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Abstract

The aim of this study was to investigate cases of sustainable low income settlements from across the
developing world in order to draw conclusions and recommendations for the South African context.
Sustainable construction, which falls under the ambit of sustainable development, formed the
theoretical basis of this study. In the developing world, where one of the most pressing issues is a dire
housing shortage due to ever increasing urbanisation, and where the construction industry often
impacts negatively on people and the natural environment, the need to make sustainable interventions
in the built environment remains urgent for the survival of human beings. The developing world, despite
its lack of resources, is in a prime position to base all its future development on the principles of
sustainable construction. As South Africa deals with its own housing backlog and environmental
degradation, this study drew from the lessons and experiences of existing sustainable low income

housing projects in the developing world, as guidance for future housing projects in South Africa.

A case study approach was justified as an appropriate research strategy for this study. A number of
cases were identified according to whether they fulfilled certain criteria. These were then screened
down to nine cases as per a specific case study design. In line with previous research on sustainable
case studies, the cases were analysed according to an evaluation framework of the seven principles of
sustainable construction with 49 sustainability sub criteria. A separate framework was set out for each

principle of sustainable construction and each case was tested against it.

The main conclusion to emerge out of this research was that there are indeed lessons to be learned
from developing world housing projects for the South African Context. The evaluated cases indicated
what is possible and the challenges that exist and provide valuable guidance for future South African
housing projects. Many sustainability practices have successfully been implemented in the evaluated
cases and include the reuse of old buildings, the creation of jobs, the use of solar power and the
provision of settlements that are dense and well located. Certain barriers to the implementation of
sustainable practices were also identified and include: low levels of user support and acceptability, high
initial costs of certain sustainable measures, and the non provision of certain services so that

communities are ill-equipped to live sustainably beyond the construction stage.

While the cases addressed varying areas of sustainability, their combined evaluation provided lessons
for South Africa on how to address all components of sustainability. As an isolated example, however,
the Lynedoch Eco Village (Case {3}) provides a particularly valuable example on how to achieve a
sustainable settlement in that it fulfilled the most sustainabilty criteria (40/49) out of all the cases
evaluated.

It is important to note that this dissertation reviewed the experiences of existing sustainable housing
projects to draw guidance for future South African projects. Direct transfer of any concept can be

dangerous and should be avoided unless based on careful study.
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CHAPTER 1

Introduction

The purpose of this dissertation is to investigate good practice cases of sustainable construction in the
quest to provide housing and shelter for low income communities in developing countries and formulate
recommendations for sustainable low income housing projects in South Africa. This chapter introduces
the main principles and concepts upon which this dissertation is based as well as the problem
statement, hypothesis, research questions, objectives, methodology, limitations and the structure of the
report.

1.1 The South African Housing Context

The Bill of Rights found in the South African Constitution (Act No. 108 of 1996) states that: “Everyone
has the right to have access to adequate housing.” Yet South Africa has many years of housing delivery
backlog inherited from the apartheid era. Estimates of almost 7 million historically disadvantaged South
Africans still live in rural communities or informal settlements that lack basic shelter as well as other
basic services (Lawson, 1991). Settlements are located far from job opportunities, shelter performance
is substandard, layouts are monotonous and services are inadequate (lrurah, 2002). The Minister of
Housing, Lindiwe Sisulu, said in a speech in 2006 that the Department of Housing needs to respond to
the challenge of ever increasing urbanisation and homelessness (Sisulu, 2006). And that the
Department’s marked increase in resources that are to be spent on housing for the next three financial
years is indicative of the government's commitment to dealing with the issue (Sisulu, 2007). According
to the final draft of the National Housing Code (Department of Housing, 1999), the government’s goal is
to increase housing delivery to a peak level of 350 000 units per annum until the housing backlog is

overcome.
1.1.1 Background to Sustainable Development

By the middle of the twentieth century, people were beginning to question the capability of the earth to
sustain the affluent lifestyle of the developed world (Hill et al., 1997) and be concerned for the quality of
development. Yet developing countries such as South Africa view large scale development as the key
to addressing housing shortages and rapid urbanisation (du Plessis et al., 2002). Development has thus
come to be redefined as a process that must take place in a way that should not lead to the replication
of the environmentally unsustainable economic systems that have evolved in the developed world
(Swilling, 2005). The emergence of this notion of sustainability in the development sector can be traced
back to the UN-sponsored 1972 Stockholm Conference, followed up with the Earth Summit in Rio in
1992, and the World Summit on Sustainable Development in Johannesburg in 2002. The central
definition of sustainable development is ever evolving, but one which is widely used is from the

Brundtland Report of 1987 and defines sustainable development as:

“Development that meets the needs of the present without compromising the ability of future
generations to meet their own needs...As such it requires the promotion of values that
encourage consumption standards that are within the bounds of the ecologically possible and to
which all could reasonably aspire.” (WCED, 1987: 43)



It is generally agreed that sustainable development should address issues across all three of the so-
called three “pillars” of sustainable development: people (social), prosperity (economic) and the planet
(ecological protection). (du Plessis et al., 2002)

In applying sustainable development to the South African context, (O’ Riordan, 1997 cited in Hill et al.,
2002), proposes a “triple helix” of South African initiatives supporting sustainable development:

» Economic growth and redistribution;

» Social reconstruction and political empowerment communities;

» Environmental policy and protection, including both ecological and cultural components.

The South African government has committed itself to these principles of sustainability on a number of
levels. The Constitution of the Republic of South Africa, 1996 (Act No. 108 of 1996), the Housing Act,
(Act No. 107 of 1997), the Reconstruction and Development Programme (RDP (ANC, 1994)) and its
successor Growth, Employment and Redistribution Strategy (GEAR (ANC, 1996)) all clearly state that
the principles of sustainable development should be upheld.

South Africa must be one of the few countries in the world where every citizen has a constitutional right
to sustainable development. The country’s Bill of Rights in the Constitution (Act No. 108 of 1996) states
in section 24: “Everyone has the right... to have the environment protected, for the benefit of present
and future generations, through reasonable legisiative and other measures that prevent pollution and
ecological degradation; promote conservation; and secure ecologically sustainable development and

use of natural resources while promoting justifiable economic and social development”.

The basic principles of sustainable development are indeed in place in the policies and regulations in
South Africa and the country is shifting from the separate development of apartheid to a new order of
sustainable development (Munslow et al., 1995). The transition to sustainability in the built environment
sector of the South African economy, however, has been slow (Anonymous, 2007). According to Hill et
al. (2002) the built environment consists of the buildings in which human life plays out and the civil
engineering infrastructure that links them. This includes housing for low income communities and the
upgrading of informal settlements which is the focus of this dissertation. Hill et al. (2002) maintain that
the reason for the slow transition can partly be attributed to the fact that it is not clear what is meant by
sustainability in the upgrading of informal settlements, where financially vulnerable authorities often see
sustainability as the ability of communities to pay for the services being delivered to them. The focus of
the low income housing sector in South Africa has also been on the quantity of units produced at the
expense of sustainable development (Hopkins, 1999 cited in Walker, 1999). The government, under
pressure to deliver, is “ensuring that affordable housing provision perpetuates unsustainable past
patterns of low density peripheral spraw! and largely sterile monofunctional residential environments.”
(Hill et al. 2002:12)

If the South African government is truly committed to the principles of sustainability as per its policies
and regulations, the construction of low income housing should firmly be rooted in all components of

sustainable development.



1.1.2 Background to Sustainable Construction

“A ‘sustainable construction industry’ no longer means simply that the industry is able to
continue its business and grow, but also that it supports the principles of sustainable
development-which may mean that in some cases it needs to stop growing, or grow in different
ways” (du Plessis et al., 2002: 4).

The environmental impact of the construction industry and its activities is enormous. It is responsible for
a substantial amount of global resource use and waste emissions effecting both natural systems and
quality of human life. In the developed world, the built environment generally constitutes over half of the
national capital investment, accounts for up to half of all the raw materials taken out of the earth’s crust
by weight, and consumes up to 50% of a country’s energy (du Plessis et al. , 2002). Irurah et al. (2003)
indicate that the contribution of the low cost housing sector of the construction industry to these adverse
impacts is a relatively minor but indeed still relevant.

The insufficient focus on sustainability in the built environment worldwide is being recognised by the
construction industry and has lead to the rapid emergence of the concepts of sustainable construction
and green building in recent years (Woolley et al., 1997). Both of these concepts fall under the ambit of
sustainable development and for purposes of this dissertation are interchangeable. Hill et al. (1997)
have presented four attributes of sustainability: social, economic, biophysical and technical, to advance
the understanding of sustainable construction for providing and managing a sustainable built
environment. These are the four “pillars” of sustainable construction, which use the three “pillars” of
sustainable development, discussed above, as a foundation. By addressing the issues inherent in each
of the “pillars”, it allows for the attainment of sustainable construction. In November 1994, the first
International Conference on Sustainable Construction was held in Tampa, Florida, USA. The
conference convener, Charles Kibert, proposed that sustainable construction is about: “creating a
healthy built environment using resource-efficient, ecologically based principles” (Kibert, 1994b).

Building on the discussion document Agenda 21 that was formulated at the Earth Summit in Rio de
Janeiro as an international blueprint for sustainable development, Agenda 21 on Sustainable
Construction was published in 1999 in recognition that the construction industry and its activities are
responsible for a large amount of global resource use and waste emissions (du Plessis et al., 2002).
The agenda sets out an international action plan for the implementation of sustainable construction and

building on Kibert’s definition of sustainable construction, it proposes that:

“Sustainable construction is a holistic process aiming to restore and maintain harmony between
the natural and built environments, while creating settlements that affirm human dignity and
encourage economic equity” (du Plessis et al., 2002:8).

President Thabo Mbeki reaffirmed South Africa’'s commitment to Agenda 21 during the June 1997
special session of the United Nations General Assembly to review and appraise the implementation of
Agenda 21 (Hill et al., 2002). In June 2007 the Green Buildings Council SA (GBC) was launched by the
SA Property Owners’ Association as the first significant initiative by the building industry to commit to
sustainable building practices (Anonymous, 2007a). Yet low income housing schemes have not taken
up the opportunity to embrace sustainability. du Plessis et al. (2002:30) cite the South African
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experience of low cost housing schemes as showing “little improvement to the shack” with “poor
thermal and structural performance, use of costly and highly processed materials and technologies, a
short economic life span....inadequate community/owner participation’. In June 1999, the then housing
minister, Sankie Mthembi-Mahanyle, announced that 400 000 of the 600 000 low cost houses which
had been built were substandard (Black, 1999).

The delivery of housing to the low income communities of South Africa should be based on all four of
the “pillars” of sustainable construction. Any attempt to address South Africa’s housing backlog that
disregards sustainability issues would be irresponsible development and counter to the country’s

policies and legislation.

1.1.2.1 Sustainable Construction in Developing Countries

Developing countries’ problems of housing shortages, lack of infrastructure and rapid urbanisation are
far more dire than that of the developed world, and their resources to deal with them are far fewer (du
Plessis et al., 2002). Their environmental concerns are both of affluence and over-consumption and of
poverty and underdevelopment, and the capacity of local governments and the skill levels are often
vastly different to those of the developed world (Hill et al., 2002; du Plessis et al., 2002). Creating a
sustainable built environment in developing countries thus requires a different approach and a special
Agenda 21 for Sustainable Construction in Developing Countries was therefore commissioned as part
of the action plan for the implementation of Agenda 21 on Sustainable Construction and published as a
contribution to the Johannesburg World Summit on Sustainable Development. The document provides
an overview of sustainable construction, describes the developing worid context within which the
agenda is to be implemented, and provides a research and development agenda and strategy for action
for sustainable construction in the developing world (du Plessis et al., 2002).

The developing world, despite its diversity, shares similar developmental issues with the most critical of
these being high rates of urbanisation and lack of adequate housing (du Plessis et al., 2002). Lima,
Peru for instance, experienced phenomenal growth in population: from 849 000 in 1940 to 6 459 000 in
1991, which has resulted in many slum settlements in and around the city (Dawson, 1992). Agenda 21
on Sustainable Construction in Developing Countries stresses the urgency of addressing these
developmental issues by embracing the principles of sustainable construction to relieve the pressure on
the resources in these countries thereby benefiting both humans and the natural environment (du
Plessis et al., 2002). According to du Plessis et al. (2002), however, sustainability in the construction
industry in developing countries is still not commonplace with barriers such as a lack of capacity of the
construction sector and a lack of interest in issues of sustainability hindering its implementation. But
despite this, there are in fact examples of sustainability in the built environment in developing countries.
in recognition of these cases, the Holcim Foundation offers annual awards to design projects that
propose sustainable responses to the issues affecting building and construction; and the Habitat
Awards is an initiative that identifies innovative and successful human settliement projects. Many past
recipients of these awards have been from the developing world and it is such cases (i.e. good practice
examples of sustainable construction in low income housing in the developing world) that are to be

evaluated for the purposes of this dissertation. Their evaluation puts South Africa, along with the rest of
8



the developing world, in a unique position to avoid the unsustainable construction practices of the
developed world by learning from the ways in which other developing countries are dealing with their
similar issues. Benchmarking and assessing the various sustainable construction technologies and
practices that are appropriate for developing country conditions, is vital for a better understanding of
sustainable construction, the promotion of technology transfer between developing countries, the
encouragement of these technologies into mainstream building practice, and to uphold the principles of
sustainable development. This is especially relevant for the practices and technologies used in low
income housing, as this sector of the built environment has been pursued as the most critical agenda

for sustainable construction in the developing world (du Plessis et al., 2002).

1.2 Problem Statement

The majority of low cost housing schemes promoted by the South African Government have to date not
been designed according to principles of sustainability and this is likely to continue because there is a
lack of research for generating a knowledge base about approaches and practices for more sustainable

housing projects.
1.3 Research Questions

The research is to address the following questions:

» What is sustainable construction with particular reference to low income housing in the developing
world?

» What are some good practice cases of sustainable construction in housing for low income
communities in South Africa and other developing countries?

» How do these cases compare on issues of sustainability?

» What are the achievements, strengths and innovative aspects of the cases in terms of how they
address the principles of sustainable construction?

» What lessons are to be learnt from these case studies in terms of the sustainable practices and
technologies they used and their potential to deal with South Africa’s housing backlog and

environmental degradation?

1.4 Hypothesis

There are lessons to be learnt from developing world examples of sustainable low income housing

schemes.



1.5 Aims and Objectives

The aim of this research study is to investigate developing world examples of sustainable housing to

gain lessons for South African housing projects.

The objectives are to:

» Identify the basic principles of sustainable construction;

» Gain a better understanding of sustainable construction in South Africa and the developing world;

» Identify good practice cases of sustainable construction in the delivery and management of
housing to low income communities in the developing world;

» Evaluate each case against a framework of specific criteria of sustainable construction;

» Assess the degree to which sustainable construction principles have been addressed by the cases;
and

» Draw conclusions and recommendations from the evaluation of the case studies in terms of the

practices and technologies used, and relating them to the South African context.

1.6 Methodology

The methodology to be adopted for this project will be divided into two areas of research:
» A literature review, and
» An assessment of case studies that represent good practice examples of sustainable

construction in housing for low income communities in the developing world.

The literature review will entail a critical analysis of available national and international literature on
sustainable construction for a deeper understanding of the term with specific relevance to South Africa.
The review will also serve to identify sustainable housing examples from the developing world to be
used as case studies and to formulate an evaluation framework to assess and compare each case
study.

The assessment of the case studies will be carried out using an evaluation framework that will test
whether principles of sustainability have been fulfilled. This assessment will then lead to
recommendations being made on sustainable construction technologies and practices for low income
housing in South Africa. The information needed for the evaluation will be acquired through informal

interviews, site visits, construction drawings, project documentation and literature.
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1.7 Limitations

The limitations of the research are as follows:

» Time and financial constraints may prevent site visits to some of the case studies, thus having an
impact of the depth of understanding of the particular case study as well as the amount of literature
consulted for the literature review.

» Due to the broad scope and ever evolving nature of sustainable development, an exploratory
approach to the research will be adopted as opposed to a quantitative, rigorous form of research.

» The case studies in this dissertation will be chosen on the grounds of the information available and
do not claim to represent the best examples of sustainable construction in the developing world. it
will also be possible that information may be omitted due to the limitation of the available
information.

1.8 Structure of the Dissertation

This dissertation will be structured as follows:

Chapter 1: Introduction, where the background to the research will be given by introducing the main
principles and concepts upon which the dissertation is based as well as the problem statement,
hypothesis, research questions, objectives, methodology and limitations.

Chapter 2: Sustainable construction, where the main principles of sustainable construction will be
discussed for a deeper understanding of the concept with particular relevance to the South African
context. This chapter will also discuss the impact of the construction industry on the environment in
South Africa, as well as the state of affairs of sustainable construction in South Africa and the
developing world.

Chapter 3: Methodology, where the method used to choose the case studies as well as the method
used to evaluate them will be discussed.

Chapter 4: Results

Chapter 5: Discussion of the results

Chapter 6: Conclusions and recommendations

Appendices

NOTES:

i.  Developing countries are those countries outside of Europe with a per capita GNP of iess than US $7000 (World Bank,
du Plessis et al. 2002)

ii. For the purposes of this dissertation, the construction industry comprises the civil engineering and building construction
industries.
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CHAPTER 2

Sustainable Construction

The purpose of this chapter is to define and describe the theoretical framework upon which this
dissertation is based, namely sustainable construction under the ambit of sustainable development. It
will thus address the first research question posed in Chapter One:

» What is sustainable construction with particular reference to low income housing in the
developing world?

2.1 Sustainable Development

Sustainable construction falls under the broader framework of sustainable development which is used

as a basis for a better understanding of the concept of sustainable construction.

For the purposes of this dissertation, the most commonly used definition for sustainable development
from the Brundtland Report as cited in Chapter One, will be used.

Most reviews of the field of sustainable development start with the UN-sponsored 1972 Stockholm
Conference proceed through the Earth Summit in Rio de Janeiro in 1992, and end with the World
Summit on Sustainable Development in Johannesburg in 2002 as is discussed below.

frurah et al. (2003) view sustainable development as a convergence of two paradigms. The first being
that of growth and development where until the late 1900s, there was a commitment to increase
economic output as measured by Gross Domestic Product (GDP) for improved standard of living, while
paying little attention to the environment. The second paradigm was that of the environmental
movement which emerged in the 1950s out of concern for resource and environmental degradation
arising from increases in population size, consumption and production. The Stockholm Conference in
1972 dealt with the challenge of reconciling the concerns of the two paradigms in the realisation that the
two issues could no longer be addressed separately.

Hill et al. (1994) provide a thorough account of the evolution of the term sustainable development within
the abovementioned environmental movement. The authors cite a document entitled “Limits to Growth”
published by the Club of Rome in the same year as the Stockholm Conference as a strong
substantiation of the argument that the earth’s resources and environment could no longer sustain the
worid’s population and economic growth (Meadows et al., 1972). This new “limits-to-growth” perspective
posed a challenge to the previous decade’s “pro-growth” perspective and sparked intense global
reaction (Hill et al., 1994).

In 1987, the World Commission on Environment and Development (WCED) published “Our Common
Future” (WCED, 1987) which is known as the “Brundtiand Report” and has become a primary reference

on sustainable development (Irurah et al., 2003). The document stresses that for society to attain its
12



social and economic goals, it is vital to achieve environmental goals (Hill et al., 1997). The definition of
sustainable development used in the “Brundtland Report”, as quoted in Chapter One, is perhaps the
most commonly used in the field. It is important to note that, in contrast to the “limits-to-growth”
approach, the definition retains a developmental vision, on the condition that the environment and future

generations are not compromised (lrurah et al., 2003).

Much of this activity culminated in the United Nations Conference on Environment and Development
(The Earth Summit) in Rio de Janeiro in 1992, where over a hundred and fifty national governments
committed to specific targets and actions to protect the environment (Bhatti, 1994). Agenda 21 was an
important document to emerge from the Earth Summit which set out a framework to promote action by
governments, non-governmental organisations and communities on key environmental and
developmental issues (Bhatti, 1994). The preamble to Agenda 21 states that “Human Beings are at the
centre of concern for sustainable development” (quoted in du Plessis et al., 2002:5). du Plessis et al.
(2002) therefore maintain that humans are the focus of sustainable development and sustainability is
not a goal but a process of maintaining a “dynamic balance between the demands of people for equity,
prosperity and quality of life and what is ecologically possible” (du Plessis ef al., 2002: 6).

The Johannesburg World Summit on Sustainable Development in 2002 was characterised by renewed
intense debate and negotiation over sustainable development in developed nations versus sustainable
development in developing countries (lrurah et al., 2003). While for developed nations the challenge is
to curb over-consumption and over-production, and to redistribute resources to the poorer sectors of
their society; the challenge in developing countries is to avoid the unsustainable practices of the
developed world and curb population growth while meeting the basic needs and improving the dire
living conditions of the people (Irurah et al., 2003).

The debate over the differentiated requirements of sustainable development and the fact that
sustainable development is being adopted by more countries around the world, more disciplines and
advocacy groups have contributed to the ever evolving nature of the interpretation of the term.
According to Hardoy et al. (1992) there are at least 80 different definitions of sustainable development
or part thereof. Hill et al. (1994a) state in addition that the concept of “sustainability” is so broad that it is
impossible to capture all its nuances in a single definition. This is confirmed by Mawhinney (2002), who
states that there is not sufficient clarity on the definition of the term to offer a simple starting point for
theory and practice. Despite the contention over the interpretation of the term, however, there is a
general consensus that unmanaged exploitation of natural resources is detrimental to humans in the
long term (Hill et al., 1994) and that human development, in order to make lasting progress, must take
into account the reality of ecological constraints (Goldfinger et al., 2008). In an increasingly resource
constrained world, there has come a need to understand both human demand for ecological resources
and the earth’s ability to meet this demand; where the “ecological footprint” is a resource accounting
tool that makes this measurement possible (Goldfinger et al, 2008). It is also generally agreed, as
described by du Plessis et al. (2002), that there needs to be an equitable distribution of wealth in the
form of resources and opportunities, as well as social and economic equity amongst individuals,

communities and generations.
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This line of reasoning has led to the so-called three “pillars” of sustainable development as cited in
Chapter One (du Plessis et al., 2002):

» Prosperity (economic development),
» People (social development), and

» The planet (environmental protection).

This concurs with O'Riordan’s “triple helix” of South African initiatives to embrace sustainability as
described in Chapter One. These “pillars” of sustainability have indeed been entrenched in South
Africa’s policies and legislation since the country’s emergence as a democratic state in 1994. South
Africa has adopted many international protocols and frameworks on environmental conservation and
sustainable development including Agenda 21 (Hill et al., 1994a; Irurah et al., 2003). Yet this has not
been followed through in implementation in various sectors of the economy; and in the housing sector
this is particularly significant as the delivery of low income housing has been one of the key

programmes of the South African government since 1994 (lrurah et al., 2003).

“We need to ensure that there is development fo meet the basic needs of our people, but that
development should be mindful of our fragile resources. So we must promote development that
takes into account our reconstruction needs now as well as leaving our children and their children
a share of our precious resources” (former South African President, Nelson Mandela, quoted in
Whyte, 1995: ix).

2.2 Sustainable Construction

Having discussed the background to the term sustainable development, the purpose of this section is to
discuss how sustainability relates to the built environment and thereby enhance the understanding of

the term sustainable construction, also known as green construction/building.

When describing sustainable construction it is first necessary to distinguish literature on the topic from
the broader ecological design literature. Van der Ryn et al. (1996) maintain that in many ways,
environmental degradation has been a consequence of how products are designed; where they are
often optimised with respect to cost or convenience while neglecting environmental considerations.
Thinking ecologically about design and minimising environmentally destructive impacts by integrating
with living processes is vital for the achievement of sustainable development and is known as ecological
design {(Cowan et al., 1996). Luttrop et al. (2006) state that a major challenge for designers is to fulfil a
need or to provide a benefit to the customer or user at the lowest environmental cost. The authors
therefore provide “Ten Golden Rules” as generic advice for ecological design. Sustainable construction

is a subset of ecological design and pertains specifically to the design of the built environment.

So in realising the extensive impacts of the design and construction of the built environment on the
natural environment and at the same time being mindful of its important role in socio-economic
development and quality of life, sustainable construction was proposed as a way of applying the

principles of sustainable development to the construction industry (Hill ef al., 1997; du Plessis et al.,



2002). The First International Conference on Sustainable Construction was held in Tampa, Florida,
United States of America in 1994. A major objective of the conference was to “assess progress in the
new discipline that might be called sustainable construction or green construction” (Kibert, 1994a). In
1999, an internationally agreed upon Agenda 21 on Sustainable Construction, which builds on the
international blueprint for sustainable development: Agenda 21, was published (du Plessis ef al., 2002).
Its main objectives were to create a global framework that would contribute to other developmental
agendas, and to provide a source document for research and developmental activities to do with
sustainable construction. The document provided an overview of the concepts, issues and challenges
of sustainable construction (du Plessis ef al., 2002). In recognising that the creation of a sustainable
built environment would require a different approach to that of the developed world, a special Agenda
21 for Sustainable Construction in Developing Countries was commissioned as part of the action plan
for the implementation of Agenda 21 on Sustainable Construction (du Plessis et al., 2002). This

document is discussed in greater detail in the final section of this chapter.

Sustainable construction is seen as a holistic process aimed at restoring the balance between the
natural and built environments, and is applicable to the full range of construction activities from design,
through construction, operation and maintenance and finally decommissioning or the deconstruction of
buildings (Drager, 1996; du Plessis et al., 2002).

According to the Building Services Research and Information Association (BSRIA) sustainable

construction can be defined as:

“The creation and responsible management of a healthy built environment based on resource
efficient and ecological principles” (Cited in Woolley et al., 1997:5).

The BSRIA assert that these principles include (Woolley et al., 1997):
» Minimising non-renewable resource consumption,
» Enhancing the natural environment, and

» Eliminating or minimising the use of foxins.
Kibert (1994b) embroiders on these three principles and offers the following principles of sustainable
construction as being essential in order to protect the earth’'s natural resources and create a

harmonious natural and built environment:

Table 1: The Principles of Sustainable Construction (Kibert, 1994b)

i. Minimise resource consumption

ii. Maximise resource reuse

iii. Use renewable or recyclable resources
iv. Protect the natural environment

v. Create a healthy, non-toxic environment

vi. Pursue quality in creating the built environment




Hill et al. (1995) developed Kibert's six principles of sustainable construction further by adding a
seventh principle: that of “promoting socio-economic sustainability”. The authors argue that the
principles of sustainable construction need to conform to the “pillars” of sustainable construction and
therefore include the social and economic aspects as well. These six principles of sustainable
construction as formalised by Kibert (1994) and the seventh as devised by Hill et al. (1995) are meant
as a guideline to members of the construction industry in order to achieve more sustainable buildings
and settlements (Drager, 1996). These seven principles are contextualised and discussed further in

Appendix B.

The basic idea gleaned from the literature discussed above is that sustainable construction aims to
achieve lasting environmental, social, and economic benefits through the construction of well designed
buildings and settlements. Therefore sustainable construction is not simply about protecting the earth
and its resources from over-exploitation or over-consumption; sustainable construction also considers
the impact construction and its activities have on the occupants and users of the built environment. This
ties in with the basic premise of sustainable development as mentioned above, that humans and their

long term survival are at the centre.

As referred to in Chapter One, Hill et al., (1997) propose four main criteria for the enhanced
understanding of sustainable construction. These are based on the abovementioned three “pillars” of
sustainable development (du Plessis et al., 2002). Hill et al., (1997) refer to these criteria as the four
“pillars” of sustainable construction and they include social, economic, biophysical and technical
sustainability; and a set of over-arching, process-oriented principles. Hill et al., {(1997) propose that the
application of the four “pillars”, using the process-oriented principles to decide on the emphasis to be

given to each “pillar”, would make the construction industry more sustainable.

Appendix A illustrates the four principles of sustainable construction as outlined by Hill et al., (1997)
while a summarised, adapted version is given in Table 2 below. The table is an amalgamation of
literature from Hill et al., (1997) and Sowman et al., (1998) along with the author’'s own contribution. It

outlines the principles most relevant to sustainable low income housing.

Table 2: The Principles of Sustainable Construction for Low Income Housing (after Hill et al.,
1997; Sowman et al., 1998; author)

Pillar 1: Social Sustainability

Promote a sense of community and safety

Promote and protect the physical and psychological well-being
of inhabitants

Promote skills training and capacity enhancement

Promote self determination and cultural diversity

Promote personal dignity

Pillar 2: Economic Sustainability

Ensure affordability for beneficiaries (both capital and ongoing
costs)

Promote employment opportunities, asset and wealth creation
Choose environmentally responsible suppliers and contractors
Adopt policies and practices that advance sustainability

Pillar 3: Biophysical Sustainability

Reduce the use of the generic construction resources (energy,
water, land and materials)

Minimise the use of non-renewable resources

Maximise reuse and recycling

Minimise all forms of pollution

Create a healthy indoor and outdoor environment

Minimise damage to sensitive landscape

Pillar 4: Technical Sustainability

Construct durable, reliable and functional housing
Pursue quality in the built environment

Promote mix-use, pedestrian neighbourhoods

Use appropriate technology for specific situations
Continuous improvement and technological innovation




du Plessis et al. (2002) asserts that for years, there has been a tendency in construction to give greater
emphasis to technical sustainability, neglecting social and economic sustainability in particular.
Dalgliesh et al. (1997), on the other hand, claim that in the low income housing sector in South Africa,
social and economic sustainability have been given weight at the expense of technical and biophysical
sustainability. A common thread, however, can be drawn from the literature: that for low income housing
and, in fact any housing project to be sustainable, it must adhere to all of the above principles of
sustainable construction. It is important nevertheless to be mindful that optimising each principle is not

always feasible, and trade-offs and compromises may be necessary (Hill ef al., 1997).

South Africa needs to move away from its existing poor environmental and housing conditions in the
informal settlements and address its housing backlog by considering all principles of sustainable
construction. This will enhance the quality of people’s lives by ensuring a healthy built environment in
balance with the natural environment. The policies for this to occur are indeed in place: the 1997 Urban
Development Framework of the Department of Housing for example, has sustainability as one of its
goals and recognises the importance of considering environmental issues in planning (Department of
Housing, 1997).

It is in implementation where the problem arises. Many past approaches to housing in South Africa
have been concerned with political agendas such as the number of houses built and the improvement
of economic indicators rather than quality and sustainability issues (Sowman et al., 1998; du Plessis et
al., 2002). This is well illustrated by the following examples cited in Sowman et al. (1998):

» In Hornlee, Knysna in the Western Cape, many low cost houses were built on south-facing
slopes. With less sunshine and more rainfall than north-facing slopes, houses are often damp
and cold. There is a high incidence of tuberculosis in the area resulting in lost productivity and
high health costs.

» In Delft in the Western Cape, concrete used in the construction of houses contained too much
sand and was not mixed properly. Rain is able to enter the houses easily, resulting in damp
walls and therefore disease, in addition to poor insulation.

» In Inanda in Kwazulu Natal pit toilets were built on the banks of a stream which get flooded and

wastewater seeps into the stream. This has resulted in health risks and costly clean up.

Some of the major challenges to the implementation of sustainable construction in low income housing
in South Africa are: a lack of capacity of the construction sector; a lack of consciousness and interest
by the construction industry in the issue of sustainability; a lack of mechanisms and guidelines for
translating policy principles into action; and a lack of data and information on achieving effective

sustainable construction practices (Sowman et al., 1998; du Plessis et al., 2002).

Without underplaying these concerns, there are indeed examples of sustainable construction in the
delivery of low income houses in South Africa and other developing countries. These are to be
evaluated in this dissertation in an attempt to bridge the gap between South Africa’s sustainability
policies and their implementation and to challenge the perpetuation of unsustainable past approaches

to the construction of low income houses.



In sum, the following definition for sustainable construction as cited in Chapter One is to be used for this

dissertation:

“Sustainable construction is a holistic process aiming to restore and maintain harmony between
the natural and built environments, and create settlements that affirm human dignity and
encourage economic equity” (du Plessis et al., 2002: 8).

2.3 Sustainable Settlements

Having discussed the term sustainable construction in relation to sustainable development, the
following section relates sustainable construction to a broader context of urban form and settiements as

a whole.

Sustainable human settlements are those cities, villages and their communities that: “enable us to live
in a manner that supports the...principles of sustainable development and have the institutional, social

and economic systems that will ensure their continued existence.” (du Plessis et al., 2002: 7)

The phenomenon of ever increasing urbanisation, particularly in the developing world as discussed
further in Chapter 2.5, has seen the emergence of literature on ‘sustainable cities’. The literature
stresses the scale of global urbanisation and its resultant problems, emphasising the urgency of
ensuring that cities contribute to sustainable development. Lyman (2000) and Findlay (1996) provide
ideas and discussion on the topic, while du Plessis (2001), Pieterse (2008) and Keiner et al. (2004)
provide insight into sustainable cities in the developing world in particular. The latter authors point out
that the developmental problems and worldviews of the developing world are distinctive and require a
different approach to the west. du Plessis (2001), for instance, argues that the context of poverty and
rapid urbanisation suggests that sustainable cities should be the focus of sustainable construction in
Africa, but should be undertaken in a way that is relevant to the culture in Africa. Pieterse (2008) argues
that current developing world policies do not deal with the causes of urban problems; and the author
proposes an alternative political agenda to make cities more effective and sustainable. Keiner (2004)
focuses on the sustainable urban development of medium-sized cities and through three developing

world case studies proposes ways to create urban areas that contribute to sustainable development.

According to du Plessis et al. (2002), the interaction of the following four patterns determines whether a
settlement is sustainable or not;
» The physical structure-how a settlement relates to the natural environment, and different parts
of the city,
» The utilisation patterns-the way the settlement uses its resources,
» The social patterns-how people live, work and relate to their settlement and the opportunities
the settlement provides to meet social needs, and

» The operational patterns-how the settlement functions and is managed.

Hill et al. (2002) cite South African settlements and cities in particular, as adhering to very few of the
above patterns. The authors describe them as inefficient and spatially distorted; with low density urban

sprawl, mono-functional areas and trapping the poor and newly-urban in large dysfunctional townships



on the outskirts of the city; therefore rendering them unsustainable. This sprawling, fragmented and
separated land pattern results in inefficient, energy consuming and costly transport measures;
expensive city administration; the exclusion of people from easy access to economic opportunities and
facilities, and the destruction of valuable ecological and agricultural land. This pattern of South African
cities is a legacy of the residential segregation of apartheid and other factors such as the adoption of
inappropriate planning and urban design models, squatting, and incorrect assumptions about
urbanisation trends. This is then perpetuated by political pressure for short-term delivery of housing and
services and a crisis-driven search for land by local authorities to accommodate urban expansion
(Dewar, 1991; Hill et al., 2002).

Crane et al. (2008) present a case study of Cape Town as a South African city that concurs with the
account of South African settlements given by Hill et al. (2002) above. Crane et al. (2008) draw on the
most current data on energy, water, waste, transport, land, biodiversity and climate change to
demonstrate the unsustainable use of resources in the city and that if ignored could undermine any
further investments in growth and poverty eradication. The authors, however, present the case study in
such a way as to demonstrate opportunities for innovation and suggest some system changes and

initiatives to position Cape Town as a sustainable city.

In line with such literature on sustainable cities and in light of the global push for sustainability, it is a
matter of urgency to make existing South African settlements more sustainable. By increasing the
density of development, employing multi-functional and mixed-use environments, giving priority to
public transport and non-motorised transport modes and including issues such as urban design and the
provision of social infrastructure, as well as protecting and enhancing the natural environment, it would
help to ensure more efficient and sustainable South African settlements. Crane et al. (2008:285) state
that if South African cities seized the opportunity, they could access the large amount of funds available
nationally and globally for this purpose and could become “vibrant and thriving multicultural’ sustainable

settlements where “poverty could well be a thing of the past.”

2.4 The Impact of the Construction Industry

“In the developed world, the built environment generally constitutes more than half of the total
national capital investment, accounts for up to half of all the raw materials taken out of the earth’s
crust by weight, and consumes between 40% and 50% of a country’s energy. The built
environment consumes substantial financial and natural resources, and generates considerable
waste streams.” (Hodgson, 2002: i)

According to Goldfinger et al. (2008:4), the Ecological Footprint *measures people’s demand on the
biosphere in terms of the area of biologically productive land and sea required to provide the resources
people use and to absorb the waste they generate.” Humanity's Ecological Footprint first exceeded
global biocapacity in the 1980s and this overshoot has been increasing ever since (Goldfinger et al.,
2008). This Ecological Footprint includes the biologically productive areas required to produce the
resources needed for the construction industry. Within this context and in order to understand the
thinking behind the principles of sustainable construction better, it is necessary to take cognisance of

the contribution of the construction industry on humanity’s Ecological Footprint; in other words its impact



on people and the environment. In the discussion that follows, these impacts have been divided into
environmental and socio-economic impacts. However, it is important to note that this distinction does
not occur in reality. According to du Plessis et al. (2002), the industry’s environmental impact is the
most measurable, but its socio-economic impacts should not be negated. The discussion includes
impacts of the construction industry over the entire construction process from construction to
deconstruction, as well as the impacts of the manufacturing and extraction of the materials used in the

industry.

a) The environmental impacts of the construction industry

The physical environment and the construction sector are linked by the demand construction places on
natural resources; this is especially significant in the case of housing which is very resource-intensive
(du Plessis et al., 2002). The simplest point at which to begin evaluating the impact of the construction
industry is to look at the inefficient use of the four of the generic resources used in construction:

materials, energy, land, and water (Hill et al., 1997) as well as the industry’s contribution to pollution.

Materials most commonly used in construction are outlined in the table below. They are divided into

renewable and non-renewable resources:

Table 3: Important Materials in the Building Industry (van den Akker et al., 1979)

Non-renewable resources Renewable Resources
Limited resources Ample resources
Steel Stone Timber
Aluminium Sand Flax
Copper Gravel, Chippings Cotton
Lead Lime, Gypsum Cane and Rushes
Zinc Cement Cork
Fossil fuels: coal, oil, natural gas Bricks(clay) Rubber
Sandstone
Concrete
Glass

Building materials vary in their impact on the environment but, of the materials listed, the biggest
culprits and those that form the basis of modern construction, are concrete and steel (du Plessis et al.,
2002). Cement production has been identified as the biggest anthropogenic contributor to greenhouse
gas emissions after the burning of fossil fuels (du Plessis et al., 2002). Concrete lacks tensile strength,
so where such forces are liable to occur, reinforcement is required. Steel, a non-renewable resource, is
most often used for the purpose of reinforcement. Steel is also used for central heating installations and
window and door frames and according to van den Akker et al. (1979) is the most widely used of all the
metals in housing. Steel is one of the most energy-intensive materials and the production of iron and
steel together account for 4.1% of global energy use (du Plessis et al., 2002). As can be seen in Table
3, most building materials are derived from non-renewable resources. They are being used at an
unsustainable rate and du Plessis ef al. (2002) maintain that this unsustainable consumption rate is
perpetuated by high wastage of materials both as waste and as a material unnecessarily incorporated
into a building. This pattern of over-consumption of resources is thought to be the main cause of much

environmental degradation (Kibert, 1994).




Energy is an essential element of all development projects from the manufacture of materials through to
the project’s operation. In South Africa, the fossil fuel coal is the predominant energy source in the
manufacturing of construction materials as it is abundant and cheap to extract through open cast mining
(van den Akker et al., 1979). But as alluded to above, the production of construction materials depletes
non-renewable energy sources at an unsustainable rate and emits greenhouse gases causing massive
environmental pollution. According to Lewis (1991) the excessive carbon dioxide output from the
burning of coal is widely believed to be contributing to the global subtle warming of the earth’s climate.
Since air pollution levels in South Africa are amongst the worst in the world, there is a great need to
move towards non-polluting and sustainable energy sources (Sowman et al, 1998). Much of South
Africa’s electricity is also generated by coal-burning power stations, and while access to electricity is
seen as far more desirable than the use of other household energy sources such as paraffin, wood and
candles which pose fire and health hazards, coal burning power stations remain a point of contention in
terms of their sustainability and their impact on the environment (Sowman et al, 1998) The
electrification of homes of the urban poor, which is a key objective of the Reconstruction and
Development Program (RDP) (ANC, 1994), places more demand on South Africa’s electricity supplier,
Eskom, which is currently experiencing a shortage of electricity capacity mainly due to incorrect
forecasting on demand trends (Anonymous, 2008). This electricity shortage in South Africa renders an
even more urgent need for alternative energy sources and energy conservation as South Africa “faces
serious economic problems unless there is an urgent and enormous push for renewable energy”
(Johns, 2008:4). Authorities and service providers need to take heed of the electricity shortage in the
servicing and provision of low income housing where the use of off-grid electricity supplies, energy-
efficient fixtures and appliances as well as design measures ensuring good insulation and ventilation,

should be employed.

Land is another inefficiently used resource in the construction industry. The building materials industry
is responsible for the filling up of landfill sites which not only consumes land that could otherwise be
used for agriculture, housing or for its natural beauty or value (Hill et al., 1995), but contributes to the
degradation of ecosystems (du Plessis ef al, 2002). The extraction of materials needed for the
construction industry through mining is also a major cause of pollution, land degradation and the
disruption of natural terrain. Furthermore, deforestation can be attributed to the construction industry
where buildings alone account for one quarter of the earth’s wood harvest (Birkeland, 2002). The
construction industry also has a huge impact on agricultural land through soil erosion and other forms of
land degradation. Indeed, the annual loss of soil in South Africa is acknowledged to be extremely high:
“This may well be the greatest environmental problem facing South Africa” (Verster, 1992; cited in
Whyte, 1995: 43). South African cities are “exploding outwards in a sprawling, amorphous, low density
form” (Dewar, 1991; 93) resulting in the loss of priceless agricultural land and natural resources (Dewar,
1991). Censuses between 1960 and 1981 revealed that within the Cape Town Metropole alone, 67
square kilometres of prime farmland were lost to urban development (Gasson, undated, cited in Dewar,
1991) which also caused damage to the invaluable Cape Flats aquifer and the destruction of coastline
and mountain slopes (Dewar, 1991). Land is a costly commodity and forms the basis of many economic

activities. It is important to use it efficiently.



Water is a natural resource used in the construction process during the manufacturing of materials, in
construction, as well as during the operation of the building. Water is scarce in South Africa, with annual
rainfall below the world average and overall demand predicted to exceed supply by 2020 (Whyte, 1995;
Dewar, 1991). Yet despite the potential seriousness of the problem of water quantity, the resource is
not efficiently used within the construction industry. According to Hill et al. (1997), standard household
fixtures such as taps and shower heads allow for unnecessarily high volumes of water to flow through;
where more efficient water saving fixtures such as low flow shower heads would ensure large water
savings. The construction industry also impacts on water quality and according to Dewar, (1991) this is
as a result of three construction processes in particular. The first is the manufacture of construction
materials, where waste products are often dumped illegally into water courses. The second source is
poor urban land management, and the third is the fact that little attention is paid to the reuse of water as
a result of poor management of “grey water” effluent from households, storm water runoff and sewage

disposal (Dewar, 1991).

Like any other industrial process the recovery and production of construction materials causes pollution
by emitting pollutants into the air and watercourses. The production of iron, steel and non ferrous
metals and the production of construction materials such as glass and bricks, for example, contribute
20% to annual dioxin and furan emissions (du Plessis et al., 2002). While housing itself causes little
pollution in comparison to the more sophisticated industrial processes, buildings do indeed emit
pollutants via the materials and appliances used within them. According to Pearson (1998:63), toxins
may be emitted from “wood treatments, insulation, formaldehyde impregnated materials, paints and
vinyl floor coverings” used in households. Gas appliances used for cooking and heating produce,
amongst others, large amounts of carbon monoxide and dioxide, while air conditioning and cooling
systems contribute to the depletion of the ozone layer through the emission of chlorofluorocarbons
(Pearson, 1998; Edwards, 1996). Insufficient ventilation, which has been cited by Sowman et al. (1998)
as a common scenario in South African low income housing, only aggravates the health burden that
these household pollutants pose. Noise, dust and odour pollution during the actual construction

process, further contribute to the negative impact of construction on the environment (Hill ef al., 1997).

b) The social and economic impacts of the construction industry

Apart from the more mainstream school of thought of the impact of man’s activities on the environment
as discussed above, there are the lesser known impacts of man’s activities on people themselves and
the economy. The following section will discuss the socio-economic impacts of the construction

industry.

The construction process itself, especially due to its labour-intensive nature, provides employment
opportunities which have a profound influence over the quality of people’s lives. du Plessis ef al. (2002)
maintain that the “employment intensity” of construction activities is much higher in developing countries
in comparison to developed countries; which indicates that the construction industry can play a major

role in improving the lives of the poor.



Buildings themselves directly affect people’s safety and well-being. The structural integrity of buildings,
appropriate design for the environment, and design in direct accordance with the types of activities
occurring within them, determine whether a building will be safe for human occupation particularly in
adverse conditions. du Plessis et al. (2002), for instance, cite the example that sub standard
construction products were partially to blame for the high death toll in the earthquakes that occurred in

recent years in Turkey and India.

The risk to personal health from buildings is a relatively recent concern. Baggs et al., (1996) maintain
that the building industry has caused many problems in the past which are only now emerging in some
of today’s health problems. These health problems are a result of what Pearson (1998) and Day (1990)
refer to as “sick buildings” whereby synthetic materials, poor design, lack of ventilation, poor choice of

site, fixtures and appliances in buildings affect the well-being of the occupants.

Synthetic building materials for instance are often fire hazards and give off pollutant vapours which are
harmful to health. In many modern buildings these vapours are unable to escape due to the
impermeable nature of the building materials; many modern tightly sealed, insulated buildings have
radiation levels up to 25 times that of the external environment (Day, 1990). Pearson (1998) cites cases
where people have complained of recurrent symptoms including headaches, fatigue, and nausea, all as
a result of “sick building syndrome” where indoor air was found to contain a complex mix of pollutants
including: radon, carbon monoxide, sulphur dioxide and particulates. Symptoms were also thought to
derive from fluorescent lighting, a build up of positive ions and stale air (Pearson, 1998; Day, 1990). To
avoid “sick building syndrome®, buildings should be seen as a “third skin” that breathes, absorbs,
evaporates, and regulates and at the same time offers protection, comfort and shelter (Pearson, 1998;
Day, 1990). According to Baggs et al. (1996), this “third skin” should ideally be comprised of non-

polluting, non-toxic, renewable and permeable natural materials.

The site and the position on the site, the natural systems and patterns also need to be considered in
order to create a built environment that does not adversely affect humans. The site of a building may be
affected by positive or negative ground energies and building over areas affected by negative energies
such as geological faults, can affect health. (Pearson, 1998; Baggs ef al., 1996).These adverse health
effects associated with living in such areas include disturbed sleep, cardiovascular disease and
changes to the central nervous system, and is known as “geopathic stress” (Baggs et al., 1996). The
sound, smell and look of a site also have a profound impact on human health. Noise from passing traffic
or trains, for instance, has considerable effects on our feelings, thoughts and well-being (Baggs et al.,
1996). The position on the site also affects human health and comfort: positioning a building in a valley,
for instance, exposes occupants to trapped air pollution and colder night and early morning
temperatures (Sowman et al., 1998). In the Southern Hemisphere, areas that are north-facing are also

warmer and more hospitable than those facing south (Sowman et al., 1998).

The modern day convenience of electricity tends to overshadow the relatively new consideration of its
potentially harmful effects on human health and well-being (Pearson, 1998). Electric devices used in

buildings emit electromagnetic radiation distorting the natural magnetic field of the earth which in turn



upsets the electromagnatic balances of the body causing symptoms such as headaches, disturbed
sleep and nausca (Hawkins, 1989 cited in Day, 1990). More serious cffects Wypically take years (o show
and include metabolie malfunctions and allergios;, moregver the link between close proximity to
overtiead electric cables and the incidence of leukacmia and cancer s gaining official recognition
(Pearson, 1998; Day, 1990). Static electricity which is alsu caused by electric appliances in addition to
synthetic materials not only increases stress levels and irritability but coentributes to a range of under-

oxygenated blood ailments such as depression and lethargy (Tay, 18990

A% has been alluded to. buildings also affect the metlaphysical or psychelegical health of humans, so
“apart from the ohviols need to live in homes that are healthy for the body. there is the much older
dasire to dwell in @ place that is healthy for the mind and spirit” (Pearsen, 1998; 45}, Day {1990} speaks
of how without consciously leoking at them, we absorb our surraundings with all our senses: and as a
result harsh, uncaring, insensitive and depersenalised buildings such as modern council flats only leave
the emotinnal part of the human being feeling empty. Day (1990} proceeds with the fact that this
emptiness often manifests itself in yndesirable activities such as cime. Such unwelcoming structures
are also not valued by their occupants and often fall inte disrepair and are prone to vandalism {Kibert,
1994b; Hill f af.. 1995; Heron, 2003).

Sowman et al. (1998) ohserve that many South African examples of low income housing are merely
sterile rows of freestanding "boxas” that do not create vibrant living environments or 2 “sense of place’
a5 1% illustrated In Figure 2 below. South African housing projecis should instead sirive to promote a

sense of place, peacefulness and well-being.

"Eveary client, occypant. user. even thase not vef barn, (5 an individual 3 human parson, not a
faelinglass statisic to be packaged. They need their awn places as haises for the souf, not as
boxes for the hogy™ (Day, 1990: 127).

Figure 1: Low income housing, Soweto, South Africa
Source: hitpiiwww livingneighborheods org/ht-0fsantarosa. him

According to du Plessis ef g (2002), the construction industry alse has the capacily to affec! economic
sustainability as the built envirenment constitutes more than half of the tetal national capital investmen:
in most counires across the warld, The industry plays & vital rele in the creation of small, medium and
micro enterprises with a large portion of construction workers beng employed by them, and the
consiruction industry alse supports small and informal centracters such as paint and tile manufacturers
{du Plessis ef al., 2002; Hill et &0, 1997,



The negative environmental, social and economic impacts of the construction industry can all be
mitigated through changes in the practices in the canstruction industry, Developing countries such as
Sputh Africa bave the oppartunity to base all future developrment including the provision of housing to
low income cormmunities an principles of sustainable development. The sustainable construction of low
income homes will nat only benefit the environment, but will have a positive effect on peaple’'s physical

and mental and econamic well-being too.

The following section considers the developing world context with regard o sustainable construction.

2.5 The Developing World Context

Developing countries, despite their diverse cultures. histories, economic conditiens and climales. have
certain developmental issues and conditions in comman, du Plessis ef al. (2002) cite that urbanisation
and housing are hwo such issues which are particularly pertinent in develeping countriss. These issues
herve pul the construction industry under the microscope as it is a key industry in the quest to deal with
hern,

Urbanisalion is laking place in developing countries at an unprecedented rale; the wbanisation rate in
the less developed Asian and African countries for example. is approximately 3.6% per annum, which
amounts to 170 000 more people per day biving in urban areas (Swilling, 2008). The majority of the
werld's megacities are in developing countries where there is not enough investment in infrastructure

and planning to keep up with the high urbanisation rate (Giradet, 1998},

According to du Plessis et &l (2002), cne of the most pressing infrastructure deficiencies in developing
countries 15 housing. This has resulted in rapid growth of slums and unauthorised setflerments,
ovarcrowding, straned infrastructure and services as well as a neglect of the emnvironment. This is
echoaed in the South African experience where there is a large housing backlog with a large sector of

the population living in informal settlements, as well as the Brazilian expenence as cited below:

The Brazilian experience

“The currant siate of Brazfian cilies is due (o the absence of public or private housing
grogrammes capable of financing or promoling the producton of howusing and wrban
nfrastructure on a large scale. Thus the hewusing deficit foday is characlerised as one of the
biggest probiems faced by the population and a major challendge 1o the construchon indusiy.
Poor distribution of income s the main cause of the housing odeficil. Self-conslruclion in
peripheral oreas or tioh-risk greas sych as steep siopes or Nood plains has zeen the creatior of
the 'ilMegal’ city. These clandestine shanty towns are stil the main source of howsing production
irr Brazil." (du Plessis et al., 2002: 29)

Iy response 1o ihe develaping world's unigue and extreme preblems and the realisation thal their
resources 1o deal with them are far fewer than developed countries, the discussion document Agerida
21 for Sustainiable Cornizlruction in Developing Countries was pubiished as a contribution 1o the
Johannesburg Werld Summil on Sustainable Cevelopment in 2002 (du Plessis et al, 2002) I

represents both a sector response and a developing country response to the challenge of sustainable



devetopment I the bullt environment and sets out a research and development agenda and a strategy
for action for sustainable construction in the developing world. The document recognises that
developing countries are largely still under construclion rendering the urgent need to ensure that this

construction takes place sustamably {du Plessis et al., 2002}

Sustainability, however. is not yet receiving sufficient attention in the construclion indusiry in the
developing world. du Plessis gt af. (2002) cite \he reasons as being that governments and socielies
adopt a "crisis-driven” approach to dealing with the dire problems, wilh litle regard for the long term
mgact of their actions on people and the emvironment; as well as a lack of capacity of the construchion
sector, low urban investment and a general lack of interest in the issue of sustainability. Although not
commaonplace, there are indeed examples of sustainable construction in the delivery and mananement
of low income houses across the developing world, Irurah et af (2002, for example, provide a
comprenensive account of sustainable settlement initiatives in South Africa. The Habitat Awards is an
initiative that identifies innovative and successful human selflement projects around the world. The
recipients of the awards very often uphold the principles of sustainable construction {Habitat, 2003}
The Holoim Foundation, as mentioned in Chapter One. offers awards to sustainable architeciura,
engineening, urban desian, and seitlement upgrading design projects; with many recipients of the award
being developing world projects {Holcim, 2008), These housing projects provide an important
foundation for others to follow and are therefore 1o be investigated in Chapter Four of this dizsertation.
Case studies will be selected from across conlinents ensuring a broad spectrum of sustainable
canstruction practices and technologies from which to draw conclusions and recommendations for the

South Afncan housing situation.

2.6 Conclusion

Chapter Two has outhned the theoretical basis of this study namely sustainable construction, as an
aspect of ecological design, under the ambit of sustainable development. It has included a review of
literature or sustainable settlements and sustamable cilies in particular taking into account that
suslainable construction relates to a broader context of urban form and settlements as a whnole, Thne
chapler has also discussed the extensive impacts of the construction industry on people and the natural
environment and therefore on humanily’s ecolagical footprint prowviding a better understanding of the
neead for sustainable practices in the buil environment. The chapter conciudes by giving an overview of
tne dewveloping world where one of the mosl pressing issues is a dirg housing shortage due to ever
increasing urbanisation. It is not commonplace o address this housing shortage using sustainable
construction practices; and yet the need to make sustamable mterventions in the built environment
rermains urgent for the survival of human beings. The developing world. despite its lack of resources, is
ina prime pasiion to base all its future development on the principles of sustainable development. 5o
by drawing frem existing developing world low income housing prajects with a suslainability agenda.
this dissenation will offer the lessons and experiences learnt from these as a foundation for future
housing prosects in South Africa, ag the country deals with its own housing backlog and environmental
degradation,



CHAPTER 3
Research Method

This chaper describes and ustifies tae ressarch meihod employed in this dissetalion for tae

ieestigation of develaping world examplas of low incoma nousing.

The chapter is sructured by first justifying a case study approach and then develeping a caso study
design. The coapter procaeds by giving a review of previcus research on sustainable case siudies in
ordar 1o damonsirate a method for the analysis ot the case studies chosen for this disseration and

finally developing an evalugtion framewo k design,
3.1 Justification of a Case Study Approach

Accerding e Yin {19%4) there are several ways of doing sccial science résaarch. These include
experiments, surveys, hisiories and case siudies and each has advantages and disadvantages owver
otaers dapending ¢n thrae conditions:

a)l Thewpe of rescarch gquastion,

bl The contrel aninvestigasor has over aciual kenavioural events, and

c]  The focus an coniemporany as opposed (o hisiorical phencmena.

l: i= theefore necessary i discuss sach condition as it relatas o this researcs projes a8 a maans of
[Jstifying e paticular -escarch stralegy 1o be cmployed. This dissertation is (o investigale develaping
wirld gxamples of Iow income housing and nas the folowing msearch guestons as posad n Chapter
Jne;

P |What are some good praclice cases of sustainable construciicn in housing for fow fnoome
communities in South Africa and other daveloging countries?

»  How oo these cases compare onissves of sestalnabiity ?

B Wt are the aofiovaments, strengths and innovalive aspocts of the cases in torms of how they
addvess the princicles of sustainable construction?

» |What lossons gre o be lcam! from those casco siudies i forms of the sustainabie prasfices and
technclogies they wused and their potential to deal with South Africa’s housing backlog andg

enironmental degradation?

Taraa of tne four research questizns are "waatl® questions and are cxplaralory in naure which,
according e Yin (1984), would warrant he wse ol most rascarch stralegics including exploratary
survays of exploratony case sudics. The “haw” queslion, howeyer, 5 mare explanatony in nature and,
according 10 Yin {19941 likely w0 lead 13 the usa of case studics, histones and exporiments as preferred
rosednn stratogies,
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Considering the “how" gueston is an important aspect of this study; histories, case studies and
cEponments are lhrec polential rescanich slralegies. In ardor 10 mase a futher distinglion among the
three, tho conditions of she exten: of the Investigaior's control aver ovents and the dogree of focus on
contemporary, as opposced o historical evette, nesd to be determined {Yin, 1994 In thie research
projec in an investigation Mo sustainable iow mcome housing. the ivaesligator dogs not reguire cantral
of bohavioural evenls and is to play a passive rale withowtl imposing any influence an the case. Tho
research prosct is also to cxaming contemporary events over histarical eveats.  According to Yin
i1894), the proferred soscarch strategy is therefore case studios. Yin (1894:72) defines gase studics as
"studies of events within thair real ife contexf and, though - refies 01 many of the same technigues as
g history, a case siwdy has twe additional imporanl souqces of cvidoace: direcl obsorvaiions and
intorviews  Kumar (1999) states that case studies provide the roscarcher with an opportunity for
thorough analysis of specific details which ofher methods often ocverlook. A case study approach is
therefnre suitable for thie disseration as a thorough aaalysis is needed to ideatify specific sustainable

achiovemoils by devilopiig world projects as recommondations for the Sauth Alrican conlest,

Having justified a case study approach as an appropriate reseatch straregy for this dissetation, the

following scction dovelops a case study design.

3.2 A Case Study Design

Case sludics for Lhis roscarch project will bo deadified through cantacling rolevant peopic and
grganisalions 0 the sustainable construciicn ficld as woll as consulting relevant sustainablo
consiruciion lilcralure, This method docs oot atlempt to solect & sruly represoniative sample of caso
studics bui is to provide an unresincicd approach to finding out what is out thero as well as access io
further refereqces. Thie method of identification also offers & degree of "accidental” randomness,

particularly as the infial coatacts will nol be chozen accoding 1o a rigarous process (Edwards, 20017,

Cases will b soleead Fshoy Ui she following crteria)
*  They ancompass the provision of low income housing (Housing buit for low income communitics:
those pecple that quality for governmen: subsidies. |n Soutn Africa, housing subsidies are granted
to househaoids with a oint income of less than B3500 por monch (Dalgliesh ef al, 1997
* Thoy aro located in the developing world [GMNP of less fnan US$7000; du Plessis et al, 2002},
and

B They fave an axplicil sustainakilily agonda
Casas will bo further screencd accerding to ihe availability of information and the accessibility to
architects, planaers and oiner ~elovant profossicnals. Geographical iccarion will aleo be coqsidered iq
thi+ screcning process so as o onsure a broad spectrum of case studios from both ruras aad wrban

areas as'oss the devaloping warld

Thz following section justfies and develops a metnod for t1g analysis of the case studies.
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3.3 Case Study Analysis

A= a mears of formulaticg and (astifying a method for the analysis of the shesen sase stadies, a critizal

review of pravious research (1954 -2007] on sustainable case studies was undertaken.

Hill =f ai [19548] anderfonk a study cn the practice of sustanable construction in South Africa which
inzluded an analysis of the environmental manmagement applied duaring the construciicon phase of thrae
case studies. The three case studigs were analysed in terms of a framework for the attainment of
gJstainable consragtion (Hill ef al, 19%4a). The framewerk cansistz of two parts: the application of
Environmeantal Assessment (EA] during planning and desige stages. and the implamentation of
Environmental Management Syaiems (EMS) during constraction (Hill et &0, 1994k The sezond part
wins the focus of the swdy wherg Hill of &) (19945) developad four key requiremans to ba met in
devaleping an EMS in the construciion phase of a progct. It was these -equirements tha! were vsed as
a chacgklist for each gase study to determine the degree to whizh the projess satisfiad the reguirements
of an EMS. This echnigue provided o systewaic and logical means of gvaluating the three sase
zudies. The findings were, however, digplayed in a paragraph formal which did rol allow for easy
sompanson of the sose swdies or for the easy dentifisation of the requirements that ench case stady
fullifled,

Crager {1596 invastigated the extent 1o whizh pringiples of sastainability had bean fultiled agress the
lita-cycle of six selected buildings across Scuwth Afriga, using an evaluaticn framewerk methed. The
tramewark was imendead as a cheag<list of ne thearetical principles ot sustairabkle construction against
witich o [est the pracical ashigvenents of the case studies; and thersfore gvaliate the state of
sustainable construction in South Africa. The framework consisted of a matrix of sows and columns,
whera the rows indicated the gase sudies and the golumns indigated the criteria for fulfilling eazh
prinziple of sustainability. The raasan for doing this was to emphasise that the principles wee the main
tacus ot evaluation and not the case stades, A separae tamawork was sl out tar each principle of
sustainabile construction and each case was tested against it The intormation ceguired too the
framework was acguired through literature, drawings ard informal interviews with relevant people for
2ach case study. This method providad a thorough and rigorous evaldation of the case studies and
allpwed fo- easy dentification of each case sudy's practical ashievemeants, The matrices alse allowed
tor easy comparisan of the cose siadies.

Barret (2002) assessed the extent to whizh sonstruction companies applied the principles of sustainable
constructhor in building developments. The author cheose two medivm-sized censtruction companies as
case studies and obtained the relevant information through a number of gemi structured interviews with
constructon professionals in each company. The gueshons were ‘ormulated according to the research
guestions previously posed; and the interviewass' resporses were then grouped and discussed urder
five headings: scgial, econnmiz, fechnical and environmental sustairability, and barriers to the
application of sustainable congtruction. Alhcugh the data was validated by condugziing many interviews
per case =sudy. other socurces of evidence would have ingreased the walidity fuither.  There did not

seem to be a clear and logical link between the guestiors asked ir the interviews and the discussion
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under ine five headings mentioned. This gave the impression that the gquestigns were formulated
randomly and withou: rigour and were nol a true reprasentation &f tha axtent to which the prnciples of
gugainabie construction had been applied in tne wwe companies. This highhgh's the fact that a thgrough
and iogical evaluation methgd Will not only ensure thay nothing "falls between the cracks” bt will
provide a logical flow from tne findings 1o aier discussions and thergtore ensura bater readership.

lrurah et al (2002) presented a selecticn of sustainable settiement case studies far e Depariment of
Houging. The research was inended fo illustrate oustanding initigtives in the field =f sustainakble
housing and not necessanly (o tes) the exoent ta which sustainabilisy had been fulfiied ar to compare
the case sludies an issues of sustainability, It was, tharefore, nol necessary 1o use a figaraus checklis
as an evaluation framewsrk; the case studies were instead evalvaed using a broad framewaork of the
feur "pilias=": economic. sccial, institutignal and envirenmental sustainakility. Fositive azpects of each
case study were identified by using the aforementioned four aspects of sustainabiity as a guide. While
this method allowed for g dascriptive depiction of South Atrican sustainable hausing inisiatives. i© did not
allow far an in-depty investigation of the case studies ar for thair comgarsan

Afodote af 50 02005 cvaluaied the best practices of green Buildings in Cape Town in order 1o establish
whether they met the requiremens of green buiiding design. Taree case sfudies of buidings reguted to
be beg praciices in graen design were chosen. The research used both unstructured interviews and
open guestignnares o gathes data, and the guestions were formuaated and structured according to
praviausly idantified indicators in green buldings, The guestions provided a systematic chacklist of
which seguiqemants had been met by each case study, and tnese were then summarised ints tatular
form which allowed for easy idemificaticn of sach green building's snortcomings as wel as their
comparisan. The validity of -he informaticn gathered, nowever, is compromised by the tags that it was
only obtained from one person par case study through a guestionnaire angd interdew. Making Lse of
ater sources of evidence such as lilerature and other inlerviewees would have subsantiated the data.

Canning {2005) investipated the extant to which sus:ainable constructicn had been implemented 10 :he
building constructign ndusTy in the Western Cape. The awhor selected and evaluated thres case
studies as part of the investipation. Tne case siudies were evaluated Lsing a framewark ot sustaynatiity
grinciples (resalrce minimisation, resaurce rouse maximisanan, use of renewable resources, protection
of the natural envirpnment, creation of a non-loxic eovirgnment, guality in the buill environment and
socio-gognamic upliftmenty and the findings were represemed in eigh: tables: one lable for =acn
principle, The tables were then candensed inte & ane page summary af wnether or not eacn case stady
met the sustainability criteria. Using sustanable construction principies a8 an evaluation framewo-k
provided a systematic and thorough means of testing the extent to which each case study 7ad fulfilied
the principles of sustainabiiity. The way in which the author et out the tabies, however, did nat pravide
a clear distinction between the case studies, as each case study was not given a separate raw but was
evailated erraticaily under one principle. As a result there was no icoical flow 1o the summaqy table as
this provided a clearer layout 2nd alicwed for the comparnisen ¢f the case siudies
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Lembard (20087 urdertook an empirical study of green a~chitecture i1 the Western Cape. Part of the
research aevaluated four houzes all designed by & "green” architectural firm in the Western Cape. | he
evalualion was 1o csablish whather or not the firm was meating Lhe shiteria required for their buildings
to be “greer”. The four case studies were evaluated according to five previcusly established
sustainability criteria; socio-ecoomic upliftment, resource consumplion. resource maximisation,
building gualty and a healthy, holistic envireament. Infarmation was gathered through relewant
documels avd elephonis conversalions and farmal ivterviews wilh Lhe cwness aad architects, The
use of many sources of ovidenzse helped to improve the validity of the data The findings wee
represerted 17 a similar fashion to Orager [(19%6) and were tabulated with a separate fable per
zustainakble criterion; and criteria that had rot been fulfilled were shaded. 1he five sustainahility criteda
provided a thorcugh and legical framewsde with which 1o evaluale the case studies and the tables
provided a slear rapresenlalicn of Lhe critera fulfiled by cash sase sludy, whizh in turn assisted later
discussion.

Chakwizira et af (2007] examined sustainability and coastruction matenals in aftordabile housing and
infrastruchure. T heir research drew Trom two case aludies and he sludy methodology included the
axamination of each case sfudy againat a =al of key sustainabilty parameters lhrowah physical
abservations and ficld measu-ements, The wo case sludias and Lhe parameters were sct up i a
mainx The matrix allowsd for easy comparison of the two case studies a1d one could sasly identify the
case study's achievements against each parameter. The fact that there were orly two caze sludies,

howsever, did compromise the research in terms of ite uniguenecss and validity.

4.4.1  Lessons Learned

All of lhe gbowve revigwed rescarchers used an svaluation framework for the a-alysis of case studies.
Each used a certain set of parameters as a checklist for each case study: to test each case siudy's
performarce agairst the checklist in order to highlight the case sludy's slreaglhs a9 weaknesses
and'ocr 1o compare the case studics o fo give a descriplive depiclion of he sase study. Depending on
the aim of lhe resaarch, the avalualion frameworks were used to varying degrees of nigous and
dapending on owhother a bBroad descrption. or specific details and compansoas were needed, the
frameworks wera displayed i1 paragraph o- matrix format. The data for all of the reviewed research was
collecled through inlerviews, questionnaires, literature and drawirgs and the rumber of caze sndies
evalualed varied from 2 to 4. except for Irurah st af (2002) who evaluated 47 case studies. Many
important learning points can be deaqed fram the above reviewed research o sustairable case
studics:

*  The layoul of the findings is mpotant as this provides the fourdation o1 which later
discussions and conslusions arg based: the flow betweeq the findings ard the discussion
reads 1o be logical ad clear. Aable/matny (provided each case study is evaluated separately
ie. given a sepatale row'zolumn allows for easy comparison of the case studies and allows for
easy idealfication of he crilaria 1 fulfilled. Shading of crteria fulfilled o- not fulfilled provides a

sulilable mothod for ease of ideqtification. A paragraph format is more suitable for moe
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descriptive depictions of cage studies as opposed fo their comparson or the highlignting of
specific points.

* 112 more rigorous and thorough an evaluation framework, the more in-depth e analysis of the
case studies with less infarmatien "falling th-oug the crag<s”.

»  Tacfew case siudies comprenise the research :n terms of its unigusnsss ang validity.

»  Tac few scurces of evidence compramise tae validity of the dara cellected.

1his disgeratian 12 to compare case studiss on issues of sustainability and o draw from the sustainazle
practices of the case studies as possibls lessens for Sauin Atrican sustainakble low income housing. It is
tnerefare imperant to be dble to compare the case sudies easily on issues of sustainability. 1t is alsc
impartart o dentily the sustainable principies al each has fulfiled and wnas praclices have been utilised
wortne fullilmert of the principle s as o draw recemmergdations for e South African cartext, So from e
lezzons learned from the review 67 previous reseanch on sustainabie case studies, A rgorows evaluation
framework iz deemed apprepriate tor tns analysis of the cass studies and tas findings will bs set up in a
matrix where criteria tulfiied will be shaded. Sources of evidence to- the evaiuatian ot the case studies will
includs dooumentation susn as construclion drawings, archival records, web-based infarmaticn, informal
irrerviews and direct chservation where pessible. More than twe case studies will be analysed far the
sake of gereralisabiiity, vaidily and comparisen, and o draw from as bread a range of sustainakie
practices and technologies from the developing world as possicls; but will be limitsd to less than 10 due to

tirme congs-aints.

3.4 Evaluation Framework Design

Tae seven principles of sustainable canstruction, as inteduced in Shapter Twe and discussed in
greater detail in Appendix B, will ke used a5 a framewark for the evaluation method and wiil provide a
structured set of parameters to test whether tne critenia of sustainasle construction have been achieved
by each caze sludy and therefare allew for their comparisen anissues of sustainabinty. |t is impoeriant to
nate tnat tnis method will not test tne dsgres to which =acn critenon has been achieved, but rather
whether i; has been addresssd at all. This is 0 line with the researca canducted by Drages (19565
Modafe e al (2005, Canning (2006) and Lombard (2008 reviewed above waere the delails of how
well the crileria had beer fulfilled, was nat of prmany cancern, rather whetner or et the eriteqia nad
bean fulfiled. In the majority of the pravious research reviewed, expliot atlempts were made to aveid
bias and sugjectivity in the evaluabon of tne case studies. This will be the case in inis stugy where the
evaluation framewok will bs formulated so as to ofier as objective an swvaluation as possibls. Certain
parametes, however, such as whether a building is agsthetically pleasing cannot be excluded and will
depend on the investigator's subysctive opinian.

As mentionad. 3 rigorous evaluation framewerk will be used A thorough frarmawark will allawe far an in-
depth analysis of the case studies and will therefo-e assist in dentitying specific sus:ainakle praclices
and technolagies tha: could perhaps be applied in the Scuth African context, wheseas a broader
tramewsr4 would nstedd give @ mare superficial overview of eacy case study,
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For case of analysis, the framewark will consist of a matrix of rows and columns where the rows will
indicate the case studies and tho columns will indicate the criteria for each principle of sustainable
construction. Fellowing Crager (1856} a separate framowerk will bie set up for cach principle so as to
allow for casy compasison of each case study according (o a specific prnciple of sustainable
construction. Ary additional infermation that may be in exgess of wha! is required in the matrix o of
paricuiar interest and in qeed of claboration will be includod subsequentiy. Tne following tabie iz an
axample of a framework matrix; it illustrates the evaluation of two case studios against the critena o

Pringiple 2 of sustainabie constructicn:

Table 4: Example of framewark matrix

Principle 2 Maximise resgurce reuse
CRITERIA
Reuse Reuse
CASE Heuse materials water land TOTAL
STUDMES (5]
D_esign for EZ";IS: :ﬁ"‘"‘q’e ot Grey water Use ol_
disassembly Sen bullding Sysloms grey” land
Tnlolege Foier Sew
Oevelopmieat : matenizls housks z
PrDjE—.‘-ET Ligad braile
Johanmesburg
Housing 2
Company

Each criterign achioved by a specific case study will be shaded and each case stugdy's performance far
a specific principle of sustainable construction will Boe gieen 0 terms of the numbor of criteria it tulfilled,
Bctn tnese approacnes will allow for the comparison of the case studics and to nighlight its slrengths,
For example, bath caze studies in Tabie 4 fulfiled 2 criteria out of a possible & for Principle 2; but each
addressed unigue ways of maximising reseurce guse. Thg full evaiuation frameworks are feund in
Appondix O af this dissoraton.

3.5 Conclusion

This chapter nas provided a |ustificaticn for tne case siudy approach as an approprigte research
strategy for this disseration, as weil as outlining a case study design. In Hae with previcus research an
sustainable case swdies. the case studies i this disssration will be asaiysed according fo an
gvaibation framewerk ot the seven pinciples of sustainable eonstruction. This ressarcn strategy will be
takern forward to the fallewing chapters witn the mtroduction of case studies and their subsaguant
analysis.
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CHAPTER 4

Resulis

The purpese of this chapter is o introduce 379 provide an overview of the cases evaluated and present
the results of their assassmen: against tha ramework of seven principles of sustainabla canstruction.

The fellewing research guestions as posed in Chapter Cne are addressed,

P How oo the case studies compare on issues of sustainability ?
P What are the achievements, strengrhs and innovative aspecis of the cases in ferms of how they

address the principles of sustainable construction?

The cases were chosen according o the case study design cutlined in Chapler Three. The task of
finding relevant cazes did not prove (o be simple, as "sustainable housing” s a2 relazivaly new field in
develoging countries. Accese to sufficient information, paricularly tor proeects outside of South Africa,
proved 1o be a fusthar barriar; hence the largar aumbers of South Adrican cases, A full list of the initial
cases, boefore tha sereening process, and furthor comments, are given in Appandix G,

The results of the evaluation are dsplayed in a matrix farmat in Appendiz D with & separate matriz for
gach of the seven principles of sustainable construction, tested against all nine of the cases. These
matrices &g elabarated dpon in this chapter to expand upon the short notes confined within them as
widl a5 [0 providas &y additiona! comments that are ol accommadatad i the matrices. A summegty of
aath cases parformance is given in terms of the qumber of oriteria it addresses por principle and oot of
a possible total of 49, as well as the tumbar of principles it fulfils out of a passible 7. A principle is
deermed fulfilled if more than half the respective criteria are addressed, Innovative aspects gleaned from

the evaluations ars also listed in the summaries.

The chapter concludes by providing an overall graphical summary of the cases for their easy
COMpEarison.

The gengraphical location of the cases is depicted in tigure 3 and an introduction to the casses and their

performance in the evalyation is given bslow:
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Figure 3: Location of the Case Swdies
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4.1 Douglas Rocoms {(Johannesburg Housing Company)
4.1.1 Qverview of Douglas Rooms
Address: Jonannesburg inner city. Gauteng, South Africa,
Lacation: Urban.

Time period: Starting its activitics in 1996 with one building, tae Johannosburg Housing Company (JHT)
aow owng and matages 24 bulidings and 3000 housing units, Dougias Hooms was baugat in 1897 and
the restoration process fook two years, The conversian allowed tne JHC to ofter 85 single and double

‘ooms farrental.

Coscription: The past tws decades bave scon many businessas move from the Johaanesburg inner city to
the narthern suburks, leaving many buildings unoccupied or sguatted and falling inte disrepair and wsed
as geqres for criminal activity, Douglas Rooms, n paricular, was at tne care of many social probloms:
sgualid, avorgrowded and a havea for dnug lards. Tne Johaanesburg Housing Cempany o HG) was
initiated as a rospensc 1o this siuation and has worked to presere such well located and valuabis
buildings througa their renovation and adaptive reuse. The JHC continuausly forms partnersnigs and
alliances with a vanety of housing arganisations, banks and cvarsoas funding arpanisalions and various
spheras of government including tne Gity of Jehannesbuqg and the Jehannesbuqg Dovelogpmenl Apency.
Furding has been made available by the European Unign, the Flemish Regional government, the
Provingia! Housing Departmant and comme-cia bank loans. The Douglas Fooms project has doiverod
mixed-tenure, affordable rental housing and nas sparked urban regenetation of the Johannesburg city
centre. A tocus has been o the sustainable constructicn principls ol socic-coonemic dovelopms
wacrahy  employment oppotunities are promoted, afferdable houses provided. and  community
programmes and [enant commitiees are farmed o pramate social interaction and integration as well a3 to
CNCOUrAgs tomanls o paricipate in managing thei- houses and maintaining the standards in toci
buildings, The JHT was awarded a Habital award in 2006, Althougn Douglas Rooms has mixed-income:
ocougants, 50 percent are low incoma: and this case study is tworelers stil decmed to fall within the

critada of the case study dasign.

Source at information: lrurah ef al (2002), Habitat (2008], JHS (2008}

Figure 4: Bouglas Rooms, Johannesburg, South Africa
Sourco; weaw b oo za
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4.1.2 Results of the Evaluation of Douglas Rooms

Table 5: Perfermance of Bouglas Roems in evaluation procedure

Total M. of criteria | Principle
PRINCIPLE
criteria addressed fulfilled
1 {Conserve} |9 g X
2 (Reuse} 3 1 ¥
3 (Rensw) 5 0 X
4 (Protect) 8 = X
5 {Healthy) 6 4 y
6 {Quality} E (i y
7 {Soc-2c} 8 7 y
Total 49 24 3

Case siudy s strengths:

-

>

*

Prirciple 5: Create a healtny, nen-texic envirenment
Frirciple B Quality in the bLilt envienment
Frirciple 7 Sogial and ecenomic Leliftment

Innowvative aspects:

[ 3

-

Goed location {Principle ), Douglas Rooms is lecated in the Jovaangsblg CED, closg o
economic oppotunities.

Helse of old building stocs (Priaciple 2) Douglas Rooms demaonstates tho extension of the

cconomic fospan of a building through tne refurbisnment and maintenance of a derelict and
abandoned irner city building, This cnsures 1138 the manufacit o and transportation of new
consiruction materials is avoided. The improved bueilding has lod 1o 1 refuvenation of the
surrounding drea.

Terant paricipation @&nd capacity building (Frincipls ¥) The JHO spont six manias warking with

previous and new tenants to address issuss such as new rental levels. limitaticns on the
number of people per unit, a9d (e barning of illegal actvities. An ongeoing culture of
invomement ir decision making in respect of managoment of qousing 2nd 0 cemmunity
development dctivities is promated and ercouragoed, ntar-building spoting aciivities involve
mary yeung pecpls and many tenants are given the oppertunity 1o go on trairing coursss i
childcare, HIVAAIDS, financial glanning and heme mamtenance.

A culiere of prompt paymenl, clearliness and arder [Pringiple 73 This culture is insisted uper to

ersure the cortinued guality of the bellding.
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4.2 Cato Manor
4.2.1  Overview of Cato Manor
Address: Durban, Kwazohu Matal, South Africa.
Location: Lirban (Bkm from the Durban CEDY.

Time pericd: The development of Cato Manor was inftiated in the early 19905 Thaee arg currently
approximately 25 000 housenclds accommodating 150 QB0 pecpie,

Cescriplion: The ared lay emply for 20 years after the forced remaoval of people under the Group Areas
At ol the 1950 and 19605, The led up to South Africa’s fransition to democracy in he late 15980s and tne
sarly 18905 saw rapid informa setlement and the -esullanl emwircnmantal degradation and social
prablems. This prompred vanous Community Based Crganisations, Non-governmeantal Organisations. the
Local Authority and donas apencies (o embark on an initiative called the Cato Maner Urban Renewal
Froject. The gim was (o upgrade the area in recognition of ifs close proximity 1o the Durban Central
Business District (ZRD). and the need 1o aftod poor pecple the opportunity to live cleser to socio-
economic opportunities 1o facilitate ob creation and entrepreneursiin, Cne of the top priorities became
lhe pursdance of guality inthe built envirerment (Prirciple B of sustainableg constructisn) and the provision
ol suslainable Pousing in & fully integrated neighbourhood offeting other infrastructure and facilities such
as roads, community transpor, health centres, schools, snops, business centres and opan spaces.
Innovacive spatial planning was employed making sile layouts as efficien: as possible and reducing site
size to ensure nigher density. The project received large amounls of funds from public, private and
incerational fundars including the Recenstruction and Develepmant Frogramme (RDP) fund, the KwaZulu
Matal Halzing Development Board, Gurban Metre Council, European Union, Davelopmeant Bank ol Sauth
Africa, and the United S:ates Apency fo7 International Development.

Source of infarmation: Irurah ef &l (20021, Cata Manor (2008), Pate (2008), Sustainable (2008)

Figure 5: Aerial view of Cato Manor: "A city within a city”, Durban, South Africa
SoUrce: waw cmda.org.za
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4.2.2  Hesults of the Evalualian of Catg Mangr

Table &: Performance of Cato Manor in evaluation procedure

Total Ma. of criteria | Principle
PRINCIPLE

criteria addressed fulfilled
(Conserve) |9 3
EIEHEU SEY Eu: o .5(
3 {Renew) 5 0 X
4 {Protecl) 8 4 N
5{Healthy) |# 4 v
6 {Quality) g 4 v
7 (Soc-2x) B 6 b
Total 49 23 3

Case swdy's srangths:
kB Principle 1: Minimise rgsourcs consumptian
k=  Principle 4 Prolect the natural envirgnment
»  Prircipla & Create a haalthy, non-toxic anvironmeain
»  Frincipla & Quality in e Built environmen:
r  Principie 7. Socio-economic upliftmer:

Inrovative aspecs:

»  Cood locstior (Prircipies 87 Caio Maro- is logaed 4 ke from the Curban CBC and 10km
from several maor emplayment certres and is easily accessiple from Bath the N2 and N3
nighways,  Beiiair road which weaves through the area was recognised for it 2conomic
potential ard was plarned as an activity corridor ard desigred as a four-lane -oule to
aecovmmadate both flowing and "siop-start” traffic tha: will benefit the shops built along the
route.

r  igh density (Principle 81 Cats Manor's dense layout attempts to compact the ity and erabiss
the opporunities avaliabie within and adacent to the community to be shared by moe peopiz.
The praiegr has -eached net residential densities of betweer 40 ard 55 urits per heclare
ilrurah et al, 2002;. Hign densiiies are ersured by usirg a variety of housirg typologizs
zooosding 1o the differant slopes of the site) these ingiude detacned incremertal housirg, sem
detached, attzched, double sto-gy maisonetes and thrag-to-tour Sioray wak-up hausing.

Figure 6: Double-storey housing type with buildings In close proximity to each other lo
achieve high density, Cato Manor
Source: www sustzirableneighbourhoods.com
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+  |ntegrated gevelopmant and mixed usage {Principle 6) The project integrates a wide range of

sacial facilities, economic oppartunities and effective transportation systems over aad above
hous'ng. Shops, schocls, libranes, workshops, par<s, sposts facilities and clinics create a senze
af coemmunity and make the environment workable. Thess are alse providsd in a cost-effective
way by agveloping lacilties 1 clusters or “mulfipurpese” centres that shace facilities and are
open to fhe surrcunding communities. This approach consarves land, saves o0 builaing costs,
maximisss the use of facilties and provides the potedtial for more efficient lang term
Taintenance arrangaments, A high inlensity activily cornidar also exists along Bellair ana Booth
roaas in Gato Manor where tnere is a mixture of sconcmic epgporunities on tne ground levsl
and residsntial space above. Other sconomic oppoe-tunities includs light industrial par«s,

ifarmal trading areas, and an Ans and Crafts Centre.

b Capacity builging ana ok greabtion (Frinciple 73 There is g overall Tacilitation programime 1o

promote Local Economic Development (LEDY, wneeby the Calo Manor Developrient
Assaciation (CMDA) plays an active role in creating an enabling environment for economis
projects and initiatives in arder to create a sustainabie entrepreneural framewark. One such
mitiative 15 the Eqfrepraneurial Suppot Centre and  incubator programme tnat assists
entrepreneu s with rescurces and advice. Skills raining nelp people o become employable a0
slat new busineszes. Investment s atracted inlo ibe area and obs created though the

sxissence of business ana light industrial parks, informal markets, and craft projscts.

Keay challenges and barriars:
»  Cato Manar, despite baing well fuded, did 107 conside- solar water neaters or dual flush toilets
due o tbeir high initial costs, The layout and desiga of the struciures were also not conaducive to
the mstalment of soiar water heaters. This iliost-ates the imporance of considering such

aspects Lpfront. In general; ene-gy, watsr and materials sfhciency wers not well addrsssea.
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4.3 Lynedoch Eco Village
4.3.1  Overview of Lynedoch Eco Village
Address: Stellenbosch, Western Cape, South Afriza.
Location: Peri-urban,
Tima paricd: The village was founded in 1999, In 20052006 12 houses wese built.

Desoriplion; Lynedeoh is largely a farming area where a large number of impoverished pocple have o
access to adequate housing and services such as cduzafion. afferdable encrgy and employmenl, The
Lynadoch Ece Village asose 1o address this need as well as 1o challenge Soulh Africa’s legacy of
aeoncmic apathoid whorcby the nch and oo have romaincd segregated, and this atempted tc bring
spgetner farmers, farm workers; their families, professionals and pecple with a1 inferest in living more
sustainably. The willage has become the first intentionally ezologically designed and socially mixed®
commUnity in South Aftca. I is managed By the noa-profit Lynedoch Cevelopment Company (1 DC)
where the board conzizs ol local communily lecaders and professionals. Tho Sustainability Instilule {a
noneprofit Trust basced at the Lynedoch Eoc Village), in collaboration with the Uneeersity of Stallenbossh,
identdied and mobilized funding from the Cewelopment Bank of Southern Afrdca, local bankers, local
auttoridies and the buyas of the properties. The village ¢oasists of a primary school, 8 pre-schoal, a
Tiltipupose nall, commercial spase, vilage green, crganiz agriculture and landscaped ancas, and 42
esidenees of which the 15 carmarked for low imoome poopla will b the focus in RS dissetalion, Toae
housas domonstrate issucs inharent in the princigles of minimising rescurce sonsumpicn, protosing the
anvircnment, and using renewable ~esources. These include: energy efficiency and renewable etergy as

weall as water saving measuras, 1Tnovative sanizaticn, and materials efficiancy.

Source of infermaticn: Swilling (2006}, Thomson-Smaddle (2008)

Figure 8: Low income residences, Lynedoch Ecao Village, South Africa
Sourca: Auther

Wit fre Lpneaonh Eop VIEDE 5 8 SociEly miesd DOmmody which consisis of Bor commercial ang sunsidized houses, ne focus

i1 RE @lsEETERe Wl b tha o MosmedsuRsioised Russes,
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4.3.2 Results of the Evalualion of Lynedoch Eco Village

Table 7: Perlormance of Lynedoch Eco Village in evaluation procedure

Total Mo. of criteria | Principle
PRINCIPLE
criteria addressed fulfilled
1 {Conserve} g 2] N
2 {Reuse} 5 i X
3 {Renew) 5 4 v
4 (Protect) 8 3 5
5 {Healthy) £ B N
6 (Quality) 6 6 y
7 (Soc-ec) a B 5
Total 48 40 B

Case study's srrengths:

*

*

*

Principle 1: Minimise ressurce consumption

Principie 3: Use -enewable, recyclazle and recycled resaurces
Princigie 4: Frotect the natural environment

Principle & Greata a healthy, non-toxic environment

Principle 6 Quality in the buil: envirgnmet

Frincipie ¥ Socio-economic uplif:ment

Innovative aspects:

*

Walar conseryaion [Principle 1) Lynedacn conse~ves water througn a number of methods,
There is a dual water supply whee prable water is supplied trom tne municipal water line 2
gach unit and recyclad water is supplied to each housenold for woilat flushing and imgatian. All
pliembing fitings a-e water saving and raimwaes harvesting i aplional for each househoid,
Storm water runoff is mininuged tarough the restniciion of hard surtacing, tnereby increasing
percalationinio the graund. Soil 2iabilisers are Lused s as to pravant erosion.

Water and sanitation sysiem (Principles 1:2:4) All grey and black water is treated on site. The

efflugnt from househo'ds passes thaugh seplic 1aks wiera the main sohds are depositad and
then goas on o oa verdically inlegratod constrpcied wolfand whera 19e effluan: s treated
ae-chically on top of he wetland and then anaerobically a: the bottom as the effluent sinks
tarougn a filter. The freated effluent gaes intg a dam from whe-e it ge's pumped into storage
tanks Tor sransmissian inig e housing units o wilet flusaing and irmgation. Tha effluent from
ather buildings in the vilage is cnaanelled into & bicltic tilter which effectivaly deals with solids
ae-phically s2 tha the reated waler retains primary (wrients to- reuse as fediliser. Both
syslems are appraprnate to me envirphmeans, are sdour-ireg and do not reguire she Use of
chemicals, By treating all the blac< and gray water o1 site, the Lynaedosn Eoo Village avoids the
bragen of capital cos:s for bul< sansation and the ope-ating costs 1or SUE 8 Senice.
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Figura 9: Biolytic Tanks and the surface area of the wverfically consiructed welfand-
Lynedoch Eco Village
Source: Dowling (2007)

I7 i warth nating hat three buyers collaborated during the consruction pnase of the project o
replace their septic tanks with & bingas digester. The digester, which is made of brick in a dame
siructure, collects grey and black water as well as organic kiizhen waste. It captues metnane

gas a1 the top af the dome whicn is released back into houses as cocking gas.
T TR A re= -

This biorgars digeriter is capabie of protucing end Ghoring Ldm’ por day of meattime tieh blagas from the sreniy and
food warhe from Hiree houbaboids. . .

The bioges produced by this digesler can be used 25 foltows
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Figure 10: Biogas digester, informalion board, Lynedoch Eco Village
Source: Author

Duplication of infrastructure (Principle 1) 7he grey water system and fire fighting water supgly

systernrs are combined.

Mixed incore setierrent (Principle 71 The vilage accommodases people from a range of

income, class and race brackes. ihis social mix is acnieved thraugh the provision of both
comrercially prniced and subsidised plats. o eqsuqe a socialy mized community and to
guaramies tnat the low income bracke: access adeguase and affordable hames, The existing
housing subsidy was used and ennanced. This made cetain tna: sustainable measures such
s insulazian and salas water heaers that are not sovered by the subsidy, could be provided.
This "green financing” was abained Shrough publis/private sectar pataerships. These included
a partnersnip witn Medbank, 1ne Sputnern Africa Developren: Bank, privae funders and
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landowngrs.  Private sector finance was also ssught extensively, paricularly  shegugh
astablishmonts that furnd groen developmoents,

as gravel woearnnsg coarse suface internal oads and the restriction of cars o designated
parsing areas arc in place.

Hecycling of refuse (Principles 34) Tha muiicipal refuse is managed by the Lyaedoch Home

Creenzrs Association (LHOA) and all residents are reguired to separate their refuse into
containers which is then further separated at a Sepal. The LHOA is responsible for collection of

the waste and for sclling it 'o recyclers. There s alsa a campesing depot where organic wasts

is collected for use in community ga~dens.

Figure 11: Lynedoch Eco Village: low income residence with solar water heater
Sourco: Author

Figure 12: Systainable, natural materials; Lynedoch Eco Village
Source: Author



4.4 Kutlwanong Eco Houses

4.4.1 Overview of Kullwanong Eco Houses
Address: Kimberey, Norhern Cape, South Africa.
| ceation: Mori-urzan.

Time perod. Estalished in 1994 1o accommaogaie the overlow from othar saarby setilecmeants, By 2000
awer 200 eacrgy-efficient housing units had been develeped.

Descrstion: Kutlweneng, located fitean minuies' drive from the Kimberley city centre, was previously an
mformal scttlement charactarized by shacks, poluticn, unemployment, and a lack of social ameanities. In
1925, a co-oparalion agreamet wus cslablished belween the goverameonts ot Sowth Africa ang the
Unitest States of America. The Kutlwaneng Eco Housing Project was one of the benchiciaries of this
agreement in ofZer to azdress the sccial and eqvwironmental prablems of the srea The project involved
various stakeholders: PCER Africa (a owil engineariag firm with an i9terast i caargy-efficicnt hausing),
the Unitez States Ageacy for Inlermational Levelopmant (USAID), the US Departmern of Encrgy (DO,
the Kutlwanong communily, the South African Department of Mincrals and Caergy (DME), and the
Morhern Cape provincial government's Deparmeat of Heusing. The project aimed 1o provide bolh
housing and training of the community ‘o cquip them with the skills 1o manage the project in the long tem.
An cmprazis of the projoct was also on energy efficieacy in e aouses, cost oplimisalion 1o ansurc

affordability, job creztion, alternative finaace and cairepranclsship support.

Scurce of informatinn: Eland ef at (2600), Iruren ot al (2002), Sustainable (2008

€
Figure 13: Kutlwanong Eco Houses, Kimberley, South Africa
Source: Eland et i (2000)
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4.4.2  Results of the Evaluation ot Kutlwanong Eco Houses

Tabkle 8: Performance of Kutlwanong in Evaluation Procedure

Total Mo. of criteria | Principle
PRIMCIPLE
crileria addressed fullilled
1 {Conserve} | Y 4 s
2 {Reuse} ] 0 kY
3 (Renew} 5 1 X
4 {Frotect) 8 0 X
5 (Heallhy) 5 4 v
6 (Qualityy |5 3 v
7 (Soc-ec) B & v
Toial 49 18 3

Case study's strangths:

s

*

*

Frincipie 5: Create a healthy, non-texic built environment
Princip'a & Pursue quality in the buils environment

Frincip e 7 Social and econgmic uplitimen;

Innovasive aspects:

[

Energy-saving measures [(Principle 1) Kimberley regularly experances very low night ime
temperatures in winter. Paseive thermal regulatory measures o retain warmth in winter we-e
implamented in wo hausing types through insulation and thermal storage:

»  The firs: wpe nas an insulated ceiling and a cavity wall witn insulation betwean wo brick
sains. Tnis, along with a concrete floos store neat during the day lor release during the
mgh:.

»  Thne secand type has annsulared celing and a stesl frame with wall insulation between an
internal gypsum Boatd and an extemnal brick layer.  Beth housing ypes display noth-
ariantation and roof ove-hangs as passive (nermal design measures. Insulated celilings

also ensute tha: no energy is st through the roofs.

Figure 14: Large windows and overhang on the north elevation. Kutlwanong Eco Houses
SoutcE: www sustanaplensignbou-hoods coza

Ranawable enarqy [Pringiple 3) Solar cookers aqe pramated and avalable for sale. Accarding

10 Sowman ef 31 (1958), solar cookets concentrate the sun's enargy 10 coak food and waork on
“greennouse effect” principles: it can keep food warm for a long perned of Sime and it has ne fusl

costs and thers s no niss of firgs or burns,
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» Monitoring (Principle 5) There is a post-occupation monitoring and evaluation programme to
monitor thermal comfort, indoor air quality and electricity consumption. Socio—economic
aspects are also monitored and these include the use of combustible fuels, levels of
acceptance, skills development and job creation and external impacts of the Kutlwanong
project.

» Capacity building and job creation (Principle 7) Kutlwanong Civic Integrated Housing Trust

(KCIHT), the housing support centre in Kutlwanong, has been developed to help other South
African communities to employ the techniques used in Kutlwanong. The project also creates
jobs and enhances skills in the community. A skilled builder is identified from within the
community at the start of the construction process and is then responsible for the training of a
team of ten apprentices of which two are required to be female. The teams are taught general
construction skills and passive thermal design measures. After every ten houses, the leader
passes on the reigns and moves on to train a new team.

» Innovative finance (Prinicple 7): The KCIHT drew on a partnership with a United States-based

environmental agency PEER Africa; together with provincial government, Kimberley
Municipality, USAID and other beneficiaries. This partnership allowed for the project to harness
a ‘green-finance” programme for energy efficiency in housing. Such programmes supply the
funding to cover any of the additional capital costs needed to save energy. PEER Africa
assisted KCIHT to access funding from USAID as well as green finance from global climate

change funds of the International Finance Corporation.

Key challenges and barriers:

» The project has successfully addressed a number of challenges that faced the community and
the environment. No social amenities, however, such as schools and clinics were provided.
Due to a lack of planning, no money was set aside for such amenities which means the
community goes without access to such services. This highlights the notion that forward
planning ought to involve the provision of facilities and services over and above houses. This
would ensure vibrant and convenient human settlements.

» Opportunities for water management and sanitation were not fully explored in the projects. This
was not a deliberate omission but rather due to financial constraints. Solar water heaters were
also not considered for their high capital costs.

» The project also lacks a strategy to optimise the density of the settlement and the land use
despite its good location.
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4.5 Thiolego Development Project (TDP)

451 Overview of lhe Thlolego Development Project

Province, South Africa.
Lecasian: Rural.

Time period: The TOP was established in 1991 as a7 atiempt to save a farm schaol fram closire. The
taunders Bought the 150 hectare fasm, kept the scheal apen and in 1994, the founder “eside s began
their practical training ir sussairate building technologies and built & series of experimertal buildings ayer
the naxt twa yoas During 1996, two prototype houses were construcied ard ir 1998, protoiype threo was
Built,

Descrption: Toe TDP was establishoed to addrezs the challenge of rural poverty in South Africa’s Morts
West Provincea in 4 susiainable manner, The Tswana word “thlolege” means "creation from natural o-iging”
and sLms L e holistic approach of this dewelopment praect {lrurah et al, 2002), The ouses are
awner-buil: and low-cost and o date hree pratatype houses have bean buit, They address she principle
af rescurce minimisasion through the Lse of low embodied cnorgy, locally sourced mudbricks, as wel as
the empoyment aof passive thermal design and rairwater collestion. Groy water systems and salar waser
heders are alko utilised. The settlament jncludes permaculure food secunty gardens whicn esmablish &
valuatie saurse af healthy Tood and increase tne size of the homestead's living areas, ard pa-site waste
managerment through tne wse of 3 composting tailet is alsa amployed. The sustainable principls of socio-
econamic develapment is a large prictiy far the TOP whe-s the local commurity is sraired in sustainable
buiding secarigues and the Eca Village is promoted as an ecolourism destination, Tne TOP director was
awarded an Aszhoka |nterrational Fellowship in recoanision of the innovative nature af the TDOP and its
potedtial ta baecome & modsl of sustainable development The projec: therefare enjoye financial sucoort
from the Fellowship. Thiclego has reccived wide media coverage and ie endorsed by the governmeant,
private scctor and community organisstians for ts pionsenng work in housing reral low ingome

CammLnites,

Solroe of information: TOP (2008)

Figure 15: Thlclego Development Project: Prototype 1 house
Source: hipyawww sustainable-luiures comdimages‘housing/F &ENew |
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4.5.2 Results of the Evaluation of the Thinlego Development Project

Table 9: Performance of Thinlego Development Project in evaluation procedure

PRINCIPLE Total Mo. of criteria | Principle
critéria addres=ed fulfilled
1{Conserve} |3 B ¥
2 (Reuse) & 2 X
3 (Renew) 5 3 ¥
4 (Protect) B 5 3
5 {Healthy) 5 5 v
6 {Quality) 5 5 N
7 (Soe-ach & A Wy
Total 49 3z g

Case study’'s strengtns:
P Frinciple 1: Minimise ~esource consemprion
Principle 3: Usa renewable, recyclable and rocyclod resources
Prinziple 4: Pratect the natural caviranmani

>
]

¥ Pringiple & Croate a healthy, non-loxic enyvi-oamen:
*  Principle B: Fursue guality in tne buill envircnment
-

Principle 7: Sccial and economiz upliftment

[Mnovaive aspecs:

r Sustaingble building materials (Principles 1/3/4/5) Tne houses ara built with sundriad Adobe

bricks [earh bricks). These are both inexpensive and offer imsulation properics. Residenis
save S50-80% on cooling and haating coste dug 10 he carh bricks (reran e al, 20021, The
earh bricks are mada out of mid and straw and lett 10 20ak i1 a pit ovenight. The mud straw
is then pushad ino moulds ta form bricks, and is dricd for approximately four days. Cnece the
bricks aro built into e walls, no mortar is 1eeded. 7 e bricks are coated with linseed il and

turpentine to make them water resistant.

= SPo e qu i

Figure 16: Earth brick making, Thlolego Development Project
Sourca; wwe sLstainable-futu-es.com
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P Waler efficiency [Principles 1:2) Storm water |s retained in tan4s and allowed 50 scop irto the
sail and is used for permaculiue. Groywater trom bathrooms acd kitchers iz also reused fo-
parmaculture. The campasting loilel discussed below, uses a0 watar ard provides compasted
manure for the garder.

*  Iategrated plarning in a rual seitlemeart (Pricciples 5/6:7) Over and above the housing, thers is
a school, ard foaod i gown for resale to sustair the commurity. The food is grown accardirg 1o
a system of “permaculture” which irtegrates fa-mirg more closely witn local eco-systems, has
high yields from small areas of ground and i=s not labour or energy inteasive (rarab ef al,
2002). Staples such as corn, wheat, squash and pampkic are grown at TDP, Mulching
impaves the gualily of the soil ard all the tolets are composting.

= |nnowative sanitation sysiem (Priaciple 4) A compesting toilet i uzed at the TOP which is low-

cost, easy to construct, enviranmertally friendly and viruaily odour-free (Sowmar ef g, 1998),
Composting toliets are based on a natural pracess. wnereby ligaid and selid wasto arc
saparaicd and carvercd 0 compast using surraurding heal and adeguate ventilatior inoa
cealod cortaingT (Sowsian ef al, 1998,

11, iy

Figure 17: Composting toilet, Thloclego Development Project
Source; wew SUsa aimable-futu-es com

ey challerges and bariers:
= A Koy challenge faced at TDP was the low acceptarce of the sustainable livelinood
technolagics, espocially the eath brick houses and me compostiag lets. Such technologics
are pecelved as "packward” and more modensweasterr designs are desired.
* A furher barmer has beer limited finarcial rescurces o follow wp on other initiatives after the

revamp of the schaol,
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4.6 Improved Traditional Housing Systems™
461 Overview of Improved Traditional Housing Systems
Address: Fapua New Guinea.
Lecation: Fural and urbarn.

Tire peried: The imgroved traditional nousing projest consists of 312 individual projects that nave bean
gdevelpped over tne last 25 years. Eighty two of these are housing projects with the remainder being health
ar cominunity Sulldings.

Cescription:  This case study, a Habitat Award finalist 10 2003, addresses a tendency in Fapua New
Guinga to replace its traditional suilding heritage with modemn architecture that is forcign 1o the sradtioaal
way of life, expensive and pone to detericration due to poor design and nappropriate materials. The
Improwed Tragditiona Housing Systems proect is dedicated to drawing upod local knowlsdge and
traditions to understand and maintain the value of traditicnal design and construction systems, and only
adaet it wheore nootssary to rreaet reoder hoosing ceds, Besidents arc invalved 1 the dowelepment
process and there s a large emphasis on affordapility, the use of local, durable materizls, income
genseraticn a7d having designs that are appropriate to tne climate, ecclogy and culture. A range of iIncome
gources ae used to fund the projects and include private sector funding as well as itterpational and

Maticnal sUDsidy.

Source of infermation: Habitel (2008)

Figure 18: Improved traditional housing systems, Papua New Guinea
Sourze: www worldhabitatawards omg

TThis case study invchss 4 buiding scheme joromioted and mplerfenied across Pamed New Golned), as apposed oo
indiagi)al ‘sustainabls semement’ This will count againgt it /o the evaluation grocedire Jsed (0 the next chaoker, 't ks however
sh deemed a0 apprsociate cdse sheoly for the puiooses of The divsactahon hecdime of the nolewartiy souslgingtlity nraclizes i
SErTRnErales.
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4.6.2 Hesults of the Evaluation of Improved Traditional Housing Systems

Table 10: Performance of Improved Traditiopnal Housing Systems in evaluation procedure

PAINCIPLE | O No.. “of criteria)| Rrinciple
criteria addressed fulfilled
1{Conserve) |2 5 "
2 {Reuse) 5 0 X
3 (Renew) Ic 5 q
4 (Protect) 8 2 X
5 (Healthy) g £ 3
6 (Quallty} 5 A .
7 {Sucuec} B B :
Tatal 49 o3 -

Case study's strengtns.

*

»
=
[
[ ]

Principle1: Minimize resource consumption

Fringiple 3: Uss renewable, recycled ar recyclable resources
Principle 5: Create a healthy, non-toxic envirenment
Frinciple & Pursue quality in the Built envircnment

Principle 7: Sociai and eeonomic upliftt= ent

Innovative aspacts:

[ 3

Uze of traditionai architecture (Frinciples 7) Papua Mow Guinga's raditional buildings which

make use of lgcal ~aierials. and are suited to the economy, the ciimate and way of lifz, are
increasingly being replaced by i~poded designs that are expenswe and make use of
inapp-ocpriate materials. The Improved Traditional Housmg Project draws upon traddional
Papua Mew Guinea architecture to narness its value; adjusting 1 only whare it E necessany 10

cater for modern demands such as electricity, water, sanitation. spaca for cars and privacy.

Uee of locaj, sustainable resgurces (Principles /4767 All nousas arg constructad usmg locally

sourced, sustainable materiaiz that are smail requiting fewer resources. Timber 13 obaingd
from sustainable forests in Papua New Guinea and typical products used are adzed hardwood
posts, and gravel fo local riverbeds, treated soofing shalz and saplings. ba~boo and cane.
Fattan is used for finishings, These natural matesiais ensure naturally caol houses o tad ar
canditioning is not needed.

Llser ponsuliation (Principle 7) Each nousing pra ect is designed and constructed witn extensive

wser consuliation through a wotkshop procass. Workshaps are firsi held o decide what, in
general, a nouse in the area should be like and, secondly, to decide upon tne more de:ailed
design progess. Traditional building skills are retained and ennanced tqrougn the building
process by employing local peaple and taraugh sapacity Building.
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4.7 Yaodong Cave Dwellings

471  Overview of Yanodong Cave Dwellings
Address: Loass Plateal. Narh Geatral China.
Location: Rural,

Time peried: Stared with a pilat prozect in the Zaoyuq Village batween 1856 and 2001, The projast has

now s2en the dovalopmeant of ovar 1000 dwellings.

Deazcription: Living conditions in the Logss Plaleas in China are amongsl the waorst in b country, MNinety
percent of the arsa’s population live in “yaodong” of cave dwalings, With the rapid growth i1 China's
economy. howsavar, most rural people tend to want to live in moder housing and become dissatisfied with
the yaodong dwelings, This project was startod o proserde these traditiaznal homes for cultuea! continuity.
while making thern sufficiently modern to be aftractive 1o the local people and o oot madan housing
neads. The houses are built through self help consluclion, and addross issuas inharaat in the sustainable
canstruction principle of minimising resource use as the wilisation of innovative solar enargy syslams.
thermal mass protacion, roof planting and natural ventilation methods reduces the consurption of
enargy, Tha dwellings are two storays high to incrgase the amount of functional space available, and are
dasigned to be conducive to icracling with nelghbours. There is ng government suppor and the housing
costs and the houses are funded by the families living in the houses, Tachnical suppaort provided by the
Graen Bullding Rezearch Cenire (GERC) is free bacause this 1= subsidized by the national govermnmeant,
This casa study was a Hahita: award finalist in 2008

Source of intormation: Hatditatr (2008)

Figure 19: Yaodong Cave Dwellings, China
Available at; wes worldhabilatawards . org
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4.7.2

Table 11: Performance of Yasdong Cave Dwellings in evaltation procedurs

Results of the Evaluation of Yaodong Cave Dwellings

BRINGIBLE | Torbim] .o o e | Frnclple
addressed fulfilled
1 (Conserve] |3 5 =
2 (Reuse) 5 1 ¥
3 (Renew,) 5 5 ¥
4 {Protect} 8 4 =)
5 {Healthy} g e 4
& (Quality) & 5 i
7 {Soc-ec) B 5 J
Total 49 58 5

Caze study's siranglns.

*
*
*
-

Frinciple 1: Minimise resource consumption
Principle 4 Procect tha natural envirgrmen
Frinciple 5: Create a neallny, non-taxic enviranment
Frincipie 4: Pursues guality in the buill eénvironmeanm

Frinciple 7: Social and economic upliftment

Innovative aspects;

[

Paszsive thermal design measurgs (Principle 1) Tne housing design is based on traditional

dasigr eahancing and retaining passive thermal design measures. Tne houszes include a
sunspace as the front which redusas the need for internal heating. Tne earth-sheitered roofs
ensire that the interaal temperature is mainzained at a comfortable level and the sharirg of
commoen walls grsure inar they ame |ess exposed to advese climatic conditions and o nead
le=s erergy fo- nealing,

Culzural conticuity throwgh tne wse of wraddionai desiars (Priaciple &/7) T-aditioral "yaodong”

cave desigrs ate presetved while making them sutticienlly moder 1o be attractive to young
pEople,
Sense of comrmuaily ard community paticipation (Principle 7) Residents ard other local paople

a'g irvolvad in 1ne design process and high importance is attacned 1o the residents” commeants,
Feople wor logaether with frignds and neighbours to buld tnerr home which S-gales a sense of
communizy and pride. The cluster configuration of the dwellings also encourages community.

Rogf_planting (Principle 45 The cave dwelings have green raotsrast plamling whereby
vegetation iz grown on the -oof. Acegrdirg 1o Sneli er ail (2008, although green roofs are
ditficul: to construct and reguire a strorg supporting struciure, tne berefits includes the
reducticn of runoff irto sewers, the provisior of gean space ard a natural habizat which is
particularly impertant in urban areas, enetgy efficiency i lerms ot i3 thermal mass, durabifity,

non-toxicity a1d aesthetic gualities which consribues o humas well-baing.



Figure 20: Example of a "Green Rogl”
Saurce: ! _fmandboo4sicact ‘greenrcof Hitm

Key challanges ang barie-s:
» A key challerge in tnis projest is tne low acceptarce of traditional designs especially by
yourger people, Modern, western city-type dwellings are prefered and perceived to increase
status,
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4.8 Eco Barrio Suerte 90, Columbia

481  Owverview of Eco Barrio Suerie 90
Agdress: Cali, Columbia.
tocation: Urban.
Tirme penizg: Trc oroject was inttiassd in 2000,

Description: This "eco vilage” was a | labitat award finalist 'n 2005 and includsas over 200 nemes, along
with recreational facilities and community gardens. Call is considersd ene ot the mast dangerous cifiss in
thi world with hign evers of crime and & breakdown of sooal notworks, @ high housing dotictt. lack of
infrastructure and services, and a lack of green spaco and social facilitics, The Ecobarric Sucre 90
praject was designad to add-ess this range of social and emwrenmental issiues expsarienced by the city's
poor, The “aco villags”, the first in South America, consisis of 13 -ssdential blocks, housing over 270 low
income famiics v Cali. Working with 19 Foderagion MNacional do Vivicada Popilar (FENAVIP) and [ns
Social Housing Dopartment of the city of Cali, tho 'ocal commuricy actively paricipate in planaing and
decisizn-making and are resconsible for the ongoing managoment of the project. The homes are
incremsntal and ware coneiucted by residents themsshves; and eqvircnmentaly friendly, eartnguaks
ssistant bilding matsrials wee usad, nchuding recycled debris and sugar cane ash. §0 addition, the
village inciudes individual and collosive vegatabls gardens, & community centra, prarmacy, restadran;
and a recreational car<, Serviced land and funding were provided by te Social Housing Depatmant
Housing Fund and additional housing subsidies were provided by various private seotor stascholdors The
combinaton of nousing subsidies and a low interest savings and credit scheme by FEMAVIE has made:
acusing aterdable and accsesibls to tne poorer secios of the popuiation; addressing the sustainable

construstion pringinle of sogio-ecanemig development

Sourse of information: Habitar (2068)

Figure 21: Eco Barrio Suerte 30, Cali, Columbia
Sourge: www werldhabitatawards.org
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4.8.2 Results of the Evatuation of Ecobarrio Suerte 90

Table 12: Perfarmance of Ecobarric Suere 90 in evaluation procedure

PRINCIPLE Total Mo, of criteria | Frinciple
criteria addressed fulfilled
1 {Conserve) g 5 T
2 (Reuse] 5 1 Y
3 {Renew) 5 4 g
4 {Prolect) 8 o K
5 {Healthy} B & K
B {Quality} 6 g X
7 {Soc-ec) 2 2 J
Toalal 40 75 5

Case stuoy's strengihs:

| 2
| 2
]
.
| ]

|

Principle 1: Minimize resource consumpiion

Frinciple 3: Lsa renewable, recyclable o recycled resources
Principle 4: Prgtect the naiural environmen:

Principle 5, Create a healthy, nan toxic anvironmeni
Principle &: Pursue quality in the built emvironmet

Principle 7: Social and ezonomic upliftmen:

Irnevalive aspeoTs:

»

Eqwvignmettally friendly materials {Principles 1/4) The proiect uzes environmen:ally frienaly

materials including resycled detxris and sugar cane ashos to make cement, bricks and Blocks.
These materials are suitakle to withszand the area's seismic activity and can be produced in
halt the time and a7 20 % reduction in cest compared to conventional bricks {Habita:, 2008).
Other materials mclude mizro-ceag-cte and cement made fram pieces of rubble.

Mixed usage iPrinciples 4/6) The Eqo village displays integrated planning and includes
facilities, services and pregrammes over and above housing. These facilities  includs
pharmacies, restauranis, a communizy centre and shops and vege:able gardens, Two arcas
ftave been sar aszide for spors facilities and a leisure park. Eccharne Suerte 90 also incluges a
"Mative Germoplasm Bank™ for the cultivation of endangerad plant species. An agriculural
production cooperative, as par of 3 food security project, was created, ang this proiect also
works fooraise awarenass and provic training o residents in the treatmeat and managemsant of
nrganic residues (uses as fertilizer; and the disposal of domestic wasta, The project asiablishod
a cultural pregramme for young people and worsed with the community 1o grow medicinal and
aromacic plants and organic vegetables, The project encourages residents 1o work together in
planiing and management of the project.

[mitiatives o make nousing afferdable (Principle 7) Housing units are made afferdable by using

low cos. materals and by the fact that they are incremental with a bBasic sinple-storey unit

oovered by A concrete slab which allows for future upward expansion. Cwcllings are alsa buil:
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ty residents as anctner cast saving measure. & funding mecnanism far low income families.
whio do ne have aceess 1o formal credit, was also esablisned.

»  Self management (Princigle 7) The residents wors tegether inothe planning snd overall

managament af the project including aousing construction, agricubual wark cooperatives,
cammunity activities and decisien-mnaking. This has created a space for participation, tolerance
and dialogue amangs: the cammunity and Llhergfore a siep lowasds resalving the tensians and
internal canflic: in Colembia.

Koy onallenges and Barriars:

»  Baviers to the projeot included: a lack of availabla funding for community facilities and a delay

in obraining government aperaval for the family housing allewancos,
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4.9 Janapur Slum Resettlement Scheme

4.9.1 Overview of Janapur Stum Resettlement Scheme

Address: Delhi, India.

Location: Wban.

Time pariod: Fifty iwe dwelling unite wers bBuilt in 1597 for the re-housing of 3 800 formsr slum
hausehalds,

Cescription: The Janapus Slum Reseitloment projpget is listed as “Good Practices” uader Bast Practices
of United Maticns Coatre for Human Sctilements {UNCHES, and was a Habitat award finalist in 2003
Celhi 1z ons of the fastest growing citiss in |ndia and, &5 a result, cxpoticnces a sove'e lack of
imfrastructure and land o accommodaie the svas growing pepulatian. The danapur slum ressttlement
scheme addrosscs the appalling Fving conditions of many of Caihi's sium dwsllers and the pilor prajsct
invelves a cluster design of dwellings o1 degraded highland aear the city. The project shows that land
that is previously labclled “unfit for development” can be used and it demonstrates innavative dssign
and consiructian systems slong with sanitation systoms that are to be mairdained by the community,
The layout of the settlement ensures social sustainability in thai clusic s of nine dwellings are grouped

tegethe v @ “throwgh cluster” rather than an enclessd court. Funds for construchon ' mainly

aopondont on municipal fundimg.
Source of informaticn: Anangpur (2008}, Hakitat {2008)

i : 5 ' =i ’
Figure 22- Janapur Slum Resetilement Scheme, India
Source: www warldhabitatawa-as org
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492

Table 13: Performance of Janapur Slum Beseitlement Scheme in evaluation procedure

Results of Evaluation of Janapur Slurn Resettlement Scheme

Telal Mo, of criferia | Pringiple
PRINCIPLE
criteria addressed fulfilled
1 (Conserve) 5 51 5
2 {Reuse;} 5 3 N
3 {Renew) ] 0 X
4 {Protect) & & v
5 {Healthy) 3 5 v
6 {Quality) & 5 Y
7 {Soc-ec) 3 g y
Total 44 3z G
Case study's srengths:
k= Principle 1: Minimise resoures consumption
= Principle 2! Maximise rasal-ce reuse
= Frinciple 4 Protect the matural eqvironment
»  Frinciple & Create a healthy, noq-toxic envianmeant
k Principle B Quality in the built eqviranmen:
k  Principle 7: Sccial and economic upliftment

Inniovative aspects:

>

FBeusze of deqgraded land (Frinciples 1:4) The dwellngs wers built an the Sowhern Ridge area of
Dell The proest was a pilol proect (o examine this unconventional approach of the uss of
degraded land, The ‘ad was classified as degradediwaste land owing to the conception that
the land, due to itz uadulating and quarried ralure. is log expansive 1o develop and unsuitable
tor Auman seftlement. The Jarapur Slum Reset!lement Scheme has shown, howeaver. 1hat the
land 1= highly suited to human habitation owing to large selchmenl areas which redill the
aguifers and can accommadate oq-site sewage disposal. Ths course, =andy soil 1= idesl for
gbspmtion, filtraticn and grawad watar racharge.

Innovative construction sysiems. techaicues and materials [Peinciples 1/2/4) A range of

construction materials and technigues were Used. Funicular shell roofing was employed. This
wpe of roofing minimises the need foo reinforgement. and thus uses less matenal than
covendional racting systems. Hoofs were also built with waste stone guarried lacally o7 the
site, The use of steel and cancrete was keps to @ minimum and hollow concrete blocks were
weed far walling. and fraining wase provided for residents on how to maks these. The hallow
hlacks used for the praject have an imgermeable, non-sredable diaghragm. The internal roads
were paved with soncrels panels faced with wasts stone such as granite and marble which are
aasy 1o maintain and aesthetically gleasing. The joints bstwsen the panels alzo allow tor
persolation af starm water into the grawnd.
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Figure 23: Funicular shell roofing with waste stone infill, Janapur Slum Resettlement
Schame
SOURSE: Wiy g N TG Grg

Figure 24: Stone faced concrete paving panels, Janapur Slum Resettlement Scheme
SoUrES: www anangpur.arg

Caraful planiing a2 layout 1o gnsure social sustainabilizy (Principle 7)) The dwellings are

designed in clusters of S oand laid cu in a Shrough clugier” <athes than an enclosed caurt. The
grouping and layous oroates identity atd poovets escroachment znd allows far cross
vendlaion. Plate arg placed diagonally to create intorest i1 layout as a break from conventional,
monotanous grid layouts, Each cluster comperizes four dwelling units in e -ow and five in

ancther row and each cluste is provided with 2 talless, a bath, a washing a~ea and a court.

Figure 25: Janapur Slum Resettlement Scheme: "through cluster” design
SOUMCE; Wwoww, ANANGRUr.oT
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4.10 Conclusion

Tnie chapter nas given an cvarvisw of 12 nine case studies onosen according ta the case stidy design
putlingd in the pravieus chapter, Al of e casas nave a sustainable agonda and woere imtiated to

deoommodate low income communitics.

Txis chapter mas also llustrated how e nine selected case studics tave measured up to o range of
sustainabilty criteria, The achievements, slengths, innovative aspec's and key challengos and earners
of e case stedies wee listed, and the number of criteria each case study addressed and tne numier

of sustainabee constrection principles it fulfiled were also displayea.

7 sum, the lalowing gragn is an overall summary of the evaluation of the case =stedies. The graph
displays <ne number of crteria eact case study addressed out of a pessible 49, and the numiper of

sustainable construction principles eacn fulfilled out of & pozeible 7.

No. of sustainable construction principles and
criteria addressed per case study

24
Ill llll

LiDouslas  2Hate 31 Lynodoch 4] S} Thiolepo Tifaodong BEco Barrio 9) Janapur
I Reors Banow  Cooavilage kuetbwaronz Ecovillape h‘.n}.nund Caw Suerts A0 sl
Cou houss Traditicnal  DweHings Fescithnent
| Hasing

Figure 26: Qverall summary of the evaluation procedure illustrating the number of sustainable
canstructlion principles and criteria addressed per case study

Curl of the nine case studies evaluated, Lynedoc Eoe Village {3); Thlolego Eco Village {50 Eco Bartic
Suerte 30 i8] and the Janapur Slum Resettlement Scheme 189} fulfili'ed he greatest numicer of
sustainable construction prnoiples (B87).  Lynedoch Eco Village {3}, however, as it fulfils the meost
criteria (400490, 05 decrmed the “mest sustainable” case study, The fleast sestainable” case stedy,
avcarding ‘o the evaleation. is the Kutlwanong Eve Houses {4} as it only adresses 18 criterin and 3
sustainable censtruction principles. While the Lynedoch Ccoo Village {3 is a paricularly vauaebls
example on how fo artain a sustainable gettlement, all of the cases address various areas of
sustainability, displaying particular acnievements and challenges; thue all praviding valuable legsons for

future low inceme housing projects in South Africa.
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CHAPTER 5

Discussion of the Results

This chapter discusses the findings from the evaluation of the nine cases in the previous chapter and

addresses the research question posed in Chapter One, namely:

» What lessons are to be learnt from these case studies in terms of the sustainable practices and
technologies they used and their potential to deal with South Africa’s housing backlog and

environmental degradation?

The findings are discussed under the seven principles of sustainable construction and the case studies

are referred to by number as follows:

Douglas Room, Johannesburg, South Africa

Cato Manor, Durban, South Africa

Lynedoch Ecovillage, Stellenbosch, South Africa
Kutlwanong, Kimberley, South Africa

Thlolego, Rustenburg, South Africa

Improved Traditional Housing, Papua New Guinea
Yaodong Cave Dwellings, China

Ecobarrio Suerte 90, Cali, Colombia

© © N o A~ N2

Janapur Slum Resettlement Scheme, Delhi, India

Whenever a particular criterion falls under more than one principle, it is discussed in the first principle
under which it falls.

The sustainable practices and technologies used in developing world housing projects as identified in
the previous chapter are discussed to recommend ways of fulfilling the seven principles of sustainable
construction in the provision of low income housing in South Africa. It is important to be mindful of the
fact that this discussion reviews the experiences of existing sustainable housing projects as an
exchange of lessons and to provide guidance for future South African projects; direct transfer of

sustainable practices and technologies, however, should be avoided without careful study.
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5.1 Discussion of Findings

The following is a discussion on how to address the seven principles of sustainable construction in low

income housing in South Africa in light of the experiences in existing developing world projects:
5.1.1  Principle 1: Minimise Resource Consumption

This principle which addresses the underlying cause of much environmental degradation: the over-
consumption of the four generic resources (energy, water, land and materials), was generally well
addressed by all of the cases. Case {3}, in particular, addressed all of the criteria, providing valuable

lessons for sustainable low income housing in South Africa.

In light of the current electricity crisis in South Africa, energy-saving is of high importance. Many energy-
saving practices were displayed by the cases. Passive thermal design as displayed by cases {2}, {3},
{4}, {5}, {6} and {7} is perhaps a viable sustainability practice for low income housing projects in South
Africa. South Africa’s temperate climate offers the ideal conditions to be able to increase comfort levels
in housing quite cost effectively using passive thermal design; instead of resorting to expensive, energy
inefficient, quick fix solutions driven by the purchase of appliances. The National Energy Council (1992)
has shown that passive thermal design can be employed in low income housing at little extra capital
cost. Once operational, these features lower energy costs, maintenance costs in addition to pollution

levels (Sowman et al., 1998).

A further means of conserving energy would be to replace energy consumptive materials like cement
blocks and corrugated iron or tile roofs often used in South African low income housing (Development
Action Group, 1992) with less consumptive materials. Case {6} exemplifies the use of materials with low
embodied energy, notably natural materials such as timber and bamboo in unique and attractive
designs. In the South African context, a good principle to apply would be to utilise local building
materials that can be harvested sustainably. These include straw, thatch, earth and clay. Sundried earth
bricks as used in {3} and {5}, for instance, offer a low embodied energy alternative to conventional
bricks and cement blocks. A study carried out by the Development Action Group into alternative building
systems and materials for low cost housing showed that there are few materials that perform better or
are cheaper than the clay brick (Development Action Group, 1992). Case {5} highlights a barrier to the
implementation of alternative materials, however, where there are instances of low acceptance by the
residents, and the sustainable technology is perceived as “backward” in comparison to more western
designs and materials. Thus the adoption of alternative materials in low income housing will possibly

require raising of environmental awareness, and educating residents in sustainable practices.

Compact fluorescent light bulbs as used in {1}, {2}, {3} and {4} offer an energy efficient system,
especially pertinent where electricity is obtained from non-renewable sources. Despite the initial capital
cost, electricity bill savings and lowered maintenance costs due to their higher durability, have been
displayed by the cases. Other systems that could be considered for South African low income housing
include: insulating boilers {1}, lowering of thermostats {1}, day-night sensors {1}, and the use of gas-
hobs as an alternative to energy consumptive stoves {3}.
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South Africa is a semi-arid country, rendering the water saving initiatives displayed by cases {3}, {5},
{6}, {8} and {9} necessary options to consider for future low income housing projects. Household fittings
such as low-flow shower heads {3}, dual flush toilets {3} and flow restrictors {3} can help to save water.
It is interesting to note that case {2} did not install these fixtures due to their high initial cost which
highlights a likely barrier for their widespread implementation. Flow restrictors, however, should at least
be considered as these are fairly cheap water saving devices that can be fitted onto almost any tap
(Sowman et al., 1998). Long term savings should also be considered: in case {3} it has been calculated
that low income households will save 0% of their normal water bills with the installation of water saving
fixtures and other water recycling measures (Swilling et al., 2006). Preserving and restoring indigenous
vegetation, as in {3}, {5} and {8}, is also a very efficient means of saving water and one which also
contributes to principles 4 and 5 of sustainable construction as well. Case {3} minimises storm water
runoff through the restriction of hard landscaping, thereby increasing percolation into the ground and
uses stabilisers to hold the soil in place; demonstrating a cost effective way of conserving water. Water
harvesting used in cases {3}, {5} and {6} is another plausible way of saving water. Water harvesting is of
particular value to low income communities as piped water is costly and it means that gardens can be
maintained even when there are municipal water restrictions. Water harvesting, however, will require
upfront planning as certain roof types as highlighted by case {6}, are not suitable for collecting water
runoff when the water is to be used for drinking purposes. According to Swilling et al. (2006), the cost
of off-site sanitation services will rise faster than the average rate of inflation over the next twenty years,
which urges the consideration of on-site sanitation as displayed by {3} and {9}, particularly in low
income communities. Case {3} has a particularly innovative and effective environmentally friendly water
and sanitation system holding valuable guidance for future projects in South Africa. Feasibility studies in

terms of cost and land suitability, however, will be warranted for on-site sanitation systems.

Insofar as minimising materials is concerned, all of the case studies complied with this criterion as low
income houses are, by definition, small and use few resources. All of them used durable materials if not
necessarily materials with low embodied energy, pointing to the fact that durability and low energy
consumption of materials need to be optimised. Particularly innovative means of conserving materials
included the sharing of walls which was displayed by {1}, {2}, {7}, {8} and {9} (which incidentally also
conserves energy and is conducive to creating a sense of community), the dual use of infrastructure
and structures displayed by {3} and {5}, the use of topography to form part of the structure and the
sharing of facilities in a cluster of dwellings as displayed by {9}. These are all effective material saving

practices which serve as guidance for future South African low income housing.

Cases {1}, {2}, {3}, {7}, {8} and {9} demonstrate feasible layouts of settlements as high density
alternatives to South Africa’s current trend of a plot per housing unit, where large tracts of productive
land are being lost. Linked, two/three storey alternatives all minimise land use. Interestingly, none of the
buildings evaluated, exceeded three storeys, which keep the scale human and comfortable. A barrier,
however, is public resistance to densification and low-rise cluster alternatives (Dalgliesh et al., 1997)

and is one which needs to be considered and overcome in the South African context.
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5.1.2 Principle 2: Maximise Resource Reuse

This principle was generally not well addressed by the cases, with the exception of {9}. The fact that this
principle was generally not well approached by the case studies is not clear as it is a relatively

inexpensive and simple principle to adhere to.

Cases {8} and {9} show that materials can be reused successfully. Waste stone and rubble can be used
for the actual structure and for the roofing, and as people upgrade from their informal houses to formal
housing, they can reuse materials such as doors and window frames from their previous homes as
shown by case {9}. This is an inexpensive and environmentally friendly possibility for South African
housing, and could also offer business opportunities for dealers in reusable materials (Dalgliesh et al,
1997).

Case {1} demonstrates that previously derelict and squalid inner city buildings can be refurbished and
reused; which presents a possibility for the reuse of many well located but run-down buildings in South
Africa’s urban centres. Cases {5}, {7} and {9} demonstrate that “grey” land can be successfully
developed and is a viable solution when there is a shortage of “suitable” land for development and to
preserve valuable fertile or aesthetically significant land. Case {9}, in particular, demonstrates an
unconventional and cost-effective approach to land selection, and shows that land classified as “unfit for

development” can be successfully utilised for sustainable human settiements.

Cases {3}, {5} and {9} have grey water systems where water is recycled for irrigation and/or toilet-
flushing purposes. These case studies report substantial long term savings on water costs; despite the
cost of many commercial systems being relatively high. According to Sowman et al. (1998), it is easy to
build simple and efficient grey water filters from cheap and readily available materials. Grey water
systems should therefore be considered for South African low income communities particularly when
large quantities of water are needed for purposes such as irrigation, bearing in mind that water is a
costly and scarce commodity. Case {3} demonstrates another valuable cost saving means for the
installment of grey water systems useful for low income housing whereby the grey water and fire

fighting water systems are combined.

It is interesting to note that none of the cases was “designed for disassembly”. There seems to be no
significant reason for this as there seems to be no noteworthy barrier (cost or other) that would hinder
its implementation. Cognisance should be taken of this criterion in the design and construction of low

income housing.
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5.1.3 Principle 3: Use Renewable, Recyclable or Recycled Resources

This principle was generally not well addressed by the low income housing projects evaluated; except

for cases {3} and {8} that each addressed four of the five criteria.

Cases {3}, {4}, {5} and {6} demonstrate the use of renewable energy in the form of solar power. It is
noteworthy that none of the evaluated case studies make use of solar energy to generate electricity.
This can perhaps be attributed to the fact that solar panels are expensive and are only suitable for
providing electricity for non-heating appliances such as lights, radios and televisions (Sowman et al.,
1998). The case studies do, however, display low cost ways of harnessing the sun’s energy in the form
of solar water heaters in cases {3}, {5}, {6} and {7} and solar cookers in case {5}. South Africa has an
ideal climate for the utilisation of the sun’s energy, and in light of the country’s heavy dependence on
fossil fuels, increasing costs of grid electricity, and shortage of electricity supply, and while some form of
subsidy may be warranted for electricity generating solar panels, solar water heaters and solar cookers
should be considered as feasible and necessary features in low income housing projects. Case {2}
highlights the importance of considering such aspects upfront as the layout and design of the structures
were not conducive to the installation of solar water heaters at a later stage.

Renewable and recyclable materials, including earth, timber and bamboo, were only used in four of the
nine cases, namely {3}, {5}, {6} and {8}; and recycled materials were used in {7} and {8}. Case {8}, in
particular, innovatively made cement and blocks out of recycled debris and sugar cane ash.
Renewable/recyclable/recycled materials are relatively easily available, since so few case studies made
use of such materials is perhaps indicative that certain less obvious barriers exist for their widespread
utilisation. High initial capital costs as well as the perception that they are inferior to conventional
materials, need to be considered for the South African context as this may warrant the need for
subsidies and education. These case studies have, however, shown that renewable/recyclable/recycled
materials can be used eftectively. Case {3} is particularly noteworthy in the use of such materials in that
it uses hardwoods from sustainable Mozambican forests as opposed to the more common woods
imported from unsustainable forests (Swilling et al., 2002).

Few of the cases recycled the construction waste produced which can perhaps be attributed to a lack of
awareness and a lack of facilities for recycling to occur. This is discussed further under the next

principle.

5.1.4 Principle 4: Protect the Natural Environment

This principle which refers to the minimisation of the construction industry’s negative impacts on the
environment along with the rectification and restoration of degraded environments, was particularly well
addressed by cases {3} {8} and {9}.

None of the housing projects completed an Environmental impact Assessment. This is perhaps
because none felt there was a specific policy urging them to incorporate sustainability features in their

projects; which highlights the need for enforced building codes that promote sustainability.
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Cases {3}, {5}, {6}, {8} and {9} demonstrate the successful use of safe and environmentally suitable
sanitation systems as an alternative to water-consuming, costly, water-borne sewerage. These include
the septic tank and composting toilet. On site sanitation systems are also used in cases {3} and {9}.
Whereas water-borne sewerage is the most commonly used sanitation system in South African low
income housing, and is perceived by most people to be the most convenient, safest and healthiest
sanitation option; the case studies have shown that alternative systems can be successfully utilised.
The kind of sanitation system that is most suitable for a particular project, however, will depend on the
soil conditions, drainage and the height of the water table (Sowman et al., 1998).

Cases {2}, {3}, {5}, {7} and {8} display ways of designing with nature and preserving the natural
vegetation. These provide innovative and valuable lessons for South Africa where many low income
projects show little regard for the environment (Dalgliesh et al., 1997). Case {3}, for instance, has
demonstrated ways to connect with nature by planting kikuyu grass in the open storm water channels
and minimising hard landscaping thereby minimising storm water runoff. Case {8} displays housing that
is built into the landscape and includes green roofs. Green roofs may be of particular value in built up,
urban areas where there is insufficient space for the preservation of green and open areas. Case {5}
uses permaculture which integrates farming closely with natural ecosystems, as a means of designing
with nature and creating food security. By designing with nature these case studies have also
contributed to the restoration of degraded land.

Few cases separate household waste for recycling. This can perhaps be attributed to the fact that this
criterion requires that residents are educated in recycling and that convenient recycling services are
available. This drives home the point that communities need to be equipped with the necessary
knowledge, commercial incentives and services to manage and protect the environment beyond the

construction stage. Case {3} is a valuable example on the recycling of household refuse.

5.1.5 Principle 5: Create a Healthy, Non-toxic Environment

This principle was well addressed by al! of the case studies with each demonstrating valuable lessons

for the creation of healthy, non-toxic environments in South African low income housing.

Insofar as protecting the physical health of residents in low income housing is concerned, all the case
studies demonstrate ways of achieving this as all of them addressed the majority of the criteria involved.
These include choosing an appropriate site and position as well as having a well ventilated structure
and using natural, permeable materials. Cases {3} and {4} demonstrate the use of non-toxic appliances
and products with case {3} explicitly making use of non toxic paints and wood treatments. Case {4} has
a unigue and successful monitoring programme to maintain healthy air quality. This is a particularly
noteworthy initiative as valuable example of how to maintain a healthy environment beyond the

construction stage.

Ways of contributing to the psychological health of low income communities include: the provision of

green areas in the form of recreational parks as in case {8}, village greens as in case {3}, community
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gardens in cases {3}, {5} and {8} and roof planting used in case {7}. Such initiatives have improved the
living and environmental conditions of the case studies involved. The provision of flexible, contrasting
and interesting designs by providing a range of housing types as displayed by cases {1}, {2}, {3}, {5}
and {6}, varying and interesting colours used in cases {1} and {7}, and allowing for the ongoing
involvement of users so that they may shape housing designs as shown by case {6} also contribute to
psychological well-being. All but case {2} demonstrate naturally lit, well ventilated structures that
maintain links with nature and the site’s existing character. These all represent viable ways of protecting

the psychological well-being of South Africa’s low income communities.

5.1.6  Principle 6: Pursue Quality in the Built Environment

This principle was generally well addressed by the evaluated cases, with cases {1} {3} {8} and {9}

addressing all of the criteria.

In pursuing quality low income settlements in South Africa, multi-functional and mixed-use
environments should be employed whereby infrastructure such as schools, community centres, health
centres, shops, and recreational parks are provided over and above the housing. This was displayed by
cases {1}, {2}, {3}, {5}, {8} and {9}. The settlement should also be well located with regards to economic
opportunities and be compact and efficient with less automobile-dependence. Case {2} is particularly
exemplary in demonstrating a well located settlement with integrated and efficient planning. A valuable
lesson can be learnt from {4} where a lack of planning for social amenities meant that there was no
money set aside to provide these amenities along with the houses. As a result, the community goes
without easy access to such services. This highlights the need to focus on mixed-use environments that
create vibrant settlements instead of the notion that only houses need to be delivered.

All of the cases demonstrate effective means of achieving quality in design and which have the potential
to be used in low income housing projects in South Africa. These include providing houses that are
appropriate to the occupants’ needs by allowing them to participate in the decision-making process as
displayed by cases {1}, {2}, {3}, {5}, {6}, {7} and {8}; as well as the provision of a range of housing types
so that people can choose according to their needs as in cases {1}, {2}, {5} and {6}; and the provision of
modern day amenities such as car spaces, laundries etc. as in case {5}. Case {9} has a novel means of
providing dwellings that meet people’s needs whereby skeletal structures are built and the occupants
complete the dwelling according to their taste and budget which in turn contributes to the reuse of
materials and cuts down material costs. Quality in design was also achieved through the provision of
features in the housing that is appropriate to the climate and location: such as insulation displayed in
case {4} and insect protection displayed in cases {5} and {6}. Different regions of South Africa vary in
climate and topography; so too do different areas of a site have varying characteristics which indicates
that there is no single sustainable model. Features and designs of dwellings will need to vary
accordingly for maximum quality in design. Aesthetically pleasing dwellings are achieved through the
elimination of monotony in both settlement layout and the design of the dwellings as displayed by cases
{1}, {3}, {5}, {8} and {9}; as well as dwellings that are unobtrusive and sensitive to the surrounding
landscape in cases {5}, {6} and {7}.
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All of the cases used durable materials but, as noted, under previous principles, not all of the materials
used were of low embodied energy or from sustainable sources. This draws attention to the fact that
sustainable projects should use materials that strike a balance between these three criteria along with
cost. Future low income housing projects can draw on the practices displayed by the evaluated case
studies in terms of ensuring quality in occupation. These include: using interesting colours that activate
the senses as displayed by cases {1} and {7}, and having natural temperature regulation and natural
lighting which is used in cases {1}, {3}, {4}, {5}, {6} and {7}. Other ways of ensuring quality in occupation
include: keeping the scale human whereby buildings do not exceed three-storeys as displayed by all the
cases, as well as having natural materials and designs that retain links with nature as used in cases {5},

{6} and {7} thereby contributing to overall well-being.

5.1.7 Principle 7: Promote Socio-economic Upliftment

This principle was fulfilled by all of the cases where {1} {3} and {8} are particularly exemplary in the
promotion of social and economic upliftment.

The cases demonstrate successful ways of alleviating poverty and creating job opportunities. This is
important in the South African context where there are high levels of unemployment. Agriculture, as
shown in cases {2}, {3}, {5} and {8}, provides food security as an income generating opportunity. Case
{5} demonstrates a successful way of producing food in a small area using the principles of
permaculture. The promotion of the sustainable settlements as tourist attractions and as good practice
examples of sustainability to advise other projects in cases {3}, {4}, {5} and {7} demonstrate viable
economic opportunities as well. Case {4} is particularly notable where the Kuttwanong Civic Integrated
Housing Trust (KCIHT) has become a business which contracts for sustainable housing activities.
Settlements that include facilities over and above housing and are located near economic opportunities
displayed in cases {1}, {2}, {3}, {5}, {8} and {9} as well as settlements that promote skills training and
capacity enhancement displayed in cases {1}, {2}, {4}, {5}, {6}, {8} and {9} also contribute effectively to
socio-economic upliftment. Case {2} is particularly noteworthy in enhancing the skills of the community.
Owner-built dwellings as displayed by {4}, {5} and {6} is arguably one of the most important means of
creating social and economic sustainability as it not only enhances skills and lowers building costs, but

it creates community involvement to encourage community acceptance as well.

South Africa is attempting to redress the inequalities of its past through a preferential procurement plan
for its construction industry as an instrument to effect socio-economic change. Cases {1}, {3}, {4} and
{8} promote integration, in addition to offering employment and business opportunities to marginalised
sectors of the population as encouraging ways of effecting South Africa’s preferential procurement plan
(Bowen et al., 2008). Case {4}, for instance, ensures that at least 2 out of 10 building apprentices are

women and case {3} promotes a socially mixed community in terms of race and class.

The creation of a sense of community is an important aspect of social upliftment. This has effectively
been implemented by eight of the cases as follows: the preservation of a sense of heritage in cases {1},

{6} and {7}, the provision of community facilities such as halis, community gardens, libraries and sports
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facilities in cases {1}, {2}, {3}, {5} and {8} along with the promotion of pedestrian over vehicular traffic as
displayed in case {3}, and the configuration of dwellings to encourage social interaction in cases {7} and
{9}. The encouragement of social activities has also been successfully implemented in case {1}. These
are all suitable and viable ways of pursuing social sustainability in South African low income housing.
One barrier to bear in mind, however, as was experienced in case {7}, is a low acceptance of the
traditional designs that are maintained to preserve the heritage of the area and to create a sense of
community where the younger people preferred western, city-type dwellings and perceived them to
have greater status. In South Africa, where the opportunity exists to draw upon and preserve many
traditional building techniques and designs, it will be important to overcome this barrier. Case {6}
exemplifies an encouraging way of dealing with this challenge in that traditional designs are used, but
they incorporate sufficient modernity to be accepted by the community.

Involving people in all aspects of development projects that affect them is a fundamental requirement of
sustainable development (Sowman et al, 1998). All of the case studies evaiuated involved the
community throughout the project cycle. it is interesting to note that public participation was not a once
off exercise and was part of the housing projects from the outset of the planning process and is
ongoing. This is a useful insight into how to address people’s needs successfully throughout the
construction process and to gain and maintain people’s acceptance. Case {8} is a particularly valuable
example of the involvement of the community as the project encourages self management by the
community residents in all stages and aspects of the project cycle. This has created the space for
teamwork; tolerance and dialogue amongst the community as a step towards resolving the tensions and
internal conflict in Columbia. This poses an encouraging way of dealing with South Africa’'s many

troubled, intolerant and crime ridden communities.

By definition, the provision of affordable homes is the main thrust for low income housing. Funding can
ensure this affordability but is very often a stumbling block in low income development projects as was
the case in {5} and {8}. Some encouraging funding schemes were displayed by {1}, {2}, {3}, {4}, {6}, {8}
and {9}; with {4} notably showing negotiation with local authorities for both land and subsidy finance.
Other ways of ensuring initial affordability include: incremental housing for future expansion and
upgrading as shown in {3}, {5}, {8} and {9}, and owner built houses in cases {4}, {5}, {7}, {8} and {9}.
While initial affordable is important, so too is the long term affordability so that the target group can
meet the expenses to live there. While low embodied energy materials as used in cases {3}, {5}, {6}, {7},
{8} and {9} and energy and water saving measures as used in {2}, {3}, {4}, {5}, {6}, {7} and {9} ensure
long term savings, these are often overlooked because of their high initial capital costs and viewed as
“luxury” sustainability measures. Cases {3} and {4}, however, show that this can be overcome through
“green financing” whereby the additional costs of energy saving measures are covered. According to
Irurah (2002), innovative strategies for the channelling of finances into issues of sustainability are
emerging worldwide and South Africa is already tapping into such flows whereby ESKOM is subsidising
Energy Efficient Lighting through finances from the Giobal Environment Fund, the Worid Bank and
International Finance Corporation.
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5.2 Conclusion

This chapter has discussed developing world sustainable housing practices as were identified in the
previous chapter. The case studies’ experiences of the practices are reviewed so as to share lessons
on how to implement the seven principles of sustainable construction in future low income housing
projects in South Africa. The evaluated cases indicate what is possible and the challenges that exist

and provide guidance for future South African housing projects.

Many sustainable practices have successfully been impiemented in the selected cases and include
energy and water efficient systems, the reuse of old buildings, the creation of jobs, the use of solar
power, the preservation of natural vegetation and the provision of settlements that are dense and well
located. Particular encouragement lies in the fact that the projects have experimented successfully with
little known concepts and technologies such as the use of alternative sanitation systems and the use of
degraded land labelled “unfit for development”. Such innovation provides encouragement for other
projects and paves the way for an increased profile for more widespread use. Certain barriers to the
implementation of sustainable practices were also identified and include: low levels of user support and
acceptability, high initial costs of certain sustainable measures, the non provision of certain services so
that communities are ill-equipped to live sustainably beyond the construction stage, and not prioritising
sustainable measures from the outset of projects which means that they are difficult, expensive or

impossible to implement at a later stage.

While the cases address varying areas of sustainability, their combined evaluation provides lessons on
how to address all components of sustainability. As an isolated example, however, the Lynedoch Eco
Village (Case {3}) provides a particularly valuable example on how to achieve a sustainable settlement
in that it fulfilled the most criteria (40/49) out of all the cases evaluated.

It is important to reiterate that this discussion reviews the experiences of existing sustainable housing

projects to draw guidance for future South African projects. No single model is possible and direct

transfer of sustainable practices and technologies should be avoided without careful study.
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CHAPTER 6

Conclusions and Recommendations

6.1 Overview of the Research

6.1.1 Introduction

This study has investigated sustainable low income housing projects in the developing world where the

problem statement was stated in Chapter One as:

The majority of low cost housing schemes promoted by the South African Government have to
date not been designed according to principles of sustainability and this is likely to continue
because there is a lack of research for generating a knowledge base about approaches and

practices for more sustainable housing projects.
The following research questions were framed as guidelines for investigating the problem statement:

» What is sustainable construction with particular reference to low income housing in the
developing world?

» What are some good practice cases of sustainable construction in housing for low income
communities in South Africa and other developing countries?

» How do these cases compare on issues of sustainability?

» What are the achievements, strengths and innovative aspects of the cases in terms of how they
address the principles of sustainable construction?

» What lessons are to be learnt from these case studies in terms of the sustainable practices and
technologies they used and their potential to deal with South Africa’s housing backlog and

environmental degradation?
The hypothesis tested by the research was:

There are lessons to be learnt from developing world examples of sustainable low income

housing schemes.

The methodology chosen for the research was divided into two areas and included a literature review

and assessment of case studies using an evaluation framework.



The objectives for the research were to:

» Identify the basic principles of sustainable construction,

» Gain a better understanding of sustainable construction in South Africa and the developing world,

» Identify good practice cases of sustainable construction in the delivery and management of
housing to low income communities in the developing world,

» Evaluate each case against a framework of specific criteria of sustainable construction,

» Assess the degree to which sustainable construction principles have been addressed by the cases,
and

» Draw conclusions and recommendations from the evaluation of the case studies in terms of the

practices and technologies used and relating them to the South African context.

This chapter presents the findings of the main research questions, followed by a review of the
hypothesis and the achievement of the main research aims and the research objective. Conclusions are
drawn from the research findings, followed by the problems experienced in undertaking this study and

recommendations for future research.

6.1.2 Findings of the Research Questions

What is sustainable construction with particular reference to low income housing in the developing
world?

Sustainable Construction as an aspect of Ecological Design was found in Chapter Two to fall under the
ambit of sustainable development and is seen as a holistic process aimed at restoring balance between
the natural and built environments, and is applicable to the full range of construction activities from
design, through construction, operation and maintenance and finally decommissioning or
deconstruction of buildings (Drager, 1996; du Plessis et al., 2002). Due to the extensive impacts of the
construction industry on people and the natural environment as outlined in Chapter Two, sustainable
construction remains a matter of urgency for the survival of human beings. The developing world, where
housing is identified in the literature review as one of the most pressing infrastructure deficiencies due
to rapid urbanisation, is in a prime position to base all its future development on the principles of

sustainable construction.

What are some good practice cases of sustainable construction in housing for low income communities
in South Africa and other developing countries?

While sustainable construction in the delivery and management of low income houses across the
developing world is still not commonplace, the literature review assisted in identifying cases that do
exist. Those identified are listed in Appendix C. Nine cases were chosen for evaluation purposes
according to the case study design outlined in Chapter Three. These nine cases are namely: {1}
Douglas Rooms (RSA), {2} Cato Manor (RSA), {3} Lynedoch Eco Village (RSA), {4} Kutlwanong Eco
Houses (RSA), {5} Thlolego Development Project (RSA), {6} Improved Traditional Housing (Papua New
Guinea), {7}, Yaodong Cave Dwellings (China), {8} Eco Barrio Suerte 90 (Colombia) and {9} Janapur
Slum Resettlement Scheme (India). These housing projects provide an important foundation for others

to follow as sustainable interventions in the built environment become more crucial.



How do the cases compare on issues of sustainability?

Chapter Four used an evaluation framework consisting of the seven principles of sustainable
construction against which to test all nine of the cases. The evaluation reflected the degree to which
sustainable construction principles had been addressed by the cases and therefore allowed for their
comparison on issues of sustainability. The results were displayed in a matrix format and a summary
was given in terms of the number of criteria the case addressed per principle and out of a possible total
of 49, as well as the number of principles it fulfilled out of a possible 7. A principle was deemed fulfilled
if more than half the respective criteria are addressed. Out of the nine case studies evaluated,
Lynedoch Eco Village {3}; Thlolego Eco Village {5}; Eco Barrio Suerte 90 {8} and the Janapur Slum
Resettlement Scheme {9} fulfiled the most number of sustainable construction principles (6/7).
Lynedoch Eco Village {3}, however, as it fulfiled the most criteria (40/49), is deemed the “most
sustainable” case study. The “least sustainable” case study, according to the evaluation, is the

Kutlwanong Eco Houses {4} as it only adressed 18 criteria and 3 sustainable construction principles.

What are the achievements, strengths and innovative aspects of the cases in terms of how they
address the principles of sustainable construction?

The results of the evaluation in Chapter Four demonstrated what sustainable initiatives have been used
in the cases; what is possible and the challenges that exist. While most of the cases only addressed
certain areas of sustainability; their combined evaluation highlighted innovative ways of addressing all
components of sustainability. Chapter Four lists the sustainable achievements of each of the cases
which include the reuse of derelict buildings, high density settlements, water conservation, energy-

saving measures and job creation.

What lessons are to be learnt from these case studies in terms of the sustainable practices and
technologies they used and their potential to deal with South Africa’s housing backlog and
environmental degradation?

Drawing from the sustainable initiatives identified in Chapter Four, Chapter Five discussed the lessons
learnt from these initiatives and their potential to deal with South Africa’s housing backlog and
environmental degradation. The literature review in Chapter Two identified certain challenges to the

implementation of sustainable settlements as lessons for the South African situation.

The following lessons were gleaned from the evaluated cases for the South African context:

Low income housing projects should protect the earth and its resources from over-exploitation or over-
consumption as well as to protect the occupants and users of the settlements and, at the same time,
remain affordable. South Africa should strive for settlements that are vibrant, distinctive and unique with
a definable character. A range of housing options should be provided with differing housing types and
tenures. The layout should be compact and multi-functional to ensure efficiency and convenience, and
encourage non-motorised transport along with easy access to economic opportunities. The scale and
design of houses should be kept humane and comfortable; maintaining links with nature and a sense of
heritage and tradition. Streets, public spaces and community facilities should be pleasant places in

which to spend time and encourage social interaction and create a sense of community. The protection



and enhancement of the natural environment should be of extreme importance: whereby natural
resources are conserved and reused, renewable or recyclable/recycled resources are used, and
indigenous vegetation particularly in public space is maintained, and communal farming areas are
perhaps even created. Such sustainable settlements would help to mitigate the harmful impact the

construction industry has on people and the environment as were identified in Chapter Two.

The level of user support and acceptability is vitally important for the successful creation of sustainable
settlements. This will require the participation of residents throughout the construction cycle so that they
are key decision-makers right the way through and the project answers their needs and reflects
modernity. it will also require campaigns that, on the one hand, inform the public regarding the benefits
of sustainable construction practices and, on the other, encourage a change in consumer habits
towards more sustainable ones. Funding is very often a stumbling block for the implementation of
sustainable systems where there are high initial capital costs involved; however, funding is indeed
available especially in light of the global push for sustainable initiatives. Full “life cycle costing” should
also be argued as a parameter to determine the value of sustainable designs and the obtaining of
funding. It is also important to prioritise sustainability issues from the outset of a project as it is more
difficult and expensive to retrofit sustainable measures. Services and facilities that encourage
sustainable lifestyles should be provided so that communities are equipped to protect the environment

and lead a high quality of life beyond the construction stage.

Certain challenges to the implementation of sustainable settlements in South Africa were identified in
Chapter Two and are valuable lessons that can be acknowledged for future sustainable housing
projects. These challenges include political agendas that put more emphasis on the number of houses
built than sustainability, a lack of capacity, consciousness and interest by the construction industry in
the issue of sustainability, and a lack of mechanisms and guidelines for translating policy principles into
action (Sowman et al., 1998; du Plessis et al., 2002). These identified challenges confirm that some of
the fundamental assumptions in housing delivery will have to be questioned and challenged in South

Africa in order to attain sustainability in low income housing projects {(see also Crane et al., 2008).

6.1.3 Validation of the Research Hypothesis

The findings of the final research question as discussed above, validate the research hypothesis in this
study: There are indeed lessons to be learnt from developing world examples of sustainable low income
housing schemes.

6.1.4 Achievement of the Research Aims and Objectives

The objectives of this dissertation were achieved through the research method employed in the study;

that of a literature review and evaluation framework.

The aim of this research study was to investigate developing world examples of sustainable housing to

gain lessons for South African housing projects; and while this aim was achieved, it is important to be



mindful of the fact that sustainable initiatives used in housing projects may not be directly transferable

to others without further research.

6.2 Conclusion

There are lessons to be learnt from the experiences of developing world sustainable settlements for
South Africa. While the sustainable practices used, may not be directly transferable to other projects
without further research, the lessons learnt from the projects can be used to guide good practices in
future South African projects in the hope that the sharing of knowledge can help to promote sustainable
initiatives as common practice in housing projects. Benchmarking and assessing sustainable
construction practices and technologies are also vital for a better understanding of sustainable

construction.

In light of the global push for sustainability and South Africa’s current electricity crisis, its legacy of
separatist planning, urban sprawl and environmental degradation, its increasing Ecological Footprint
and the existing thrust for the delivery of low income housing; it is a matter of urgency and a timeous
opportunity to ensure that future housing projects are sustainable. South Africa needs to move away
from its existing poor environmental and housing conditions in the informal and low income settlements
and address its housing backlog by considering all principles of sustainable construction. This will
enhance the quality of people’s lives by ensuring a healthy built environment in balance with the natural

environment, thereby ensuring lasting social, economic and environmental benefits.

it is time that South Africa addressed the housing needs of the poor using a comprehensive
sustainability approach. The funds are there, the policies are in place, pertinent literature on
‘sustainable cities’ is at hand, invaluable discussion documents such as Agenda 21 for Sustainable
Construction in the Developing World are available, the legal powers exist and the foundations have

been laid by other projects for South Africa to follow.

6.3 Problems Experienced in Undertaking this Study

» The task of finding relevant case studies did not prove to be simple, as “sustainable housing” is
a relatively new and unidentified field in developing countries and has only marginally been
introduced. There were even certain case studies that professed to have a sustainability

agenda and, in fact, addressed very few areas of sustainability.

» Access to sufficient information, particularly for projects outside of South Africa proved to be a
problem, hence the larger number of South African case studies. Language proved to be the
largest hurdle where correspondence with stakeholders for the foreign case studies proved

virtually impossible.



» While striving to evaluate best practice examples of sustainable low income housing projects,
no programmes or projects had all aspects of sustainability incorporated. Most projects
concentrated on specific aspects/issues of sustainability. Some projects were also building
schemes as opposed to isolated sustainable settlements, which counted against them in the

evaluation procedure.

» Financial and time restraints meant that site visits to all the case studies were not possible. This

restricted direct observation and first hand information.

6.4 Possibilities for Future Research

This study promotes further research in the area of the specific sustainable technologies and practices
identified. While this dissertation provided an overview of a range of housing projects from the
developing world and the ways in which they address the seven principles of sustainable construction;
more detailed research into the specific technologies and practices would give clearer insight into their
transferability to the South African context.

Certain sustainable practices such as the adobe or (earth brick) as used by the Thlolego Development
Project {5}, although inexpensive with good insulation properties, may not be suitable for wetter
climates. Communal ablutions and “through cluster” designs as was employed by the Janapur Slum
Resettlement Scheme {9}, may not be a desirable design for all low income communities; despite its

cost savings and enhancement of social interaction.

Direct transfer of any concept can be dangerous and should be avoided unless based on careful study.
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Appendix A

Process-Oriented Principles of Sustainable Construction

(Hill et al., 1997)



PROCESS-ORIENTED PRINCIPLES OF SUSTAINABLE
CONSTRUCTION

Over-arching principles indicating approaches to be followed in evaluating the applicability and importance of each

‘pillar’, and its associated principles, to a particular project.

© Undertake prior assessments of
proposed activities

O Timeously involve people potentially
affected by proposed activities in the
decision-making process

O Promote interdisciplinary
collaborations and multi-stakeholder
partnerships

action

and regulations

O Recognize the necessity of
comparing alternative courses of

O Utilize a life cycle framework

0O Utilize a systems approach

O Exercise prudence

© Comply with relevant legislation

O Establish a voluntary commitment
to continual improvement of
performance

O Manage activities through the
setting of targets, monitoring,
evaluation, feedback and
self-regulation of progress

O Identify synergies between the
environment and development

PILLAR ONE: SOCIAL SUSTAINABILITY

O Improve the quality of human life, including poverty
alleviation

O Make provision for social self determination and
cultural diversity in development planning

O Protect and promote human health through a healthy
and safe working environment

O Implement skills training and capacity enhancement
of disadvantaged people

O Seek fair or equitable distribution of the social costs
of construction

O Seek equitable distribution of the social benefits of
construction

O Seek intergenerational equity

PILLAR THREE: BIOPHYSICAL SUSTAINABILITY

O Extract fossil fuels and minerals, and produce
persistent substances foreign to nature, at rates which
are not faster than their slow redeposit into the
Earth’s crust

OReduce the use of the four generic resources used in
construction, namely, energy, water, materials and
land

OMaximize resource reuse, and/or recycling

O Use renewable resources in preference to
non-renewable resources

O Minimize air, land and water pollution, at global and
local levels

O Create a healthy, non-toxic environment

O Maintain and restore the Earth’s vitality and
ecological diversity

O Minimize damage to sensitive landscapes, including
scenic, cultural, historical, and architectural

PILLAR TWO: ECONOMIC SUSTAINABILITY

O Ensure financial affordablity for intended
beneficiaries

© Promote employment creation and, in some
situations, labour intensive construction

O Use full-cost accounting and real-cost pricing to set
prices and tariffs

O Enhance competitiveness in the market place by
adopting policies and practices that advance
sustainabulity

O Choose environmentally responsible suppliers and
contractors

© Invest some of the proceeds from the use of
non-renewable resources in social and human-made
capital, to maintain the capacity to meet the needs of
future generations

PILLAR FOUR: TECHNICAL SUSTAINABILITY

O Construct durable, reliable, and functional
structures

O Pursue quality in creating the built environment

© Use serviceability to promote sustainable
construction

O Humanize larger buildings

© Infill and revitalize existing urban infrastructure
with a focus on rebuilding mixed-use pedestrian
neighbourhoods

Principles of sustainable construction




APPENDIX B

Principles of Sustainable Construction

The purpose of this appendix is to contextualise and discuss the main principles of sustainable
construction. As discussed in Chapter Two, a number of authors have formulated principles of
sustainable construction (see Kibert, 1994b; Hili et al., 1994a; Hill et al., 1995; Hill et al., 1997; Woolley
et al., 1997). Addressing the issues inherent in each of them allows for the realisation of sustainable
construction. The principles are meant as a guideline to members of the construction industry in order
to achieve more sustainable buildings and settlements (Drager, 1996) and therefore mitigate the
harmful impact of the construction industry as discussed in Chapter Two of this dissertation. Kibert
(1994) formalised sustainable construction concepts by devising six principles of sustainable
construction which covered environmental and technical sustainability. Hill et al., (1995) added a
seventh principle to incorporate economic and social sustainability in order to meet the requirements of
the South African Reconstruction and Development Programme. The seven principles presented in this
appendix are based on the principles listed by Hill et af., (1995) as follows:

Minimise resource consumption.

Maximise resource reuse.

Use renewable, recyclable and recycled resources.
Protect the natural environment.

Create a healthy, non-toxic environment.

Pursue quality in the built environment.

N o w2

Promote socio-economic development.

it is important to note that some of these principles and the issues inherent within them cannot occur
entirely in isolation and do have a 'knock on’ effect or overlap with other principles of sustainable
construction. For instance, the reuse of materials (Principle 2) will reduce the need for landfill sites as
there will be less wastage which will, in turn, conserve land (Principle 2) and also protect the natural
environment (Principle 4). However, it is also not always possible to optimise each principle; and trade-

offs and compromises may be necessary (Hill et al., 1997).

The remainder of this appendix discusses each principle of sustainable construction in greater detail

with particular relevance to low income housing.

Principle 1: Minimise Resource Consumption

Resource consumption refers specifically to the way the earth’s resources are used by man and his
activities (Hill et al. 1995). In the construction industry, these resources include: materials, energy, land,
and water (Hill et al., 1997). The aim of this principle is therefore to reduce the consumption of these
generic resources used in construction. The essence of this principle is conservation and it addresses

the underlying causes of much environmental degradation: over consumption of resources (Kibert,



As described in Chapter Two. minimising the use of energy and water are of particular importance in
Sputh Africa. Minimising energy use requires a reduction in both embodied and operating energy
(Loftness et &/, 1994 cited in Hill et al, 1997:229). Embadied energy of construction materials is the
total energy used in the production, extractien and the final delivery of a material while operating energy
is the energy used to moderate temperatures and light buildings as well as to heal water (Hill &f &l
1487).

Ways of minimigsing embodied energy in materials used for low ncome housing include using locally
sourced materials, materials found on sile and materials that need little processing, along with
minimising the use of imported materials (Woolley et 4l 1987). Nawral materials for instance such as
clay dug from the building sile and used as an unbaked brick require almost no energy; this is in
confrast to synthetic and processed materials such as plastics, aluminium, steel, glass and oven-fired
bricks which require large amounks of energy to manufacture and to ransport (Pearson, 1998). The
finure below ilustrates the embodied energies of different building materials,
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Figure A.1: The embodied energy of different building materials
Source: Barnett ef &/, 1995:52

Feducing operating energy consumption includes ‘passwve lhermal design measures’ whereby a
bulldhing 15 designed in harmory with the climate in arder to ensure natural heating, ceolng and lighting
{Sowman ef al. 1998 For low income housing, a2 dwelling's orientation to the sun, the posiion of
windows, use of cerlain malerials, the dwelling’s surface area. its position on the site and the design of
the roof all make a difference {Pearson, 1998; Sowman gf al, 1998). Greater energy efficiency ensures
that less cosis are incurred which is particularly pertinent for low income communities. ‘Passive thermat
design measures’ alse ensure fhat the dwellings' occupants are able to enjoy healthy, well venlilated,
light mdoo- envirenments of a constant and comfortable temperature.

A ~eduction in operafing energy can alse be achieved through the improvement of insulation and of
systems and fixfures such as air-conditioning and heating {du Flessis et al, 2002). In Soulh African [ow
income housing, the amaunt of money spent on energy for heating in winter can be drastically reduced

By usino insulating materials {(Sowman &f 3/, 1983 and low energy lighting fixtures such as the



Efficient use of water can be achieved through the use of certain household devices and fittings
incorporated into the design of a building. These include water conserving toilets, low-flow showerheads
and tap aerators, flow restrictors fitted onto taps, dual flush toilets or low flush cisterns (Pearson, 1998;
Sowman et al., 1998). Water efficient plumbing systems reduce the load at sewage treatment plants
while helping to protect riverine ecosystems (Barnett ef al., 1995). Water also contains large amounts of
embodied energy as energy is needed to pump it and treat it at sewage plants; therefore the
conservation of water also means the conservation of energy (Barnett et al., 1995). The current thrust
for the provision of low income housing in South Africa warrants a timeous opportunity to ensure that
they are fitted with water saving devices (Dalgiiesh et al., 1997). Other ways of minimising the use of
water include the harvesting of rainwater by collecting runoff from roofs in a storage tank and using it for
purposes such as irrigation (Chemaly, 2007). Water efficient landscaping, such as the selection of
drought-resistant and indigenous plant species, proper irrigation equipment and irrigation scheduling,
can also drastically reduce water consumption (Barnett et al., 1995). The use of water on construction

sites and in the production of materials should also be carefully monitored (du Plessis et al., 2002).

Ensuring the efficient use of materials includes the use of durable materials that have long lifetimes and
require low maintenance (Kibert, 1994b). So too, certain design measures such as buildings that share
common walls and are an appropriate size to what is needed, economise on materials. South African
low income houses, in theory, largely comply with this principle as small houses use few resources;
their collective utilisation of resources, however, is not as efficient because one plot per freestanding
unit often takes preference over cluster alternatives (Dalgliesh et al., 1997). According to Sowman et al.
(1998), cluster houses with shared walls in fact also conserve energy as they are less exposed to
climatic extremes. The amount of packaging used for building materials should also be considered
when trying to conserve materials. Not only does unnecessary packaging consume material resources,

it also consumes energy in its manufacture (Hill et al., 1997).

To achieve more efficient land use, high density forms of housing should be considered. Terrace
houses and courtyard houses should be considered over free-standing, individual houses. Urban open
space should also be utilised for housing (Dalgliesh et al., 1997). Linked houses are more affordable,
provide better protection and social support and use less land which leaves more land available for
green areas, community and sports facilities (Sowman et al., 1998). The efficient use of land, however,
needs careful planning and a fine balance as high-rise, high density living can encourage vandalism
and disturbed behaviour (Heron, 2003).

Summary of main criteria:
The following points summarise the main criteria under principle one of sustainable construction:

Minimise energy consumption.
Minimise water consumption.

Minimise materials consumption.
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Minimise land use.



Principle 2: Maximise Resource Reuse

This prnciple refers to the reuse of resources already extracted. This wouid contribute to Principle 1 as
it would reduce the over-consumption of wvirgin resources such as land, water and materials, and would
also lead o areduction in waste, therefore reducing the need for new landfill sites (Kibert, 1994b; Hill et
al, 1987). Reuse differs from recycling in that items are not reprocessed and reduced to raw materiais

but rather uzed in their existing state (Kibert, 1994hb),

The reuse of materials would nclude, for instance, the use of reclaimed wood, glass off-cuts and
various architectural items such as doors and windows salvaged from demaolition sites {Kibert, 19594b;
Ananymous, 2007c). The reuse of materials reduces construction and demalition waste, therefurs
recucing the need fur landfill and disposai siles so that this land can pussibly be made availabie for low
ncome housing (ou Plessis at & 2002). Reusing matenals alsu offers a cheaper allernalive to new
materiais which is particularly beneficial to low ncome communities {du Plessis et al, 20062). It is
interesting ang paradoxical o note that the *shack’, which iz the dominant informal Guilding type for low
Fcome communities across he developing world, while demonstrating much of what is unsustainable

in construction, epiturmises the maximezation of resource reuse (lrurah, 2002) as is illustrated in the

figure below:

Figure A.2: Reuse of materials and components in shacks
Saurce: frurah {2002) Photo by Lyndsey Bremner. Siide Library, School of Architecture and Planning,
Univerity of the Witwataersrand

Shacks are also easy o deconstruct and reassemble gs required. which facilitates the reuse of
resources. Low income houwses should therefore be 'designed for disassembly’ (Hendriks ef &, 2003},
Another example of reuse is the renovalion of existing buildings for a new function {retrafitting) or using
a building for more than one purpase (Hill et &, 19971 such as using public sites such as schools fur

community centres after hours {Sowman ef 3/, 1958).

"By refrofiting a T00-year—old building, rather than erect a new one. the Nalional Audubon
Soctefy saved USEY mitlion m construction costs. This refroff alse "saved' 300 tons of steel, 8000
fons of masonry, and 560 fong of concrete. ” (Randolph R, Croxton, architect. 1953 ¢ited in Earnett
at af., 1995:54)




Reusing water can be achieved through the use of grey water systems whereby washing machine, bath
and shower water is filtered and redirected for use in the garden resulting in more efficient water usage
(Anonymous, 2007c). Although the capital cost of many commercial grey water systems available are

high, the long term savings on water costs are substantial (Sowman et al., 1998).

Other resources such as land can be reused by considering old, used or degraded sites know as “grey
zones” (Kibert, 1994b). This would help to ensure that prime agricultural land or land with natural beauty

or value is not encroached upon.
Summary of main criteria:
The following points summarise the main criteria under principle two of sustainable construction:

» Reuse materials.
» Reuse water.

» Reuse land.

Principle 3: Use Renewable or Recyclable Resources

Kibert (1994) maintains that this principle refers to the fact that renewable resources and those that are
recyclable, or have been derived from recycled content, must have priority over other resources. This

principle can be applied to both energy and building materials.

Renewable energy sources should be given preference over energy derived from coal or natural gas
powered plants (Barnett et al., 1995). Renewable energy sources include solar power, wind power,
geothermal energy and organic waste (van den Akker et al, 1977). Wood, however, although a
renewable energy source if not used too rapidly, is hazardous to human health and the environment
when burnt (Sowman et al., 1998). Hydroelectric power is not considered as a renewable energy source
for the purposes of this dissertation as such projects are known for destroying the natural environments
of rivers and lakes with large dams and reservoirs (Baggs et al., 1996). The same can be said for the
nuclear alternative where radioactive waste and the fact that nuclear power stations are impossible to

decommission, remain a threat to the environment (van den Akker et al., 1977).

Renewable energy sources have high initial capital costs and some do not always cover all electricity
needs; they are therefore not often considered for low income housing. The long term environmental
and financial gains of renewable energy, however, need to be taken into account as they are often
substantial (Barnett et al., 1995). Some form of subsidy may, however, still be necessary if renewable
sources are to be used extensively in low income housing (Dalgliesh et al., 1997). There are
nonetheless a number of low cost ways to make use of renewable energy in low income housing, such
as the solar cooker designed to use the sun’s energy to cook food (Sowman et al.,, 1998). Ultimately,
the rising price of grid electricity and the heavy reliance of countries like South Africa on fossil fuels as a
primary energy source will make renewable energy sources an economical and necessary alternative
(DME, 2002).



An energy economy in which modern renewable energy increases its share of energy consurmed
and provides affordable access fo energy throughow! South Africa, thus condributing o sustainable
develppment gnd envirgnmental conservation [The South African Government's overall vision for
the role of renewable energy in its energy economy: OME, 200215,

This principle alsc refers o maierials: where materials used in construction should be renewable and
given areference over non-rencwable resources. Wooed. for instance, derived from sustainable forests is
a suitable renewable matenal (Kibert, 18845}, Other innovative renewable building materials include
straw bales and sandbags which offer easy, affordable altermatives to nen-renewable, energy-intensive

Bricks and cement (Sowman et &/, 1998, Ancnymous, 20070 Stemmet, 2008).

Recycled building materialz zhould be used and these include recycled aggregate from crushed
concrele, agribeard panels and tiles with recycled glass amongst others (Kibert, 19084b; Edwards.
1996). Low income housing should also be designed for recycling, which means using fewer materials:
using parts that can be easily dismantled; using materials that are recyclable: marking all the parts used
so that they can be readiiy identified during dismanting and can be easily separated for further
arocessing (Hendriks ef &/, 2003} Censtruction waste such as plastic, steel, copper pipes and |eftover
paint can all be minimised through jebsite recycling. This would reguire educating construction workers
about recycing and installing bins for sorting the waste [Bamett et &, 1995; Hill &f al., 1897} Racycling
has several environmental advantages: it reduces consumphion of natural rescurces, it reduces the infill
of landfill sites, and it reduces the energy consumption of new material production and its associated
aollution {du Plessis et al, 2002). Recycling of consfruction waste should set the precedence and

encourage recycling of household waste.

Figure A.3; Demolished steel sorted for recycling, South Africa
Source: lrurah (1988} cited in rurah (2002)

Summary of main criteria;
The follwing points summarise the main criteria under principle three of sustainable construction:

o Usge renewable energy sources.

o Usze renewalde mealerials.

F Give priority to materials that are recyclable and design for recycling.
 Give priority to materials that have beern derived from recyclatie content.
*  Recycle construction waste and household waste.



Principle 4: Protect the Natural Environment

Every site, particularly an urban one, should have some wilderness character. It's time to stop
paving meadows and putting streams into culverts (Lesley Sauer, landscape architect, 1990 cited
in Barnett et al., 1995:36).

As discussed in Chapter Two, the construction industry places considerable demands on the natural
environment and as a result often negatively affects it. This principle refers to the minimisation of those
negative impacts in addition to the rectification and restoration of degraded environments (Kibert,
1994b). This principle is of particular significance to low income housing as such developments are
often on a large scale, where quantity and lowering of costs are given greater priority than protecting

the environment.

Minimising the construction industry’s harmful impact on the natural environment “acknowledges the
human power to destroy the world’s complex ecological systems and reminds us that we must tread
carefully less we destroy ourselves in the process” (Kibert, 1994b:8). Environmental effects can be
minimised through informed decision making when acquiring materials: materials should be from
reputable sustainable sources, have low embodied energy, capable of being reused or recycled and
cause little environmental impact when extracted (Kibert, 1994b; Pearson, 1998). Materials should also
be durable, as according to Barnett et al. (1995), in many cases the environmental ramifications of the
disposal of a material are often far worse than its actual use. Products such as plaster and cork are
known to be more environmentally friendly than many modern substitutes (Barnett et al., 1995). Impacts
such as air, land and water pollution can be minimised by using construction materials and products
that do not cause pollution during their extraction, production and operation (Hill et al., 1997). Noise,
odour and dust pollution, along with solid and sanitary waste produced during the actual construction
process, can further be minimised through management procedures during construction operations (Hill
et al., 1997). Environmental Management Systems (EMS) should be used as guidance for this, where
the 1ISO 14 001 standard for EMS provides comprehensive checklists for the improvement of
environmental management in construction (Hill et al, 2002). Environmental Impact Assessments
(ElA’s) should be carried out to minimise the damage to sensitive landscapes during construction, to
evaluate alternative sites to avoid sensitive environments, site a building with the least visual
disturbance to the landscape, and to protect vegetation, water sources, animals and other organisms
(Hill et al., 1997; Hill et al., 2002). The World Bank Sectoral Guidelines (1991) offers a list of mitigatory
measures to ensure the protection of the natural environment in the design of housing (Dalgliesh et al.,
1997). Sanitation systems should also be suitable to the natural environmental conditions so as not to

cause serious environmental damage, poliution and a health risk (Sowman et al., 1998).

The employment of high density development as well as multi-functional and mixed-use environments
in low income communities will also contribute to this principle of protecting the natural environment as
such layouts promote more efficient and less energy consuming transport measures; and minimise the

need to utilise further valuable ecological and agricultural land (Hill et al., 2002; du Plessis et al., 2002).



The restoration of degraded environments is a complex issue as it is difficult to define what a natural
environment is or what the previous state of the environment was (Drager, 1996). Nonetheless, there
are various environmental improvement measures and “intelligent interventions” (Kibert, 1994b:8) which
are of particular importance for low income communities which are often characterised by poor
environmental quality and thus poor quality of life for the residents. These measures could include the
re-planting of vegetation to prevent the loss of topsoil; where the vegetation could include food gardens,
permaculture, and community planting schemes to address poverty and poor nutrition in low income
communities (Sowman et al., 1998). Other measures could include the ciearing and recycling of waste
from the land, recomposting poor soil, intfroducing water conservation measures as discussed above,
and flood control measures which would include diversion ditches and stormwater channels (Barnett et
al., 1995; Sowman et al., 1998). Low income housing should also be provided with appropriate services

so that communities can manage the environmental problems such as litter (Dalgliesh et al., 1997).
Summary of main criteria:
The following points summarise the main criteria under principle four of sustainable construction:

» Minimise the harmful impact of construction activities (minimise air, land and water pollution,
choose environmentally friendly materials, carry out EMS’s and EIA’s, incorporate the natural
environment into building design, suit sanitation to the natural environmental conditions).

» Employ high density, multi-functional and mixed-use settlements.

» Restore degraded land and provide suitable services.

Principle 5: Create a Healthy, Non-Toxic Environment

The aim of this principle is to avoid what Day (1990) and Pearson (1998) refer to as ‘sick buildings’
wherein synthetic materials, poor design, lack of ventilation, poor choice of site, fixtures and appliances

in buildings affect the physical and psychological health of the occupants.

This principle can be achieved by eliminating the use of hazardous and toxic materials, products and
appliances in construction. These include wood treatments, insulation, oil-based paints, vinyl floor
coverings, and wiring circuits amongst others (Barnett et al., 1995; Pearson, 1998). The vapours and
radiation released from such products are very often not able to escape due to the impermeable nature
of building materials. Buildings should therefore ideally be comprised of non-polluting, non-toxic,
renewable and permeable natural materials that have good sound reduction properties, are
electromagnetically safe and do not allow the build up or conduction of static electricity (Baggs et
al.,1996; Pearson, 1998). Such materials include timber and earth (Pearson, 1998). Adequate
ventilation in buildings is also crucial, and this is often overlooked in low income housing (Barnett et al.,
1995; Sowman et al., 1998). Clean water and appropriate sanitation should be provided to avoid
diseases such as cholera and dysentery (Dalgliesh et al., 1997). Outdoors, this principle requires
minimising the use of pesticides, and fertilisers to prevent soil and water contamination; which can be
achieved through indigenous landscaping (Kibert, 1994b; Hill et al., 1997). In addition, measures must

be taken to reduce dust, noise, vibration and odours from construction operations (Hill et al., 1997).



An appropriate site, void of negative energies such as geological faults, away from hazardous
infrastructure such as power line servitudes and one that has a pleasant look, smell and sound needs to
be considered in order to create a healthy built environment (Baggs ef al., 1996; Pearson, 1998). A
suitable position on the site in terms of the microclimate, topography, hydrology and geology should

also be considered to maximise human health and comfort (Barnett et al., 1995; Sowman et al., 1998).

A healthy environment can also be achieved through structurally sound buildings that are appropriately
designed for the given environment and designed in direct accordance with the types of activities
occurring within them as this determines whether a building is safe for human occupation particularly in
adverse conditions (Hill ef al., 1997).

As mentioned, this principle also refers to psychological health. So as to contribute to the mental well-
being of occupants, settlements should be designed to create vibrant living environments that create a
sense of place and harmony. The current practice of “sterile rows of freestanding boxes” in many South
African low income settlements should instead be planned with a degree of flexibility and allowed to
grow more gradually in response to people’s needs and to the surroundings (Sowman et al., 1998: 49).
Natural landscape features, such as rocky outcrops and the cultural and historical significance of a site
should be retained, so that its unique character and existing sense of place is not lost (Sowman et al.,
1998). Green and open spaces should be encouraged as people need places where they can relax
from the stresses of daily life (Barnett et al.,, 1995; Sowman et al., 1998). Building designs should be
free of monotony, sterility and harshness which often result in sensory deprivation and negatively effect
people’'s psyches (Day, 1990; Pearson, 1998). High rise flats with very high densities should be avoided
(Heron, 2003). Light, colour, sound, smell and textures should all be considered in building design as
they all have a profound impact on people’s feelings and thoughts (Pearson, 1998). The transitions
between spaces are also very important for human psychological health (Pearson, 1998). Links
between indoor and outdoor environments should be strong so as to avoid artificial substitutes for
natural systems indoors (Day, 1990). According to Barnett et al. (1995), natural daylit buildings reduce
operating costs, increase productivity, health and well-being of the occupants, and provide a superior
quality of light. It is also important for people to have control over their environmental conditions to curb
stress and irritation levels; this would include the installation of windows that can be manually operated
(Day, 1990).

Summary of main criteria:
The following points summarise the main criteria under principle five of sustainable construction:
a) Physical health:

» Use non toxic products and materials for both indoor and outdoor environments.

v

Ensure buildings are well ventilated and consist of permeable, natural materials.
Create a safe built environment.

Minimise pollution over the entire construction process.
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Choose an appropriate site and position on the site.



b) Psychological health:

Retain a site’s existing character.
Create green and open spaces.
Create interest, contrast and flexibility in building design and settlement planning.

Have strong links between indoor and outdoor environments.
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Allow for human control of environmental conditions.

Principle 6: Pursue Quality in the Built Environment

Quality in the built environment is an important principle in sustainable construction as a quality
structure and settlement will not only have a long lifespan, but will also be valued by its occupants and
not fall into disuse and disrepair (Kibert, 1994b; Hill et al.,1997). In low income housing, this principle

requires a fine balance between cost and quality (Dalgliesh et al., 1997).

Quality in the built environment includes settlement planning, in addition to a building’s design,
construction and occupation (Kibert, 1994b) and is in accordance with the fourth ‘pillar of sustainable

construction: ‘technical sustainability’ as detailed in Chapter Two (Hill et al., 1997).

A quality settlement will provide good quality of life through the employment of a multi-functional and
mixed-use environment, a compact layout, less automobile-dependence and the provision of social
infrastructure along with the protection and enhancement of the natural environment (Kibert, 1994b; Hill
et al., 1997; Swilling, 2006).

A building should be designed so that it is aesthetically pleasing but at the same time appropriate for its
function, the clim.atic conditions, the occupants’ needs and the surrounding environment. A competently
designed and constructed building will also help to ensure its durability, thus reducing the need to
replace it, and thus saving energy and waste (Hill et al., 1997). Excellence in design and construction
includes the selection of quality materials, technology and energy systems (Kibert, 1994b; Sowman et
al., 1998). This may require a shift in consciousness from conventional ‘quality’ building methods and
materials such as bricks and mortar to alternative, environmentally responsible methods such as
sandbag building (Anonymous, 2007a). Durable, appropriate, functional and reliable buildings that are
pleasant on the senses are in turn cared for and maintained because they are cherished (Kibert,
1994b).

Quality in the built environment also includes the attempt to ‘humanise’ buildings so that they are in tune
with human needs so that they may contribute to human well-being and quality of life (Day, 1990). Hill
et al. (1995:15) indicates that “cherished spaces are cared for while dehumanising structures are prone
to vandalism”. Heron (2003) validates this statement and highlights the importance of residential
satisfaction in terms of the social and physical character of an area, as it has a proportionate effect on
crime levels. How the built environment affects human spiritual, psychological and physical health is
discussed in greater detail under principle 5 above and includes an understanding of how humans

experience buildings in terms of their layout, the use of light and colour, fragrances, textures, the use of

enara and tha trancitinn hahareaen enareae (Paarean 10QR)%\



Summary of main criteria:
The following points summarise the main criteria under principle six of sustainable construction:

» Pursue quality setflements (compact, independent of automobiles, green spaces, social
infrastructure etc.).

» Pursue quality design (aesthetically pleasing, durable, appropriate technology, functional, safe).

» Pursue quality in construction (durable structure, materials and building methods).

» Pursue quality in occupation (humane, healthy, non-toxic environment).

Principle 7: Promote Socio-Economic Development

Sustainable construction falls under the broader framework of sustainable development; its principles
therefore need to include sustainable development's economic and social ‘pillars’ as well (Hill et al.,
1994a). This principle therefore refers to the achievement of a socially and economically sustainable
built environment. There is often an overlap between social and economic issues hence their being
grouped under one principle of sustainable construction, and it is only for ease of explanation that they

have been separately discussed below.

The social element of this principle refers to improving the quality of human life by promoting community
involvement and responsibility and by creating a sense of community and safety, therefore contributing
to the physical and psychological well-being of people (Sowman et al, 1998). Improving quality of
human life would entail, for example, alleviating poverty in order to ensure that peopie’s basic needs are
met through initiatives such as food gardens (Barnett et al., 1995; Yap, 1989 cited in Hill ef al., 1997),
and promoting well-being through the creation of a non-toxic, safe and healthy built environment (Hill et
al., 1997). Materials used in construction should also be produced via socially fair means which would
include good working conditions and equal opportunities (Pearson, 1998). The social benefits such as
employment opportunities as well as the social costs of construction should be fairly distributed and a
project should aim towards empowering socially excluded and previously disadvantaged groups, and
establishing equal gender, class and race relations (Hill et al., 1997; Habitat, 2008). South Africa is
redressing the inequalities of its past by adopting a preferential procurement plan for its construction
industry as an instrument to effect socio-economic change through the promotion of employment and

business opportunities to marginalised sectors of the population (Bowen et al., 2008).

Involving future occupants in all aspects of planning and development, so that they may actively shape
their futures is essential for the long-term sustainability of the built environment and low income housing
projects in particular (Sowman et al., 1998). Community participation would ensure that people’s needs
are sought and addressed, thus potentially avoiding conflict situations, empowering people, and
instilling a sense of ownership so that people are more likely to support, maintain and help develop a
project (Sowman et al.,, 1998). Labour intensive construction methods and the implementation of skills
training during the actual construction process for instance would contribute to community involvement
and empowerment and would therefore “ensure that development of human resources is a lasting

legacy of construction, in addition to the physical presence of facilities” (Hill ef al., 1997:227).



Creating a sense of community and social unity can be achieved through shared community facilities
such as markets, libraries, and sports fields. These help to create a sense of belonging and increase
communication and acceptance of others as neighbours interact in their day to day activities (Sowman
et al., 1998). Another important aspect is to protect the historical, cultural and reiigious importance of a
site to create a sense of place and common heritage (Sowman et al., 1998). Outward appearance of
the built environment also contributes to how people interact and gives a place its own feeling and
appeal; care should be taken in planning to ensure that the character of a settlement instils a sense of

community and pride in the environment (Sowman et al., 1998).

The economic element of this principle refers to the issue of financial affordability for the intended
beneficiaries in addition to the promotion of employment opportunities (Hill et al., 1997; Sowman et al.,
1998). Any new development, particularly housing for low income communities, should aim to reduce
costs (Sowman et al., 1998) without compromising the other principies of sustainable construction. It is
important to note that costs include both initial capital costs and long term operation and maintenance
costs. Many ‘green buildings’ may have longer term cost savings through indirect means such as water
efficient toilets, despite a larger initial outlay (Barnett et al, 1995, Sowman et al, 1998). Land
ownership is an important economic consideration, particularly in the identification of land for low
income housing where municipally owned land is often the fastest and cheapest way to acquire land for

low income development (Sowman et al., 1998).

The use of labour intensive construction ensures that jobs are created in communities, the financial
benefits of construction remain in the community and people are empowered with skills (Hill et al.,
1997). Other considerations such as a development’s proximity to jobs, shops, markets and public
transport influence access to employment opportunities (Sowman et al, 1998). In low income
communities, housing should at ieast be close to informal trading opportunities and public transport as

few people own cars.

Another economic factor of sustainable construction is the support of environmentally responsible
suppliers and contractors (Day, 1990; Hill et al., 1997).

Summary of main criteria:
The following points summarise the main criteria under principle seven of sustainable construction:

a) Social factors

» Poverty alleviation.

»  Protect human well-being.

» Promote social equality and fairness (socially fair materials, equal distribution of the social
benefits and costs of construction, empowerment of previously excluded social groups and
promotion of integration).

» Community participation.

» Create a sense of community and social unity.



b} Economic factors
» Ensure financial affordability for the beneficiaries.
» Promote employment opportunities.

» Choose environmentally responsible suppliers.

Conclusion:

This appendix has elaborated on seven principies of sustainable construction with particular relevance
to low income housing and suggested ways to address the issues inherent in each of them. These
principles make up the four ‘pillars’ of sustainable construction (biophysical, technical, social and
economic), so for any low income housing project to be sustainable, it must adhere to all of the
principles. It is important, however, to be mindful that optimising each principie is not always feasible
and trade-offs and compromises may be necessary. While the seven principles serve as a guideline for
built environment professionals to achieve sustainable construction, they are also used as a framework

against which to evaluate the case studies introduced in Chapter Four of this dissertation.



Appendix C: Initial Case Studies considered for evaluation in this dissertation

Chosen for
Case Study evaluation Comment
purposes
. . While demonstrating innovative energy-saving initiatives, the other
All Africa Games Village X South African examples displayed broader sustainable initiatives.
?ioc_”maﬁc Housing area, X insufficient available information.
unisia
Carr Gardens, X Case demonstrated only a limited area of sustainability (namely,
Johannesburg, RSA socio-economic).
Addresses similar sustainability issues to SA e.g. Douglas Rooms
Co-op UFAMA, Uruquay X for which there was more information.
Although the building has mixed income occupants; over half are
Douglas Rooms (JHC), N, low income. The case study was therefore deemed to fall within the
Johannesburg RSA criteria of the case study design.
Eco barrio Suerte 90 N . )
. ! Complied with the case study design.
Columbia
Ecologically .SUSta|nab|e L.'OW X Insufficient available information.
income housing, Costa Rica
Despite innovative sustainability practices, this case is a building
Energy Efficient Straw Bale scheme (implemented in an ad hoc manner in villages in NE
: . X China), as opposed to a ‘sustainable settlement’. This would count
housing, China against it in the evaluation procedure & thus the other Chinese
case (Yaodong cave dwellings) was deemed more appropriate.
This case study is a building scheme {promoted across Papua New
e : Guinea), as opposed to a ‘sustainable settlement’. This counts
Improved traditional housmg N against it in the evaluation procedure. It is, however, still deemed
systems, Papua New Guinea appropriate in this dissertation for the sustainability practices it
demonstrates.
%i?;?#; ISr:g:Z Resettlement v Complied with the case study design.
. While demonstrating noteworthy sustainable improvements to the
Kampung improvement X settlement as a whole, the programme did not include improvement
programme, Indonesia of the dwellings themselves thus rendering it an inappropriate case
study for this research project.
Khaokho resettlement - ; . .
. ! X Insufficient available information.
Thailand
Kutlwanong, Kimberley, RSA N Complied with the case study design.
Living Better Jardim, Brazil X Insufficient available information.
. The settlement houses occupants from mixed income groups.
Lynedoch Eco Village, N There are however, low income houses which are the focus of the
Stellenbosch, RSA evaluation. The case study was still deemed to fall within the
criteria of the case study design.
Masithembane housing
: . Excess of South African examples; and case only demonstrated a
_[?_I’OJeCthléhAayehtSha, Cape X narrow area of sustainability.
own,
. . Excess of South African examples; and case displayed narrower
Midrand Eco Clty, Jhb, RSA X area of sustainability than others.
Missionvale Community While de.rtnonsrttr‘it'g;_?novztive high dengity unitstals wellae;s t
. . community participation and ongoing environmental management,
Housing, Port Elizabeth, X the case did not demonstrate a broad enough spectrum of
RSA sustainability initiatives for evaluation.
Programa de Vivienda X Case Study displayed too narrow a spectrum of sustainability
Popular, Mexico practices for evaluation purposes.
Self managed vertical X Case covers too limited an area of sustainability for evaluation.
housing, Brazil
s Due to an excess of South African examples and a limited area of
?gw;gf:éc'igerrace, Cape X sustainability addressed, this case was not chosen for evaluation.
Eggﬁ?eosgfr% Vlglgge, N Complied with case study design.
Vikas Community,Aurovilie, X Other Indian case (Janapur) displayed more sustainable initiatives
India and had more available information.
Yaodong Cave Dwellings N N
’ Complied with case study design.

China




Appendix D

This appendix displays the results of the evaluation of the nine cases in a matrix format. There is a
separate matrix for each of the seven principles of sustainable construction, tested against all nine of
the cases. These matrices are elaborated upon in Chapter Five to expand upon the short notes
confined within them as well as to provide any additional comments that are not accommodated in the
matrices. A summary of each case’s performance is given in Chapter Five and is given in terms of the
number of criteria it addresses per principle and out of a possible total of 49, as well as the number of
principles it fulfils out of a possible 7. A principle is deemed fulfilled if more than half the respective
criteria are addressed. Innovative aspects gleaned from the evaluations are also listed in the

summaries.
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