative temperature. Operative temperature (OT) integrates the
effect of air temperature and radiation, but ignores humidity and air movement. It is unsuitable for application
above 27 °C (Holm et al., 2005). The range of operative temperatures presented is for 80% occupant
acceptability. This is based on a 10% dissatisfaction criterion for general (whole body) thermal comfort
based on the Predicted Mean Vote/ Percentage Persons Dissatisfied (PMV-PPD) index, plus an additional
10% dissatisfaction that may occur on average from local (partial body) thermal discomfort. (ASHRAE 552

A weather file with an A2 climate change scenario as defined by the IPCC (2000) has been used to calculate these
values.
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2010, 2010: 5). Two comfort zones are used, one for 0.5 clo of clothing insulation and one for 1.0 clo of
insulation. These insulation levels are typical of clothing worn when the outdoor environment is warm
(summer) and cool (winter), respectively. The comfort zone described in the ASHRAE 55-2010 (2010)
standard differs slightly from the older New Effective Temperature (ET*) delineated comfort definition used
by researchers such as Givoni (1969), Watson and Labs (1993) illustrated in Figure 3. New effective
temperature (ET*) is described as the DBT of a uniform enclosure producing the same heat exchange by
radiation, convection and evaporation as the given environment. It allows for body, clothing and space
interaction. ET* lines coincide with DBT values at the 50 % curve of the psychrometric chart (Holm et al.,
2005). The quantified results in Table 4 were undertaken by Climate Consultant 6.0 and used the latest
ASHRAE 55-2010 (2010) definitions and dual summer/ winter comfort zones. De Dear (2011: 108-117)
contests the current rather rigid views on thermal comfort described above. He coined the term alliesthesia
that is used to differentiate thermal pleasure from thermal neutrality and acceptability.
In all cases the benefit of proper “Sun shading of windows” increases significantly with climate change. This
is discussed in more detail below, because solar control is very important in a hot country such as South
Africa (Table 4). In the case of Pretoria Forum (Cwa) and Roodeplaat (BSh) the design strategy changes
from “High thermal mass” to “High thermal mass night flushed”. It is evident what the effect of climate
change is in the significant reduction of the number of “comfortable” hours due to the significant increase in
temperature. Closely related to this is that the amount of “Cooling add dehumidification if needed” increased
significantly. The amount of “Heating add humidification if needed” also reduced significantly.

5. Solar control
There are a number of methods that can be used to control solar penetration into buildings. The surfaces
around a building or adjoining buildings determine the amount of direct and reflected radiation. In South
Africa the northern facades should be protected by correctly sized overhangs. When designing north facing
shading devices it is important to remember that the sun is not static. The designer should not design the
device to shade only at solar noon. It needs to function during the late morning and early afternoon hours as
well. By simply extending the device either side of the window a better degree of shading can be achieved. It
is sometimes more economical to group the single windows than to provide individual windows with separate
shading devices. Solar penetration into the eastern and western facades should be limited as far as possible
by shifting the windows that they either face north or south (saw tooth façade) or use vertical adjustable fins
or strategically placed vegetation. Even the southern façade needs protection as it receives a significant
amount of solar radiation in summer when the sun rises in a southeasterly and sets in a southwesterly
direction. Fins can be used to control this oblique radiation and light as well. The design is a function of the
latitude, window size and fin depth/ frequency. Living solar protection such as deciduous trees and trellises
with deciduous vines are very good shading devices. They are in phase with the thermal year as they gain
and lose leaves in response to temperature changes and will therefore automatically adapt to climate
change.
Table 5 The critical angles and date ranges when solar protection should be applied to the northern facade
of a building in the three climatic zones of Pretoria.
Cwb (Irene)

Cwa (Pretoria Forum)

BSh (Roodeplaat)

Simulation period
Optimal critical northern solar
noon elevation 4

2009

2100 3

2009

21003

2009

21003

67°

57°

62°

56°

60°

55°

Estimated solar protection date
range 5

30 Sep to
12 Mar

4 Sep to
7 Apr

17 Sep to
25 Mar

1 Sep to
10 Apr

12 Sep to
30 Mar

29 Aug to
13 Apr

36
202

146
985

34
453

163
1 079

35
473

213
1 208

432
838

476
524

420
815

477
479

364
836

486
375

716
328

360
61

615
215

312
42

633
211

244
26

Exposure/ Shaded (Hours)
Warm/ hot > 27 °C:
exposed
shaded
Comfort > 20 °C < = 27 °C:
exposed
shaded
Cool/ cold <= 20 °C:
exposed
shaded

3 A weather file with an A2 climate change scenario as defined by the IPCC (2000) has been used to calculate these
values.
4 This is the critical northern elevation solar angle that determines the angle where solar protection should be applied or
when the solar penetration should be allowed into the building depending on the time of year.
5 These dates define the period when the building should be protected against direct solar penetration on the northern
façade. With climate change these date ranges become significantly longer.
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Glass is by far the weakest link in building design even if high performance Low-e glass is used (Conradie et
al., 2015: 112-121). Glass should therefore be well protected with shading devices during the overheated
period. The discussion continues with an analysis of the northern overhang.

Figure 4 Calculated optimal critical solar noon elevation angles for the current climate (angles written in
blue) and with climate change (angles written in red). The top row is for Roodeplaat (R1 and R2) (BSh), the
middle row for Pretoria Forum (F1 and F2) (Cwa) and the bottom row Irene (I1 and I2) (Cwb). The optimal
solar angle at noon that determines the solar inclusion/ exclusion (depending on season) is indicated in each
case.
A general rule of thumb is to make the overhang size such that the angle from the centre of the window sill
through the edge of the northern overhang of a building the same as the solar noon elevation at the
equinoxes for a given latitude. (equinox latitude approach). The SANS 204 (2011: 15-17) standard also
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describes a basic method to calculate the shading of the northern façade. It states that it should be capable
of restricting at least 80% of summer solar radiation and if adjustable is readily operated either manually,
mechanically or electronically by the building occupants.
To reduce energy use and to provide a comfortable interior the sun should be excluded during the hot
summer months and included during the colder seasons. It is also important to realize that the seasons do
not follow the purely geometrical solar positions such as the summer and winter solstices exactly. Although
the winter solstice is on 21 June, the coldest period is normally later in July or even August. Similarly the
hottest period in summer is not necessarily on summer solstice (21 December), but quite often only in
January and February.
It is clear from the above that the hotter the climate gets, with more prevalent heat waves and climate
change, the more important adequate shading and correct solar protection measures become to avoid
unnecessary heat gains from the roof, that is a very large exposed area, and also the windows. To
determine the optimal northern overhang size Climate Consultant 6.0 was used to calculate the critical noon
northern solar elevation angles that can be used to calculate the width of the horizontal overhang for the
current climate and then also with climate change using the set of weather files described above and used to
calculate the shading diagrams in Figure 4. The optimal angle is when there is a balance between the
number of hours that is warm/ hot and cool/ cold. Figure 4 illustrates the results of the solar elevation
calculations for the period from 21 December to 21 June, i.e. around the autumnal equinox. A similar set can
be calculated for the period 21 June to 21 December, i.e. around the vernal equinox.
Table 5 above quantifies the estimated critical noon solar elevation angles. By means of a special solar
angle calculator, that the author developed, based on algorithms from the North American, National Oceanic
and Atmospheric Administration (NOAA) the autumnal and vernal calendar dates were determined using the
critical angles previously calculated. The critical angles are where there is a balance between hot and cold
periods. It is evident with climate change that the overhangs must not only be wider, but the period where
solar protection will be required will become much longer. In practice it means that South Africa and Pretoria
specifically will increasingly have a cooling rather than a heating problem.

6. Conclusion and Further Research
The current climate of South Africa is already arid with 70.9% of the surface area in the Köppen-Geiger
categories of BSh, BSk, BWh and BWk (Conradie et al., 2012: 195-203). The climate change analysis
indicates that there is a strong signal that South Africa will experience a significant amount of climate
change. It is very likely that Pretoria will change to a BSh climate (Arid steppe, hot arid). This will have a
large impact on energy use and comfort in cities and buildings.
Fortunately there is a wide range of passive and other design strategies that can be applied in new designs
or retrofitted in existing designs. The detailed bioclimatic analysis quantified the appropriate passive design
techniques for Pretoria. It is evident from this that “sun shading of windows” is very important. Due to the
importance of solar control in a hot climate such as South Africa, a sun shading chart analysis was done to
calculate the critical northern elevation solar angle that determines the angle where solar protection should
be applied or allowed into the building depending on the time of year. It is evident that the overhangs would
need to be increased significantly with climate change to ensure an energy efficient and a comfortable
interior. The corresponding dates when these angles would be reached were calculated by means of a solar
angle calculator that the author developed, based on algorithms from NOAA.
Further research can be conducted to determine optimal solar protection angles for all regions in South
Africa. A significant amount of research also needs to be undertaken to revisit the old hypothesis of human
thermal perception, because that determines to a large extent the definition of the comfort zone as used in
bioclimatic design.
It is recommended that local authorities and building design officials take the following actions:
•

Make weather files freely available to all professionals to facilitate climate sensitive design.

•

Strongly promote correctly engineered bioclimatic and passive design principles.

•

Incorporate guidelines for the solar protection measures such as correctly sized overhangs in
building regulations and guidelines.

•

Building regulations will have to recognize the characteristics and design potential accurately to
support engineered passive design principles.
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Abstract
With the arrival of the personal computer, large volumes of data and the internet, the world has found itself in
the information age. Businesses have realised that in order to effectively compete in the market, they need
to understand the market to its fullest. Businesses today use Big Data to assist them in better understanding
the daily workings of the company and its competitors to gain a competitive advantage. This application of
data is just as valuable for governments as through the effective use of data created by government,
municipalities can use these sources of Big Data to improve service delivery, citizen welfare, planning and
develop interventions to promote urban resilience. This paper shows, through a practical example of
research already conducted, how Big Data can assist in planning and urban resilience. Physical water
scarcity is a real concern in South Africa and this is no different for the City of Tshwane. In this paper, water
demand is modelled for the City of Tshwane using different models for different water user categories. This
shows that under the normal, as is economic conditions, water demand will be in line with current estimates
and expansion plans. However, if the economy grows exponentially, there might be a water shortage based
on increased demand. This effectively shows the value of Big Data, in terms of both planning and urban
resilience aspects. However, the problems faced in government are the lack of access to data and the
complexities that surround making the effective use of data possible.

1. Introduction
With the dawn of the computer age, data generation and data use have grown exponentially. Subsequently,
data has become more valuable to organisations as it enables them, by utilising Business Intelligence (BI),
ergo Big Data, to generate information and turn it into profit (Ritacco et al., 2007). Ritacco et al. relate this to
a local government context, as they state that, “Business intelligence uses information and turns it into
service delivery and community welfare.” This is further illustrated in Figure 1 below.

Figure 1: Top pressure-points driving BI investment in the public sector. Source: Aberdeen Group, 2010
Figure 1 demonstrates that the public sector, specifically at local government level, is largely challenged by a
lack of visibility into their key operating processes. Public sector organisations need to be innovative and do
away with the use of spread sheets as primary analytical solutions. Spread sheets have undeniable value as
a general business tool, but organisations are increasingly looking for ways to discard traditional statistical
tools and methodology in favour of customisable solutions that will grant tactical and strategic business
visibility to users across the organisation, regardless of technical ability.
Governments across the globe need to leverage the large volumes of data that they collect and use this data
to drive city development by ‘riding the open data wave’. McKinsey and Co. (2013) assert that open data can
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assist in generating between $3.2 trillion and $5.4 trillion per annum when only taking “seven domains”
within the U.S. into account, which include transport, healthcare, education and others. Berners-Lee (2014)
has asserted that, “Data is a precious thing and will last longer than the systems themselves.” The role that
data plays in our modern society is substantial, thus, easy access to data has become a lucrative and
sought-after service.
The Metropolitan Municipality, a key driver of economic activity within the sphere of government where
service delivery takes place, generates vast amounts of data. This collection of data is extremely valuable
and can be utilised to the benefit of the development of a city and the welfare of its residents. According to
the showcase of fundraising innovation and inspiration (Longfield, 2011), data is priceless if it is utilised
correctly, otherwise it is pointless to collect data.

2. Context
According to Ritacco et al. (2007:6), BI “…refers to the use of technology to collect and effectively use
information to improve business effectiveness.” The need for Business Intelligence as a mechanism to
effectively utilise Big Data has become paramount as businesses enter the digital age and rely on enterprise
systems. Furthermore, Ritacco et al. (2007) indicate that Business Intelligence has tangible benefits for
organisations by lowering costs, improving revenue generation, enabling the development of effective
strategies, and improving customer satisfaction.
In the South African context, the lack of comparable city-level data results in disjointed urban research
agendas, which limits the possibilities of knowledge sharing amongst city economies. However, with the
advent of the Internet of Things (IoT), the collection of city level metrics has become readily possible.
Furthermore, aligned with the issues highlighted by the World Bank’s “Data for Goals Initiative”, it will also be
critical to ascertain the types and reliability of the data collected at local government levels and attempt to
standardise these measures.
Increased access to data with the rise of smart cities, which utilises IoT in some way, will likely enable better
research selection. This will also impact on large-scale infrastructure projects, amongst other elements. To
highlight the value of the use of Big Data and how Big Data and increased access to this data can assist with
urban resilience and planning, this paper draws on existing research conducted by the City of Tshwane as a
practical example.

3. Water Scarcity Research
3.1 Introduction
Projected water scarcity is one of the major problems faced by cities globally. The city of Tshwane, like
numerous other cities, is likely to face water scarcity problems. This will likely be a consequence of climate
change, population growth, and other potential factors, and can only be mitigated through sustainable means
of service delivery and sanitation.
The Food and Agriculture Organisation of the United Nations defines water scarcity as the demand for fresh
water exceeding the supply thereof. This arises because of changing weather patterns, as well as a high
demand from all water-using sectors. This is directly related to human interference with the natural water
cycle. The three main dimensions that characterise water scarcity are: physical lack of water availability to
satisfy demand; the level and quality of infrastructure that controls storage and distribution; and the
institutional capacity to provide the necessary water services.
A study by Maddocks, Young and Reig (2015) found that 33 countries will face extremely high water stress
in 2040. These countries are located adjacent to the Mediterranean and Caspian Seas and include Saudi
Arabia, Libya, Iran and Pakistan. Namibia, Botswana and South Africa could face an especially significant
increase in water stress by 2040. This means that businesses, farms, and communities in these countries, in
particular, may be more vulnerable to scarcity than they are today, which is highlighted in Figure 2.
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Figure 2: Water stress by country, Source: World Resources Institute (2015)

3.2 Methodology
In order to model the water demand, the following framework was applied, which combines the various
methods of modelling. The water use data was broken down into individual categories and, based on these
categories, a specific modelling approach was applied. The different approaches were utilised because the
drivers behind each category are different.

Figure 3: Modelling framework
3.2.1 Gross Domestic Product Forecast
The method utilised to forecast the GDP was inspired by Mikhael, Kamel and Khoury (2010), who utilised a
Vector Autoregressive Model with Exogenous Variables (VARX), which is a variant of the VAR model. Based
on the modelling and selection of variables, the following variables were selected for this model:
•

M3 – This represents the impact of monetary policy and liquidity;

•

Real Exports of goods and services – This presents an outflow of economic activity to the global
market;

•

Real GVA of the Construction Industry – This is used as a proxy for investment in real estate and
infrastructure;
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•

Real Final Household Consumption – There is a clear linkage between household consumption and
GDP; and

•

Real GDP – GDP that remains at constant 2005 prices.

VAR Models are multivariate time series econometric models. Each variable in the model is a linear function
of lags of itself and lags of the other selected variables. Let us assume, for example, that a bivariate VAR(2),
lagged twice model, which presents as follows:
𝑦𝑦1𝑡𝑡
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The VARX model is a VAR model with exogenous variables. In general, the model can be written as follows
(Ocampo & Rodriguez, 2012:481):
𝑦𝑦𝑡𝑡 = 𝑣𝑣 + 𝛽𝛽1 𝑦𝑦𝑡𝑡−1 + ⋯ 𝛽𝛽𝑝𝑝 𝑦𝑦𝑡𝑡−𝑝𝑝 + 𝜃𝜃0 𝑥𝑥𝑡𝑡 + ⋯ 𝜃𝜃𝑞𝑞 𝑥𝑥𝑡𝑡−𝑞𝑞 + 𝜀𝜀𝑡𝑡 ……………………………………………………………...…(2)

The Granger Causality test was used to determine the endogenous variables for the model. From this test, it
was observed that the GDP and M3 were endogenous and all other variables were exogenous. Based on
preliminary checks, it was determined that only one lag is necessary.
3.2.2 Population Modelling
A large part of the calculations and growth in elements were calculated using the weighted average.
Therefore, it is imperative that brief insight into this approach is provided. The weighted average formula is
calculated as follows:
𝑥𝑥̅ =

∑𝑛𝑛
𝑖𝑖=1 𝑤𝑤𝑖𝑖 𝑥𝑥𝑖𝑖
∑𝑛𝑛
𝑖𝑖=1 𝑤𝑤𝑖𝑖

……………………………………………….…………………………………………………………….(3)

Which means:
𝑥𝑥̅ =

𝑤𝑤1 𝑥𝑥1 +𝑤𝑤2 𝑥𝑥2 +⋯+𝑤𝑤𝑛𝑛 𝑥𝑥𝑛𝑛
𝑤𝑤1 +𝑤𝑤2 +⋯+𝑤𝑤𝑛𝑛

…………………………………………………………………………………………….......(4)

It has to be noted that the weights have to be non-negative. The assigning of weights was done by assuming
that weights increase systematically as the years progress, thus resulting in the movements in recent years
being weighted more.
In this modelling, the weights were assigned as follows:
Table 6 Weighting

1996
1997

1
2

…

Weight

…

Year

2011

16

The resulting mean was used to extend trends and growth patterns in the model as it was conservative and
well-behaved. In order to start the population analysis, it was imperative that the following data be obtained
(StatsSA, 2015a, StatsSA, 2015b, StatsSA, 2015c, StatsSA, 2015d, StatsSA, 2015e):
Census 1996;
Census 2001;
Community Survey 2007;
Census 2011; and
Mid-Year population Estimates 2002 – 2030.
The census data was used to obtain Tshwane population Shares for 1996, 2001 and 2011. Then, linear
interpolation was used to estimate the values for the years in-between.
The period from 2011 to 2030 was calculated using the weighted average of the adjustments in the period
1996 to 2011, and adding this to the final period of the base year and so on until 2030, which would allow for
a progressive share in the Gauteng Population. Then, using the same procedure of linear interpolation, the
2002 estimate for GP from the mid-year estimates and the 1996 census value for Gauteng was derived. This
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was then combined with the mid-year estimates to create smoothed Gauteng 1996 – 2030 data. Using these
estimates and the Tshwane share calculations, the first projection for Tshwane was done.
The following additional projection methods were used to obtain a range of estimates to allow for variability
in the results.
Table 7 Estimation Methods
Source

Method

Explanation

Regional Explorer (ReX)
Tshwane population
Estimates

External Source

3rd Party Estimates from Private Service Provider IHS Markit was
utilised and then forecasted using the average overall growth rate of
the population.

ReX Tshwane population
Estimates race group
growth trend

External Source

This method was utilised in the internal growth rate of each
population group individually. The average growth rate for each
group was used to project the population forward, which were then
added together.

Constant Share Method
(Smith, Tayman and
Swanson, 2002)

Ratio Method Trend
Extrapolation

In the constant-share method, the smaller area’s share of the larger
area’s population, Tshwane within Gauteng in this case, is held
constant with respect to the share of population observed in the
launch year, in this case 1996.

Shift Share Method
(Smith et al., 2002)

Ratio Method Trend
Extrapolation

In contrast to the constant-share method, the shift-share method
accounts for changes in population shares over time.
Again, the larger area data required is taken from the Gauteng 2030
projection set and the Tshwane data is obtained from the census
interpolated data.

Share of Growth Merhod
(Smith et al., 2002)

Ratio Method Trend
Extrapolation

In this method, it is assumed that Tshwane’s, the smaller area,
share of population growth will be the same over the projection
period as it was during the base period.

The six population projections obtained formed the basis for the regression estimates. The regressions were
simple linear regressions with the aim of obtaining further variation in the data to assist in creating a wider
spectrum of possible population figures that come from the same N.
Then, the census figures and the community survey figure for 2007 were taken and a new set of interpolated
figures were created using Linear Interpolation, Newton’s Divided Difference Interpolation, and Lagrange
interpolation to obtain three additional base estimates for the regression.
All of the population estimates were taken as a base from 1996 to 2011. Thereafter, a trend and quadratic
trend variable was added to the dataset over the period. This allowed low and high population examples to
be established, and for the midpoint to be taken as the medium scenario.
To cover the span of the Water Resource Master plan, the forecast was expanded to 2055 using the 2030
forecasts as the new in-sample forecasts. Tests were done to ensure that the new estimates do not differ
statistically significantly from the initial 2030 forecasts.
The subsequent household calculations were done using census data and ReX, and the base population
estimates were derived to determine the average number of people per household in the base period. The
trend of people per household was difficult to expand and thus the 2011 period people per household figure
was used as a constant going forward.
Multiplying the Vector with the Matrix of population figures gives us three different sets of possible household
figures, which are shown below:
𝑥𝑥
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3.2.3 Internal Growth Rate
The existing average internal growth rate was used to forecast the growth in the education and other internal
growth rate sectors. This was done as it was the most prudent assumption for growth that could be made
given the complexities of growth drivers in these sectors.

3.3 Results
In this section, the resulting demand projections from the discussed model are mapped against existing
estimates, as obtained from the Water Resource Master Plan (WRMP), which is represented by the shaded
blue, green, and yellow areas. The graph below shows the requirement results, not taking into account the
water losses. Given this, we see that the low projection never crosses the CoT Scenario as created by WRP
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Water Requirements (million m3/a)

consultants, but crosses the recon study as obtained from the Department of Water Affairs. Both the medium
and high scenarios cross the WRP scenario in 2052 and 2043 respectively, but do not breach the total
requirements of the City of Tshwane as modelled in the WRMP.
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Figure 4: Modelled Water Demand till 2055
When shocking the model and assuming that the economy will grow at 5.2% per annum, which is an
accelerated growth scenario, it shows that the water demand for the economy will exceed the estimated total
requirements in the WRMP. The realistic scenario will breach the top requirements estimated by 2053, whilst
the medium and high scenarios will breach the total requirements estimates in 2050 and 2046 respectively.
This shows that if we are to shock the model with accelerated growth, there is a possibility that our water
requirements, given the current usage patterns, might not be sufficient. This will require that the City looks
into methods to save water such as demand management, water harvesting and water reuse. The City could
also determine the demand characteristics of each user category in the City to more effectively determine
the per-user behaviour trend and the elasticity of those users to effectively implement intervention measures.

55

Smart Sustainable Cities & Transport Seminar, 12-14 July 2017, CSIR, Pretoria
1100

Water Requirements (million m3/a)

1000

900

800

700

600

500

400

300

200

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050 2052 2054

Total CoT (million m3/a)
DD Low

CoT Scenario
DD Medium

Recon Study
DD High

Figure 5: Modelled Water Demand till 2055 increased GDP scenario
From the results discussed above, we can clearly see that if there is a shock in the economy, the projected
available water demand will exceed that which we expect to be available. This is a concern and thus should
be addressed and monitored as time progresses. This will enable effective management and tracking, which
should allow the City to effectively address changes as they take place.
The world’s demand for water is likely to surge in the next few decades. Rapidly growing populations will
drive increased consumption by people, farms and companies. More people will move to cities, further
straining supplies. Moreover, an emerging middle class could clamour for more water-intensive food
production and electricity generation.
Whatever the drivers, extremely high water stress creates an environment in which companies, farms and
residents are highly dependent on limited amounts of water and vulnerable to the slightest change in supply.
Such situations severely threaten national water security and economic growth. Governments must also
respond with management and conservation practices that will help to protect essential sustainable water
resources for years to come.

4. Findings and Discussion
The study that was conducted, as outlined above, perfectly highlights the need for and use of Big Data and
its platform, Business Intelligence. One of the key elements of planning and urban resilience is being able to
make sense of what is happening currently and determining possible future scenarios given the available
data. In economics, this is often best done through the extensive use of data to improve the quality of
statistical analysis and forecasting.
In conducting the study, a lot of time was spent gaining access to the data, tracking down the required data,
and ensuring that the metrics aligned correctly. Given that Metros like the City of Tshwane collect vast
amounts of data that can be considered Big Data, the value of this data often exceeds what was originally
intended and should be made available, at least internally, to facilitate research that further promotes urban
resilience and planning.
By removing the ‘silo’ mentality in which government departments often collect data and make this
information available to the city at large, with the appropriate security, this will likely allow the City to make
better informed decisions based on empirical evidence.
One of the key benefits of Big Data is being able to increase the frequency of measurement, thus instead of
having an average observation per month, you have an average observation per month, per household, and
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per area. This allows for individual water demand trends to be determined per area, using the above study
as an example. This further allows for the differentiation in water demand within Tshwane, allowing for more
detailed analysis, forecasts and planning.
The other concern that was briefly mentioned in Section 3.3 was the ability to replicate a study quickly and
effectively to ensure that what is being evaluated is current. This is the problem with the aforementioned
study; whilst it adds value, the study is now outdated and requires updating, but due to the lack of easily
accessible data, this makes the repetition of the study difficult.
Access to Big Data that is relevant to city metrics would likely eliminate this challenge and allow more time
for key metrics and studies to be developed using city level data that reflects the current trends and
challenges experienced by the city. This would further allow for more detailed and effective planning to be
done as it reflects the most current state of affairs. This, in turn, would more effectively meet the needs of the
people.
Furthermore, proliferated access to Big Data pertaining to key resources would allow for a study like the
water scarcity study to be done more accurately and regularly. This allows for the tracking and monitoring of
interventions to use water sparingly, for example. Proliferated access would also provide the opportunity for
key research institutions using city-level data to assist government in finding solutions and developing
unique interventions for the problems faced by society today.
According to Kim, Trimi and Chung (2014), governments expect Big Data, and more specifically its use, to
improve the efficiency of service delivery and address the major challenges experienced nationally. Also,
with the rise of the internet, the potential to collect information and the possibilities for creating a wellinformed and effective government have increased exponentially, especially on the service delivery side of
local government (Morabito, 2015).
With the proliferation of a connected and well-informed society, the nature of service delivery has changed,
as well as the ease of access to information. This has changed the landscape within which governments
operate, as well as citizens’ expectations of government. This is supported by Morabito, (2015:24), who
explains that, “While these changes definitely seek to effect efficiencies, they are also qualitative in nature,
changing fundamentally the nature of the relationship between governments and citizens.” Furthermore,
Morabito, (2015:24) states that,
“Application developers, such as Citysourced.com have developed applications enabling citizens and
residents to report and provide information to local government about all sorts of civic issues, from potholes
to graffiti, fly tipping, broken pavements or street lights. People can do so anonymously or not, they can
upload photos, and pin them on a street map. The report is sent to councils and there is a tracking of
progress on the issue online (CitySourced Inc. 2014). This is a typical example of how technology has
facilitated citizens to play the role of council inspectors and this is a free service to the community and to the
government too, as it minimizes inspection costs. Charities and interest groups work together to amplify the
message. Cyclist communities, for example, have a big interest in potholes as it is a big nuisance for them,
so pothole reporting is promoted by cycling charities and associations (The National Cycling Charity 2014).”

5. Conclusion and Further Research
With the rise of the information age and connected citizenry, government needs to be more efficient in its
service delivery and planning. We also face physical resource limitations, specifically in South Africa, which
faces extremely high water stress (Figure 1). This requires government to make well-informed decisions.
The collection and effective use of municipal data will greatly assist cities in understanding the economic,
financial and geographic landscape of their city. This should further allow cities to plan using the most recent
information, but more than that, to realign their plans/strategies as the city changes, allowing for a city’s
policy and service delivery to be more organic in nature and less rigid.
Resources are finite and given global warming and its likely effect going forward, it is vital that cities are able
to address resource utilisation and implement projects that improve the resilience of our natural resources.
Detailed defragmented data of individual residence water use by area, for example, could assist the city in
developing sub-regional strategies that will likely be more efficient than a regional or city-wide strategy as it
will could help in determining the unique characteristics of users and their needs more accurately.
How to implement and structure the use and development of Big Data in municipalities, especially Metros,
remains unclear and could be costly. Morabito, (2015:23) explicates that, “Transforming government
services using ICTs has been a complex and costly task.”
Despite the challenges and cost of Big Data implementation, what remains clear is that governments, and
cities more specifically, need to make effective use of their available data to better inform and address
issues of service delivery, planning, and effective use and preservation of scarce resources. With increased
access, citizens are better able and more readily willing to hold government accountable for poor planning
and service delivery. With this shift towards active citizen participation, government cannot afford to be more
uninformed than the citizens it is serving.
Further research needs to be done to understand the intricacies and complexities of governmental data
storage. This will aid in understanding how to approach the amalgamation of individual data ‘silos’ to obtain
coherent and value driven data sets that will be useful in the improvement of service delivery and citizen
welfare.
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Abstract
Built heritage contains value on many scales. On the most basic level it represents the investment of building
materials following a constructional logic. As the use of once-predominant materials goes out of fashion due
to changing technological regimes and architectural styles, knowledge about them is lost. Yet retaining and
maintaining their embodied energies in place is an important aspect of resource efficiency. Waste
management, circularity and in situ retention of built fabric as useful resource is a sustainability ambition for
built environment systems in general and for heritage conservation in particular.
The Netherlands and South Africa have a long historic association. Therefore commonality is to be found in
the constructional logic of the shared built heritage of both countries. This historic association brought the
transfer of construction components through material streams as well as the transfer of knowledge from the
Netherlands to climatically different South Africa. It is expected that the historic transfer of knowledge and
materials from the Netherlands to South Africa has led to climate adaptive and practical alterations of Dutch
principles. These hold potential to shed valuable new light on retaining built fabric in the Netherlands
average temperatures are increasing. Dutch knowledge on maintenance and repair can augment the rather
scant South African body of knowledge on material maintenance and repair.
This paper will explore the possibilities for collaborative research on material maintenance and repair from
the perspective of Smart and Sustainable Cities, identifying opportunities for collaboration in the
commonalities that exists between the Netherlands and South Africa.

1. Introduction
The re-use of building materials and components is an age-old tradition, not only because they can be
useful, or are close at hand, but because of the artistry with which they have been manufactured or their
histories and associations. As such building components lead secret lives. Take for instance the rood screen
of the Church of St. Michael and All Angels, in the English town Penkridge. It started its life as a driveway
gate. Dutch settler at the Cape of Good Hope, Willem Boers originally ordered its manufacture when
constructing his house Rust-en-Vreugd in c.1778. He ordered the gates from an unknown smith in
Amsterdam and had the date of manufacture the name of the house incorporated in their design. One
hundred years later, the British governor of the Cape, Sir Bartle Frere, gifted the gates to his aid-de-camp,
William Littleton who shipped them to England. Littleton donated the gates to his parish church in memory of
his forebears lying buried there (Picton-Seymour, 1989), no doubt inspired by the inscription on the gates,
which translates as ‘rest and joy’.
This historic anecdote – which is interesting but not exceptional – reveals that building components can be
more than just useful elements of a larger building and illustrates how matter and meaning are connected
through the layered concept of heritage value. It also tells of a longer history of international exchange of
materials and technologies of the built environment, which has left its own residue. This residue forms a
notable part of the South African built environment and its built heritage. It also informed South African
material use and construction methodologies.
This cross-national residue potentially holds opportunity for researching a number of themes aligned with
Smart and Sustainable Cities (SSC) exploration and implementation. These, include understanding the role
of construction materials in resource efficiency, waste streams and circularity, appropriateness of material
use and green construction. Aligned themes such as climate adaptation, maintenance and management
cycles and regimes can also be informed by a comparative study of similar physical residue in different
environments. But if such research is to be undertaken, a first step will need to be an assessment of past
contacts and the bilateral results of these interferences.
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A recently instituted bilateral Memorandum of Cooperation (Faculty of Engineering Built Environment and
Information Technology, University of Pretoria and Faculty of Architecture and the Built Environment Delft
University of Technology, 2015) now offers the means to study how to most efficiently maintain these
material resources, both precious and prosaic, invested by previous generations in our built environment and
learn from climate and contextual adaptations in diverse contexts.
This paper presents first attempts at exploring research opportunities based in this history of bilateral
material and knowledge exchange, within the framework of the smart and sustainable city. To do so it will
briefly unpack the role of material maintenance, preservation and restoration as an integral part of resource
management. It will identify those aspects based in a shared building technology and materials located in
differing climatic and cultural environments that hold potential lessons for sustainability in general and the
smart sustainable city in particular.

2. Built Fabric and the Smart Sustainable City
2.1 Maintenance and Re-use as Sustainable Practice
Re-use is smart and sustainable. That was already the standpoint on which the chair of Renovation &
Building Maintenance was established at the TU Delft in 1988 (Van Stigt, 1988), more recently analysed in
more detail. The Preservation Green Lab of the National Trust for Historic Preservation (USA) has calculated
that it takes between 10 and 80 years of efficient operations of new constructions that are 30% more efficient
than the average performing buildings they replace, before the climate change impacts of their construction
are recuperated (Preservation Green Lab at the National Trust for Historic Preservation, 2011). It should be
noted that this calculation does not take into account possible societal benefits of retrofit of extant
infrastructure.
The Preservation Green Lab also cautions that ‘materials matter: the quantity and type of materials used in a
building renovation can reduce, or even negate, the benefits of reuse.’ They conclude that where renovation
projects require many new materials and components or large-scale structural interventions, they offer
significantly fewer environmental (climate change, human health, ecosystem quality and resource depletion)
benefits than renovations that require fewer interventions. The conversion of warehouses to dwellings – a
process that requires high material investment – was found to not offer a climate change impact savings
compared to new construction with 30% more efficiency. The Preservation Green Lab also concluded that
for residential buildings, rehabilitation creates 50% more and better-paying jobs than new construction
(Preservation Green Lab at the National Trust for Historic Preservation, 2011), supporting the similar
calculations of Rypkema (2005). These are important considerations to take into general consideration when
conceptualising and implementing Smart and Sustainable City programmes.
The Preservation Green Lab conclusion that the ‘…reuse and retrofit are particularly impactful in areas in
which coal is the dominant energy source and more extreme climate variations drive higher energy use’ has
specific relevance in South Africa where 92,6% of all electricity produced in 2015 was coal-based (Modise et
al., s.a.).

2.2 Built Fabric: Investment or Resource?
‘Sustainability is implicit in a smart city’ (Kondepudi & Kondepudi, 2015). It is estimated that 40% of all
resources extracted from our planet are used and stored in our built infrastructure (Van Bueren, 2012;
Young, 2015). This is a large investment and potentially is also a latent resource. On example of such a
latent resource approach the Prospecting the Urban Mine of Amsterdam (PUMA) research project of the
Amsterdam Institute for Advanced Metropolitan Solutions, set out to map those material resources that are
locked up in the built fabric of the city of Amsterdam. Their focus was limited to metal stocks in buildings for
practical reasons. The project located these resources geographically and attempted to understand the
conditions under which these resources could be exploited as part of a circular economy. (Van Der Voet et
al., s.a. [2016]). According to the authors of the PUMA end report the ‘…aim is to keep resources in use in
society in some way, to prevent creating waste and to reduce the need for virgin materials.’ The stocks of
materials contained by buildings that are in use are, of course, not directly available for mining as is
acknowledged in the PUMA report. Peoples attachment or policy will dictate that categories of buildings – be
they in use or not – cannot be mined, because they represent more value than only as embodied ‘raw’
materials. They may also present historical, cultural and other values.
The re-use of buildings has even been called the ‘ultimate’ form of recycling (Young, 2014); their in-situ
curation a priority (Young, 2015). The World Bank has found that: ‘…the key economic reason for the
cultural patrimony case is that a vast body of valuable assets, for which sunk costs have already been paid
by prior generations, is available. It is a waste to overlook such assets, yet much of the existing patrimony is
insufficiently activated and lies dormant’ (World Bank, 2001).
This provides a clear argument for the need to investigate maintenance regimes as means to ensure that the
state of conservation of materials and components will allow for their longevity: a precondition for the
longevity-of-use of the buildings they form part of.

3. A Common Technical Heritage in Contextually Dissimilar Environments
The history of permanent settlement and construction in South Africa has a strong Dutch connection (Bakker
et al., 2014, Greig, 1971). The historiography has mostly been written from a historic and art-stylistic
perspective. Bierman (1955) was a notable exception. He describes how Dutch building technologies fused
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with other traditions to suit local conditions at the Cape of Good Hope. Early attempts at brick making by
early settlers failed, but they brought with them some knowledge of lime and rubble construction, assimilated
from Portuguese and Spanish colonialists in other parts of the world. This became the mainstay of
construction of what is today regarded as the Cape-Dutch legacy. This legacy is arguably the best-known
built heritage typology in South Africa and important for the identity of the Cape, its success as tourism
destination and it serves as drawing card for highly educated inhabitants and the creative industry.
Dutch-South African bilateral relationships have spanned 400 years. As the Dutch and other settlers
expanded northwards more extreme and varying climatic conditions than those encountered on the
Peninsula were encountered. These differed greatly from the Netherlands and Flanders with its rather
uniform climate, now identified as a single Köppen-Geiger climate zone coded Cfb: warm temperate, fully
humid, warm summer (Kottek et al. 2006). South Africa has a much more varying climate with 13 KöppenGeiger zones identified by Conradie (2007), based on 20 years of data collected by the South African
Weather Services. These range from arid to warm temperate zones. This means that many climate-based
adaptations to early traditional construction methodologies can be expected, but also that industrially
informed construction processes had to be modulated to suit climate and context during more recent times.
From a construction-technical perspective three periods of Dutch-South African exchange can be identified:
the pre-industrial; the early industrial and the mature industrial.

3.1 Pre-industrial
The Pre-industrial is characterised by the central role of the craftsman and a simple limited pallet of
materials: earth, timber, stone and lime (Figure 1). Brick and tiles were imported from the Netherlands to
South Africa as ballast in ships during the seventeenth and eighteenth centuries. Climate adaptations led to
unique vernaculars such as stone-constructed corbel houses and turf-roof construction in hot and arid areas.
However at the same time large structures were also constructed, as were infrastructure and water works,
as well as military structures all of which called for specialist expertise. The various vernaculars slowly
developed and held sway for over 200 years in parallel to other indigenous vernaculars until industrialisation
brought about a revolution in constructional methodologies.

Figure 1: Failure of an uninformed repair project in the historic mission town Wupperthal, South Africa. Soft
mud brick construction with later Portland cement plaster leads to façade failure (N. Clarke, 2013).

3.2 Early Industrial
The gold fields of the Witwatersrand discovered in 1886 became the motor for the industrial revolution in
South Africa: a period that saw the introduction of new building typologies, mass-produced components and
closer service-systems integration into the architectural realm than encountered before. This integration of
system services has already been explored for the European and North-American context by Reyner
Banham as far back as 1962 (Banham, 1962) but remains to be explored for the South African context. The
new-found mineral resources drew fortune-seekers from all over the planet, but of specific interest to South
Africa, also stimulated the emigration of architects and engineers to the then South African Republic or
Transvaal, where the Department of Public Works (DPW) was staffed predominantly with Dutch staff
(Bakker, 2014). During a short period of thirteen years, this department not only transformed the cities of the
Transvaal, they installed a much-needed modern road infrastructure and developed waterworks. For this
they looked initially to Europe to source their materials and components. They soon stimulated local industry,
building on their own extensive body of cutting-edge construction knowledge. It is inevitable that the changed
context they found themselves in would influence their constructional thinking. Soon their buildings
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presented climate responsive thinking with, for instance, the inclusion of the South African ‘stoep’ as a near
stock-standard device into their architectural quiver.
This period of influence is not only limited to the northern provinces of South Africa. Dutch architects were
also active in, for instance Cape Town where the first skeleton-frame steel high-rise building, the Chubb and
Maxwell Building, was completed to the design of Dutch born and trained architect, Anthony de Witt (Louw,
2014).
Typical for this period is the transition, and therefore fusion, of traditional craftsmanship and local small scale
and imported mass-production. This produced both an eclectic expression of style, as well as a rich and
eclectic use of materials and components often following a – often experimental – construction logic. The
use of natural stone, especially local iron rich sandstone, became part of the architectural vocabulary. In so
doing, local natural stone use supplanted the use of expensive imported natural stone from Belgium (De
Jong et al., 1988) or artificial stone elements for which the Dutch Nederlandsche Cementsteenfabriek was a
main supplier. Throughout this period, the foundry of F.W. Braat of Delft supplied cast- and wrought iron
components on a large scale for DPW deigned projects (Hoorn, 2003).
The same period saw the development of rail infrastructure in the former Transvaal, undertaken by the
Nederlandsche Zuid-Afrikaansche Spoorweg-Maatschappij (NZASM). This Dutch company was active in
South Africa for a short thirteen years but had a large and lasting impact. The engineers employed in the
construction of the line were almost all educated at the Delft Polytechnic, the precursor to the Delft University
of Technology. At this institution’s ‘Indische instelling’ (transl. Dutch East-Indian institutions), young
engineers were prepared for a professional career in the tropics of the then Dutch Indies, today Indonesia.
This education however was equally useful in the sub-tropical South African Lowveld. Besides their specific
training in architecture, engineering or even mining, all Delft engineers – whether being trained for the tropics
or not – were intensively trained in building materials by prof. J.A. van der Kloes (Quist, 2015).

Figure 2: Climate adaptive designed staff housing at Kaapmuiden Station on the NZASM Eastern Line dating
to c.1898. The double roof and large overhangs were a response to the hot and humid conditions of the
Mpumalanga Lowveld (N. Clarke, 2016).
The NZASM sourced a number of Delft-trained engineers from the island of Semarang in the Indonesian
archipelago to plan and design the line and its ancillary structures between Pretoria and Komatipoort. They
brought Delft-based knowledge, augmented by their tropical experience and know-how with them (Bouten,
1941). The NZASM also stimulated construction innovation, implemented new construction materials and
techniques and adapting Dutch technologies to local conditions from a purely pragmatic perspective (Jong et
al., 1988; Barker, 2014). Contractors of Dutch decent also started to make their mark.
Today buildings with climate specific adaptations built by the NZASM, including double-ventilated roofs and
wrap-around verandas (Figure 2), still exist (Clarke et al., 2016). Much of this valuable transport
infrastructure is still in daily use today (Clarke et al., 2016) and its sustainable maintenance an issue of
national economic importance (Doke, 2015; Bulbulia, 2017). The period we have chosen to define as the
Early Industrial came to a close with the Anglo-Boer War (1899–1901).

3.3 Mature Industrial
After the afore-mentioned war, the stream of mass-produced building components destined for the northern
provinces of South Africa was diverted from the Netherlands to Great Britain. Yet, the familiar relationship
between the Netherlands and South Africa persevered. Geo-political conflicts and economic depression in
Europe stimulated emigration from the Netherlands to South Africa, where gold mining averted the effects of
the global economic downturn for a while. On-going research indicates that among these émigrés were
many Dutch architects and tradesmen who took with them their technical skills and knowledge of building
materials (Clarke et al., [ongoing]).
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Concrete was the subject of much experimentation in the Netherlands during the inter-war years
(Heinemann, 2013). In South Africa this subsequently found application not only in architectural designs but
also in for instance the construction of cooling towers for power stations of the type developed by Frederik
van Iterson. Relations between the Netherlands and South Africa cooled down substantially during the
Apartheid years, but the influence remained resilient.
The Mature Industrial has strong associations with the use of concrete, be this for infrastructure, industrial
projects, residential, civic or other construction typologies (Figure 3).

Figure 3: A lamppost at the Sea Point Swimming Baths, Cape Town, attributed to Dutch architect, Jaap
Jongens. Spaling, cracking and exposed corroded reinforcement of concrete in a marine environment. This
column also exhibits the effect of uninformed maintenance work, especially evidenced by the new pointing
(N. Clarke, 2015).

4. A South African Dilemma
South African construction industry has historically focussed on new-build and subsequently the country
does not have a well-developed material conservation sector. A small hand-full of architects have in the past
delivered exceptional conservation projects, but most of them are not in active practice anymore and they
have little influence on contemporary conservation practice today. This manifests clearly in conservation of
heritage buildings, where well-meaning attempts at material conservation lead to further damage (Figure 4).
The 2004 restoration of the Garrison Church on Robben Island, a World Heritage property, is a welldocumented, but not exceptional, case. This church was constructed by inmates of the Robben Island prison
in 1841 to the design of Sir John Bell utilising soft-burnt brick, covered by a lime-based plaster layer. It had
been restored at least three times during its lifetime: during the Second World War, 1964 and the 1970’s
during which occasions, areas of lime plaster were replaced with a Portland cement plaster. Because of poor
monitoring and maintenance, many components - including the main doors of the building - had to be
replaced with replicas (Viney, 2014/2016a). During the 2004 project, a new Portland Cement-based plaster
layer was provided to the exterior, because, the argument went, of the predominance of similar plasterwork
on the rest of the structure, ignoring the nature of the substrate and the possible long-term implications of
such a decision. This new plaster layer started to fail within one year of application; one reason postulated
for this is that seawater had been used to mix the render applied to the soft-fired brick and lime mortar walls
instead of fresh water. Since the 2004 restoration, which included the application of the new plaster layer,
the walls of the building have also started to exhibit damp problems on the interior (Viney, 2014/2016b).
The lack of materials conservation knowledge extends to the general maintenance of constructions, for
instance concrete, where reactive repair is the norm because pro-active maintenance regimes have not
been sufficiently developed. This effectively places the investment in built fabric at risk and undermines
potentials of this investment – which is concentrated in cities – as resource. This lack of knowledge
adversely affects the life cycle expectation of structures.
Specific lacuna already identified (Clarke et al., 2015) include the identification, maintenance, diagnosis and
repair of:
•
•
•
•
•

sandstone building components;
lime mortar-based constructions;
maintenance and repair of soft brick, especially when used as face brick;
façade cleaning and maintenance;
historic concrete.
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A further problem that requires urgent investigation in South Africa is the damage caused by salt migration in
historic materials.

Figure 4: The Old Government Printing Works in Tshwane (1898), constructed of soft brick. The parapets
were replaced with an incompatible harder brick in the late 1990s leading to salt efflorescence and
disintegration of the softer brick. The line indicating the transition from original to later material is indicated
(N. Clarke, 2014, adapted).

5. Future Collaboration
‘A smart sustainable city is an innovative city that uses information and communication technologies (ICTs
[Information and Communication Technology]) and other means to improve quality of life, efficiency of urban
operation and services, and competitiveness, while ensuring that it meets the needs of present and future
generations with respect to economic, social, environmental as well as cultural aspects’ (International
Telecommunication Union Focus Group on Smart Sustainable Cities, 2014). A sustainable city or living
environment in general should be our aim and ICT can bring us there, but to be really smart and innovative,
people need to connect to and understand the developments that are required. It’s our belief that (built)
heritage can present such a connection, because everyone is able to physically and mentally connect to the
continuity in the built environment.
Historic materials have been shown to exhibit surprising qualities, such as the self-healing nature of limepozzolana renders, discovered at the Delft University of Technology and TNO (Nijland et al., 2007). Historic
systems are also receiving renewed interest. The principles of buoyancy ventilation in collaboration with
earth-tubes for passive cooling and ventilation are finding new application today. This is the case even in the
Netherlands where due to climate change summer cooling is fast becoming a requirement. A system utilising
soil tubes to pre-cool and pre-heat intake air has recently been installed at the manor house of the
Bingerden Estate in the Dutch province of Gelderland, for instance.
The variations of climate and context also mean that the composition of mortars can be expected to have
altered differently over time. This mutation contains empirical context-specific knowledge with wider material
application. The application of construction systems may have also lead to systemic problems. These
building pathologies can be addressed, providing case-specific long-term solutions with low maintenance
frequencies (Van Hees et al., 2014). A good example of such a bespoke solution is the salt resistant plasters
developed specifically for application to historic structures in Curacao (Groot et al., 2009).
For urban operation to be efficient, it needs to include a pro-active management of the invested resources in
the urban fabric. At the same time, the knowledge embedded therein needs to be operationalized where this
can benefit sustainable development. This understanding forms the basis of a two-pillared approach we
propose for collaborative South African - Dutch built environment materials and systems research:
a) Embodied knowledge to inform development:
The first approach would mine the aggregate knowledge embodied in historical structures for application in
development of materials and components. Historic South African - Dutch ties allow for cross-contextual
comparison of ageing, weathering and other context-related application and deterioration processes. Of
course climate and other contextual factors will need to be taken into account: but these variants may prove
interesting for comparison. The method could be based on the system developed by Quist (2011) where
different (Dutch) cases were investigated and compared on their history regarding the conservation and
replacement of natural stone. At the same time the evolution of exported construction techniques in
response to different context can also inform materials development.
b) Maintenance and regeneration of embodied material resource investments:
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It is clear that the monitoring, maintenance, diagnosis and repair of materials present a challenge for the
sustainable city in South Africa. This is a lacuna to which the Netherlands with its long built environment
monitoring tradition – exemplified by the Monumentenwacht (monuments guard) monitoring structure and its
various organisations – and conservation tradition can contribute. To this the Heritage & Technology Chair –
Department of Architectural Engineering + Technology, can bring its expertise on natural stone, historic in
situ cast and pre-cast concrete identification analysis and repair, historic and purpose-designed mortars, salt
crystallisation damage, maintenance and management systems and façade cleaning and maintenance.
Much can be learnt from both partner countries, not only of the damage or the lack thereof caused by the
two vastly different climates regards technology of maintenance and repair.
The Monumentenwacht of the Netherlands, investigated by Van Hees et al. (2015), could prove to have
viable application in South Africa where such a system is lacking. This application could reach beyond
monuments and find application in the larger built environment.
Where knowledge and know-how exits, this needs to be operationalized in a smart systems-based manner.
A start has been made at the TU Delft through the Masonry Damage Diagnostic System (Van Hees &
Naldini, 2002; Van Hees et al., 2009). This was later developed within the framework of the national
‘MonumentenKennis’ (transl. monument and knowledge) programme into the Monument Diagnosis and
Conservation System, which includes categories for brick, mortar, natural stone, plaster and structural
damage (www.monumentenkennis.nl, 2017). These knowledge-based systems guide the process of
diagnosis of damage to traditional brick and stone masonry structures. Integrated Building Information
Monitoring (BIM) systems offer further opportunities for operationalization. The use of BIM in facility
operation of extant structures is hampered by a lack of information on the construction standards, material
qualities, construction methods, etc. The methods of mapping of material components embodied in the
urban environment employed in the aforementioned AMS PUMA project could inform adaptive re-use
projects with an aim to retaining the materials with the highest cradle-to-cradle environmental impact, but
also assist in developing inspection and maintenance regimes through cross-reference to other datasets
such as cadastral databases containing dates of construction etc.

6. Conclusions
The shared construction history, which developed further in divergent climate and cultural contexts, offers
opportunity for investigation and re-application. Most obvious is the potential that climate-adaptive systems
hold to inform current and future construction. A case in point would be the late nineteenth century
application of buoyancy ventilation in combination with earth tubes at the Palace of Justice in Pretoria
(Figure 5), the potential application of which is not limited in application to massive structures, but could
inform ventilation systems for new innovative light-weight construction regimes.

Figure 5: Cross section of the Palace of Justice, Pretoria, 1897–1902, showing the ventilation strategy
employed (South African National Archive TAB, PW 166).
The potential mutual benefit of collaborative Dutch-South African research into the commonality of built
material investments in the built environment calls for:
Theme Materials:
•
•
•
•
•

A careful understanding of the characteristics of materials, both contemporary and historic;
the study of decay processes;
identification of urgent lacunae in materials maintenance and repair knowledge systems (some
indications already exist);
monitoring techniques and damage diagnosis methodologies;
technically correct maintenance and repair;
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•

prediction, planning and monitoring of maintenance processes.

Theme Construction logic:
•
•
•

Assessment of historic construction systems, including Life Cycle Assessments;
evolution through mutation of typologies;
climate responsive systems, their introduction, development and perseverance through time.

Theme Smart systems:
•
•

Integration of material maintenance regimes into Smart City management and urban operation
systems; and
development of BIM systems of extant (historic) buildings.

To further develop the embedded aggregate knowledge resource presented by the embedded material
residue of the shared South African-Dutch construction history, we propose to first conduct an overview of
shared construction methodologies and historical material and component flows. This can be explored
through archival sources, structured according to the periods defined above. We envisage a database on
shared materials and components containing their context-based decay and repair methodologies, where
these exist. This can inform further research either into the successes of evolutionary mutations or the
development of different diagnosis and repair strategies that are context responsive.
Parallel research could focus on the modification of built form in response to climate and context variants as
well as the emergence of vernaculars from imported prototypes. This knowledge can find application in
contemporary context-responsive energy-neutral construction regimes.
The conclusions of for instance the Urban Green Lab of the National Trust of the USA (2011) prove that reuse is the most sustainable future option for extant built fabric, be that urban or rural. It is therefore
imperative that the maintenance of the embedded materials with their embodied energies form an integral
part of Smart and Sustainable City ecologies of practices. We need to develop holistic and smart
maintenance procedures, taking into account the broader meaning of value, for the maintenance and
regeneration of those embedded material resources contained by buildings and structures as an essential
part of the reduce-reuse-recycle efficiency of smart and sustainable cities. They present an aggregate value
investment that deserves stewardship.
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Abstract
The relationship between health and the built environment has received increased interested in recent times.
Behavioural and psychological social science approaches have been the norm in architecture and built
environment studies, yet majority of the research cite a lack of empirical evidence. An area of research that
is a notable omission from all built environment and evidenced based studies an emerging field: The
Microbiology of the built Environment (MoBE) theory and research. MoBE provides an empirical approach to
design, health and architecture; it intends to draw correlations between environmental conditions and the
microbial environment which impacts on human health. It can be argued that our lack of knowledge and
understanding of design decisions on the indoor microbiology has a direct impact on human health, as we
spend 90% of our time indoors. Inter disciplinary research collaboration applying epidemiology, microbiology,
medical and engineering approaches provides evidence for an empirical architectural validation model. This
paper reports on the 1st African MoBE research investigation currently underway. Methodologies,
approaches and interim results of two hospital environments in Cape Town, Western Cape are discussed.
This MoBE study utilises spatial analytics, environmental sensing, HVAC characterisation and
microbiological sampling and identification. The outcome aims to establish evidence for the relationship
between architectural design planning and downstream health outcomes. The end goal to establish a
microbial architectural model for design and planning for the built environment, to provide guidance for built
environment practitioners and public health. This is an ongoing research project towards a doctorate in
Architecture.

1. Introduction
The field of architecture consistently approaches public and human health design outcomes through
heuristic social science outcomes, considering behavioural science and psychology. The salutogenic
movement in architecture derived from the theory of Aaron Antonovskys’ sense of coherence and the impact
of stress perception in environments theory (Antonovsky 1979), lead to Alan Dilani postulating the
psychosocially supportive design approach and today defined as Salutogenic design. The association of
psychological impact indicators to assigned design markers aimed at defining human health response;
Comprehensibility, Manageability and Meaningfulness (Dilani 2001). Furrow & Vanderkaay further
developed this social science approach to measure architecture and health outcomes in proposal piece
‘Salutogenic spaces: Designed to thrive (Farrow, T., Vanderkaay, S. 2013). Salutogenic and evidenced
based approaches in healthcare architecture has become popular mechanism to gauge health based
outcomes in the built environment. Evans & McCoy (1998) explored the role of architecture in human health
through behavioural and psychological social science by measuring stress perception. They also conceded
that ‘There is very little evidence that characteristics of the built environment can affect human health’
In an attempt to provide evidence for architecture design and health outcomes Schweitzer et. al (2004)
investigated the elements of environmental design that impact on health. An extensive literature study
covering four major topics with multiple sub categories was conducted namely: 1) The role of the
environment on behaviours, actions, and interactions; 2) Existing research: Physical parameters; 3) Survey
of healing environment design models; 4) Elements of spaces and environment that inherently affect health.
The research indicated relationships between architectural markers and health, however from 78 761
published studies only 84 were found to have used adequate methodologies, and further only 80% of those
reported positive links between environmental characteristics and patient health outcomes. They came to a
similar conclusion to that of Evans and McCoy: ‘it is evident that, although the amount of research is steadily
growing, there is no sound, directly relevant research yet available for many health care environmental
design questions.’
Microbiology of the built Environment (MoBE) research could potentially provide the proverbial empirical data
gap in current architectural health focused research as concluded by various built environment researchers.
Brown et.al (2016) states: ‘Architectural design is poised to undergo a revolution over the next few decades
in response to climate change, urbanization, and population growth.’…… ‘MoBE is a critical juncture of study
because humans spend most of their time inside buildings, and the microorganisms encountered there can
impact public health.’…. ‘In closing, we reaffirm that architects and other designers are committed to
improving occupant health through strategies such as bio-informed design.’
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2. Literature review and background
2.1 MoBE (Microbiology of the built Environment)
As humans we spend up to 90% of our time indoors (Evans, McCoy 1998); Klepeis et al., 2001), yet so
much emphasis is placed on the environmental health impact of the outdoors. The way in which building
user and practitioners interact and use indoor spaces, ventilate and air-seal, clean, select materials and
construct indoor environments all play fundamental roles in the microbial make-up of these environments.
Therefore architecture and building design either advertently or in inadvertently contribute to nosocomial
infection or Healthcare associated infection (HAI). Understanding the micro environments we live, work and
play in on a daily basis can lead to creating healthier indoor microbial environments that not only prevent
illness but also promote health and wellness. Ecologist Jessica Green states ’I am optimistic that well before
2034 we will be collectively designing and managing buildings with intention, to promote healthy indoor
ecosystems’ (2014). The constant human interaction with surfaces, in enclosed space and other humans will
continue to cause contamination (Hospodsky et al. 2012, Ducel et al. 2002), however we have little
understanding to the ‘contaminated’ microbial environment and therefor very limited knowledge to
engineering it to promote healthy ecosystems that are natural self-regulating and generative. The current
status quo promotes pathogenic bacterial colonisation (Kembel et al. 2013, Klevens et al. 2007a). The
MoBE research agenda provides for the formation of a new paradigm in architecture; defining a set of
microbial sensitive injunctions that could determine the behaviour of the architectural community towards a
bio-informed design.
Figure 1 illustrates the relationship of the MoBE interdisciplinary research field. The MoBE research field and
postulated Architectural Design Microbial Risk Model (ADMRM) (to be discussed in more detail) is a critical
conjunction for architectural investigation that can yield empirical evidence on architecture and human
health.

Figure 1: Microbiology of the built environment - ADMRM research relationship diagram
The spread of infectious bacteria, fungi, viruses and single cell organisms (prokaryotic & eukaryotic)
specifically in hospitals are widely known to be first by human contamination (Hospodsky et al. 2012) and
secondly dependent on environmental conditions (Basu. et al. 2007, Wolfaardt et al. 2010) etc. The
presence of specific pathogenic harmful microbes that either survive and possibly proliferate in the built
environment; or are cultivated in humans and distributed and cross-infected to other humans by their
interaction, are deposited and even incubated in these environments. This is exacerbated when favourable
environmental conditions are provided (Wolfaardt. et al. draft). Healthcare Associated Infection (HAI) is
prevalent worldwide in health care facilities. South Africa and sub Saharan Africa with the epidemic of the
human immunodeficiency virus infection & acquired immunodeficiency syndrome (HIV&AIDS) do face a
tougher immune deficiency challenge in the form of tuberculosis (TB). The emerging field of MoBE and bio
informed design provides insight for design response to non-tuberculosis bacteria (NTB), TB and other
invasive pathogenic microbes; the very microbial environment in which bacteria survives, live, are
aerosolised and are surfaced.
The built environment is host to vast variety and quantity of mycobacteria. Over time humans have adapted
and engineered indoor environments so suite our comfort and needs. What we have neglected to consider
are the environments invisible to the naked eye that we have created which impact on our health
(Hospodsky et al. 2012). Similar to the deductions that Margaret Campbell has made (Campbell 2005),
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researchers from the Environmental Health Department, National Public Health Institute in Helsinki, Finland
have begun quantifying and defining these facts in their paper: ‘Diversity and seasonal dynamics of bacterial
community in indoor environment.’(Rintala. et al. 2008). Biomes: _ ‘as for any other biome, the composition
of the built environment micro biome is determined by some combination of two simultaneous ecological
processes: the dispersal of microbes from a pool of available species and selection of certain microbial types
by the environment (Kembel et al. 2013).
2.2 South Africa_TB, HIV and HAI
Mycobacterium tuberculosis (M.Tb) is the bacterium that causes TB. TB is source based, hence only a
person that produces M.Tb can transmit TB. Being of obligate airborne infection nature people with TB
disease release M.Tb through aerosols called droplet nuclei, produced by coughing. The inhalation of M.Tb
droplet nuclei sometimes results in spread of TB. Tuberculosis is clinically categorised as TB infection, TB
transmission or TB disease. There are differing strains of TB, relative to their drug resistance. They are
categorised as M.Tb, multi drug resistant (Mdr) TB and extensively drug resistant (Xdr) TB and recently Total
drug resistant (Tdx). Tdx and Xdr TB strains.
It is evident that TB is a global problem and an epidemic in South Africa. The nature of TB infection by
airborne makes all actively infected, people with an immune deficiency disease i.e. HIV, unsuspected
patients, health workers and healthy people all at potential risk of TB. Studies seem to indicate that health
care facilities are contributing to the spread of TB bacteria (Yates, Tanser & Abubakar 2016).
The WHO has recently done a study within the South-East Asia, Europe, Eastern Mediterranean and
Western Pacific areas (2009). The outcome reflected that “8.7% of hospitalised patients suffer health care
associated infection”. The study concluded that globally up to “1.4 million people suffer from infectious
complication acquired in Hospitals” (WHO. 2008); “In South Africa TB has become a driver in nosocomial
infection. One such case study: The “Tugela Ferry TB outbreak in 2005-2006” recorded 8 deaths of hospital
staff as a conclusive result of nosocomial infection. This clearly indicated that: “Hospital transmission was a
major factor” (Koenig 2008). “There is growing evidence that institutional transmission is a critical factor in
epidemic HIV-associated TB and MDR-TB. Infection prevention and control (IPC) is only now becoming a
feature of the global strategy to control TB. In South Africa, IPC remains the responsibility of individual
healthcare facilities. There is an urgent need to obtain data on nosocomial transmission” (Sissolak, Bamford
& Methar 2010).
The table below represent the most common found HAI pathogens and opportunistic pathogenic
microorganism, the illness based on causative pathogenic agents; it is evident that both surface and air
plays a defining role in the health and wellbeing of patients and visitors. And hence good Indoor Air Quality
(IAQ) and Indoor Surface Quality (ISQ) are required to reduce the above mentioned costs and improve
environmental conditions.
Table 1: Bacteria and Fungi causative agents and related illness; (Nice & Stone, 2014)
Causative agents

Related illness

Citation

1

Pseudomonas
aeruginosa

Human skin commensal, opportunistic pathogen, often
associated with skin infections and airway tract infections in
immune compromised patients

(Nseir et al. 2002, Stone
2014)

2

Staphylococcus
aureus

Human commensal of the nose, opportunistic pathogen,
also soft tissue and skin infections and necrotizing
pneumonia, also bloodstream infections (dialysis patients).

(Claesson 2010, Nseir et
al. 2002, Ducel et al. 2002,
Stone 2014)

3

Acinetobacter
baumannii

Human commensal, opportunistic pathogen, NB multi-drug
resistant, skin and airway infection, pneumonia, soft tissue,
bone and central nervous system infections.

(Nseir et al. 2002, Stone
2014)

4

Legionella

Legionnaires’ disease, Pontiac fever (respiratory infections
in immune-compromised patients)

(Taylor, Ross & Bentham
2009, Ducel et al. 2002,
Stone 2014)

5

Pneumocystis carinii
pneumonia (PCP)

Respiratory infections, pneumonia, immune-compromised
patients

(Stringer et al. 2002, Stone
2014)

6

Streptococcus
pneumoniae

Pneumonia and meningitis.

(Murray. 2005, Stone
2014)

7

Pneumocystis jirovecii
pneumonia

Pneumonia, most common AIDS defining pathogen in US.

(Murray. 2005, Stone
2014)

8

Enterococcus faecalis

Bacteraemia, bloodstream infections.

(Claesson 2010, Stone
2014)

9

Cocci

Broad – includes Staphylococcus, Enterococcus, etc.
Therefore, lots.

(Claesson 2010, Stone
2014)
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10

coagulase negative
staphylococci (CoNS)

a Large group of opportunistic pathogens, but includes:
bacteraemia, endocarditis, urinary tract infections, devicerelated infections.

(Claesson 2010, Stone
2014)

Most common HAI – USA
Causative agents

Related illness

Citation

1

Escherichia coli

Very versatile: includes enteric/diarrheal disease, urinary
tract infections and sepsis/meningitis (13)

2

Staphylococcus
aureus

Human commensal of the nose, opportunistic pathogen,
also soft tissue and skin infections and necrotizing
pneumonia, also bloodstream infections (dialysis patients).

(Jarvis, Martone 1992,
Ducel et al. 2002, Stone
2014)

3

enterococci

Bacteraemia, bloodstream infections.

4

Pseudomonas
aeruginosa

Human skin commensal, opportunistic pathogen, often
associated with skin infections and airway tract infections in
immune compromised patients

5

coagulase-negative
staphylococci

a Large group of opportunistic pathogens, but includes:
bacteraemia, endocarditis, urinary tract infections, devicerelated infections.

Most common HAI source – USA
1

Gram-positive organisms caused 65%

2

gram-negative organisms caused 25%

3

Fungi caused 9.5%.

(Wisplinghof et al. 2004)

3. Research Methodology
The hypothesis: Does architectural design planning influence the microbial indoor environments, and can
this be a cause for pathogen spread typically known as HAI and nosocomial infection?
To attempt to answer this question in a hypothetically manner, this paper will focus only on the MoBE
precept as stated in the background and literature review, overview of the methodology and pilot work
completed to date, and the proposed roadmap moving forward. This is due to the empirical data only being
available July 2017. The 1st data set (Summer) results are due early July 2017 and 2nd data set (Winter)
results are due end July 2017.
This paper argues that with the current existing quanta of knowledge (admitting that we still know very little)
on: risk and airborne contamination; methodologies for testing and sampling; taxonomy and phylogenetic
diversity of pathogenic bacteria and their lifecycle and or survival mechanism; ventilation and risk; cleaning
regimes and protocols; microbial contamination indexes; extensive phylogenic databases; architectural
spatial analytics and the ability to conduct complex modelling, bio informed design is a very tangible
proposition in empirical approaches for health centred design. The relevance to architecture lies in the
development of an architectural design microbial risk model ‘ADMRM’ for the built environment, that
incorporates various data sets and translates them for the built environment practitioner to apply in in every
day design and build planning see figure (1) & (2).
The combination of architectural spatial analytics using space syntax modelling methodology, environmental
data and microbial ecology knowledge and theory collectively provide inputs for design tools towards
developing real world health guidelines in building design. This paper and the author’s doctoral thesis:
Architecture, at a microbial nexus in Healthcare Acquired Infection; A framework for an Architectural Design
Microbial Risk Model (ADMRM) postulates the possibility to develop a dynamic tool for architects and built
environment practitioners. Kembel notes: ‘Just as we currently manage natural ecosystems to promote the
growth of certain species and inhibit the growth of others, an evidence-based understanding of the ecology
of the built environment microbiome opens the possibility that we can similarly manage indoor environments,
altering through building design and operation the pool of species that potentially colonize the human microbiome during our time indoors’ (Kembel et al. 2013).
3.1 Current applied methodology
The study investigates two hospital environments in the Western Cape, South Africa. A pilot investigation
was conducted in June 2016 and the first of two seasonal experiments were completed in January 2017, the
second being June 2017. Real- time occupancy and flow observation and a theoretical spatial analysis were
performed to define and predict social interactions and space use. These analyses combined with a full
HVAC characterisation and environmental data collection (CO2, lux, temperature and humidity). Microbial
samples by swabs and air were collected for interrelationship correlations. This will be used to determine
health risk profiles (Nice, Vosloo 2015). The pilot study areas included medical wards and Accident and
Emergency (A&E) departments over five days.
The final investigation however only considered A&E departments and was conducted over four days in two
Public Hospitals in the Cape flats. The first experiment collected seasonal summer data. The study collected
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real-time observation data of occupancy and flow in each facility, microbial sampling indoors and outdoors in
matching rooms and environmental data and related information such as lux levels and window use status.
Flow and occupancy data was analysed in GIS, and spatial analytics of the as-built floorplans as well as
statistical analysis conducted in Depthmap and Microsoft Excel. The Static monitors manufactured by
CO2Meter, Inc. Ormond Beach Florida United States (CM‐0018AA) collected CO 2, Temperature and
relative humidity data. These were either surface (approximately 900mm height) or wall mounted
(approximately 1500mm height) in eight locations at each facility. Eight loggers per A&E collecting a total of
96 continuous hours of Indoor Environment (IE) data per season. GasLab®, proprietor software, was used.
Lux levels where measured in each logger room at the outset and spot measures taken throughout and at
night. Due to the loss of a weather station during the pilot study, weather data is sourced is sourced from the
Cape Town International Airport. Observation data was collected on four consecutive days (Friday through
Monday) representing peak and off-peak days, this was informed through a questionnaire posed to 10 staff
members at the two facilitate.
Microbial samples were collected from both air and surfaces, indoors and outdoors. Each logger room
produced an air sample and two swab samples per day. Swabs where taken on touch surface in rooms and
air samples were collected for 40 minutes per room using an SKC liquid (resembles an impinger) biosampler, with a sonic flow BioLite pump. A flow rate of 12.5 L/min is maintained. The pilot study indicated
that a longer sampling time was required to gain sufficient biomass, thus sample collection period of 60 min
per zone was used in the final experiments. The liquid air impingers where placed indoors at 1.2meters from
the ground and outdoors on the ground 15 meters away from the building at two positions. This was done at
both Hospital sites. DNA extraction is conducted using PowerSoilH DNA Isolation Kit (MoBio, Carlsband,
CA) in accordance with manufacturer’s instructions. Air samples require initial filtration followed by
extraction, whereas swab samples could proceed with immediate extraction. Post extraction each sample
DNA will first be optically checked by electrophoresis and PCR for sufficient DNA, nanodrop for both quality
and quantity prior to sending for 16SPCR genomic sequencing. The samples are sequenced once DNA
extraction is completed for full community identification using the Illumina Miseq platform, and culture growth
for viable organism identification. Source tracking will be employed to identify source distribution in samples,
to correlate with room types and days as per observation data.
The observation methodology was based on University College London (UCL) Architecture Department,
Space Syntax Software manuals (Al_Sayed et al. 2014). A two task observation protocol was followed, once
hourly over a nursing shift. Task 1: “Mental snap shot” A route map was determined and marked on plan.
The route was determined by the high use zones and exclusion of utility spaces. Furniture and divisional
changes were indicated on the plan. The route was covered hourly with 2-3 minutes observation per zone
and people (Dr, Nurse, Other, Patient) and actions (seated, standing, walking) were coded. Task 2:
“Movement tracer” Similar to task 1 the routes (within, though, away, towards) taken by people (Dr, Nurse,
Other, Patient) was documented. Computer Aided modelling software: DepthmapX v0.5b, ArcGIS 10.3, and
AutoCAD, 2015. The success of the pilot provided approval and application in the summer experiment. The
data was then spatially analysed: The specification, application and theory for spatial analytics have been
discussed in a previous paper presented at the INDOOR air conference 2016, Ghent, Belgium (Nice & Bole,
2016) and will not be discussed in detail in this paper.
The weather data (1), microbial data (2), environmental sensor data (3), mechanical characterisation data
(3), questionnaire data (4) and associated environmental data (5) will be processed and correlated and
results published November 2017.
3.2 Long term research road map proposal
The current international development and investment in MoBE research have progressed this emerging
field with much momentum over the past six years since its initial conception. The roadmap is categorised
into four major research sections: Microbiology, Epidemiology, Architecture & Engineering and Medical.
Ongoing meta-data research within each field focusing on: various sampling methodologies for surface and
air; for various mathematical and theoretical models for air and surface risk; various architectural models for
spatial analytics etc. Literature reviews and studies on architectural design and HAI infections.
Review and discuss current models developed in research fields of Microbiology, Medical and Built
Environment related to IAQ & ISQ. This is aimed at developing research rigor towards constructing the
Architectural model framework. Identification of architectural indicators that are linked to IAQ and ISQ is a
key component. Contribute where applicable to MxBE taxonomy database relating to the Microbial built
environment, as well as building informatics research methodologies (Ramos, Stephens 2014). Correlation
between known models, theories, databases, sampling techniques and testing methodologies is required to
develop a matrix of variables, microbes and risk using performance characteristics. (The variables:
materials, spatial character, environmental conditions – humidity, Temperature, airflow, CO2, “the human
factor”)…of theoretical models, methodologies, techniques for microbiology, architecture & engineering and
air and risk. Table 2 represents a brief overview of the doctorate work on various models and methodologies
as proposed above. The microbial research data will be combined with known microbial theory such as
quorum sensing and adaption. Lastly, the establishment and testing of a South Africa specific model.
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Table 2: Table of theoretical models and methodologies for microbiology, Architecture and Engineering, and
epidemiological risk (Nice, J. 2014)
Air quality and risk

Microbiology

Architecture and engineering

List of common theoretical
models that investigate
relationships between Air quality
and risk, epidemiology models

List of common theoretical
models, databases and sampling
methodologies that investigate
microbiology

List of common Architectural
and Engineering measurable
indicators

1

Wells Riley equation model &
stochastic models

PCR - Polymerasa chain reaction

Temperature: Air and surface

2

Epidemiological models – SEIR
(Noakes et al. 2006)

QPCR – real time Polymerasa chain
reaction (quanta of specie or taxa)

Relative humidity

3

Computational fluid dynamic
modelling (Fully mixed and partial
mixed models)

PAMI - Mould index

CO2

4

Dose response modelling (Fully
mixed and partial mixed models)

ITS index – barcoding for fungi

Sunlight

Metagenomics (shotgun sequencing
etc.)

UV

Transcriptomics – set of RNA &
Mrna, Rrna, Trna & non coded RNA

Dry bulb

Mathematical models
5

6

(Mui., Wong. & Hui. 2008)
Numerical modelling (version of
CFD)
(Tang. et al. 2011)
Physical analogue modelling

7

DNA & RNA sequencing

(Tang. et al. 2011)

VOC’s

8

Schlieren imaging, - thermal plumes
and exhalation

QIiME; UPARSE; EPHCIT Microbiological taxa and specie
databases (OTU -Operational
taxonomic unit)

Ventilation rates

9

Mannequins etc.

Surface – plate sampling; impingers,
surface swab, Anderson air
sampling etc.

Air flow speed

Particle model techniques
10

Heating and cooling ducts

(Tang et al. 2011)

11

Electrostatic

12

Movement patterns

4. Findings and Discussion
It is evident through literature that an empirical approach is required and needful in architecture to support
health evidence base outcome in design planning. The current methods and equipment available to
researchers in architecture and engineering provide the opportunity to gather appropriate data. The novel
application and very evident relationship to the microbial environment is vastly unexplored. The
methodologies accessible in the microbiology field can be readily applied to the built environment as is
evident through similar current studies in Europe and USA (Hospital microbiome study, the home biome
study etc.). Combing the unique application of spatial analytics to risk management provides the
architectural gap to combine these data sets and track the potential spread of pathogens. The postulated
outcome will provide evidence for the impact of design planning on microbial community distribution.
The employed microbiological, observation and environmental methodologies and analytics have been
extensively researched, tested and applied, and form part of individual protocol documents. The current
research progress including the pilot study show promising outcomes with strong spatial design correlations.
All data sets including summer and winter season have been successfully captured. The methodologies
have been tested, amended and matched for the two experimental seasons. The data was successfully
captured, however analysis and microbial identification is still under way. The findings to date indicate that
the space syntax spatial analytic approach is viable.
The research did provide an additional portion of data not expected due to equipment challenges and
limitations. Night time microbial and architectural data was collected for both sites. This will provide deeper
insight into the community variation between day and night, and winter and summer season. Similarly the
architectural data capture will also provide insight not previously captured on the functional use and
occupancy during seemingly ‘quite times’ this will provide insight into functional use and operational
variations at facilities in A&E departments. The sensors have collected data uninterruptedly, swabs and air
samples where sampled and extracted successfully. Culture identification was done with success and
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notable organism identified as expected as per literature on HAI. Full genomic sequencing for both seasons
are due mid and end July.
During the pilot study analytical observation results indicated promising outcomes, this was reported in a
2016 conference paper: ‘The spatial analysis indicates that real time social interaction varies from the
designed spatial planning for all departments in Hospital A but not for Hospital B. A design and analytical
variation in layout typologies was observed, this can be attributed, but not limited to, functional layout of each
department. A reduced social interaction was observed as opposed to design potential. This could be
attributed to variation in clinical functions, purpose for fit rooms, clinical timetables and social process
knowledge not available.’ (Nice & Bole, 2016).
Total correlation and statistical analyses will be performed once all data sets have been received. The space
syntax model was developed for urban planning but has evolved to internal space relationship design
development for buildings programs such as hospitals etc. (Dursun 2007, March 2002). This investigation
has utilised preliminary pilot data in a novel process to assign risk to spatial layouts based on observed and
modelled results. The initial focus is aimed at health care environments, but with the intention to consider all
built environment typologies.

5. Conclusion and Further Research
Reported data from the Pilot study notes: ‘The data suggests that due to the lack of connection and
integration observed, heightened levels of microbiota should be present in the core cluster areas of Hospital
A clustering of high activity functional zones (such as Hospital A data suggest) will reduce integration but
increase densification and could enable more environmental control and allow for more focused risk
intervention for airborne or surface spread intervention’ (Nice & Bole, 2016). MoBE research provides insight
into the living environments that built environment practitioners create. It provides the missing link and
platform for health associated data collection in BE studies. The built environment needs to be considered
and approached as an ecosystem; not in the conventional manner of parts such as: services, roof, walls etc.,
but much fluid and integrated as an organism of spaces within walls, plaster, air gaps, interconnecting
spaces, ceiling voids, rooms with variant temperature and humidity zones, areas of lighting that vary room
temperature and microbial condition. Only then will we start to understand what is it that lives, grows, and
affects or infects our health in buildings. Smart sensing and novel interdisciplinary approaches will construct
and drive the emerging architectural microbial paradigm.
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Abstract
Built heritage can elicit a continuously emergent civic engagement with both the quality and identity of the
larger urban environment. It also acts as a multifaceted container of cultural energy, which calls for
stewardship. This paper analyses an extended educational and professional engagement with built heritage
and community in the City of Tshwane. It identifies a paradigm shift in the discourse on integrated urban
development and heritage conservation through two case studies: the historic city centre and the former
Westfort leprosy colony. Both case studies were informed by UNESCO's Recommendation on the Historic
Urban Landscape (HUL), which, in the process, was tested in the highly resilient systems of Post Apartheid
South Africa's capital for the first time. The HUL recommendation inspired the identification of new
perspectives for future research on creative adaptation to generate smart and sustainable futures for the
urban environments and their residents. This paper will discuss changing concepts in heritage conservation
and urban (re)development as influenced by in resilience thinking. These will be explored in relation to the
ambition of the Smart Sustainable City in general and to the context of South Africa's historical capital,
Tshwane/Pretoria in particular.

1. Introduction
Large-scale migration to cities and the related rapid urbanisation are leading to radical changes in the built
environment, which are taking place at unprecedented scale and speed. This urban revolution, together with
the endeavours to adapt to climate change and globalisation, is placing enormous pressure on city centres
and neighbourhoods; they struggle to remain accessible, liveable and sustainable, while needing to become
smart at the same time. This calls for a complementary resilience-thinking based perspective on both cities
and communities, based on inclusion and an awareness of cultural historical values, even if these values are
sometimes contested due to divergent associations with a pluralist past.
Both geographical location and historic origins leave enduring marks on cities. They make every attempt at
creating sustainable cities a unique and complex task. The conditions for urban (re)development and
sustaining built fabric as an embodiment of cultural energy are fundamentally different from Western
situations in the Global South. This is particularly so in post-Apartheid South Africa, a country that proclaims
itself as Rainbow Nation: a plural society. Two case studies (Figure 1–4) – based in part on investigative
architecture-, landscape architecture- and interior architecture student workshops – have led to a better
understanding of how mental-social associations could be modulated by strategic reuse by engendering
continuous emergent civic engagement with the quality and identity of the larger urban environment. In both
instances these investigations were undertaken in a collaboration between the Department of Architecture at
the University of Pretoria and Delft University of Technology, supported as part of a longer running
collaborative South African-Dutch inner city regeneration programme (Corten, 2015). The investigations
therefore selected sites in Tshwane with historic Dutch associations as case studies.

2. The 'Smart Sustainable City’ and 'Cultural Resilience'
A clear and widely accepted definition of what a Smart Sustainable City (SSC) actually is, and not what it
ideally should be, is hard to find. Höjer (2015) paraphrases the well-known 1987 Brundtland Commission
defining for sustainable development, to define SSC as applying to a 'city that meets the needs of its present
inhabitants - without compromising the ability for other people or future generations to meet their needs, and
thus, does not exceed local or planetary environmental limitations, and - where this is supported by ICT
[Information and Communication Technology].' He presents 'smart' as a tool, 'sustainable' as a target and a
'city' as the urban area where tool and target need to be implemented, with a focus on its citizens and their
energy use within certain administrative borders. However, more socially nuanced perspectives on
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sustainable development, such as Human Development thinking (Jahan 2016) and Amartya Sen’s focus on
human capacities (Sen 1999) in particular may well be more appropriate to theorising the 'smart and
sustainable city’, especially in the South African context.
According to Giffinger and Pichler-Milanovic (2007), SSC is commonly applied to areas like industry, levels
of education, civic participation and the management of technical infrastructure. Almost as postscript comes
the ‘various ‘soft factors’’, expanded on as ‘Smart Living’, which includes culture, health, safety, housing,
tourism etc. As Chourabi et al. (2012) find, the use of the term 'smart' ranges from descriptions of levels of
integration of ICT systems into the built fabric of a city to aid management of flows (people, traffic, goods), to
the level of the education of the citizens of a settlement. In the latter case, the rule-of-thumb is the higher the
levels of educations are, the ‘smarter’ a city. To them it is clear that ‘[a]ddressing the topic of people and
communities as part of smart cities is critical, and traditionally has been neglected on [sic] the expense of
understanding more technological and policy aspects of smart cities.’ They see the aim of a ‘Smart City’ to
be ‘an icon of a sustainable and livable [sic] city.’ Their framework for characterizing smart city interventions
includes ‘people and communities’ as one of eight main components. From their literature analysis they find
that participation, partnership, quality of life and accessibility for people and communities are essential in
‘smart cities’. This is reaffirmed in the UNESCO Global Report on Culture for Sustainable Cities, Culture,
Urban Future: ‘The ‘smart’ word is unreliable and in danger of over-use. Becoming smarter means different
things to different cities, but there can be no smart city without smart citizens’ (Landry, 2016).

Figure 1–4: Case study locations (left to right, top to bottom): Church Square, Old Government Printers and
Old Synagogue together formed part of the Re-centring study; Westfort Village was the focus of the second
case study. (All by authors, except the Old Synagogue: P Mathews).
In this context, our perspective is that ‘accessibility’ should not only be understood as ease of movement or
transport. It relates to a sense of belonging, spatial justice and social agency of the individual and community
as well. Therefore, a precondition for creating ‘smart’ cities is that they are co-created by citizens. This
requires 'access to heritage' be acknowledged as a human right. This perspective resonates with the
European Framework on the Value of Cultural Heritage for Society (Council of Europe, 2005).
Batar and Chandra (2017) take an even more social perspective in their analysis of the dense Indian cities
with its high rate of urban poor. They conclude that a greater complexity is required in addressing smart
cities and a sustainable built environment than only that presented by the use of ICT and energy alone. They
conceptualise SSC’s as consisting of four infrastructural pillars: institutional, economic, physical and social,
respectively. Employment and quality of life are added as other relevant elements in their model. The
observations of Batar and Chandra regarding the smart city and sustainable development, as well as their
plea for inclusive urban planning are not only appropriate to India. They are also highly relevant in South
Africa and other parts of the world. We need to promote inclusive and pro-poor urban planning that can
provide access to jobs, shelter, services and infrastructure, on the one hand, while on the other hand,
considering heritage conservation and environmental preservation as collective interests.
Similar observations apply for the more familiar concept ‘sustainable city’ and its diverse interpretations in
urban planning and public governance theories and practice. Here the work of Joss (2015) is instructive. He
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notes that the original emphasis on urban ecology and public engagement has now been followed by 'more
technology-focused, business-oriented and management-driven approaches to the sustainable city in many
more recent concepts and initiatives'. He resonates with Lehmann (2010), who formulated 15 new holistic
principles for ‘Green Urbanism’, advocating for a ‘better land-use planning to reduce the impact of urban
areas on agricultural land and landscape; to increasing urban resilience by transforming city districts into
more compact communities and designing flexible typologies for inner-city living and working and addresses
heritages [sic]’. He underlines that it is ‘incumbent on city councils to protect the city by developing a master
plan that balances heritage with conservation and development’ (Lehmann, 2010).
In the same way, ‘urban resilience' has been adopted and explored as a new framework of reference in
which co-creation is an important element as a means to promote holistic thinking and meta-governance
orientation across different departments of cities (Calvocoressi, 2014). Maintaining social and ecological
diversity is a major target. To this we would like to add ‘cultural diversity’ as expressed by both the living
practices and the 'chrono-diversity' of the urban fabric and heritage as evolved over time in the built
environment.
The UNESCO Recommendation on the Historic Urban Landscape of 2011 (HUL) is a tentative response to
these challenges. It attempts to reconcile 'hard' and 'soft' issues through sustainable planning and design
interventions in the existing built environment. This holistic approach has a broader scope than the classical
preservation approaches for the urban fabric, achieved by extending its focus to 'intangible heritage, cultural
diversity, socio-economic and environmental factors along with local community values' (UNESCO, 2011).
This perspective posits that the relationships reinforced by intangible heritage values and other mental-social
systems determine how communities view and utilise natural and human resources, including buildings and
ensembles. These considerations go beyond merely economic values (Jigyasu, 2015).
The reuse of extant fabric, either in situ or through processes of recycling, is one of the approaches of
sustainable processes. The Preservation Green Lab at the National Trust for Historic Preservation has
conclusively addressed the argument for the environmental value of building reuse, at least in the context of
the USA. Their assessment compared new-build to the in situ reuse of extant buildings (a sampling of six
building typologies ranging from single family homes to commercial offices and warehouse conversions and
elementary schools) in a Life Cycle Assessment over a 75-year period. They included four environmental
impact categories: climate change, human health, and ecosystem quality and resource depletion. The study
concluded that as much as 80 years of operations are required before new-build overcomes the climate
impact of its construction, and that rehabilitation creates 50% more and better-paying jobs than new
construction for residential buildings (Preservation Green Lab at the National Trust for Historic Preservation,
2011). Such conclusions cannot be ignored. They should receive wider attention in sustainable development
in relation to cultural resilience and waste reduction in all parts of the world.

3. Urban redevelopment in South Africa
In the twentieth century South African cities were moulded on the Functionalist industrial city model, just as
many others in the world. However, their current form is also a result of far-reaching Apartheid segregation
policies. This has resulted in a persistent urban segregation model, well described by Chipkin (2008). This
enduring unjust spatial system, imprinted by a long period of social and racial segregation, complicates the
transition of South African cities from the historic ‘industrial city’ into the post-industrial ‘smart’ city.
Thirteen years after South Africa’s transition to democracy it could be concluded that the post-Apartheid
period had not ‘…resulted in a co-constructed vision of how to identify, access, share, understand, interpret
and present historical meaning that is resident in the various heritage places around the country’ (Bakker,
2007). This remains the status quo, leading to sometimes violent activism, such as for instance the
‘#RhodesmustFall’ movement (Pather, 2017). Identity and ‘sense of place’ are important ‘soft’ aspects of
sustainability (Nasser, 2003; Spiekermann, 2010) and viable urban systems (Peres & Du Plessis, 2014b),
but they also create tensions due to their sometimes-negative associations with, for instance, suppression
and exclusion. As Ashworth et al. (2007) argue, the new South Africa needs a new official heritage narrative
to reconcile minorities, it needs to pluralise the past, and it needs to also utilise the heritage of the Apartheid
era to reflect and express the new rainbow nation idea. This calls for a co-creation that spans time.
However, the question arises whether the model of co-creation by citizens can be established in South
Africa, where a large portion of the population was historically excluded from any form of agency in the built
environment. Various authors, including Du Plessis (2011), have argued that models for sustainability based
on European models cannot be applied directly to non-European cities. The same goes for standard
European strategies aimed at urban heritage conservation and reuse. They require carefully reconsideration
before possible implementation in South African contexts.
‘Smart City’ thinking too cannot be transposed one-on-one. The conceptualising of the ‘Smart City’ has been
heavily influenced by the ideas of Richard Florida and the strategic role he postulated for a new emergent
social grouping he called the ‘Creative Class’ – knowledge workers, intellectuals and artists – in urban life
and city renewal (Florida, 2002). The ‘Creative Class’ is prioritised in ‘Smart City’ thinking in, for instance, the
indicators used to define ‘smart’-ness: the level of qualification of citizens liked to their affinity to life long
learning, their innovative entrepreneurship spirit. The endeavours of these ‘global citizens’ are supported by
local and (inter)national accessibility, well developed ICT-infrastructure and cultural facilities and touristic
attractiveness (Giffinger & Pichler-Milanovic, 2007). However, in a recent reassessment Florida himself now
warns that this approach has led to mono-cultural gentrified cities where segregation is deepening and
inequality is increasing – ‘the central crisis of our times’ (Florida, 2017). South African cities are also
undergoing similar processes (De Beer, 2014), often referred to as ‘gentrification’. A counter current is
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emerging and a grass-roots organisation as ‘ReClaim Cape Town’, for instance, now forms a clear and
present political force in that notoriously gentrifying city (Deklerk, 2017).
South Africa has now entered a new ‘post-post-apartheid’ era where divergent interpretations of history and
meaning are a divisive force (Shepherd & Ernsten, 2017). Modulating the built heritage of the city is more
than ever hampered by the un-‘smart’-ness of related mental-social associations, or meanings. Four
strategies offer post-colonial societies the means to deal with buildings associated with a contested past:
renaming, neglecting, removing and using (Henderson, 2001). In South Africa, renaming does not go far
enough to re-code associations (Ashworth et al., 2007). Because using/reuse is the most viable and
sustainable option for socially subsuming a contested past and its physical residue, re-programming of the
historic areas is crucial. Vacant buildings particularly are strategic assets in the re-visioning and the
subsequent remodelling of Tshwane as SSC.

4. Tshwane and its pluralist legacy
The ever-growing urban form of Tshwane and its identity are the result of an intertwinement of natural and
cultural elements. These are essential for the unique senses of place, both positive and negative, as the
administrative capital of South Africa. Tshwane was founded as the capital of the independent South African
Republic (ZAR) under the name of Pretoria. It grew from the mid-nineteenth century ‘kerkplaats’ located at
the current Church Square. This monumental square, with its two crossing axes, is not only a transportation
hub, but also an important public place. Church Square is marked by the tangible heritage of the ZAR-period
buildings and the Kruger memorial. It has witnessed many public activities and is full of diverse, if not
controversial, connotations generated by its dense history of use, which still continues. Many of these
connotations are heavily linked with the origin of the ZAR and its exclusionary political and cultural
ambitions. Since the city’s founding, subsequent regimes have exercised discriminatory and oppressive
segregationist policies, culminating in the 1970s–1980s High Apartheid. This is expressed most visibly by
the ‘Monumental Nationalist’ skyscrapers (Clarke & Fisher, 2014) that today still dominate the city’s skyline.
The oppressive Apartheid segregationist legislation was repealed in the early 1990s, paving the way for the
1994 transition to democracy. Private capital had already been slowly withdrawing from the city centre to
suburban nodes from as early as the 1980s. After the dismantling of spatial segregation laws in 1991, the
city centre was all but abandoned by private capital; followed to an extent by government itself (Clarke &
Corten, 2011; Peres & Roos, 2015). Those communities who historically had access to power structures and
could therefore mould their own environments effectively abandoned the city, leaving a void. Post-Apartheid
sprawl created vast new mono-functional suburban neighbourhoods that have continued to reinforce preApartheid spatial divides and inequality (Harrison et al., 2014; Mabin & Smit, 1997; Gauteng Provincial
Government Planning Division, 2015). In fact, one could view the effects of the repeal of the segregationist
polices on the system of segregation as a ‘pulse-disturbance’ type ‘disaster’ as defined by Peres and Du
Plessis (2013). The bounce-back and subsequent persistence of post Apartheid spatial segregation for close
to 25-years proves that this dysfunctional system needs to be acknowledged as a highly resilient, yet
maladjusted spatial system in need of transformation (Figure 5).

Ethnicity
Black
Coloured
Indian
White
Figure 5: Spatial segregation and urban sprawl: the City of Tshwane in 2011 (Compiled from: Statistics
South Africa (2017).
4.1. The Re-Centring Tshwane Laboratory
City centres typically contain high concentrations of heritage places. The historic core of Tshwane is no
exception. One problem is that some of these buildings are (partially) vacant, also around Church Square. In
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geographical terms, Church Square might lie at the very centre of the inner city (Figure 6), but in socioeconomic and physical terms it needs to be reconnected with the mental-social realities of the inhabitants.

Figure 6: Mapping the social and institutional structures in the urban fabric of the city centre (M Degenaar).
The inner-city lacks spatial justice (Mbokhodo, 2015) and is permanently contested. There is a battle
between local authorities, private developers, slum landlords, civic organisations, resident groups, landless
groups, informal traders, drug pushers, and drug users all wanting to appropriate inner-city space for their
own purposes. (De Beer, 2008)
Most of the recent inner-city private investment in Tshwane focussed predominantly on remodelling disused
office space as highly controlled low-income rental residential space (Clarke & Corten, 2011). Government
commitment to the inner city brought large-scale redevelopment projects of late, but these have failed to
address the public space in such ways that it engenders participation, place making or a sense of belonging.
Most extant buildings of Tshwane often still carry meaning that reminds of an oppressive past, and now form
the stage of a slow smouldering battleground. Yet, they potentially have the capacity to be rehabilitated in
the minds of citizens by means of thoughtful re-programming and re-telling of their ‘building-biographies’. In
other words, there is a great need for recognition of the pluralist legacy of ‘Pretoria’ and reconnecting it to
‘Tshwane’, the capital of South Africa. The renaming of the city was just a first step in a long process to
develop an inclusive urban environment, vessel of a place-anchored cultural resilience.
The Re-Centring Tshwane Laboratory, conducted in 2014, has been well described in the publication Recentring Tshwane: Urban Heritage Strategies for a Resilient Capital (Clarke & Kuipers, 2015). Three
historically significant sites, Church Square, the Old Government Printing Works and the Old Synagogue –
the latter two vacant – were investigated as corner stones of the urban fabric in the Capital for their potential
for adaptive reuse.
All three are valorised heritage places, but the investigation took the stance that this did not determine their
potential for a sustained use in the future. As prescribed by the 2011 HUL approach, function-oriented
strategies of adaptive reuse as part of an integrated urban planning were promoted. Resilient thinking
extended the theoretical basis for testing the tolerance for change from both heritage and design
perspectives. The retention of heritage fabric was not the major aim. Rather, the Laboratory investigated the
contribution extant fabric can make to engender sustainable community in a resilient, inclusive and liveable
city. These sites are an integral part of the DNA of the city and all hold potential to foster economic
development and social cohesion by accommodating (semi-)public functions. Each provides different
opportunities, but these require different approaches:
•

Evolutionary adaptation: the Old Government Printing Works (GPW) is a rare example of an early
industrial heritage site in the centre of the city. It consists of a series of connected pavilions, all with
an elegant hybrid structure and spacious well-lit interiors. The GPW was innovative at its time of
construction (1890s) for its incorporation of various passive ventilation systems. These systems with
their characteristic elements can be adapted and incorporated into contemporary strategies for
energy reduction. The complex has a great potential for accommodating a mix of cultural, civic and
commercial activities (Figure 7). These can unlock the embodied cultural energy and support social
cohesion in various ways by means of well-considered architectural interventions. In keeping with
the story of place as facility for dissemination of information, a re-programmed GPW can function as
open public interface. This will recharge the GPW with new cultural energy in service of the
inhabitants of the city centre.
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Figure 7: Reprogramming the Old Government Printing Works for civic use (M Degenaar).
•

Careful Transformation: Church Square has a strong spatial structure, defined by a combination of
institutional buildings, public green space and it serves as transport node. It now requires a redesign due to changes in the demographic of its users and the partial vacancy of the surrounding
buildings. The open nature of the heart of the Square is an important asset to maintain as a public
place and meeting point, just as is the visual axis between the Old Raadsaal and Palace of Justice.
A re-design as a responsive landscape can enhance the public dignity of the Square and assist in
addressing the urban heat island effect. Multiple uses of the public space must be accommodated.
In a transformation design, pedestrian movement has to take precedence over vehicular movement.

•

Nurturing: The Old Synagogue can be construed as the site in Tshwane with the most culturalheritage value relevant to a post-Apartheid paradigm. Because it has been mothballed and fenced
off for decades, its presence in the collective community memory of the city has diminished. Yet its
physical fabric is the vessel that contains priceless meaning. The multi-vocality of the Synagogue as
a place with a pluralist past has latent potential as a place for healing if re-programming for publiccivic uses will be established. Such reuses can underscore the presentation of the ‘Struggle against
Apartheid’ (interpretative memory), the principles of democracy (active engagement through
community) and reconciliation (dialogue, education, culture).

4.2 The Challenge of Westfort Village
Westfort Village was constructed as a leprosy colony from the late 1890s onwards, then 10km outside the
city limits. Over time the site was further developed and reaching the zenith of its built form in the 1960s. The
facility was closed down and mothballed in 1997. Since then it has been informally appropriated and become
a place of refuge for the economically marginalised, providing solid but very basic accommodation in close
proximity to the opportunities the city holds.
The former colony today presents an image of randomness and incongruity, lacking in spatial relationship
and structure. For the uninitiated, the only structuring lies in the system of rectangular courtyards around
which much of the housing is located. Closer inspection, however, reveals a rich spatial syntax based on a
specific understanding of the original functional and architectural requirements to generate a salubrious
environment, and clear ideas on place making. The logic of the village was informed by studies of historic
precedent and then contemporary practice, brought into dialogue with cultural and geomorphic informants.
Time has caught up with this place where, for so long, time has stood still. The ever-expanding sub-urbanity
of Tshwane is now growing over the spatial divides that separated the formerly racially designated western
suburbs of the city: the ‘White’ Danville, ‘Indian’ Lotus Gardens and ‘Black’ Atteridgeville. What once was a
village, isolated in a sea of grass, now is threatened to become an island isolated in a sea of urban sprawl.
Today the village is poised for a transition, but it remains unclear what the future holds.
In recent years a number of proposals have been put forward for the site (Saccaggi & Delport, 2015); for
instance, for a casino, high-end hotel and shopping mall (Ngobeni, 2000). Current planning proposals show
low-density housing reaching right up to and into the territory of the former institution. In these plans the built
areas of the institution are zoned as ‘Special’, a rather ubiquitous term, allowing for possible uses ranging
from high density residential to offices and other institutional functions. Curiously these plans also propose
green spaces outside the territory of the village, ignoring the extant green spaces contained therein. This
indicates an inability of planners to strategically marry the distinctive, but unusual qualities of the former
institution with current development plans. The needs and wishes of the current residents are not
accommodated either. This plan also includes attempts to stitch Westfort into the larger urban fabric through
new roads-infrastructure. This will delete its historically created isolation and weaken the identity of the
place. Such an approach ignores the value of the place as an integrated cultural landscape; a
conglomeration of ideas and events as an extended palimpsest. By focusing only on individual buildings it
takes no cognisance of the spatial praxis of the former leprosy asylum, or the already present community
and the mental-social values they ascribe to the place.
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5. Celebrating paradoxes to shifting paradigms
The buildings of Westfort Village are vulnerable at a first glance. They are so decayed that they might easily
be bulldozed by the ignorant, but the story behind the history of the leprosy colony and its heritage is
significant and can serve as real incentive/vector for sustainable development that has impact beyond the
general scope of urban developers.
Sensitive mapping of tangible and intangible aspects of the heritage on a rich variety of observation-levels
from landscape to fabric, former and current-use, revealed a spatial organization with potential to address
current societal relevance and demands (Kuipers, 2015). Most notable was that, despite the history of the
village being well known among the inhabitants, this knowledge did not impede their sense of belonging.
Through mapping and involvement, the place-bound potentials, notably the possibilities offered by the strong
mental-social systems present in the resident community, were discovered. This realisation brings into sharp
focus the role of the intangible cultural energy contained in the physical fabric and its spatial relationships.
These can be extended by relating them to development strategies on a larger urban scale. At the same
time intelligent low-tech approaches were found to offer solutions to infrastructure and services challenges.
Data-finding, selection, reduction and interpretation underscored the values and discords present in the
village and assisted in distilling possible frictions and dilemmas. These in turn became the focus of
transformation frameworks that were developed as design scenarios for the future of the village. One of the
key emergent values, which at the same time presented a dilemma, is the physical and mental isolation of
the village. The isolation, a quality and a hindrance at the same time, allowed for a strong community, rooted
in the place to form, despite possible negative mental-social associations with its history.
This generated a paradox: the need to open up the village to the larger city while guarding the quality of
isolation. To address this problem, requires strategies that manage change through conserving and
connecting. The research questions that were formulated for the research-by-design process, focussed on
those aspects of the village and its community that manifest a resilient character. Diversity, modularity and
redundancy were discovered in abundance. Different strategies were developed to bolster and modulate the
resilience of the place. These show that a focus on embodied cultural energy can generate different
perspectives on how to deal with development of existing built urban fabric. Three approaches to extant
systems proved to be valuable in specific instances:
•

Modulating: extant built fabric evolution offers new use; for instance by linking this opportunitystarved community with a larger educational institution.

•

Buffering: cushioning the physical space structure as well as the associated fragile spatial qualities
against the fast approaching urban sprawl. The internal social and spatial systems do not contain
enough bounce-back resilience to survive unless clear, yet permeable, physical boundaries are
created.

•

Transformation: subsystems, enticing them to grow through novel new interventions, thereby
building present resilient qualities of extant social structures.

The Westfort Village case study clearly illustrates that dealing with the history of a place is not about the
past, but about the future from out the present situation. From that perspective, the existing should be given
a dominant position for a really smart approach. Deep understanding provides a roadmap for integral
creative planning. Such an approach has a good chance to generate a rich diversity of character in a
globalized world.
The case study also shows that dealing with people and community, requires addressing both their own
stories as well as the histories of their physical environment even when such history and its residue are
contested (colonial), are not very substantial, and the needs for future redevelopment are urgent. History
should in our view be recognised as an integral driver for smart and sustainable cities.
Heritage is not just the remains of the past; it conveys values and meanings that form part of our cultural
identity (Van Hees et al., 2014). Our cities and their rich variety of cultures and societies are characterised
by heritage. Listening to the stories of a place – the narratives and associated meanings – can help to qualify
and understand its significance and role for the communities. Valuing and characterising the human aspects,
or portraits of local places alert us to what people care about and where they sense that they belong. This
demands an alternative perspective on urban planning. The complexity of real understanding, as well as the
involvement of ‘unexpected’ cultural energy asks for different strategies for design. From the perspective of
urban planners, Westfort Village is a ‘wicked’ problem because of the ways in which associations, history
and cultural value stand in inherent contradiction to its physical reality. However, when seeing these
paradoxes as presenting richness and diversity, it becomes clear that a vast new area of the city – the urban
sprawl around Westfort – can potentially be enriched both culturally and socially by means of an inclusive
approach. This calls for non-linear and non-reductionist thinking by which plural value-based perspectives
inform community based planning and design processes.

6. Conclusions: The Resilient Qualities of Adaptive Reuse
By virtue of its persistence, heritage fabric and urban form – whether deteriorated or well maintained –
provides essential clues for understanding the broader system of social and environmental perturbations
that have affected it over time. The current transition from merely physical conservation strategies to creative
adaptation indicates a paradigm shift for the role of heritage in urban development (Peres & Roos, 2015).
Much has been learnt from past collaboration projects. These have resulted in interesting case studies on
community-driven place making. They have taught us that sustainable redevelopment requires an integrated
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approach with the allowance of continuous change. Connections to topical themes such as hardiness,
climate change, public space, sustainability, green planning etc. emerged as essential considerations for
successful interventions. Cultural practices – art, theatre, festivals, food etc. – are often used for so-called
‘urban place-making’ in urban renewal projects. Such strategies were employed in the Re-centring Lab,
where opportunities were investigated to bring back a sense of place and community in the city centre of
Tshwane. It is still a business district, but has lost much of its commercial shopping function. The student
projects of the Re-centring Lab all aimed at instilling the city centre with public places where people can root
their daily existence, create identity, mould their futures, etc.
This strategy does not apply to Westfort Village where the strong sense of place and the aims of the
community are the biggest assets of the place. This can eventually be seen as a hindrance to planners who
find their top-down approaches stymied by resistance from the already place-rooted inhabitants. Whereas
Westfort Village has social capital in abundance, being part of its cultural resilience, the city centre presents
another and more complex form of urban resilience, due to its strong physical infrastructure and dominant
heritage. The centre, through years of neglect has become a void for a vibrant city life; the little social capital
that exists is ineffective in generating long-term vital communities. Here a sense of belonging must be
allowed to root and grow. Daily use of the status quo presents a slow cycle. To speed things up, diversity of
use is required which in turn compels built fabric, the bricks and mortar, also to morph.
Building- and space vacancy provides the opportunity for morphing. Disrupting extant functional use requires
(misspent) energy. Where vacancy reigns, new use can fill a void and add robustness to urban social
systems, if this new use contributes to a diverse social, spatial and use-environment. New use can help to
overwrite old stories, enriching the meaning of place. New functions should be chosen strategically to nudge
extant resilient systems, which may not be socially sustainable, towards a more inclusive character. In that
sense vacant buildings are highly valuable civic assets. They offer most opportunity to increase functional
diversity in the city; an essential response to engender resilience (Peres & Du Plessis, 2014a).
The Re-centring architectural projects aimed to collapse pre-extant dysfunctional but resilient social systems
of meaning (associations with oppression, segregation and, since the transition to democracy,
abandonment) through adapting built fabric to new use and thereby engendering new meaning. In the case
of Westfort Village, the student projects sought to transform a core characteristic of the place: turning the
intention of the isolation from an exclusionary to an inclusionary one. They built on the resilience of the social
system through modulating the built fabric and its emergent qualities. Equally important was their concern to
include low-tech solutions, ‘nurturing’ opportunities such as education facilities, and urban farming.
The disruptive social-spatial systems of Apartheid segregation have generated persistent mental-social
associations, which are proving to be highly resilient systems-of-association. These hinder a ‘smart and
sustainable’ urban future for the people of Tshwane. The case of Westfort Village shows that these
associations can be disrupted and recoded without formalised architectural intervention, but to develop this
process further, adaptive strategies are required, as specifically evidenced in the case of the GPW. The HUL
approach offers an essential mechanism to engender multi-disciplinary and community driven
methodologies. The focus on community is essential. Such methodologies must be in line with those
physical aspects of a place that have ensured that it endured for the length of time that it has. However, in
order to affect positive change, the ideals of result-driven processes – such as sustainability, smart cities and
heritage stewardship – require a locally interpreted values-based modulation to have effect.
Specific topics have emerged that offer additional collaborative research opportunities, including:
•

ecosystemic driven perspectives on the built environment, engendering growth through adaptive
change instead of disruptive demolition and new build practices;

•

holistic perspectives on integrating continued built heritage reuse and urban (re-)development;

•

cultural resilience and embodied cultural energy;

•

critical reflections on current processes to make cities smart and sustainable from a cultural
(historical) perspective;

•

the (sometimes) latent, potential role of heritage as a regenerative urban force in culture-conscious
urban strategies, specifically related to community, identity, contestation and appropriation;

•

engendering inclusion though generative community-based design processes;

•

material preservation and restoration approaches based in skills-based and high-tech technologies;

•

lessons from built heritage climate strategies for climate appropriate design and indoorenvironment
and health.

In conclusion, awareness of cultural resilience and reuse of extant buildings have become crucial assets for
the SSC. The future of the sustainable city lies in intelligent adaptation of the building stock and urban fabric
rather than in demolition. This implies a paradigm shift, which calls for a broadening of heritage practices,
and the acknowledgement that interventions will not be sustainable without community participation.
The issue of reuse is even more challenging in the South African context, where the past has bequeathed
the present with a heritage that is contested and serves as a reminder of an unjust past. These challenges
may have macro historic causes but our view is that they can only be addressed by allowing for values to
modulate mental-social relationships on the micro-individual level through every-day experience. Heritage
thinking itself needs to become an essential informant for the SSC, because it reveals the values of the
existing on all levels of scale as vehicle for developing an inclusive future.
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Abstract
In 2015, the Millennium Development Goals (MDGs) were replaced by the Sustainable Development Goals
(SDGs), which represent international consensus on actions that must be implemented to achieve
sustainable development. The goals are presented in broad terms and have not been translated into specific
actions that can be achieved within different economic sectors. The interpretation of SDG goals into practical
sector specific actions will be crucial in ensuring that these are achieved.
At the 21st Session of the Conference of the Parties to The United Nations Framework Convention on
Climate Change (COP 21), the parties reached a landmark agreement during December 2015 on global
climate change aiming to limit the increase in global average temperature to well below 2°C above
preindustrial levels. The implementation of the Paris Agreement by the signatories will determine the
success of COP 21.
This paper reviews Tshwane’s spatial development policies, i.e. Metropolitan Spatial Development
Framework (MSDF) and Regional Spatial Development Frameworks (RSDF) to determine the sustainability
of the current urban densification model to support the Bus Rapid Transit (BRT) system in Tshwane.
In particular, this paper aims to ascertain the extent to which densification and the BRT contribute towards
resilience and sustainability and evaluate the City of Tshwane’s response towards the SDGs and COP 21
given the city’s socio economic realities.
These built environment implications are compared to Tshwane’s Metropolitan Spatial Development
Framework (MSDF) and Regional Spatial Development Frameworks (RSDF) to establish alignment. An
analysis of this relationship is used to identify gaps and make proposals in terms of how these gaps may be
addressed. Finally, the paper critically reviews the methodology and findings of the paper in order to
ascertain the value of the study and make recommendations for further research.

1. Introduction
In 2015, the Millennium Development Goals (MDGs) were replaced by the Sustainable Development Goals
(SDGs), which represent international consensus on actions that must be implemented to achieve
sustainable development. The goals are presented in broad terms and have not been translated into specific
actions that can be achieved within different economic sectors. The interpretation of SDG goals into practical
sector specific actions will be crucial in ensuring that these are achieved.
At the 21st Session of the Conference of the Parties to The United Nations Framework Convention on
Climate Change (COP 21) the parties reached a landmark agreement during December 2015 on global
climate change aiming to limit the increase in global average temperature to well below 2°C above
preindustrial levels. The implementation of the Paris Agreement by the signatories will determine the
success of COP 21.
This paper will explore the resilience and sustainability of the current urban densification model to support
the Bus Rapid Transit (BRT) system in Tshwane. Densification is confined to a specific area along the route
to ensure maximum patronage of the system. When zooming out and applying a macro view of urban
development, sustainability is defined by specific global protocols that require cities to adapt a radical new
development model. Most notable among these protocols are the Paris Agreement, the Sustainable
Development Goals and the New Urban Agenda.
1.1

Publication

The Smart Sustainable Cities & Transport Seminar organizer is permitted to include the full abstract in the
book of abstracts and include the full paper in the Proceedings to be published in an electronic proceedings
document.
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2. Research Framework
The objective of the study is to understand the resilience and sustainability of the current urban densification
model to support the Bus Rapid Transit (BRT) system in Tshwane as prescribed by Tshwane’s spatial
development policies, i.e. Metropolitan Spatial Development Framework (MSDF) and Regional Spatial
Development Frameworks (RSDF). This relationship is critically analysed in order to propose ways that the
framework can be enhanced to improve its alignment with the SDGs and COP 21. The research questions
therefore are as follows:
a.
b.

Define the spatial implications of the Sustainable Development Goals and Paris Agreement.
What is the contribution of Tshwane’s spatial policies towards resilience and sustainability?

The methodology followed in the study can be defined in five phases. First, a literature review of the
Sustainable Development Goals, Paris Agreement and Tshwane’s spatial development policies is
undertaken. Second, an analysis is undertaken of the relationship between the Sustainable Development
Goals, the Paris Agreement and Tshwane’s spatial development policies (MSDF and RSDF). Third,
proposals for enhancing the alignment between the Sustainable Development Goals, the Paris Agreement
and Tshwane’s spatial development policies (MSDF and RSDF) are made. Fourth, the study is critically
reviewed and discussed. Fifth, conclusions and recommendations are developed.

3. Literature Review
The Literature Review briefly introduces and summarises the following planning documents used by the City
of Tshwane; the Metropolitan Spatial Development Framework (MSDF) and Regional Spatial Development
Frameworks (RSDF).
3.1

Tshwane Policies

The objective of the policies is to spatially focus economic and infrastructure development, to give spatial
expression to the development plans and to indicate where and how land use applications will be approved.
3.1.1

Metropolitan Spatial Development Framework (MSDF).

The Metropolitan Spatial Development Framework (MSDF) represents the spatial interpretation of desired
growth and development directions for the City. (City of Tshwane, 2012). It spatially focuses economic and
infrastructure development and gives spatial expression to the City’s development plans for the long-term
and for the medium term.
The Spatial Vision of the MSDF for the City:
•

Sustainability:

•

Competitive:

optimal use of land through densification, infill and consolidation.
strategic investment in infrastructure focus areas targeting broad-based
economic growth;

•

Resilience:

3.1.2

innovation and adaptability, maximizing spatial opportunities.

Regional Spatial Development Framework (RSDF).

The MSDF lays the foundation for the development of specific strategies to support the implementation of
the MSDF. The RSDF’s apply these strategies on a regional scale and interpret the strategies on a spatial
level. (City of Tshwane, 2013)
The RSDF’s are the spatial representation that translates vision into tangible spatial development projects.
Compaction and densification are core principles aimed at transforming the historical low density segregated
development pattern into dense compact urban form along public transport routes. (City of Tshwane, 2013)
Densities along the BRT route.
The RSDF proposed drastic densification along the routes, with high densities close to the stations, and
declining densities further way. Densities to be applied:
•
•
•
3.2.

Less than 500 m walking distance from a station: 200 units/ha
Between 500 m and 700m walking distance from a station: 120 units/ha
More than 700 m from a station: 80 units/ha
Sustainable Development Goals (SDGs)

The United Nations approved the SDGs as a guide to countries to end poverty and hunger and to ensure
that all people can fulfil their potential in dignity and equality and in a healthy environment. These goals aim
to protect the planet from degradation and take urgent action on climate change. The objective is to ensure
that all people can enjoy prosperous and fulfilling lives and that progress takes place in harmony with nature.
(United Nations Development Programme, 2015). The future depends on peaceful, just, and inclusive
societies that are free from fear and violence. The SDGs can be summarised in five broad themes:
•

People:

Goals 1 to 5 end poverty and hunger, achieve food security, ensure healthy lives,
inclusive quality education and gender equality;
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•

Prosperity:

Goals 6 to 10 clean water, renewable energy, employment, reduce inequalities;

•

Planet:

Goals 11 to 15 sustainable cities, climate action, life below water, life on land;

•

Peace:

Goal 16 peace and justice;

•

Partnership:

Goal 17 global partnership.

3.3

Paris Climate Change Agreement

The Paris Climate Change Agreement, adopted on 12 December 2015 by the 195 countries in the United
Nations Framework Convention on Climate Change (COP 21) is being hailed as a historic achievement in
tackling climate change. The Paris Agreement has put the whole world on course for strong and decisive
action to rapidly reduce greenhouse gas emissions, and to help all nations build a truly sustainable future for
citizens everywhere. (United Nations Framework Convention on Climate Change, 2015).
The Paris Agreement has three fundamental aims to building a sustainable future:
•

hold the increase in global average temperature to well below 2°C above preindustrial levels, and pursue
efforts to limit this to 1.5°C

•

increase the ability to adapt to climate change impacts and foster climate resilience and low greenhousegas emissions development, without threatening food production

•

establish means of finance to achieve these goals

4. Critical analysis of the implications of the Sustainable Development Goals (SDGs) and
Paris Climate Change Agreement for spatial planning.
4.1

Analysis of the Sustainable Development Goals (SDGs)

The focus of this paper will be set on 2 SDGs, i.e. Goals 1 and 11.
NOTE: The tables provide a synopsis of SDG 1 and 11. - Targets and indicators have been summarised.
Table 1: Sustainable Development Goal 1
SDG 1

TARGET

Spatial Planning Implications

1.1 By 2030, eradicate extreme poverty for all people
everywhere, currently measured as people living on less
than $1.25 a day
Goal 1.
End poverty in
all its forms
everywhere

1.4 By 2030, ensure that all men and women, in
particular the poor and the vulnerable, have equal rights
to economic resources, as well as access to basic
services, ownership and control over land and other
forms of property.
INDICATOR
1.b Create sound policy frameworks at the national,
regional and international levels, based on pro poor and
gender sensitive development strategies

Create an affordable city for the poor
by:
•
People centred planning
•
Affordable housing in business
nodes
•
Urban Agriculture projects in
residential areas
•
Schools, clinics per suburb
•
Old age care facilities
•
Disability friendly city
•
Youth development
•
Reduced distances eliminate
need to travel – decentralise
municipal amenities

(Adopted from United Nations Development Programme, 2015)
In practical terms the SDGs imply that cities have to provide affordable housing options within the business
nodes. This can be achieved by incentivising consolidated residential developments along major public
transit routes, i.e. BRT route, in order to promote inclusionary & social housing projects accessible to public
transport. The property sector is dependent on manual labour therefore property development has to be
promoted to alleviate unemployment in the city. Manual labour projects such as waste pickup, cleaning of
the city and waste recycling will contribute towards a sustainable city.
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Table 2: Sustainable Development Goal 11
SDG 11

TARGET

Spatial Planning Implications

11.1 By 2030, ensure access for all to
adequate, safe and affordable housing and basic
services and upgrade slums
Goal 11.
Make cities and
human
settlements
inclusive, safe,
resilient and
sustainable

11.2 By 2030, provide access to safe,
affordable, accessible and sustainable transport;
11.3 By 2030, enhance inclusive and
sustainable urbanization and capacity for
participatory, integrated and sustainable human
settlement planning and management in all
countries
11.6 By 2030, reduce the adverse per capita
environmental impact of cities, including by
paying special attention to air quality and
municipal and other waste management

Create a sustainable city by:
Participatory community planning
Plan for natural disasters
Promote local building material industry –
eliminate imports
Spatial polices have to promote
developments / investments
Create a development facilitation culture
within city
Stronger action against ad hoc informal
settlements – informal settlements to
adhere to spatial policies.

(Adopted from United Nations Development Programme, 2015)
4.2 Critical analysis of the spatial planning implications of the Paris Climate Change Agreement
The key elements of the Paris Climate Change Agreement are reflected in the table below. The Paris
Climate Change Agreement aimed to strengthen the global response to the threat of climate change, in an
effort to eradicate poverty and to stimulate sustainable development.
Table 3: Paris Agreement
Paris Climate Change Agreement

Spatial Planning Implications

Article 2

limit the increase in the global average temperatures
well below 2.0° C
adapt to the adverse impacts of climate change and
promote climate resilience and low carbon emission
developments;

Article 4

prepare nationally determined contributions
pursue domestic mitigation measures to achieve the
contributions

Article 7

adapt to climate change, i.e. engage in adaptation
planning processes and in the implementation of
adaptive actions

Article 11

climate change education, training, public awareness,
public participation and public access to information

Transform electricity generation –
phase out coal and adapt to solar and
wind energy.
Transform city transport – move
towards low carbon public transport
City determined contribution
Carbon emission zonings
Green building precincts
Green Building Codes
Circular Building Industry
Protection of Ecosystems
Reduce work – home distance
Incentivise development in townships
Carbon emission tax
New spatial norms and standards –
densifying cities, improving transport,
locating jobs where people live.
Public awareness – education and
training programmes
Community education
Neighbourhood participation

(Adopted from the United Nations Framework Convention on Climate Change, 2015)
The 2-degree Celsius threshold is of crucial importance to the continued existence of humanity. Christiana
Figueres, interviewed by CBS News, stated that the world would be “moving into dangerous zones of abrupt
interruptions to our economy, to our livelihood, to our infrastructure that frankly we wouldn't even know how
to deal with." (Mastroianni, 2015).
The 2°C limit is a tipping point in the Earth’s climate system and once exceeded will lead to, amongst others:
rise in sea level, increased extreme weather events, reduction in food production, water scarcity, geopolitical
instability and a deterioration in human health. (ClimateWorks Australia, n.d.) The main drivers of urban
greenhouse gasses are coal fire electricity generations, vehicle emissions, industries and buildings.
(Dodman, 2009). Cities are challenged to transform their energy, transport and industrial sectors to adapt to
renewable energy and public transport.
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Spatial planning is a critical instrument to curbing carbon emissions. Traditional spatial planning policies and
practices have to be adapted to accommodate eco-cities, green building codes, green zoning, and circular
building industry. Raising public awareness – community education and training programmes and
establishing neighbourhood participation programmes are the essence of adaptation to climate change.
4.3 Critical analysis of Tshwane’s spatial policy implications on resilience and sustainable
development
Table 4: Spatial Policy Implications
Tshwane Policy

Implication

Densification along BRT route

Densification within a 1 km wide corridor along
BRT route;
Densify at BRT stations

Distance from BRT route influence densities
500m = 200 units / ha
700m = 120 units / ha

Compact residential units
Exponentiation of hard surface area
Redevelopment of individual erven
Erven not consolidated
Continuation of current urban form at higher
density
Dependent on city’s service networks
Individualist society
Environmental degradation
Result is high carbon intensive developments
sustaining a linear city

Resilient / Sustainable Development
Higher Density, Diverse Community, Mix uses
Pedestrians First – walking a priority
Public Transport
Natural systems – air, water, climate
Waste recycling and reuse
Local sources – urban agriculture
Engaged communities
Durable Life Safety and Critical Infrastructure Systems –
water, energy and emergency services
Resilient building types and urban forms – low maintenance
and operations

Adaptive to climate change
Respond to disasters
Environmental integrated services
Social cohesion
Community participation
Circular industry development
Urban Health
Result is low carbon developments promoting a
circular city, e.g. Amsterdam

The objective of Tshwane’s densification along the BRT route is to curb urban sprawl, to create a compact
city and to make public transport accessible and efficient. The policy establishes a linear, high value,
compact, public transit corridor. The area outside this corridor remains as a traditional suburb, consisting of
individual dwelling houses dependent on private transport.
The expectations of the SDG’s and Paris Agreement are integrated, diverse, low carbon communities that
are resilient and sustainable. That implies a radical change to the current urban development model, i.e. high
density segregated living, towards connected communities living in balance with nature. What is required is
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the conversion of current suburbs into residential “estates” i.e. variable densities, pedestrian connected
areas, accessibility to public transport.

5. Findings and Discussion
The objective of the study was to understand the relationship between Tshwane’s spatial development
policies, i.e. Metropolitan Spatial Development Framework (MSDF) and Regional Spatial Development
Frameworks (RSDF) with the Sustainable Development Goals and the Paris Agreement. A critical analysis
of the spatial development frameworks revealed several ways to improve alignment with the SDGs and the
Paris Agreement.
The spatial transformation of South African cities is a critical issue at present. Various voices call for land
redistribution and redress of imbalances of the past. Tshwane’s spatial policies create an expectation to the
effect that historical segregated development patterns will be eradicated. Sprawl will be eliminated and the
city will become a compact unit, providing residential opportunities along a quality public transit system.
Reality, however, paints a different picture, as illustrated in a very simplistic analysis.
The question, however, is: “Who will live along the BRT route?” and “For whom do we really plan?”
A very rudimentary analysis of the Private Property website reveals that the asking/selling price of residential
units in Menlo Park and Lynnwood varies between R1 700 000 and R3 200 000 for a 2-bedroom unit.
Census 2011 reported that 52 398 households in Atteridgeville, Eersterust, Ga-Rankuwa, Hammanskraal,
Mabopane and Mamelodi had no income, the majority of households (60 135) in these areas reported an
income of between R 19 601 and R 38 200 per annum, while 52 986 households had an annual income of
between R 38 201 and R 76 400. (Statistics South Africa, 2012)
From this very simplistic analysis, it is clear that affordability of Menlo Park and Lynnwood is out of reach for
the average resident living in the townships at present. Menlo Park and Lynnwood have been selected for
this analysis due to their close proximity to the University of Pretoria and employment opportunities in
Hatfield and the Menlyn node.
The implication of SDGs is to create a sustainable city by integrating people, planet, prosperity, peace and
partnership principles into city visions, spatial policies and development frameworks. The SDGs are not
limited to nodes and precincts or to townships and informal settlements. The objective is to stimulate human
development within an integrated low carbon city.
Sustainable development should not be limited to high density development along a public transit route or
formalising of an informal settlement as a result of apartheid planning. A sustainable urban development in
terms of the SDGs incorporates affordable housing, health, and education (people), water, ecosystems
(planet), employment, economic development (prosperity), security, inclusive societies (peace), and
collaboration (partnerships).
Spatial planning is an important element to curbing urban carbon emissions. Traditional spatial planning
policies and practices have to be adapted to accommodate eco-cities, green building codes, green zoning,
and circular building industry. Raising public awareness – community education and training programmes
and establishing neighbourhood participation programmes are the essence of adaptation to climate change.
It is critical for the success of the SDGs and Paris Agreement that these policies are integrated into local
spatial decision making. The adaptation required by the Paris Agreement has to be implemented in spatial
development frameworks at city level. This implies an understanding by municipal service delivery officials of
the implications of climate change on their city as well as knowledge of the SDGs and Paris Agreement in
their decision making.
There is, however, at present no connection between the spatial policies and the emission of greenhouse
gasses in the evaluation of development applications. Spatial policies focus on technical evaluation while
ignoring affordability, air quality, as well as the heat island effect caused by urban development.
In conclusion the following recommendations are made:
i.
ii.
iii.
iv.
v.
vi.

The SDGs and Paris Agreement should be integrated into Tshwane’s RSDFs and MSDF;
Detailed spatial implications of the SDGs and Paris Agreement should be developed for the seven
regions to address each region’s unique characteristics;
Land use development applications should be evaluated in terms of the SDGs and Paris
Agreement;
Urban planning and service delivery officials should be trained to implement the SDGs and Paris
Agreement in their work environments;
The City of Tshwane should initiate a public awareness campaign to inform and educate the public
to ensure that each resident understands the implication on his/her place of residence.
Restore humanity to urban development – foresee a city where both the wealthy and the deprived
can prosper.
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Abstract
Although more than half of the world’s population now lives in cities, this trend is expected to continue and
there is an increasing awareness of the need to move to a fully sustainable urban energy system, this
transition process is still significantly lagging behind in many places. The yield of many renewable energy
sources is directly related to the surface available for deployment. Because of this and the high density of
cities, urban planners face the difficult challenge of incorporating energy based planning in their practices.
The TU Delft method of Energy Potential Mapping provides the means to spatially quantify energy demand
and renewable supply in the built environment in a unified way. This paper presents three current research
projects that apply the EPM method in European cities: CELSIUS (smart District Heating and Cooling), Cityzen (urban transition strategies) and PLANHEAT (urban DHC planning toolset).

1. Introduction
Energy is space. In the post fossil fuels world to come, this basic tenet dictates the need to investigate the
relation between energy demand, renewable energy supply and their spatial characteristics. Living standards
increase, the majority of the world’s population now lives in urban areas, and both of these trends are
expected to continue in the decades to come. In order to cope with the associated high energy demand, the
high density of these areas means energy needs to be incorporated in urban planning practices.
The method of Energy Potential Mapping (EPM) (Broersma et al, 2013), developed at the chair of Climate
Design & Sustainability at the TU Delft faculty of Architecture and the Built Environment, provides the means
to spatially quantify sources and sinks in a unified way, thereby facilitating this integration.

S
L
At the basis of EPM is the relation between energy and space: as with urban energy demand
G itself,

2. Energy Potential Mapping
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renewable sources can vary greatly in availability and concentration depending on the local spatial
characteristics. Rules can however be defined that quantify these potentials.
base map

suitable areas
(per type)

fuel types/yield data

potential yield per
type per area

Figure 5 Basic EPM calculation for biomass (Fremouw, 2012)
A simple example is biomass (Figure 5): depending on soil, climate and agricultural practices, a certain yield
per hectare can be expected in the form of tons of wood, or litres of biofuels. These can subsequently be
converted into heat, motion and/or electricity, and therefore an energetic potential can be tied to an area
deemed suitable for production. In denser urban areas however, competing functions will result in more
complex calculations and because of the limited availability of space in cities, multiple land use may be a
prerequisite for some energy sources. For solar photovoltaic potential for example, the available roof space
will be the basis, and for wind energy the distance to risk objects (houses, gas pipelines, highways). The end
result however will be an amount of potentially harvestable energy per hectare per year.
For urban areas, this energy can be quantified in a small number of types (both demand and supply):
electric, fuels and thermal (heating and cooling). Although conversion between these types is possible (and
usually quantified as part of an EPM calculation), this unified way of presenting potentials makes it easier to
connect demand and supply potentials. Although strictly speaking fuels and electricity are not considered
‘useful energy’, final conversion of these two energy carriers is not building related, and therefore they are
included instead.
EPM supports the New Stepped Strategy (Dobbelsteen et al., 2012) of reducing demand, then considering
exchanging, cascading and storing opportunities and finally generating the remaining required supply
sustainably. The end result will be a series of demand categories and supply potentials, which can then be
used to formulate an energy based plan.
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Figure 6 EPM representation (Broersma et al, 2013)
Figure 6 is a schematic representation of the EPM principle. As the horizontal orientation in the figure
suggests, the intent is to make demand and supply meet in the middle, in order to facilitate urban energy
planning. On the left hand side, current use (usually related to energy carriers like natural gas) is derived to
calculate useful energy demand (Madureira, 2014), in order to remove technology specific conversion
losses. On the right hand side, spatial and technology characteristics are applied to arrive at defined supply
potentials. Both demand and supply are divided by the energy forms most common in an urban environment:
Heating, Cooling, Electricity and Fuels.
An example of deriving useful demand from final consumption figures is natural gas, frequently collected
remotely and transported through a large network to the end user. ‘Final consumption’ here does not
represent the required useful energy for indoor heating, as this is measured at the front door and conversion
to heat in a boiler incurs a subsequent energy loss. Furthermore, as a percentage will be related to cooking,
this needs to be subtracted from the initial demand figure, in order to arrive at the (potentially low
temperature) space heating component of gas consumption. For this cooking component, a high exergy
source will still be required (for example biogas or electricity), however this will be a small fraction and
therefore more easily manageable in an otherwise predominantly lower temperature system.
For heating purposes, a potential replacement on the (renewable) supply side would be using a ground
based heat exchanger and heat pump, which is a significantly different process and therefore has different
conversion losses for the same useful demand. As mentioned, in this regard the term ‘final energy demand’
relates to an energy carrier reaching the consumer’s front door, and therefore may not represent the right
consumption and production figures.
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3. Urban Energy Atlas

Figure 7 Selection of energy potentials of the Oostland area (Broersma et al, 2013)
The collected geospatial data can subsequently presented as a series of maps, either as separate
documents using the same projection (portrayed in Figure 7), or in a combined interface. A common
occurrence of this is in so-called Decision Support Tools (DSTs) or Decision Support Systems (DSS’es),
which usually provide a map interface comparable to google maps, in which individual layers can be turned
on and off. Visualization can be adjusted to project multiple layers of information in a single view. The
ultimate goal is to provide a catalogue of energy potentials that can be projected on top of present and future
energy demand, in order to shape the aforementioned energy based plans.
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Figure 8: 3D heat map of Rotterdam (Broersma et al, 2011)
Visualisation is not limited to two dimensions. An example is the 3D heat map of Rotterdam (NL), as shown
in Figure 8. Here, demand (GJ, for the visualisation normalised by area to negate neighbourhood size
differences) is represented by a series of hollow cores (following the contours of neighbourhoods), which are
filled by local heat potentials. Although based on a limited set of potentials, the discrepancy between
demand in the high rise dominated centre and the more balanced (and sometimes surplus capable)
periphery is clear, demonstrating the need for a District Heating (DH) network.

4. Applications
Since its inception over a decade ago, the EPM method has been used in many different projects, covering a
wide range of scales from individual neighbourhoods to cities, regions and countries, and providing an ever
increasing level of detail, source data permitting. Three currently running research projects are highlighted
here, to show the various ways in which EPM principles are applied to real cities.
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4.1 CELSIUS
The premise of the CELSIUS project (www.celsiuscity.eu, 2013-2018, part of the European FP7 programme)
is that urban heating and cooling demand in European cities, at present still overwhelmingly supplied using
fossil fuels, can easily be covered by residual and renewable sources, as well as more efficiently operating
District Heating and Cooling (DHC) networks.
The project revolves around so-called demonstrators, innovative technologies at a high Technology
Readiness Level (TRL) that are built and monitored in one of the five partner cities (Gothenburg (SE),
Rotterdam (NL), London (UK), Cologne (DE) and Genoa (IT)), and have replication potential. CELSIUS aims
to spread its knowledge and experience by actively recruiting so-called replication cities (currently numbering
65), who have expressed interest in adopting CELSIUS demonstrators and developing their HC networks
using CELSIUS knowledge.
In CELSIUS, the EPM method is used to determine both suitability for and quantifiable potential in so-called
replication cities, by defining spatial calculation methods for these demonstrators. An example is the
Rotterdam river water cooling demonstrator, where the EU water framework directive was applied to define
upper thermal exhaust limits for lakes, rivers and seas, thereby making it possible to quantify cooling
potential in suitable cities (Fremouw et al, 2015).
In order to support demand (and refurbishment) quantification, pathways were mapped (Figure 9) for various
types of energy demand maps, taking into consideration data availability, detail levels, privacy concerns and
the advantages (and disadvantages) of different types of output.
The PLANHEAT project (discussed in section 4.3) will address these issues in greater detail, as the toolset it
develops requires certain types of base data in order to operate.

Figure 9 Mapping heat demand (Fremouw, 2015)
4.2 City-zen
The aim of the City-zen project (www.cityzen-smartcity.eu, 2014-2019, also part of the FP7 programme) is to
support and accelerate sustainability targets in urban areas, with a focus on integrating building retrofit
measures, the introduction of smart grids and renewables based heating and cooling. As the name
suggests, involving citizens and starting at the neighbourhood scale (rather than top-down) play an important
role.
Similar to the CELSIUS project, City-zen combines the development of new knowledge and tools with live
test beds, in the feorm of participating cities and a dozen technological demonstrators with a high
technology readiness level. Examples of demonstrators are a blood bank in Amsterdam which recently
started using a water purification supply line to provide its cooling, and Grenoble’s Vivacité, an experimental
platform for collaborative energy data management.
Lead cities Amsterdam (NL) and Grenoble (FR) have ambitious sustainability targets, but owing to the ever
changing priorities of the stakeholders involved (for example national and local government, citizens and
businesses), the path towards these is not always certain. Furthermore, regulatory, financial and social
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barriers may need to be overcome in order to accomplish a larger share of the technical potential that’s
available in a city.

€

Figure 10 From theoretical potential to application (Fremouw, 2012)
Figure 10 shows a simplified energy potential pyramid, where subsequent limitations result in a much
smaller share of the physical potential is actually built and operational. Although using 100% of physical
potential will be impossible for various reasons, the top layer in this figure can none the less be significantly
wider.

Figure 11 The City-zen methodology (Broersma & Fremouw, 2015)
The City-zen methodology (Dobbelsteen et al., 2014) aims to connect the long term sustainability targets
(“visions”) of cities with their present state and (energy) potentials, taking into account the long term
resilience of possible solutions and emerging synergies in order to arrive at an economically viable, fully
sustainable future urban energy system: the Energy Master Plan (EMP).
Figure 11 represents the overall structure of the EMP. Here, the EPM method and its resulting Urban Energy
Atlas provide the quantified starting point (the “present” on the left) from which a roadmap can be built
towards this vision. Owing to the long period of time covered between the present and the vision (for
example 2050) and its accompanying uncertainties (for example resulting from global external factors
represented here by “scenarios”), the roadmap cannot provide detailed blueprints. Rather, it deals with
strategic choices and areas of interest, for example the level of retrofitting versus available residual /
renewable heating and cooling (HC) sources, their temperatures and availabilities, or perhaps a stronger
focus on wind energy and electrification. As time progresses, more detailed plans can be made for specific
areas that fit these strategic choices, and at each milestone, progress will be evaluated, possibly followed by
a readjustment of plans.
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A supporting product of the City-zen project will be the Catalog of Measures, which aims to record common
barriers encountered for various energy measures and provide the means to level them, called opportunities
here. These frequently address regulatory, financial and social issues simultaneously in order to achieve
both economic viability and social acceptability.
The knowledge and tools developed in the City-zen project are tested in ten so-called roadshows, where,
after preparation, a group of City-zen experts visits a city and helps local stakeholders shape a roadmap in a
week long workshop. So far, four roadshows have been organized in Belfast (IE), Dubrovnik (HR), Izmir (TR)
and Menorca (ES). The next roadshow will be in partner city Amsterdam (NL), in October 2017.
4.3 PLANHEAT
The recently started and Horizon 2020 funded PLANHEAT project (www.planheat.eu, 2016-2019) aims to
develop open source renewable Heating and Cooling (HC) mapping, planning and simulation tools at the
urban scale. Partners from eight countries across Europe (including validation cities Antwerp (BE), Velika
Gorica (HR) and Lecce (IT)) work on PLANHEAT, which focuses not just on the toolset itself, but also on
solving data acquisition and management issues on the input and output sides. Even within the 28 European
Union member states (EU28), the availability of source data varies significantly, and although certain base
data will always be required (but usually available from a public EU wide or national database), methods and
procedures are being developed to provide (sometimes lower resolution) alternative data and identify
analogs, as well as both simple and complex calculation methods.
The energy potential mapping module provides calculation methods for HC demand, demand reduction and
supply. When combined with the network maps that the planning and simulation modules require, this
provides the layers for an Urban Heating and Cooling Atlas. The mapping module will also provide the input
for the planning and simulation modules, which allow the shaping and validating of local HC plans. Special
focus is placed on the Urban Heat Island (UHI) effect, and its consequences for present and future cooling
demand. Satellite data will be used to assess local UHI consequences.

Figure 12 PLANHEAT platform structure
The end result will be an open source, interoperable and freely downloadable mapping, planning and
simulation toolset for urban HC planning. During the project, training modules will also be developed and
webinars organized to get new users started quickly. The first webinar is planned for September 2017,
introducing the project and identifying data acquisition strategies.

5. Outlook
In the past decade, great strides have been made in the field of Energy Potential Mapping, starting with
simple maps of opportunities (‘kansenkaarten’) (Dobbelsteen & Stremke 2009), and at present able to use
building detail level GIS data to forecast future energy demand and calculate supply potentials for the urban
and regional scale. Methods to further integrate temporal components (demand and supply curves), multiple
temperature levels (see also Broersma & Fremouw, 2013) as well as strategies to deal with varying data
availability and detail level and local circumstances affecting (or accelerating) transition, are currently under
development.
The brief period in human history of a strong spatial separation between demand and supply that the fossil
fuel age forms, will undoubtedly come to an end in the 21st century. Our continuing desire for and move
toward higher levels of urbanization, and the relation between energy and space, therefore mean that for
these dense urban areas, thorough energy based planning will be of paramount importance.
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Abstract
This paper reflects on the value of embedding a culture of participation across various disciplines towards
collaborative urban citizenship. The question underpinning this investigation is how the integration and coordination of engagement modules in academic curricula can contribute towards the establishment of an
urban citizenship in university graduates as well as participating interest groups. Local and international
literature points to the pitfalls of university-led initiatives that are lacking in critical scholarship and resistant to
deep transformation. At the same time, discourse concerned with urbanism in the Global South points to a
dire need to redefine the way professionals interact with communities facing the challenges of contested
spatial legacies. The work under consideration is situated in the Honours programme of the Department of
Architecture at the University of Pretoria and includes contributions by the Entrepreneurship section of the
School of Business Management in the Faculty of Economic and Management Sciences, as well as the
department of Family Medicine in the Faculty of Health Sciences. Building on an institutional history of
community engagement, a pilot study was initiated in partnership with a network of five Early Childhood
Development Centres (ECDs) in Mamelodi East in the City of Tshwane. Participatory action research
informed the development of business models for the ECDs as well as urban visions for the study area.
Critical reflection on the work provides insight into the difficulties and opportunities experienced, eventually
proposing an argument for vertical curricular streaming of sustained participatory processes, as well as
horizontal collaboration across disciplinary boundaries.
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Abstract
Cities are continuously evolving cultural systems, and the elements that make up the city can be seen as
cultural residue continuously manifested by historical processes. The present layers of the city, both tangible
and intangible, contain a field of residual elements that can be read as data, interpreted culturally and altered
through intervention. This view of the city implicates a multitude of disciplines bound together by their
attempts to understand the complexities of the city, to engage in critical discussion about its past and future
and to develop strategies for meaningful change.
The bias of this paper is architectural and its content is based on the development and outcomes of an
ongoing post-graduate design studio focused on urban conservation. From this perspective the contribution
towards a broader discussion of smart and sustainable urbanism is twofold. Firstly, visual and conceptual
reasoning is utilised in an attempt to provide schematic descriptions of the city where aspects of the evolving
urban environment can be read as interrelated informants within a spatio-temporal matrix. Secondly, spatial
design intervention is used as a platform to discuss how strategies of urban transformation on various scales
can benefit from a critical engagement with cultural historical complexity.
The paper will aim to prove the benefits of reading urban data culturally and contextually, in relation to
complex and context specific scenarios, and as a reflection of diverse and ongoing urban narratives.
Furthermore, case studies will illustrate how engaging data within such a critical framework could lead to
more sustainable urban development proposals where change is considered in response to underlying urban
tensions (solving problems inclusively), with reference to culturally specific dialogues (ensuring synergy and
ownership), and cognisant of ongoing appropriation of resources (to ensure long term benefit).
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Abstract
Globally, the rapid urbanisation that we are experiencing cause extensive negative impacts on already
vulnerable regions. While the adaptation and mitigation potential of cities have been highlighted by many –
the need to realign the developmental trajectory of cities is crucial in curbing its contribution to climate
change. Premised on ecological resilience thinking, this study explores the potential of architecture to
improve the climate change resilience of cities. It explores the use of interstitial spaces within existing urban
environments and using urban acupuncture methods to radically transform these cities. Highlighting various
ecological and climate change resilience theories along with a discussion on the use of green infrastructure
and ecosystem services within the Gauteng cities-region, this study synthesises these considerations into a
preliminary framework to enable the re-visioning and adaptive use of the various undervalued spaces within
the urban environment. As outcome the study hopes to highlight the adaptation and mitigation potential
within South African cities as well as proposes a novel process framework to retrofitting these spaces.
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Elias WILLEMSE 1

1

Department of Industrial Engineering, EBIT, University of Pretoria, Email: elias.willemse@up.ac.za

Keywords: waste disposal, waste collection, transport data

Abstract
The safe disposal of waste is one of the primary services that cities provide to their citizens. The service is
also transport intensive making it the most expensive component of waste management in developing
countries. Waste collection also has ill side-effects for cities, such as contributing to road congestion and
vehicle emission pollution. It is therefore crucial to optimise collection operations to minimise their negative
side-effects and make the service more sustainable. Much research has been devoted to optimising this
function but a key assumption is that the data needed for the better collection planning are readily available.
This assumption rarely holds in developing countries. The key challenge is then for developing cities to
inexpensively source waste collection data to improve their planning. To address this challenge the
presentation will show how existing data sources can be combined to create detailed waste collection
statistics on a sub-suburban scale. The data sources used are GPS records of waste collection vehicles,
regional census data, collection service areas and schedules and the locations of landfills and intermediate
facilities. The presentation will focus on how the combined data can be used to generate collection statistics
including the cost and time required to service sub-suburban areas. Lastly, the presentation will illustrate
how the information can be used to improve waste collection planning.
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