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Preface 
 
‘I have walked that long road to freedom. I have tried not to falter. I have made missteps 
along the way. But I have discovered the secret that after climbing a great hill, one only finds 
that there are many more hills to climb’ (Nelson Mandela, Long walk to Freedom, 1994). 

 
 
My walk to graduation is in no way comparable with Nelson Mandela’s long and difficult walk to 
freedom. Though his comparison of the long road to freedom with climbing a great hill can be 
reflected to my study and research. This research project has been very valuable to me. South Africa is 
a country full of contradictions and my first contact with this country opened my eyes and my mind. I 
had the privilege to do fieldwork in South Africa at the CSIR and get closer to the people for whom I 
was setting up this research. It made me realize the importance of proper education in these 
underdeveloped areas of Africa and the importance of education in general. Things we take for 
granted in the Western countries are for most people privileges in African countries. I really enjoyed 
my first working experience at the CSIR and it made the top of my big hill seem less high. Returning 
to Eindhoven I organized the obtained data and analyzed it. With the found results, I was able to 
design a tool, which hopefully will be practical and beneficial for those people who need it. I reached 
the top of my hill. Only to realize that reaching this top, receiving my university diploma, was the first 
big hill on the road of my life and many, even higher, hills are still ahead. 
 
This research would not have been possible without the help of many people in South Africa. I would 
like to thank Geoff Abbott and especially Jeremy Gibberd for his supervision and continuously flow 
of good ideas, which regularly resulted in more interesting research topics, instead of simplifying my 
problem. Furthermore, I would like to thank Ketan Patal and Lee Rosenzweig for sharing their 
knowledge with me and the pleasant site visits. Last but not least Sizo, Mwansa and Robin for making 
my time at the CSIR really enjoyable. 
 
I would like to thank Emilia van Egmond and Peter Erkelens for their supervision, constructive 
criticism and support. Special thanks goes to my parents for their ongoing support and believe in me. 
And to Nakedi, for his ‘undivided’ attention during my stay in South Africa, Ke a go rata! And of 
course, I would like to thank my friends in the Netherlands for their help and moral support the last 
few months.  
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Executive Summary  
Education plays an eminent role in the development of a country and providing good quality 
education is therefore one of the priorities of the South African government. South Africa has one of 
the highest governmental investment rates in education worldwide. Although the post-Apartheid 
government has been working hard to eliminate historical inequalities in the educational sector, much 
remains to be done. The South African government focuses its attention to improving the educational 
curriculum; remedying conditions of physical degradation of school facilities and developing schools 
as centres of community life, with regard to primary and secondary schools1.  
 
The nationwide survey ‘School Register of Needs’ (DoE, 2001) recorded significant improvements in 
school infrastructure and access to basic services. However, however the educational sector is still 
facing a backlog in schools (40% of all schools) and an increase in number of schools in dilapidated 
state was recorded, because of lack of management and maintenance of the school buildings (44% of 
the schools). The research objective therefore contributes to the development of more sustainable 
schools. The practical objective is to develop and test a tool to integrate sustainability into the design 
process of schools to prevent rapidly dilapidating school buildings. The corresponding research 
question is as follows: 

How can the concept of sustainability be translated and integrated into the design and 
design process of primary and secondary schools in poverty-stricken areas of South 
Africa? 

 
The Sustainable School Design Tool (SSDT), developed in this research, originates from the 
Sustainable Building Assessment Tool (SBAT) developed by Gibberd (2003). Further development of 
the tool is based on an iterative process whereby the first draft of the tool was tested and reviewed by 
means of several case studies. These case studies referred to twelve schools (primary and secondary) 
in poverty-stricken areas of South Africa. The case studies are used to review and improve the 
operationalisation of sustainability into practical design options. Furthermore, the case studies 
contributed to the improvement of the appropriateness and applicability of the tool in the context of 
primary and secondary schools in poverty-stricken areas.  Finally, the case studies served as a 
benchmark for the design options. 

The Sustainable School Design Tool 
(SSDT) developed in this research 
addresses social, economic and 
environmental aspects of sustainability 
with regard to the design of a school 
building. Furthermore, the tool takes 
into account the local school context, 
and also the impacts of regulations and 
policies of the provincial and national 
setting of the school (see figure I).  
 
The purpose of the tool is to integrate 
sustainability into school building 
design and design process. The tool 
requires full commitment and 
involvement of all stakeholders during 
the design process. The SSDT 

stimulates decision making by providing a structure to determine priorities. The tool tries to stimulate 
and challenge architects to go beyond their conventional ways of designing. In addition, the tool has 
become a valuable information source on sustainable schools.  

                                                   
1 http://www.info.gov.za/yearbook/2004/education.htm 
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The main target groups for the tool are design teams, which are engaged with a sustainable school 
project. It is expected that the provincial departments are not yet able to use the tool to its full 
potential. However, these departments can use the tool as an evaluation and assessment tool to 
improve the sustainability of their standardised designs. 
 
The tool has a hierarchical structure, by which sustainability is operationalised into three main goals; 
namely to establish economic, social and environmental sustainability of the school design. The goals 
are broken down into 15 main objectives, and each objective consists of 5 strategies to achieve 
sustainability. The strategies are determined by one or more practical design options. The research 
determined and selected these strategies and design options by means of case studies. The software 
programme Microsoft Excel I used to develop the SSDT and provides calculations of the 
sustainability of the school. 
 
The tool is primarily developed for application during the design process of primary and secondary 
schools in poverty-stricken areas of South Africa. The design process is divided into pre-design phase 
and design phase. During the pre-design phase, the tool can be used to stimulate involvement of all 
the stakeholders. All stakeholders should be involved in a workshop in which a uniform understanding 
of sustainability is created. During the workshop, the 15 main objectives are discussed and each 
stakeholder can express his priorities and needs with regard to the school project. The project brief 
should be developed based on the ranking of the main objectives. The process is therefore not only 
determined by the architect, but is meant to generate input from all stakeholders! The SSDT generates 
a graph, which reflects the results of the workshop in the form of a priority web. 
 
During the design phase the tool assists the architect in translating the priorities of all stakeholders 
into design options for the development of the school design. The tool provides background 
information, calculation formulas, and ideas from other schools. The architect can review his design 
with the help of the SSDT. The SSDT generates a total overview of the sustainability of the design 
and the architect can decide whether the design needs adaptations or adjustments to improve the 
performance of the school. In addition, the SSDT can also be used as an evaluation tool. The 
worksheets can thus act as checklists to calculate the performance of the school, and indicate the 
opportunities and weaknesses of the school with regard to sustainability. 
 
The SSDT is applicable in a developing country; because it takes into account not only environmental 
issues, but also social and economic issues of sustainability. The tool integrates sustainability into the 
design process of schools, by stimulating and assisting priority setting in the pre-design phase and 
translating these priorities into design options for the architect during the design phase. The SSDT is 
multifunctional since it can also be used as an evaluation or assessment tool for school designs or 
existing schools. The tool is applicable to primary and secondary schools in poverty stricken areas, 
irrespective rural/urban areas or new initiative/refurbishment of a school. The structure of the tool is 
kept simple and clear to make the tool understandable and practical. The disadvantage of the tool 
might be that it is too extensive and therefore time consuming. The practicability is further enhanced 
by the information function of the tool. The tool is easy to adapt and adjust, which allows the tool to 
grow and change over time when more experience and new information becomes available. 
 
Further research should focus on testing the applicability of the tool during the design process. In 
addition, some of the main objectives need extra research and it would be interesting to explore 
opportunities for specific versions of the tool for different climate regions. 
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0. General Introduction 
This report completes the Master of Science degree in Technology and Society, with specialisation 
Technology and Innovation Policies for Developing Countries at the faculty Technology Management 
of Eindhoven University of Technology. This report presents the findings of a research in the field of 
sustainable schools in poverty-stricken areas of South Africa. The fieldwork is carried out during an 
eight-month stay in South Africa.  
 
This research is carried out in co-operation with the Council for Scientific and Industrial Research 
(CSIR) in Pretoria, South Africa1. The CSIR is the largest scientific and technological research 
organisation in Africa, which is responsible for approximately 10% of the research done in Africa2. 
Within the CSIR, the research took place in one of the nine business units, Building and Construction 
Technology (Boutek). Boutek consists of seven research areas, and this research is carried out within 
Facilities Planning and Management (FPM). FPM’s approach is that a building and its facilities need 
to be actively managed through their full life cycle from strategic planning through to ongoing 
operational performance, monitoring and management. Estate management must also respond to 
broader government and societal objectives and meet sustainability targets of optimised social, 
environmental and economic performance. This research was part of two focus areas within FPM, 
namely Sustainable Building Programme and the Education and Community Building Programme.  
 
The report consists of three parts. The first part is methodology of the research, which explains the 
relevancy, the theoretical and empirical issues of the research. Part two presents the results of the 
research. It describes the development of the Sustainable School Design Tool and its corresponding 
design process. Finally part three handles the conclusions and recommendations of the research. 
 

                                                   
1 For more information about the CSIR: www.csir.co.za 
 
 





 

 
Part I: 
 

Methodology 
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1. Theoretical Issues 

1.1. Research Motivation 
‘If the next century is going to be characterised as a truly African century, for social and 
economic progress of the African people, the century of durable peace and sustained 
development in Africa, then the success of this project is dependent on the success of our 
education systems. For nowhere in the world has sustained development been attained 
without a well-functioning system of education, without universal and sound primary 
education, without an effective higher educational and research sector, without equality 
of educational opportunity’ (Mbeki, 1999) 

 
As Mbeki, the current President of South Africa, pointed out, education plays an eminent role in the 
development of a country, economically as well as socially. Besides the fact that education is a 
fundamental right for all human beings, it helps to ‘ensure a safer, healthier, more prosperous and 
environmentally sound world, while simultaneously contributing to social, economic, and cultural 
progress, tolerance, and international co-operation’ (UNESCO, 1990).  
 
Research shows that a strong positive relation exists between the level of human capital formation and 
economic growth (Thirlwall A.P, 1999). Besides economic benefits, education can contribute to 
political consciousness and perpetuate national integration. It can also lead to a decrease in social 
inequality; an increase of social mobility and individual development (Szirmai, 1997). The theory of 
Human Capital stresses the importance of investment in human capabilities. Investment in human 
capital includes for example expenditures on health facilities, on-the-job training and institutional 
training, but also formal education. Investment in human capital can help overcome issues of poor 
health, illiteracy and unreceptiveness to new knowledge, which eventually leads to higher productivity 
and increased income (Thirlwall A.P, 1999). Denisson (1962) was the first who stressed the 
importance of education for growth supported by quantitative evidence. He argues that the importance 
of investment in education is as important as the investment in physical capital goods in developing 
countries. 
 
The South African government regards investment in education as the most important long-term 
investment. ‘Education is not only pivotal to economic prosperity but it also plays a crucial role in 
enabling South Africans to improve the quality of their lives and contribute to a peaceful, productive 
and democratic nation’ (GCIS, 2003). Expenditures on education rose in the period after the Apartheid 
regime from R31,8 billion (1994) to R51,1 billion (2000), this is almost 6% of the GDP of South 
Africa and one of the highest rates of investment in education worldwide. 
 
However, the educational sector in South Africa inherited immense inequalities from the Apartheid 
Era. On the one hand well-developed, high quality education facilities are to be found in the white 
areas of South Africa, whilst on the other hand, less and low quality facilities are available for the 
poor, mostly black, part of the population. Since 1994, the government has been working hard to 
eliminate these inequalities in the educational sector. Major improvements have been made, but much 
remains to be done. Current problems faced by the educational sector are large backlogs in 
accommodation and poor condition of existing school buildings; limited access to books and teaching 
equipment; a lack of qualified teachers; and overcrowded classes. Furthermore, a lack of educational 
facilities for adult education exists in rural areas; the number of orphans is rising due to the HIV/AIDS 
epidemic; and violence and vandalism are common practices at schools (CSIR-1, 2003).  
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This research focuses on two main problems faced by the sector. One problem is a shortage of 
classrooms and the second is the poor condition of school buildings. The National School Register 
of Needs 2000 Survey (DoE, 2001), carried out in 1996 and 2000, indicated that major improvements 
took place in the educational infrastructure, particularly in the rural areas. Classroom shortages 
decreased by 10%, but still 40% of the primary and secondary schools face a shortage of classrooms. 
In addition, significant improvements were made with regard to the supply of basic facilities such as 
water supply, electricity supply and sanitation. Nevertheless, the number of schools, which reported 
their buildings in poor or very poor condition, increased from 16% to 34%, due to lack of 
management and maintenance (DoE, 2001). To deal with these problems the government initiated 
some development programmes and integrated these issues in policy plans, wherein the focus is 
placed on remedying conditions of physical degradation and developing schools as centres of 
community life. The National Department of Education asked the CSIR to explore new approaches to 
school design to ensure sustainability, in the sense of establishing high quality buildings but also 
incorporating adequate management and maintenance of these school facilities. This research 
anticipates on this by developing an instrument that supports decision-making during the (pre)-design 
process to integrate sustainability into the design of school buildings and the development of a 
supporting environment. This hopefully lead to the establishment of more sustainable schools and the 
prevention of rapidly dilapidating school buildings in the future.  

1.2. Research Aims and Questions 
The general aim is: 

To contribute to the development of more sustainable schools in poverty- stricken areas 
of South Africa. 

 
The corresponding practical aim is: 

To develop and test a tool, which translates and integrates the concept of ‘sustainability’ 
into the design and design process of primary and secondary schools in poverty-stricken 
areas of South Africa. 

 
The formulated aims of the research can be translated into the following research question: 

How can the concept of sustainability be translated and integrated into the design and 
design process of primary and secondary schools in poverty-stricken areas of South 
Africa? 

1.3. Research Relevancy 

Scientific Relevancy 
The scientific relevancy of this research is the acquisition of more knowledge on sustainability of 
primary and secondary schools in poverty-stricken areas of South Africa. Furthermore, an attempt is 
made to translate this knowledge into an appropriate design tool for the development of sustainable 
school design in the context of poverty stricken areas of South Africa. 

Social Relevance 
South Africa is making enormous efforts to improve its educational sector. Significant improvements 
regarding educational infrastructure have been made in the period 1996-2000, but the problems are not 
solved yet. Many rural communities still face insufficient quality and number of educational facilities 
and services. An additional problem is that the government wants to decentralise management and 
maintenance of schools from the provincial level to the school level, which puts more pressure on the 
management of schools. It is also recognised by the government that schools can play an important 
role in the development of local communities and that schools should be seen as centres of community 
life (DoE, 2002). The tool developed in this research, contributes to this by not only addressing 
ecological sustainability, but also acknowledge the social and economic situation of the poverty-
stricken areas. 
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1.4. Theoretical Framework 
To arrive at a theoretical framework some concepts have to be explained in more detail. This section 
provides information about sustainability, sustainable buildings and sustainable schools. Additional 
information concerning these concepts can be found in Appendix A & B. 

Sustainability  
Sustainability and sustainable development are two well-known concepts, but people often disagree 
on the definition of the concepts. Many different definitions are in use, and it is therefore important to 
explain what is meant by sustainability in this research. Sustainability is seen as the state of the earth 
in which human kind is living within the carrying capacity of the earth. A kind of ideal state in which 
people (society), planet (environment) and prosperity (economy) find a balance. Subsequently, 
sustainable development is defined as the process of achieving such as state (Local Agenda 21 SCDC, 
2002). 
 
While revising the literature on measuring sustainable development or sustainability, several 
frameworks can be identified. Most frameworks identify at least three dimensions of sustainability; an 
economic dimension, a social dimension, and an environmental dimension. In the framework, 
developed by the UN1, four dimensions of sustainable development are used, translated into social, 
economical, environmental and institutional indicators to measure sustainable development (UN, 
2001). The institutional indicators indicate availability of an appropriate ‘institutional framework’ 
(legal and policy instruments), which should encourage and implement sustainable development. They 
also examine the ‘institutional capacity’ (communication infrastructure; science and technology; 
disaster preparedness), which should enhance planning, implementation and monitoring of sustainable 
development (UN, 2001).  
In the framework of Repetto (Pronk, 2002) once 
again four dimensions are distinguished, namely the 
social, economical and environmental dimensions 
and additionally a technological dimension of 
sustainable development is proposed. 
Du Plessis (2002) reasons ‘Institutions’ and 
‘Technology’ are not dimensions of sustainable 
development, but can be seen as stimulators that 
support sustainable development.   She identifies a 
third stimulator, namely value systems. This 
framework has been summarised in Figure 1.1. 
Sustainable development takes place when the three 
dimensions interact on an equal basis (red surface in 
the middle of the figure). The three stimulators (the 
arrows) can accelerate or decelerate the process of 
sustainable development. 
 
One of the stimulators of sustainable development is ‘Technology and Infrastructure’.  Technological 
stimulators can be divided in hardware (machinery, industrial processes, materials, equipment, etc), 
software (tools to support decision making, monitoring and evaluation) and know-how. Access to 
those technologies and effective technology transfer can stimulate the process of sustainable 
development. The sustainable school design tool developed in this research can be considered a 
technology that stimulates and accelerates the process of sustainable development. Social, economic 
and environmental aspects determine the sustainability of the school design. The tool should be based 
on an integrated approach, which addresses these social, economic and environmental aspects of 
sustainability.  

                                                   
1 UN Department of Economic and Social Affairs; Division of Sustainable Development: http://www.un.org/esa/sustdev/ 

Figure 1.1: Sustainable Development 
Source: www.sustainablesettlements.co.za 
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Sustainable Buildings  
Buildings and construction play an important role in supporting sustainable development (Gibberd, 
2002). Sustainable construction can be viewed as a special case of sustainable development, targeting 
a specific group of the construction industry (Lanthing, 1995). The construction sector can play an 
significant role in the process of sustainable development by careful planning in which design 
decisions, material specifications, procurement and construction processes are carefully evaluated in 
terms of their economic, social and environmental impact (Greenhouse Project, 2003). A balance 
between social, economic and environmental issues must be found to create sustainable buildings.  
 
The definition for sustainable buildings and construction in the context of South Africa should contain 
the concepts social, economic and environmental sustainability. Brand (2003) describes sustainable 
building as the development of architectural solutions, which reflect a balance between a minimal 
environmental impact, optimal cost-quality relation and social support. The definition of Gibberd 
(2003) also includes these concepts of sustainability, but he adds an extra dimension to sustainable 
buildings and construction, by stating that sustainable buildings and construction can also support 
sustainable systems around them. For example, the construction of a sustainable building can also 
support and strengthen the development of the local economy or the involved community, which 
supports sustainability at a larger scale. 
 
The definition used in this research for sustainable buildings is derived from the definition of 
sustainable buildings and construction formulated by Gibberd (2003) and is therefore as follows: 

‘Sustainable buildings support sustainability through maximising advantageous social 
and economic impact while minimising negative environmental impact. Sustainable 
buildings do not only develop and maintain systems that support sustainability within 
buildings themselves; they also support development of more sustainable systems 
(economic, social, and environmental) around them’ 

 
This research focuses on the development of a tool to support the design of sustainable buildings. 
Although the output of the application of the tool is the physical design, it cannot be considered 
independently from the corresponding design process. Integrating sustainability effectively in 
buildings requires understanding, input and agreement of the involved stakeholders during each phase 
of the building life cycle (Gibberd, 2003). The research considers therefore not only the building 
design but also addresses the application of the tool during design process to maximise the integration 
of sustainability. 

Sustainable schools 
The definition for sustainable school buildings can be derived of the definition of sustainable 
buildings. Sustainable school buildings can be defined as buildings which support sustainability by 
maximising social and economic impact, whilst minimising negative environmental impacts. 
Additionally, sustainable school buildings also aim to support the development of sustainable systems 
around them. In the context of schools one should think of development of the local economy by 
utilisation of the local available skills and materials in the design of the building. In addition, one may 
think of the development of SMME’s (Small, Medium, and Micro Enterprises), by providing facilities 
at the school, and business skill-training during the construction of the school buildings. Development 
of the surrounding community can be stimulated by provision of facilities for e.g. adult education or 
health care.  Another example is the possible contribution of the environmental friendly building to 
the development of a learning programme, by maximising the positive impact of the physical and 
natural environment on the learning process. 

Theoretical Framework 
The theoretical framework, which follows from the described concepts, is illustrated in Figure 1.2 
Sustainability of the school design is determined by social aspects, economic aspects and 
environmental aspects of a building. The design tool developed in this research should therefore 
include these three aspects of sustainability. The different settings (national, provincial and local) 
influence and determine the context of the school.  
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The national environment mainly consists of the policies and regulations of the National Department 
of Education2. The tool should take address the impacts of the new National Curriculum 2005, and the 
impact of establishing centres of community life, on the design of schools. Furthermore, the national 
environment determines the geographical circumstances, since South Africa is divided in twelve 
different climate zones (Appendix C contains background information about South Africa). From the 
provincial environment can be derived that the Provincial Department of Education, which is 
responsible for the provision of educational facilities, has a limited budget and capacity. This results 
in implementation of standard designs for schools in the province. Constructing these standard 
‘identical’ schools does not stimulate innovative behaviour of architects with regard to the design of 
sustainable buildings and the community might neglect management and maintenance since the school 
does not reflect their ideas and needs.  

The local level determines the practical context in which the school is built. This environment consists 
of the local community and the local economy. The research focuses on poverty stricken areas, which 
can be characterised by poor communities with high levels of unemployment, illiteracy and lowly 
skilled people.  
 
The local context is very important with regard to schools. Firstly, a new school can have a major 
impact on the local economy, not only during the construction but also during the occupation of the 
school. Even more important in South Africa is the tendency to get the community involved in the 
management and maintenance of the school. Schools, as recommended by National Curriculum 2005, 
can draw on their local community as a learning resource, through sharing the problems and 
developing a vision of the schools’ future with the local communities. Schools in turn can support 
learning and development in the community by allowing shared and controlled or jointly scheduled 
use of their buildings and resources (CSIR, 2002). Simultaneously, management and maintenance of 
the schools is decentralised from provincial departments to the schools, since the government funding 
and capacity is limited. Implementation of the South African Schools Act 1996 requires more active 
participation of the community in the governance of public schools. Schools are being encouraged to 
manage and develop their own buildings and grounds, using their own resources as far as possible, 
and subsequently to forge stronger links with their local community. Dierkx (2002) states that the 

                                                   
2 For an extensive description of educational policies and regulations of the government: South African Yearbook 2003/2004 at 
http://www.info.gov.za/yearbook/2004/education.htm  
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development of such a sustainable school asks for a comprehensive approach in which not only bio-
climatic design techniques and other sustainable technologies are included in the design of a school, 
but the design should also strengthening social, economic, cultural and environmental aspects.  

1.5. Conceptual Definitions 
This section gives an overview of the conceptual definitions that are used in this research.  

Sustainability  
Sustainability can be seen as a state of the earth in which humankind is living within the carrying 
capacity of the earth’. A kind of ideal state where people (society), planet (environment) and 
prosperity (economy) find a balance. Currently the earth is not in such a state, too many resources are 
used and inequality is still an issue. 

Sustainable Development 
Sustainable development is the ‘process of maintaining the dynamic balance between the demands of 
people for equity, prosperity and quality of life and what is ecologically possible’ to achieve a state of 
sustainability (Du Plessis, 2002).  

Sustainable Buildings  
Sustainable buildings maximise beneficial social and economic impact while minimising negative 
environmental impact. Sustainable buildings do not only develop and maintain systems that support 
sustainability within the buildings themselves; they also support development of more sustainable 
systems (economic, social, and environmental) around them.  

Sustainable School Buildings  
Sustainable school buildings maximise beneficial social and economic impact while minimising 
negative environmental impact. The design should not only include bio-climatic design techniques 
and other sustainable technologies, but the design should also strengthen social3, economic4, cultural 
and environmental5 systems.  

Poverty stricken areas 
Areas with high levels of poverty, unemployment and illiteracy. 

Sustainable School Design Tool (SSDT) 
A tool, which translates the concept of sustainability into main objectives, strategies and design 
options for the design of primary and secondary schools in poverty stricken areas of South Africa. The 
tool addresses economic, environmental and social aspects of sustainability 

1.6. Tool Requirements  
To develop a design tool for schools in South Africa, several requirements with regard to the tool 
should be determined.  
The tool should be appropriate to be applicable in a developing context. South Africa is still 
developing with regard to its social-economic situation and it is therefore important to take this into 
account. Furthermore the tool should encompass the social-economic situation of poverty-stricken 
areas; the trends in the educational sector and should recognise national building regulations, to be 
able to respond to the local context. 

                                                   
3 Examples of strengthening social system: community management and maintenance of the school; community learning. 
4 Examples of strengthening economical system: developing partnerships, taking into account the opportunities for local economy 
5 Example of strengthening environmental system: maximise impact of the physical and natural environment on the development of eco-
learning programme 
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The tool should be multifunctional. The tool should be predominantly used during the pre-design and 
design process, but it should also be possible to use the tool as an evaluation or assessment tool to 
identify opportunities and constraints to improve sustainability of schools or school designs. It is 
therefore important to keep the contents of the tool focussed on the physical design of the whole 
school.  
The approach of the tool should be geared to the pre-design and design phases of the school, to 
maximise the impact of the tool. The tool is most effective when it is integrated into the corresponding 
design process. 
The tool should be generally applicable in South Africa, irrespective the state of the school. The tool 
should be flexible enough to be applied in different situations. The tool should be applicable to design 
of a new school, but also for existing schools that want to expand their school with new buildings. 
The structure of the tool should be simple and clear, to make it easily understandable and user friendly 
for architects, without requiring much time to apply. The information should be well organised along 
a hierarchy to be easily understood and should provide more detail if desired.  
The tool should be practical, by providing design options which are measurable, unambiguous, clear 
and simple, easy to calculate and understandable for architects. Furthermore, it should comply with 
the national building rules and regulations. 
Finally, the tool should be easily adaptable and adjustable. This allows the user of the tool to add 
information for a specific school or geographical area. Furthermore, it allows the tool to grow and 
change over time when more experience and new information becomes available. 
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2. Empirical Issues 
This section is concerns with the empirical issues with regard to the research. Looking back at the goal 
of the research, the research is concerned with the development and testing of a design support tool. 
Development of the tool consists of determination of the approach and structure of the tool, followed 
by the elaboration of the tool. Furthermore, the tool is tested by means of several case studies. 

2.1. Development of the Tool 
 

Determination of the method and structure of the tool 
The development of the tool is based on a literature study, from 
which definitions of the concepts and requirements for the tool are 
derived. Furthermore, an assessment of existing sustainable 
building tools according to these requirements should reveal a 
suitable tool, which can serve as a point of departure for the 
method and structure for the Sustainable School Design Tool 
(SSDT), see Figure 2.1.  
 
 

Further Development of the tool 
After determining the approach and structure, the tool is further elaborated by determining the 
contents of the tool. This means that the main structure is operationalised in more detailed objectives, 
strategies and design options for the design of a sustainable community school. The operationalisation 
and elaboration of the tool are based on exploration in additional literature about sustainable buildings 

and schools. Furthermore, 
information is derived from 
existing sustainable building 
assessment tools. This resulted 
in the first draft of the 
Sustainable School Design Tool 
(SSDT).  
 
 

 
Testing of the tool 
The draft version of the tool is tested on several case studies, as illustrated by Figure 2.2. Ideally 
testing of the tool should happen in two stages. Firstly, the operationalisation and elaboration of the 
tool should be tested, to ensure the appropriateness of the indicators used in the tool to measure 
sustainability of the school design. This can be done by means of existing schools. The results of 
testing the tool are used to: 

1. Review and improve the operationalisation of sustainability issues into practical design 
options; 

2. Make the tool appropriate in the context of primary and secondary schools in poverty-
stricken areas of South Africa; 

3. Serve as a benchmark for design options. 
This process of testing and reviewing the tool has been an iterative process, which eventually resulted 
in the final version of the tool presented in this research. 
 
Secondly, the applicability of the tool should be tested. This should be done by means of new school 
projects to be able to evaluate application of the tool during the design process. However, due to 
budget and time constraints it was not realistic to include testing of the applicability of the tool within 

Figure 2.1: Determination of approach and 
structure 

Figure 2.2: Further Development & Testing of the Tool 
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the available timeframe. However, much information about the design process of the nine Thuba 
Makote Schools was available within the CSIR, since these schools were in the construction phase. 
Based on these practical cases and expert opinions it was possible to describe and integrate the tool 
into the design process.  

2.2. Methods of Data Collection 
During the first stages of the research, a desk study was carried out in the Netherlands. The fieldwork 
in South Africa consisted of two parts. First, a thorough literature study was carried out in order to 
obtain more knowledge on existing assessment tools for sustainable buildings and methods of 
translating the concepts of sustainability into practical concepts for the tool. The second part consisted 
of the school assessments to test and review the tool. 
  
These school assessments consisted of 

− School visits with checklist 
− Attendance of meetings with the Professional Team (project leader, architect, Quantity 

Surveyors, Structural engineer) and School Task Team (principal, parents, educators, 
and/or learners1) 

− Questionnaire Architect  
− Questionnaire Principal (left out, resulting from high non-response rates and lack of 

relevance) 
− Technical drawings of the schools 
− Focussed interviews with the responsible project managers of the CSIR 
− Free story interviews with the responsible project managers of the CSIR 

 
Additional information was obtained from contacts and meetings with experts in the field of 
sustainable schools. 

2.3. Case Study Requirements 
Since the case studies are used as input for the 
Sustainable School Design Tool (SSDT), the 
selection of the case studies should comply with the 
following requirements. This is illustrated in Figure 
2.3 General requirement is that the schools are 
located in South Africa. 

Primary – Secondary schools 
The case studies should involve primary as well as 
secondary schools. It is assumed that there are not 
many differences between the design of primary and 
secondary schools in poverty-stricken areas. The 
tool is therefore applicable for the design of primary 
schools as well as secondary schools. 

Poverty stricken areas 
The selected schools should be located in poverty-
stricken areas. Poverty-stricken areas face high 
levels of poverty, unemployment and illiteracy. 
Including schools located both in rural and urban 
poverty-stricken areas makes the tool applicable for 
rural as well as urban areas. 

                                                   
1 Learners are primary and secondary school children. 

Figure 2.3: Case studies 
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Geographical Location 
To make the tool appropriate for the whole of South Africa the geographical distribution should be as 
diverse as possible. This results in some difficulties with regard to e.g. passive environmental control, 
since this is highly dependent on the climate zone and South Africa contains twelve climate zones. 
The advantage is that the tool becomes applicable in every region of South Africa. 

2.4. Selection of Case Studies 
As mentioned in section 2.1 the first draft of the tool is tested by means of several case studies. 
Existing schools can be used to test whether the right indicators are selected to measure sustainability.  
Secondly, to test the applicability of the tool, new school projects should be included to be able to 
evaluate the use of the tool during the design process. Due to time and budget constraints, it was not 
possible to include new school projects. Therefore, the researcher looked at the design process of the 
Thuba Makote Schools, which were in the construction phase at the time of the fieldwork, in order to 
approach the real situation as good as possible. 
 
Selection of the case studies started with including the ‘Thuba Makote Schools’. These schools are 
part of a programme called Thuba Makote2.  The Thuba Makote programme is a pilot programme to 
evaluate innovative school building design, construction and operation3. The programme is initiated 
by National Department of Education and consists of nine schools, one in each province. The 
programme started in January 2002 and is finalised in March 2004.  
 
The main objective of the programme is to address the need for high quality school education and 
community development in poverty-stricken areas of South Africa. The programme explored how the 
design, construction, management and operation of school buildings can be developed to support cost 
effective high quality school education as well as supporting community development through 
training, employment creation and sustainability (CSIR-1, 2003). The targets of this programme are: 

− To address poverty relief and community development; 
− To provide for sustainability of the school after construction completion; 
− To provide for innovation in educational building design and management; 
− To support and encourage community participation during the process. 

 
From the beginning of the research, the case studies consisted of the nine Thuba Makote Schools. 
These can be categorised by school type (primary or secondary school) and area type (rural or urban 
area), as can be seen in Table 2.1 Additionally, a tenth school is selected, Maphala Gulube Primary 
School, which is a former pilot project of the CSIR, and served as the basis of the Thuba Makote 
programme. 
 
After the first assessments of the case studies, it turned out that sustainability of these schools was 
mainly focussed on the socio-economic dimension of sustainability. To gain more information about 
environmental issues of schools, the concept ‘Eco-Schools South Africa’ was studied in more detail. 
This is an international environmental learning programme for schools. Although it is mainly focussed 
on the learning programme, some design ideas originated from a meeting the with the project manger 
of Eco-schools South Africa4. Additional, Banareng Primary School located in Attridgeville, a 
township in Pretoria, is included as a case study, since the priorities of this school are focussed on 
environmental issues.  

                                                   
2 Thuba Makote means ‘breaking soil clods to prepare for planting’ 
3 For more information about the Thuba Makote programme: http://buildnet.csir.co.za/Thubamakote/index.htm 
4 For more information about the Eco-school programme: http: www.eco-schools.org 
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Limpopo Province Thulani  X  X  
Mpumalanga  Jacob Mdluli  X X  
Gauteng Mogale City   X  X 
North West Dirang ka Natla Comprehensive  X X  
Free State Boitumelo  X X  
KwaZuluNatal Musi Thusi  X   X 
Eastern Cape Zinyosini  X X  
Western Cape Masibanbane  X  X 
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Northern Cape Reiapela  X  X  

Gauteng  Maphala Gulube X   X 

Gauteng Banareng ‘environmental focus’ X   X 

A
dd
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a
l s
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oo

ls
 

Gauteng  Phomolong ‘standard government 
design’ X   X 

Table 2.1: Selected case studies 
 
In South Africa, the Provincial Department of Education is responsible for primary and secondary 
schools in their province. They are besides being responsible for allocation, design and construction of 
schools responsible for the management and maintenance of the schools. These departments face 
limited capacity and budgets, and therefore use ‘standard school designs’ to cut the costs for 
construction of schools. To test the sustainability of such a design a standard governmental school is 
added as a case study. This school, Phomolong Primary School, is situated in one of the townships of 
Johannesburg. Additional information about the case studies can be found in Appendix D. 
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2.5. Readers Guideline 
The structure of the report and the research approach is described by means of Figure 2.4. The first 
two chapters already explained the theoretical background of the study and the empirical issues with 
regard to the execution of the research. Chapter three describes the background of the Sustainable 
School Design Tool. It outlines the purpose, target group, structure and the measurement system. 
Chapter four describes the application of the tool during the design process. By going through each of 
the design phases, the role and implications of the tool become clear. In chapter five further 
development and elaboration of the tool is explained. It introduces the main objectives to achieve 
sustainability, which are assessed during the research. Furthermore it is explained how these main 
objectives are broken down into strategies and design options for the design of schools. Chapter six 
described an elaboration of one of the main objectives, namely ‘Flexibility and Adaptability’ to 
illustrate further development of the tool, as described in preceding chapter. The other fourteen main 
objectives are not included in the main report, since it would become too extensive, but can be found 
in Appendix F-G-H. These appendices form the background of each strategy and design option; this 
information is also integrated in the tool. The tool is tested on several case studies and the outcomes 
with regard to sustainability are discussed in chapter seven. Chapter eight presents the conclusions and 
recommendations of this research. Conclusions are made about the used methodology; the intended 
target group; the appropriateness of the tool and the outcomes of the tool. Recommendations are made 
for further research. At the end, the epilogue re-opens the debate about the definition of a sustainable 
school. 
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3. Towards a Sustainable School Design Tool  

3.1. Introduction 
The Sustainable School Design Tool is a tool to learn about sustainability, manage design decisions 
and integrate sustainability into school building design. The tool can be used for new school building 
initiatives, but also for renovation or expansion projects. The tool assists in defining sustainable 
project objectives and goals, developing sustainable design strategies and determining targets to guide 
the design and decision making process. It is also a management tool to develop, organise and 
structure sustainable thinking during the pre-design and design process of a school. This chapter 
describes the origin of the Sustainable School Design Tool (section 3.2), and describes the purpose 
(section 3.3), target group (section 3.4), and outlines the structure in detail (section 3.5). The last 
section describes the calculation method to measure the sustainability of the school design. 

3.2. Background of the SSDT 
In the first chapter some requirements with regard to the tool are determined. This section discusses 
several existing tools and determines the most appropriate tool to serve as a starting point for the 
development of SSDT. Section 3.2.1 assesses tools with regard to sustainable buildings and section 
3.2.2 discusses tools with regard to sustainable schools.  Section 3.2.3 describes the tool, which is 
chosen to serve as a starting point for this research. 

3.2.1. Sustainable Building Assessment Tools 
To measure sustainability in buildings various tools are available in the western world. The most 
widely known are BREEAM (UK), LEED (US), the GBTool (Canada) and the DCBA (The 
Netherlands). More information about these existing tools and their assessment criteria can be found 
in Appendix E. These tools are all focussing on two issues, namely the establishment of healthy and 
comfortable buildings and the environmental impact of buildings on the environment. Since the 
context in South Africa, as a developing economy differs from the context of a developed country, 
these tools are not appropriate for the South African situation. Gibberd (2003) developed an 
assessment tool that specifically aims at developing countries. This tool is called the Sustainable 
Building Assessment Tool (SBAT). Besides the environmental aspects of sustainability, the SBAT 
also addresses social and economic issues. Research with regard to sustainable building in developing 
countries is still in its infancy and the search for similar assessment tools focussing on sustainable 
buildings in a developing context was not successful so far. 

3.2.2. Sustainable School Assessment Tools 
Dierkx (2002) created two decision-support systems for sustainable school development in Kenya. 
One support system consists of a checklist to create awareness and to explore the physical state of the 
school. The second decision-support system contains 149 narratives. The design of the school is based 
on a selection of several narratives. The extensiveness of this method undermines the practical use of 
the tools and is therefore not chosen as a starting point for this research. Nevertheless the elaboration 
of the narratives is used as valuable input for contents of the SSDT.  
Dalman (2003) made an attempt to measure sustainability of rural schools in South Africa. The 
instrument developed in her research combined the structure of the SBAT with the Dutch DCBA 
rating system. The aim of the tool was to evaluate the sustainability of rural schools in South Africa. 
Therefore, the central subject of the research was the measurement of sustainability of a school. 
However, insignificant attention was paid to the development and appropriateness of the indicators for 
the instrument. Closer examination of the instrument, raised doubts about the legitimacy of the criteria 
used, as there was no explanation of how these arose. 
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3.2.3. Sustainable Building Assessment Tool 
The Sustainable Building Assessment Tool (SBAT) is chosen as the most suitable tool to serve as a 
starting point for the tool developed in this research. The SBAT is designed for use in a developing 
country, it has a clear and simple structure and the tool is multifunctional. Most importantly, the tool 
does not only assess the environmental aspects of sustainability, but it also acknowledges the 
economic and social aspects of sustainability and the importance of these aspects for a developing 
country. To make the SBAT appropriate to schools in South Africa adaptations and elaborations had 
to be made and these are discussed in Chapter 5. 

3.3. Purpose of the SSDT 
The overall aim of the tool, developed in this research project, is to integrate sustainability into the 
design and design process of school development to create a sustainable school design and eventually 
establish a sustainable school. The design phase refers to design of new projects, but also to 
renovation and refurbishment projects.  
 
The tool tries to stimulate and/or challenge architects to go beyond their conventional way of working. 
The SSDT does not produce the ‘ideal school design’ and does not lead to identical sustainable 
schools. It tries to address the objectives of sustainability, with their corresponding strategies and 
design options, during the design phase. These strategies can be integrated in the design in an infinite 
number of ways and it is up to the architect to handle these requirements properly and creatively. 
 
There is an overwhelming amount of information about sustainable buildings in the western world, 
while there is less information available about sustainable building practices in developing countries. 
This tool contributes to this problem by providing abundant information about sustainable school 
practices to architects, to speed up the understandings of sustainable school buildings. The 
information function is integrated in the tool and becomes available when working with the tool. 
Information can be added and removed to keep the tool up to date and adjusted to individual 
preferences. 

3.4. Target Group 
The tool is pre-dominantly developed for design teams, project planners, architects, and project-
managers, who can use the tool as a decision-making tool during the design phases. The tool can 
support design teams by making design decisions in a structured way and monitor the progress during 
the design process. 
 
The tool can also be useful for the provincial departments of education. These departments are 
responsible for building schools in their provinces. Each provincial department uses standard school 
designs to establish schools to reduce the costs of the design process. The tool can assist the 
departments by evaluating their current designs with regard to economic, social and environmental 
sustainability. They can also use the tool to improve these designs. Since the departments are currently 
facing limited budgets and capacity it is expected not to be feasible to use the tool for each individual 
school design. Hopefully this will change in the future, so the tool can be used to its full potential. 
 
Policy makers can use the tool as an evaluation tool. The tool can determine the level of sustainability 
of schools in poverty stricken areas. It identifies the strengths and weaknesses of the schools with 
regard to sustainability. The policy makers can, based on the output of the tool, develop or adjust their 
policies to improve the sustainability of schools. 

3.5. Structure of the Tool 
As indicated before, the structure of the SSDT is based on the structure of the SBAT. The structure of 
the SBAT is based on the idea of equal interaction of the social, economic, and environmental 
dimensions of sustainability. The tool has a hierarchical structure in which each of the elements relates 
to each other. Each dimension of sustainability is translated in five main objectives and each objective 
divided in 5 criteria with one corresponding design rule. Although the basic structure of the SSDT is 
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very similar to the structure of the SBAT, it goes into more detail with regard to the strategies and 
design options. A major requirement for the structure of the tool, as determined in section 1.1.6, is that 
it should be simple and clear. The structure of the SSDT therefore consists of four levels, namely goal, 
objectives, strategies and design options, which are outlined in Table 3.1.  
 

Design rule 1 
Strategy 1 

Design rule x 
Design rule 1 

Strategy 2 
Design rule x 
Design rule 1 

Strategy 3 
Design rule x 

Strategy 4  

Main Objective 1 

Strategy 5  
Strategy 1  
Strategy 2  
Strategy 3  
Strategy 4  

Goal 

Main Objective 2 

Strategy 5  

Table 3.1: Structure of the Sustainable School Design Tool 

Goal 
The tool has three goals with regard to the sustainability of the school design. These three goals are to 
integrate social sustainability, economic sustainability and environmental sustainability into the design 
of the school.  
 
Main Objective 
Each goal is translated in five main objectives that can be achieved in buildings. This means that the 
tool contains fifteen main objectives. An example of a main objective of economic sustainability is: 
 

‘Flexibility & Adaptability’ 
School buildings should be able to accommodate change easily to support sustainability 
by reducing the requirement for physical adaptation and associated disruption, energy 
consumption and costs as well as the need for new buildings.   

 
Strategies 
Each main objective is subdivided in five strategies to achieve the main objective in the design of the 
school. This means that the tool contains 75 strategies to achieve total sustainability into the design.  
For example, the strategies for Flexibility & Adaptability are to integrate flexibility and adaptability 
in: 

1. The choice of furniture; 
2. The design of space plan; 
3. The design of services; 
4. The design of the building structure; 
5. The design of the site plan. 

 
Design options 
The strategy is broken down into one or more design options, which should comply with the design to 
achieve the strategy. For example, the design options for flexible furniture: 

− Lightweight modular and movable tables and chairs 
− Movable teaching equipment (e.g. flip over, chalkboard, pin boards, movable audio) 
− Movable storage options 
− Movable internal partitions; extra furniture to create smaller subdivisions; movable stage in 

the hall 
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3.6. Measuring Sustainability  
To assess the sustainability of the school design some kind of measurement system should be applied. 
The tool should give a good impression of the sustainability of the school design. It is chosen to keep 
this relatively simple, since not enough information and data was available to determine if certain 
main objectives are more important with regard to sustainability than others1. It is therefore chosen to 
weigh each main objective, strategy and design rule equally. To check whether the tool gives a good 
indication of sustainability, a quick assessment by means of a sustainable2 and an unsustainable3 
school design has been executed. This brief assessment confirmed that the tool gives a good 
impression of the level of sustainability of the school design.  
 
The SSDT is developed in Microsoft Excel to calculate the scores for sustainability automatically. 
Little knowledge about the programme is required to use it properly.  
 
The measurement system is explained below by starting with the score for the design options and 
eventually ending up at the total score for the performance of the design with regard to sustainability 
(mnemonic: keep in mind the structure of the tool given in Table 3.1).  
 
Each design option is equal to 1 point. This means that when the design complies with the given 
design option 1,0 point is obtained. In case the design does not comply with the design option 0,0 
points are obtained. The average of the obtained points determines the score for the strategy. To 
illustrate this with an example the earlier mentioned design options for flexible furniture are used here 
to calculate the score for the strategy flexible furniture (Table 3.2). The credits obtained by the design, 
by complying with the design options, are given in the last column. The tool adds these credits and 
than calculate the score for the strategy based on the average of the credits, which in this case results 
in a score of 0.5 credits for the strategy Furniture. 
 

Furniture 0,5 
 Lightweight modular and movable tables and chairs 1,0 
 Movable teaching equipment (e.g. flipovers, chalkboard, pin boards, movable audio) 0,0 
 Movable storage options 1,0 
 Movable internal partitions; extra furniture to create smaller subdivisions; movable stage in the 

hall 0,0 

Table 3.2: Calculation of the scores for the strategy ‘furniture’ 
 
The score for the main objective is determined by the sum of the scores of the strategies. The 
minimum score for each main objective is 0 and the maximum score is 5. This is illustrated in Table 
3.3 where the score for the main objective Flexibility and Adaptability is calculated. In this case, a 
score of 2.4 is obtained for the main objective Flexibility and Adaptability.  
 

Flexibility & Adaptability 2,4 
 Furniture 0,5 
 Space plan 0,7 
 Services 0,5 
 Building structure 0,7 
 Site plan 0,0 

Table 3.3: Calculation of the scores for the main objective ‘Flexibility & Adaptability’ 
 
                                                   
1 Additional research should be executed to determine whether some main objectives are more important with regard to 
sustainability than others. This research should develop a method with which the relation between each main objectives and 
sustainability can be measured directly 
2 The sustainable school is the school design developed by Dierkx (2002), which was based on the concepts of the 
Sustainable School Model. More information about the school can be found in his book or at: 
http://www.designshare.com/Awards/2003/projects/project_view_narrative.asp?project_id=364 
3 The unsustainable school design is a school design developed by Gauteng department of Education, which was revised by 
the CSIR. The conclusion was that there were fundamental problems with the existing design and it is therefore 
recommended the existing design is not constructed in its current form (CSIR-3, 2003). 
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The score for the goals is determined by the average of the main objectives. The total score is then 
determined by the average of scores for the goals, which can be obtained from Table 3.4 
 

Economic sustainability 2,7 
 Local Economy 5,0 
 Efficiency of Use 1,2 
 Flexibility & Adaptability 2,3 
 Ongoing costs 3,2 
 Capital costs 2,0 

Environmental sustainability 3,0 
 Water 3,5 
 Energy 1,3 
 Waste 3,1 
 Materials 2,8 
 Site 4,3 

Social sustainability 2,9 
 Occupant Comfort 1,0 
 Education 3,2 
 Health & Safety 3,0 
 Community Centres 2,9 
 Availability of facilities 4,3 

 

 TOTAL SCORE 2,9 

Table 3.4: Calculation of goals and total score 
 
The fictive design obtained a total score of 2,9. To determine what this score indicates a ranking 
scheme is determined to rank the performance of the design: 

0-1 Very Poor performance 
1-2 Poor performance 
2-3 Average performance 
3-4 Good performance 
4-5 Very good performance 

The design has, as can be derived from the ranking, an average performance. Architects should strive 
for the highest score possible. However, it is unlikely to obtain a score of 5, since some of the main 
objectives have contradictive design options. For example to stimulate local economy and reduce 
capital costs, a ‘domestic design’ is required, though this often results in a simple load bearing 
building structure. On the other hand, to create a flexible and adaptable school load-bearing walls 
should be minimised and a structural frame with infill is desirable   
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4. Sustainable School Design Process 
The SSDT provides a hierarchical structure with which main objectives and strategies are translated 
into practical design options. The use of the tool is most effective in a structured process. The SSDT 
guides the architect to achieve a sustainable school design, but cannot be seen independent from the 
process in which it is used. The life cycle of the building is therefore important and is explained in 
section 4.1. Section 4.2 and 4.3 elaborate two stages of the building life cycle, in which the tool plays 
a significant role. As mentioned earlier the tool can also be used at an evaluation tool, which is 
described in section 4.4. 
 
As mentioned in section 2.1., the application of the SSDT is not tested in this research. The following 
sections describe the application of the SSDT during design process. The design process described 
here is based experiences with the Thuba Makote Programme. Much information about the design 
process of the nine Thuba Makote Schools was available, since these schools were still in the 
construction phase. Based on expert opinions and the preliminary evaluation report of the Thuba 
Makote programme constraints and opportunities are identified with regard to the design process 
(CSIR, 2004). The use of the SSDT during the design process as described here tries to minimise 
these constraints and exploit the opportunities as identified.  

4.1. Building Life Cycle 
The tool is predominantly developed for use during two 
phases of the building life cycle, namely pre-design and 
design phase of the school buildings. The tool is most 
effective in these phases since the level of influence on the 
whole building process is relatively high compared to the 
costs, which can be seen in Figure 4.1. Further, in the process 
the costs will turn out higher when changes have to take 
place. When building a school, sustainability issues should 
be taken into consideration from the earliest stages of the 
project. The tool therefore supports decision-making in the 
pre-design and design phase of the building process. 
 
The lifecycle consists of four main phases, namely pre-design, design, construction and occupancy 
(see Figure 4.2). The first two phases of the building lifecycle, pre-design and design can be divided 
into sub-phases as follows: 

Pre-design phase 
The pre-design consist of  

1. Project initiation,  
2. Site analysis.  
3. Brief development 

Design phase 
The design stage consists of: 

4. Schematic design 
5. Detailed design development 
6. Construction documents and specifications 

 

Figure 4.1: Relation costs and level of influence 
Source: Erve, 1997 

Figure 4.2: Building Life Cycle 
Source: Minnesota Sustainable Design Guide, 2001  

Level of Influence  

   Costs 
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4.2. Pre-Design Phase 
The pre-design phase consists of project initiation in which the stakeholders are identified and outputs 
of the project are defined (section 4.2.1). The site analysis (section 4.2.2) explores the environmental 
situation, social and cultural structure, and economic opportunities of the area. The brief (section 
4.2.3) is the final documentation produced at the end of the pre-design phase. The brief is an extensive 
description of the objectives and outputs of the project. 

4.2.1. Project Initiation 
The first stage of the pre-design is the project initiation. During this stage, all the stakeholders should 
be identified and outputs clearly defined. The client together with the professional team determines the 
scope of work, project budget and project schedule. A clear picture of the users and the community in 
the area should also be developed during this phase. In Figure 4.3 relationships between groups 
involved in the building process of a school are visualised. There are three main actors involved, 
namely the client, the professionals, and the school task team. Application of the SSDT requires 
participation of all stakeholders during the design process. They have to work closely together from 
the initiation phase to construction completion to bring the project to a success.  
The client is the person who initiated the project. The client can be e.g. governmental departments, 
non-governmental, private or aid organisations. The professional team ideally consist of the architect, 
project manager, quantity surveyor, structural engineer, and electrical engineer. Preferable this team 
should also involve people with a wider range of skills and experience (like agriculture, ICT, or 
community services) (CSIR-1, 2003). They are responsible for the design and construction 
management of the school projects.  

The School Task Team (STT) should be empanelled to serve as the representatives of the community. 
The STT consists of members of the local community, School Governing Body (SGB) and the school 
staff. This team should be established to assist the Professional Team, by helping them to understand 
the community needs and opportunities. The team is also responsible for identifying and developing 
community projects and committees. Examples of such projects and committees are small business 
projects, agriculture projects, learning resource centre committee, bakery project, arts and crafts 
project. These committees are responsible for developing these projects and ensure that the projects 
will be sustainable in the sense that they are able to continue by themselves without external support. 
The School Task Team is also responsible for the 
initiation of establishing partnerships. These 
partnerships are relationships with business, community 
organisations, NGO’s, donors, and government 
departments for mutual benefits, as illustrated in Figure 
4.4 (CSIR, 2002). South African Schools Act 19961 
encourages schools to take more responsibility for their 
buildings and suggests that schools become more pro-
active in developing partnerships with business, 
communities and parents to achieve a high quality 
educational sector (GCIS, 2004). 

                                                   
1 http://www.info.gov.za/yearbook/2004/education.htm 

Figure 4.3: Framework of stakeholders in the school project 

Figure 4.4: Creating partnerships  
Source: Dierkx, 2002 
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To ensure sustainability of the schools, in the sense of long-term management and maintenance, 
community participation is crucial. Schools are highly dependent on the co-operation of the 
community, since the Department of Education is not very effective in most of the provinces, due to 
limited budgets and capacity. It is also vital for learners, staff and the community to have pride and a 
sense of ownership of their local school, and therefore the architect should work closely with the local 
community to identify their priorities and needs. (McLachlan et al, 2003).  

4.2.2. Site Analysis  
Before starting with the design of the buildings, the professional team should undertake a detailed site 
analyses. A detailed site analysis creates a comprehension of the limitations and opportunities of the 
site. The site analysis should contain an analysis of the geographical and geodesy conditions, ground 
condition and climate (environmental issues). But besides environmental issues, social and economic 
aspects should be addressed during as well to create an understanding of the needs and opportunities 
of the surrounding local community. This should be done in close cooperation with the STT. Social 
issues are e.g. skills of the community, educational profile, health profile, and social structure within 
the community. Economic profile should consist of an exploration of e.g. economic activities in the 
area, income generation, local markets, products, and existing resources. A site analysis therefore 
contains besides information about the site conditions, also information about limitations and 
opportunities of the local economy and a need assessment among the community. 
 
Additionally, a profile of the school should be made, to establish an understanding of the opportunities 
and limitations of the school. This includes enrolment figures, policy plans, priorities and future vision 
of the principal and SGB. What are the existing facilities and which facilities are considered 
necessary? Besides the output of the project, the limitations, needs and opportunities of the project 
should be explored. 

4.2.3. Brief Development 
The client, school task team, and the professional team have to create an understanding of 
sustainability among each other. The SSDT therefore aims at building a uniform understanding of 
how sustainability can be integrated in the school project and creation of commitment among all the 
stakeholders to create a sustainable school. 
 
The brief of a project should be seen as an extensive description of the project outputs. The brief is a 
description of the outputs of the project, the qualities of the outputs and the strategies to achieve these 
outputs. The brief is based on the findings of the site analyses. The content of the brief should 
therefore take into account the opportunities and limitations identified during the site analysis, to 
ensure the success of the school. 
 
The outputs of the project can be physical and non-physical. Physical outputs can include a schedule 
with the required accommodation, services etc. Non-physical outputs can include capacity 
development of the SGB and principal to ensure sustainable occupation of the school buildings.  Or 
training programmes for the local community, since they are also future users of the facilities. Both 
these type of outputs are likely to be developed in an integrated and coordinated way to ensure that the 
projects aims are addressed. The SSDT only addresses objectives and strategies with regard to the 
physical outputs. Though, the non-physical outputs are also important to bring the project to a success 
and should therefore not be neglected.  
 
Since the goal is to establish a sustainable school, this should also be reflected in the brief of the 
project. But because budgets are often limited, choices have to be made according to the priorities of 
the different stakeholders. To integrate sustainability into the briefing documents and to assists in 
making decisions the SSDT can be used. A workshop should be organised with all the stakeholders to 
use the SSDT effectively. During the workshop, the Sustainable School Design Tool can help to make 
sustainable development more practical and tangible. It is highly important that all the stakeholders 
are involved with the workshop, since during the workshop the most important objectives are 
determined. During the workshop each main objective of sustainability, as indicated by the tool, will 
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be discussed and ranked according to priorities of all the stakeholders. The ranking is on a scale of 
five:  No requirement  = 1 point 

Low requirement  = 2 points 
Medium requirement  = 3 points 
High requirement  = 4 points 
Essential   = 5 points 

 
Since budgets are often limited it is not realistic to rank all the objectives with 5,0, and therefore 
decisions have to be made. The stakeholders have to make choices with regard to their priorities and 
needs. The ranking is used as input for the tool and the tool creates a priority web as illustrated in 
Figure 4.52. The table on the left indicates the priority ranking of the main objectives by the 
stakeholders and this is graphically presented in the web on the right. 

 
From the figure can for example be derived that ‘Ongoing Costs’ are not considered a priority, while 
‘Education’ and ‘Site’ issues are considered essential. Furthermore, Local Economy, Flexibility & 
Adaptability, Capital costs, Materials and Occupant comfort are all ranked with a high priority. The 
architect should use this priority frame as a starting point for the design of the physical aspects of the 
sustainable school. 

                                                   
2 For this research it was not possible to gain the ranking of all the stakeholders since these stages were already finalised and the schools 
were already in the construction phase. Each architect was therefore asked to rank the 15 objectives to priority after the design was already 
completed. Figure 5.2 shows the priority setting of the architect, who designed Zinyosini Secondary School, Eastern Cape.   

Figure 4.5: Print preview of  SSDT output: Ranking the main objectives 
Zinyosini Secondary School 
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4.3. Design Phase 
The design phase consists of the schematic design development in which the priorities are translated 
into a physical design (section 4.3.1). The tool can be used to its full extension during this concept 
design development. The detailed design should be developed based on the ideas of the concept 
design. This consists of further detailing the building components and elements in order to develop the 
tender documentation. These latter stages are not explained, since the tool does not have a direct 
function in these phases. 

4.3.1. Schematic Design 
The concept design should be based on the information developed and gathered in the project 
initiation, site analysis, and brief development. The concept design is a first physical interpretation of 
the output of the project. The architect should keep in mind the ranking of the objectives set in the 
brief development, and continually review the design in relation with the objectives. The SSDT can be 
used to test the design with regard to the objectives set during the briefing. Each objective has five 
strategies with several design options. When the objective ‘Local Economy’ is ranked as high 
importance, the architect should at least meet 4 of the 5 strategies to achieve this high requirement. 
Figure 4.6 gives an outline of how the tool should be used during the concept design of the school. 
The figure presents the worksheet of the main objective ‘Thermal Comfort’ filled in for Thulani 
Primary School (Limpopo).  
 
The architect indicates in the third column whether he included the design rule in the concept design 
(score = 1,0) or he did not include the design rule in the concept design (score = 0,0). The tool 
automatically calculates the scores of the strategies and objectives based on the achievement of the 
design options. When the architect does not understand the strategy or design rule, or just wants to 
have information about the topic he/she can click on the information buttons. The information buttons 
provide information about the objectives, strategies and design options. They contain e.g. design 
information, relevant links and calculations to be able to fill in the tool correctly, pictures and design 
ideas to stimulate the creativity of the architect. In the fourth column, notes can be made by the 
architect to write down the outcomes of the calculations or to include pictures or impressions what the 
building should look like. 
 
The tool contains a worksheet for each main objective; identical to the worksheet presented in Figure 
4.6. The complete SSDT can be found in Appendix J. The tool consists of fifteen of these sheets, 
which have to be filled in by the architect. After finishing this process, the tool generates an overview 
of the sustainability of the school, which can be seen in Figure 4.7. The overview gives the scores for 
each main objective and the scores for the total economic, environmental and social performance of 
the school design. The overall score is the calculated average of the scores for economic, 
environmental and social aspects of sustainability.  
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Figure 4.6: Tool outline for the main objective ‘Occupant Comfort’ 
Thulani Primary school 

Main Objective:  
Aim for a comfortable 
indoor environment for the 
occupants 

Design rule: 
Window area should be 
20% of the floor area.   

Strategy: 
Natural daylight should be 
optimised in the classrooms 
to be able to read and write  

This column shows the scores for 
objective, strategies and design 
options  

Space to include some notes and 
design explanations. 

Possibilities to include 
pictures or impressions what 
the building will look like 

Information button: 
With a click on the button 
more information will be 
provided 
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From this overview several things can be derived: 

• Comparison of the priority setting and the actual performance of the concept design is 
visualised in the web on the right. 

• Strong and weak items of the concept design can be derived from the scores of the main 
objectives in the table on the left  

• The total score for the performance of the design, and the corresponding performance 
indication.   

 
Based on performance of the design, the architect can decide whether the design needs to be revised to 
better suit the priorities set in the briefing documents. As can be seen Figure 4.7 the priorities set 
during the briefing (red line in the web) do not comply with the actual performance of this design 
(blue, green and yellow surfaces).   
 

 

4.4. SSDT as an Evaluation Tool 
The tool can also be used as an evaluation tool. The worksheets can than act as checklists which 
should be filled in. The tool then calculates the performance of the school, and indicates the 
opportunities and weaknesses of the school. 

Figure 4.7: Overview total score 
Boitumelo Secondary School 
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5. Further Development of the Tool 
This chapter gives more insight in the determination of the objectives (section 5.1), strategies (section 
5.2) and design options (section 5.3).  The sections explain how the SBAT is adapted to make the tool 
appropriate for schools. Since the SSDT consists of fifteen main objectives and 75 strategies and 
many more design options, it is not feasible to explain each of them in detail. It is therefore chosen to 
keep it brief. However, chapter 6 describes the main objective Flexibility and Adaptability, to explain 
the determination and selection of the strategies and design options.  

5.1. Main Objectives 
This section gives more insight in the determination of main objectives of the tool. As explained 
earlier the main structure of SBAT is used to develop a similar tool for the design of sustainable 
schools. Some major adaptations, with regard to the main objectives, took place to make the tool more 
appropriate. The changes are made with regard to main objective no. 12-15, marked by the grey area 
in Table 2.1 below. As can be noticed, these changes are made with regard to the social aspects. This 
is mainly due to the character of the building. The SBAT is developed for buildings in general, 
slightly specialised for office buildings, while the SSDT focuses on school buildings. This section 
describes the changes made to the SBAT and the reasons for these changes. 
 

Economic Aspects Environmental Aspects Social Aspects 
1. Local Economy 6. Water 11. Occupant Comfort 
2. Efficiency of use 7. Energy 12. Education 
3. Adaptability & Flexibility 8. Waste 13. Health & Safety 
4. Ongoing costs 9. Materials & Components 14. Community Centres 
5. Capital costs 10. Site 15. Availability of facilities 

Table 5.1: Objectives of the SSDT 
 
The social aspects of sustainability used in the SBAT are: 

− Occupant Comfort 
− Inclusive Environments  
− Access to Facilities  
− Participation & Control  
− Education, Health & Safety 

 
Adaptations to these objectives are made, since the emphasis on some aspects is different in the 
context of (office) buildings than in the context of schools. For example, inclusive environments – 
environments, which are easily accessible for disabled people– are highly important in the context of 
e.g. public buildings or offices in urban areas and therefore measured as a main objective in the 
SBAT. But in the context of schools in poverty-stricken areas this out of proportion to the opinion of 
the researcher. Inclusive environments are an important issue at schools and architects should 
acknowledge this, but in the SSDT inclusive environments is measured as a strategy of Health & 
Safety, instead of a main objective.   
 
Education on the other hand does get more emphasis in the SSDT than in the SBAT.  In the SBAT the 
indicator of education is: ‘Two percent or more space/facilities available for education (seminar rooms 
/ reading / libraries) per occupied spaces’. Since education is the basic function of schools, this is 
assumed to be underestimated in the SBAT. It is therefore chosen to give education more emphasis in 
the SSDT, resulting in education to be measured as a main objective instead of a strategy. 
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Some major changes took place in the educational sector in South Africa in the last ten years. The 
introduction of a new curriculum, which is based on Outcome Based Learning; a teaching method 
based on active participation of the learners and less ‘chat and chalk’ teaching. Furthermore, ICT 
becomes more important in the learning programme and as well as long life learning. Life long 
learning implies inclusion of facilities for Adult Based Education and Training (ABET) and Early 
Child Development (ECD). Main objective no.12 addresses these major changes in teaching and 
learning methods and their implications for the design of schools. 
 
The main objective ‘Participation & control’ of the SBAT is concerned with ensuring that users are 
allowed to participate in decisions about their work environment. Control over aspects of the local 
environment ensures personal satisfaction and comfort. Both of these support sustainability by 
promoting proper management of buildings and increasing productivity (Gibberd, 2003). This is 
operationalised in level of control of the environment, user manual, social spaces, amenities, and 
sharing spaces with the community. Because these aspects are considered of lower importance in 
schools it is chosen to replace this main objective by ‘Community Centres’. Schools as community 
centres are becoming more importance since the government tries to decentralise the management of 
schools from the provincial departments to the schools and their communities. At the same time the 
government tries to stimulate schools to become centres of community life, resulting in a school that 
can be used for more purposes than only the basic educational function. Schools can than fulfil a 
broader function by integrating community needs into the school. The school design can include e.g. 
health services, advice centre or library in the school. The design can further contribute by providing 
facilities for shared us resulting in community activities taking place outside school hours. The goal is 
to create stronger relationships amid schools and their communities, to create a vibrant school. Main 
objective no.14 therefore addresses the possibilities to include facilities and services for the 
community in the school. 
 
The main objective ‘access to facilities’ of the SBAT is concerned with easily accessible services to 
support sustainability by increasing efficiency. These services include e.g. banking, childcare, and 
retail. These services are not very applicable in a school context. It is therefore chosen to replace 
‘access to facilities’ by ‘availability of facilities’ at the school. This encompasses an assessment of the 
availability of basic services, like water and energy, and availability of basic facilities, for example 
suitable number of classrooms for the number of learners. Furthermore it looks at availability of 
furniture and equipment, support facilities and residential accommodation.  
 
This resulted in the following main objectives to achieve economical, environmental, and social 
sustainability of the school design.  
 
Main objectives to achieve economical sustainability in the design: 

1. Local Economy 
The economy of an area can be stimulated and sustained by the school buildings and the construction 
of these buildings that make use of and develop local available skills and resources. Therefore the 
design of the school buildings should aim at stimulation and support of the local economy by 
integrating local available materials and skills into the design. 

2. Efficiency of Use  
Effective and efficient design of school buildings supports sustainability by ensuring effective and 
efficient allocation of resources resulting in no exceeded or underused capacity of buildings. The 
design should therefore aim at efficient use of the available resources.  

3. Flexibility & Adaptability 
School buildings should be able to accommodate change easily to support sustainability by reducing 
the requirement for physical adaptation and associated disruption, energy consumption and costs as 
well as the need for new buildings. The design should therefore aim at adaptable and flexible school 
buildings. 
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4. Ongoing Costs 
School buildings that require minimal running costs during occupation support sustainability by 
reducing the consumption of energy, water, and maintenance and repair costs during the occupation of 
the school. The design should therefore aim at design decisions, which minimise ongoing costs during 
the occupation of the building. 

5. Capital Costs 
School buildings that are cost-effective support sustainability by enabling limited capital to be used 
efficiently and to improve productivity and well-being. The design should therefore aim at effective 
allocation of limited capital cost.    
 
Main objectives to achieve environmental sustainability in the design: 

6. Water 
School buildings that are water efficient support sustainability by minimising the environmental 
impact required to deliver water, and dispose of this after use. The design should therefore aim at 
efficient water use and stimulate minimisation of water use. 

7. Energy 
School buildings that are energy efficient support sustainability by minimising the environmental 
impact caused by producing electricity. The design should therefore aim at minimisation of electricity 
use and stimulate energy efficient buildings. 

8. Waste 
Reducing the use of new materials and components in buildings and in the activities accommodated 
and reducing waste by recycling and reuse support sustainability by reducing the energy and resource 
consumption. The design should therefore aim for waste minimisation during the construction and 
occupation of the building. 

9. Materials 
School buildings that consist of durable and low environmental impact materials and components 
support sustainability by reducing the impact on the environment due to production of the materials. 
The design should aim at use of durable and low environmental impact materials for the buildings. 

10. Site 
School buildings can support sustainability by limiting school development to sites that have already 
been disturbed and working with nature by including aspects of natural ecosystems within the design 
of the school. The design should therefore aim at minimisation of environmental impact of the 
buildings on the site and maximise the integration of the natural environment with the design.    
 
Main objectives to achieve social sustainability in the design: 

11. Occupant Comfort 
Comfort has a direct impact on the health, happiness and productivity of people, and thus an indirect 
impact on sustainability by being more efficient and therefore reducing resource consumption and 
waste. The design should therefore aim at a comfortable indoor environment for the users of the 
buildings.    

12. Education 
Education is the basic function of a school building and these buildings should therefore support 
sustainability by accommodating a variety of education types and taking into account (future) changes 
in education. The design should therefore aim at integration of educational changes in curriculum and 
stimulate learning processes by maximising the impact of the physical environment on learning. 

13. Health & Safety 
School buildings need to cater for the health and safety of the people that use them, and therefore 
support sustainability by creating facilities, which support learning in a safe and healthy environment. 
The design should therefore aim at provision of facilities in healthy and safe school environments.    

14. Community Centres 
Communities have become more important actors at schools. Community centres support 
sustainability by facilitating the community to get involved with activities, take ownership and 
participate in management and maintenance of the school. The design should therefore aim at schools 
as centres of community life. 
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15. Availability of Facilities 
School buildings can support sustainability by ensuring availability and easy access to basic services 
and facilities. The design should therefore aim at availability and easy access of all the facilities 
needed by the school to function properly. 

5.2. Strategies 
The selection and determination of the strategies, to achieve the main objectives, are based on 
strategies of other design tools, design guidelines, policy documents, building regulations, and CSIR 
documents. Furthermore, the practical experiences with the case studies and brainstorms with experts 
contributed to the appropriateness of the strategies to the context of schools in poverty-stricken areas. 
Strategies with regard to environmental issues appeared easier to determine than the other strategies, 
since there is abundant information available about environmental friendly buildings. But this 
information was mainly focussed on application in developed countries and had to be adjusted to the 
context of the case studies. Information about social and economic strategies was often difficult to 
find which made it often difficult to determine appropriate strategies. 

5.3. Design Options 
Selection and determination of the design options are also based on a variety of documents, case 
studies, and brainstorms with experts. As explained earlier, the testing and reviewing of the design 
options was an iterative process. This means that the design options were tested on several case 
studies and with this data the options were reviewed to make the tool more appropriate and practicable 
to integrate sustainability in primary and secondary school design. The requirements for the design 
options are that they should be practical and appropriate for schools in South Africa. This is explained 
with the help of two examples. 
 
To improve the usefulness of the tool it is chosen to keep the design options as practical as possible. 
To illustrate this an example is given with regard to use of daylight in the classrooms. Illumination 
levels in rooms are often expressed in lux or lumen. But it appeared to be difficult for architects to 
translate these figures into e.g. window sizes. It is therefore chosen to use the average daylight factor 
as a design rule for daylight. This design rule can be easily calculated based on dimensions of the 
room and windows. The same goes for the design options of thermal comfort; a benchmark can be set 
for the ideal temperature in the classrooms e.g. 21 0C, but it does not tell the architect how to achieve 
this benchmark. It is therefore chosen to use design options, which are practicable and easily 
understandable. 
 
Some of the design options consist of a numerical benchmark, for example the benchmark for daylight 
and classroom occupation. To improve the appropriateness and applicability of the tool, these 
benchmarks had to be tested to verify if they were feasible for the schools. This is done by calculating 
the values for each school and based on the outcomes the benchmark was accepted or adjusted. To 
give an example, the design rule for classroom occupation is determined by ‘space per learner’. A 
benchmark for this design rule was derived from a study about schools in Kenya. The benchmark was 
1.06 m2 (single desk) and 0.76-0.81 m2 (double desk). This is tested on the case studies by calculating 
the space per learner in the classrooms. From the results of the case studies, as shown in Table 5.2, can 
be derived that the space per learner is exceeding the benchmark of 1.06 m2. Minimum space per 
learner is 1.4 m2 and maximum is 1.7 m2 (based on 40 learners per classroom). This can be explained 
since OBE requires larger classrooms, which were taken with in the design. It was therefore chosen to 
set the benchmark of a space per learner between 1.6-1.7m2 (based on 40 learners per classroom). A 
disadvantage of larger classrooms is that it might result in placing more learners in one classroom than 
designed for.  
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School Name Space per learner 
Boitumelo Secondary School 1.6 m2 
Dirang Ka Natla Secondary School 1.4 m2 
Jacob Mdluli Secondary School 1.7 m2 
Maphala Gulube Primary School 1.7 m2 
Masibambane Secondary School 1.7 m2 
Mogale City Secondary School 1.6 m2 
Reiapela Primary School 1.6 m2 
Thulani Primary School 1.6 m2 
Zinyosini Secondary School 1.4 m2 

Table 5.2: Space per learner 
 
Some of the design options of the instrument are based on best practices of the Thuba Makote schools, 
as explained with the above example. The reason for this is that these schools are built as part of a 
pilot programme of the CSIR. During this programme, relatively much time was allocated to the 
design of these schools to achieve high quality school facilities. 
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6. Main Objective “Flexibility & Adaptability” 
As explained before the tool consists of fifteen main objectives, which is too extensive to explain 
them all in detail. It is chosen to describe one of the fifteen main objectives to illustrate the selection 
and determination of the strategies and design options as described in Chapter 5. The elaboration of 
the other fourteen main objectives can be found in Appendix H-J. 
 
It is chosen to explain the main objective ‘Flexibility and Adaptability’ of schools in South Africa, 
since this aspect had the interest of the researcher and since it was a relatively new subject in South 
Africa with regard to school buildings. Besides that there is an ingrained opinion that a school 
building cannot be flexible and adaptable without increasing capital costs, which was a motivation to 
investigate this further. 
 
Careful design of a school can enable schools to ‘tune’ their buildings themselves, to accommodate 
changing requirements, without the need for an expensive consultant or contractor (CSIR-2, 2002). 
The reasoning is that ‘School buildings, which can accommodate change easily, support sustainability 
by reducing the requirement for physical adaptation and associated disruption, energy consumption 
and cost as well as the need for new buildings’ (Gibberd, 2003). Section 6.1 defines the concepts 
flexibility and adaptability. Section 6.2 explores the reasons for flexibility and adaptability within 
schools. Section 6.3 summarises the constraints and limitations with regard to the issue. Section 6.4 
outlines the structure of how flexibility and adaptability can be assessed in buildings. Section 6.5 
briefly summarises this chapter. 

6.1. Definitions Flexibility & Adaptability 
To research the topic Flexibility and Adaptability, the definitions should be clear. In general, the 
difference between flexibility and adaptability is time and impact. Flexibility is seen as primarily 
short-term changes, whilst adaptability is about less frequent, but more radical changes (Leaman, et al, 
1998).  
Altas & Ozsoy (1997) define flexibility as follows ‘the term flexibility refers to use of space for 
various purposes without making physical alterations’. Leaman, et al (1998) gives a broader definition 
‘Flexibility means that changes can be made quickly and with relatively little effort or costs (“it will 
do anything you want”). Since this assessment looks at all building layers of a school and the first 
definition refers only to the use of a space within a building, it is chosen to use the second definition 
of flexibility. 
Adaptability is defined by Leaman, et al (1998) as ‘adaptability offers greater potential for larger-scale 
changes over longer periods, without cutting off crucial options or making things unnecessarily costly 
or complicated (“You can change it to suit you”)’. A similar definition by Altas & Ozsoy (1997) reads 
as ‘the adaptability for changes and alterations to adapt the environment to the changing needs of the 
occupants in time’.  
 
In conclusion we can say flexibility can be seen as more short term, often reversible changes of 
relatively low magnitude, whilst adaptability allow for in-built potential for larger scale changes of 
greater magnitude in the longer term (Leaman, et al, 1998) 

6.2. Reasons for Flexibility & Adaptability 
Education has undergone major changes in South Africa, e.g. implementation of the National 
Curriculum 2005 with Outcome Based Education (OBE), and continues to change in the future. The 
design of an educational building, including its structural and services strategies, should anticipate 
with these changes, and allow a variety of uses and be adapted for different uses over time (CSIR-2, 
2002). The OBE nature of the curriculum requires a certain level of flexibility and openness of 
classrooms (Adler, 2002). The inflexible layout of schools and classrooms often forms a barrier to 
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new teaching methods. Classrooms do not allow other forms of teaching like, different group sizes 
and individual activities (Dierkx, 2002).  
Schools are seen as part of the community, where the schools as well as the community benefit 
through closer cooperation. The educational buildings can have an important function as community 
development centre. It is therefore important that the buildings and the positioning of the buildings are 
flexible enough to be used by multiple users (Rice, et al, 2003). The school can be used for Adult 
Basic Education and Training (ABET), community meetings, community functions and other learning 
or social activities outside school hours.  
Information and communication technology (ICT) is becoming more important in schools as a 
learning resource. Implementation or future implementation requires flexibility with regard to services 
of classrooms. 
A last reason for flexibility and adaptability is the changing demand for school facilities and 
fluctuations in enrolment figures. South Africa is currently facing a shortage of schools, but in the 
future there will be a saturation of the school demand. In Gauteng Province this as already happening, 
there are a sufficient number of schools available in the province, but the location of the schools is 
wrongly allocated, which results in vacancy of schools in one area and overcrowding in another area. 
An additional reason for changing demand in school facilities is migration, many people travel from 
rural areas to the cities for job opportunities, which sometimes results in vacancy of schools. Schools 
should be able to respond to these changes in demand.     

6.3. Constraints and Limitations 
Providing flexibility in the design of schools is in general a good thing, but it should be kept in mind 
that flexibility comes at an economic costs (Rice, at all, 2003).  On the other hand limited budgets can 
also put emphasis on flexibility, since a school should make the most out of limited space (Butin-2, 
2000). Furthermore changing the school building after construction completion are often more 
expensive than integrating flexibility into the design from the beginning. 
Standardisation of school designs by the provincial department of education often limit the flexibility 
and adaptability of schools, since there is less time and free rein for creative design. For the 
Department of Education, standard designs are convenient since they are quickly and effectively 
implemented in the communities. On the other hand, standardisation ignores the importance of social 
and environmental context in which the school will be built (Leaman, et al, 1998).  

6.4. Structure to assess Flexibility and Adaptability  
To structure the approach to assess the flexibility and adaptability of schools, the ‘shearing layers of 
change’ is used. The shearing layers of change originate from Duffy (1990), who used four layers of 
change. Brand (1994) revised the four layers and introduced six layers, which is reduced to five layers 
in this research (see Figure 6.1).  
 
Site – ‘This is the geographical setting, the urban location 
and the legally defined lot, whose boundaries and context 
outlast generations of ephemeral buildings’ (Brand, 1994, 
p12).  
 
Structure – ‘The foundation and load-bearing elements 
are perilous and expensive to change, so people don’t. 
These are the building. Structural life ranges from 30-300 
years (but a few buildings make it past 60, for other 
reasons)’ (Brand, 1994, p12).  
 
Skin – ‘Exterior surfaces now change every 20 years or so, 
to keep up with fashion or technology, or for wholesale 
repair. Recent focus on energy costs has led to re-engineered skins that are air-tight and better 
insulated’ (Brand, 1994, p13). In this research this layer is left out, since the skin of schools in poverty 
stricken areas often consists of a single brick layer, insulated walls are not necessary in these climates 
as long as the design makes use of passive environmental control. 

Figure 6.1: Shearing layers 
Source: Brand, 1994 
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Services – ‘These are the working guts of a building: communication wiring, electrical wiring, 
plumbing, sprinkler system, HVAC (heating, ventilating, and air conditioning), and moving parts like 
elevators and escalators. They wear out or obsolesce every 7 to 15 years. Many buildings are 
demolished early if their outdated systems are too deeply embedded to replace easily’ (Brand, 1994). 
 
Space plan – ‘The interior layout – where walls, ceiling, floors, and doors go. Turbulent commercial 
space can change every 3 years or so; exceptionally-quite homes might wait 30 years’ (Brand, 1994, 
p13).   
 
Stuff (or furniture)– ‘Chairs, desks, phones, pictures, storage, lamps. Al the things that twitch around 
daily to monthly. Furniture is called mobilia in Italian for good reason’ (Brand, 1994, p13).  
 
These five layers are used as the five strategies of the main objective ‘Flexibility and Adaptability’ 
and translated in: Furniture (section 6.4.1); Space plan/size (section 6.4.2), Services (section 6.4.3), 
Structure (section 6.4.4) and Site (section 6.4.5). 

6.4.1. Furniture 
Flexible or movable furniture and equipment allows the teacher to change the formation of the chairs 
from rows, groups or circles. This provides the teachers different usage of the classrooms and different 
teaching opportunities (Butin-1, 2000). Adaptation to a variety of bodily sizes (learners, but also 
community members) can be provided by adjustable furniture, but this does not always fit into the 
limited budgets of schools (Lang, 2003). Spaces should be readily adapted for the different uses. For 
instance spaces may be required for work during the day, social activities in the evening and quiet 
study during weekends and at night 
 
Generous storage spaces also add to the flexibility of classrooms to be able to accommodate multiple 
users in the school (Butin-1, 2000). Storage should be provided for teaching equipment and learning 
materials. Dierkx (2002) also endorse that safe storage and support space supports adaptation to future 
increase in enrolment and programme change. 
 
A general assumption is the fewer children per teacher the better. This implicates more, but also 
smaller classrooms, OR in a subdivision of larger existing space into more intimate ones (Lang, 2003). 
This can be done by wall partitions or furniture arrangements. Besides that, Outcome Based 
Education is based on a more interactive learning process, which also requires more space and more 
flexible classrooms. An L-shaped classroom provides opportunities for a variety of activities with less 
visual and acoustical disruption. In a rectangular classroom these requirements can be met by for 
example a space where small number of pupils can sit at a table, couch or on a throw rug (Lang, 
2003). 
 
This results in the following design options for furniture: 

 

Design options Furniture: 
 

− Lightweight modular and movable tables and chairs 
− Movable teaching equipment (flip over, chalkboards, movable audio, etc) 
− (Movable) generous storage options 
− Movable internal partitions/ extra furniture for smaller subdivisions / movable

stage in the hall 
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Results of the case studies 
In all the schools lightweight furniture is provided that can be easily moved around in the classroom. 
Some of the classrooms are provided with double desks instead of single desks. Most of the schools 
do move around with the tables and chairs to practice different teaching methods (see Picture 6.1). At 
Musi Thusi Primary School (KwaZuluNatal) the tables are trapezoidal, which stimulate the teachers to 
make use of other furniture arrangements than the conventional rows.  
 

 
Movable teaching equipment becomes a more difficult issue in schools. This also related to the high 
crime and vandalism rate in South Africa. At Musi Thusi Primary School they make use of movable 
chalkboards to be able to split the learners into two groups. One group is taught in the classroom while 
the other group works outside on the veranda (see Picture 6.2). Only two other schools are also 
equipped with movable teaching equipment. 
 
All the schools of the Thuba Makote Programme are provided with generous (lockable) storage 
cupboards, which supports Outcome Based Education and shared use with the community (see Picture 
6.3). Classrooms built by the government are not facilitated with storage space in classrooms. 
Phomolong Primary School and Banareng Primary school face insufficient storage spaces in the 
classrooms. This also goes for the existing classrooms of the already existing classrooms at some of 
the Thuba Makote Schools, which are built by the government. Mogale City Secondary School is the 
only school with movable storage spaces. 
 
To create flexible spaces, modular and movable furniture plays an important role. When it is possible 
to move around furniture, the space can be used for multiple activities, limited by the space surface. 
All these indicators increase the flexibility of design, but are probably limited by e.g. the vandalism 
rate at schools. 

6.4.2. Space Plan 
Specialist teaching areas are expensive to built, equip and maintain (CSIR, 2002) Generic spaces are 
also more flexible than highly specific spaces, for example a chemistry lab may be needed now, but 
would it still be needed in 10 years. Multi-purpose spaces often serves changing needs most 
economically and efficiently (Locker & Olson, 2003). It would therefore be recommendable to design 
flexible multi-purpose teaching areas, which accommodate a range of subjects. Multi-purpose spaces 
like a hall can be a valuable addition to the school facilities. A hall can handle a wide range of 
functions, for example community and school events, sports, music, adult education. In Figure 6.2 
several design considerations are illustrated. The hall can be used for different events since the sliding 
doors and partitions are allowing the hall to expand and shrink to several dimensions. 

Picture 6.1: Furniture arrangements 
Thulani Primary School, Limpopo Province 

Picture 6.2: Outside teaching 
Musi Thusi Primary School 
KwaZulu Natal 

Picture 6.3: Generous storage in classroom 
Boitumelo Secondary School, Free State 
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Educational activities involve more than listening or writing and therefore the classroom size or 
volume must increase to accommodate various learning activities. The size of a classroom depends on 
the learning activities taken place. The average number of children involved in the activities and the 
area needed per child per activity (Lang, 2003). The length-to-width ratio of a classroom should not 
exceed three-to-two (3:2) to avoid rectangular classrooms (Butin-1, 2000). A general assumption is 
the fewer children per teacher the better. This implicates more, but also smaller classrooms, or a 
subdivision of larger existing spaces into more intimate ones (Lang, 2003). This can be done by wall 
partitions or furniture arrangements. Besides that, Outcome Based Education is based on a more 
interactive learning process, which also requires more space and more flexible classrooms. An L-
shaped classroom provides opportunities for a variety of activities with less visual and acoustical 
disruption. In a rectangular classroom these requirements can be met by for example a space where a 
small number of pupils can sit at a table, couch or on a throw rug (Lang, 2003). A more appropriate 
way to provide flexibility at least at primary and junior secondary levels, is to make the classrooms as 
large as possible within the overall budget, a concept known as ‘loose fit, long life’. A slightly larger 
classroom can often allow for a looser layout (rows, small group clusters, or U-shapes) of tables and 
chairs for project work (Rice, et al, 2003). 
 
To provide flexibility to schools a variety of spaces should be created, which can vary from small 
seminar rooms, to medium lecture spaces and larger event areas. A school that has a mix of these 
spaces is able to accommodate variation in group sizes, and allows different groups to use the 
buildings. Outdoor learning areas also add to flexibility of the classrooms, by providing space for 
small group activities outside. The weather of South Africa is very comfortable and therefore suited to 
replace some activities from indoors to outdoors. A distinction is made in four space types and three 
space sizes (based on a school with 1000 learners): 

Figure 6.2: Design considerations for a flexible and adaptable hall 
Maphala Gulube Primary School 
Source: CSIR 

DIFFERENT STAGE  ARRANGEMENTS 
POSSIBILITIES TO OPEN UP THE SLIDING
DOORS DURING LARGE EVENTS 
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− Small spaces, which can accommodate half a class, which comes down to 20 learners. These 
spaces can be used to be able to split a group of learners and give them the opportunity to work 
independent. The small spaces are determined to be smaller than 30 m2: 2-4 small spaces are 
required 

− Medium spaces, which can accommodate a class, which comes down to an average of 40 
learners. These spaces are primarily used as classrooms or multi-purpose teaching areas. The 
medium spaces are determined to be between 30-80 m2: 24 medium spaces are required 

− Large Spaces, which can accommodate at least one and a half class, which comes down to at 
least 60 learners. These spaces are used for school exams, school functions, and community 
activities. The large spaces are determined to be larger than 80 m2: 1-2 large spaces are 
required 

− Outdoor (learning) spaces, which can accommodate at least half a class, which comes down to 
20 learners. 

 
This results in the following design options for space plan/size: 

 
Results of the case studies 
Multi-purpose teaching areas increase flexibility because they can be used for several school subjects. 
These areas can replace expensive specialised teaching areas. A multipurpose classroom has access to 
an outside teaching area (with water taps); secure storage, preparation area; workspaces; pin boards 
etc. At the secondary schools, the multi-purpose areas are present. Six of the schools have multi-
purpose teaching areas. Banareng Primary School has a large library, which is equipped with a small 
laboratory, a piano, television and many books. This enables the school to use the library for several 
subjects.  
 
At six of the schools, a hall has been built. From experiences with these schools, the hall appeared to 
be a very valuable additional facility. At Thulani Primary School, the hall is used for a range of 
activities, e.g. graduation ceremony of the school, ABET-classes, community weddings. Ideally, a 
multipurpose space, like a hall, should satisfy the following requirements to allow a variety of 
activities:  

• Located close to other public spaces  
• Several forms of technology can be handled, electrical outlets along the perimeter of the space  
• Food services (kitchen) 
• Adjustable/several lighting systems 
• Access to outdoor space 
• Movable stage blocks;  
• Granolithic floor surface 

 
With regard to the size of the classes, all the new classrooms built during the Thuba Makote 
programme are bigger and more ‘square’ than conventional classrooms.  A conventional classroom 
measures 56 m2 and is most of the times rectangular. A slightly bigger and squarer classroom 

Design options Space plan/size: 
 
− Multi-purpose specialist teaching areas (which accommodate a range of

subjects) 
− Multi-purpose Spaces: Hall (which allows for school as well as

community activities 
− Larger classrooms than conventional, ratio no bigger than 2:3 
− Mix of space sizes (based on a school with 1000 learners): 

o Small spaces (< 30 m2): 2-4 small educational spaces 
o Medium spaces (30-80 m2): 19-23 medium educational spaces 
o Large spaces (> 80 m2): 1-2 large spaces 
o Outside (learning) spaces 
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increases the number of furniture arrangements, which in turn allow the educators to apply varied 
methods of teaching and learning- group activities, and individual study.  
 
The assessment of space sizes was quite difficult since no similar assessment was done before. Space 
sizes and variety of spaces in a school indicates the ability of the school to handle different group 
sizes. The more spaces of different sizes the more efficient and flexible the school. If there are more 
different space sizes present at the school, a greater variety of activities can take place. The 
determination of the number of spaces is based on a school with 1000 learners. If each class consists 
of 40 learners, there are 25 classes needed. When there are different spaces sizes, there is no need for 
25 classrooms, this can be reduced to at least 23, and with good space management even less 
classrooms are needed. At three schools, small educational spaces are available, in the form of 
seminar rooms. This allows teachers to split the class and spent more time with a smaller amount of 
learners. Seven of the Thuba Makote schools have a Learning Resource Centre available at the 
premises; this includes a library and a computer room. The Learning Resource Centres can handle 
more than one class at a time. Some of the LRC’s are so spacious that they can accommodate 2 
classes, which is the case at Jacob Mdludli Secondary School (Mpumalanga) and at Banareng Primary 
School (see Picture 6.4). Time and space management is a requisite to manage a variety of spaces with 
the needs of the teachers and learners. 
Outside spaces are only of additional value, since you cannot depend on these spaces in case of cold or 
rainy days. At Jacob Mdluli Secondary Schools (Mpumalanga) there are three outside classrooms, in 
the form of little amphitheatres (see Picture 6.5). 

6.4.3. Services 
A classroom must be able to accommodate the changes in technology and teaching strategies for 
several decades to come. Besides movable furniture and storage spaces, multiple electrical outlets, and 
adjustable lighting systems positively influence the flexibility and expand possibilities of a classroom 
(Butin-1, 2000). Electrical services, like electrical outlets, should take into account the technology 
change, like implementation of ICT. With regard to rural schools in South Africa, the services consist 
of plumbing, electrical wiring and simple communication wiring (not common in all schools). 
Comprehensive services, like HVAC, sprinklers etc, are not common in the schools. High thermal 
capacity helps to provide thermal stability and minimise the need for supplementary heating and 
cooling (Leaman, 1998). The heating and cooling of the building is mainly determined by the thermal 
performance of the buildings, which lead to minimisation of mechanical appliances for thermal 
comfort. Services should be installed well to allow for different internal arrangements and easily 
accessibility when extensions or alterations are necessary (Gibberd, 2003). 

 
Picture 6.4: Library  
Banareng Primary School, Gauteng 

 
Picture 6.5: Outside classrooms 
Jacob Mdluli Secondary School, Mpumalanga 

 
Picture 6.6: Computer room 
Thulani Primary School, Limpopo 
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This results in the following design options for services: 

 
Results of the case studies 
No specific attention is paid to electrical outlets at the schools in the Thuba Makote Programme. Most 
of the schools have minimal plug points in the classrooms.  
 
Adjustable lighting systems are not common at schools. It is unclear why this is not implemented in 
the schools, since one or two extra light switches do not increase the costs. Lighting systems, which 
are adaptable to the activities that take place, or the weather situation of the day, not only increases the 
flexibility, but it also save electricity. 
 
Energy conscious design is an appropriate way of designing a school. The climatic circumstances in 
South Africa are suited for this purpose. Mechanical appliances are not necessary when making use of 
proper energy conscious or passive design.  

6.4.4. Building Structure 
Adaptability is restricted when using structural grids and masonry bearing walls (Dierkx, 2002). Load 
bearing walls must be kept to a minimum to increase flexibility of the building structure (Warren, 
1999). The structure and load bearing elements should allow different internal arrangements in the 
building (Gibberd, 2003). This would then result in structural frames with infill walls that can be 
demolished and moved. According to Rice, et al (2003) this is obviously a more expensive form of 
construction than simple load-bearing walls. Concrete block is a material often used for schools, but 
also the most difficult partitioning system to remodel. Gypsum is easier to renovate, but needs to be 
protected from vandalism, which is very common in South Africa (Locker & Olsen, 2003). Leaman, 
et al (1998) advises to design for adaptability at any level, including those that may seemingly be 
unthinkable, but do not get carried away – robust simplicity is also important, and many parts of a 
building are appropriate permanent. 
 
Modular design allows for uniform design and ease of building expansion if desired in the future 
(Warren, 1999). Buildings with modular structure & services allow easy internal adaptation (Gibberd, 
2003). 
 
Flexibility can also be provided by making movable or retractable walls, but this is not only 
expensive according to Rice, et al (2003) but will also produce problems such as sound transmission 
between classrooms. The advantage of these walls is that it gives opportunities for team teaching or 
large group meetings with neighbouring classrooms (Butin-1, 2000). The walls must be acoustically 
treated to provide noise separation between the classrooms 
 

Design options Services: 
 

− Multiple electrical outlets (along the perimeter of the space) 
− Adjustable lighting systems, divided in multiple sets 
− Easy access to services (water, electricity, lighting) to be able to

make extensions/alterations in future 
− Minimisation of mechanical appliances for thermal comfort (by

using passive design) 
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This results in the following design options for the structure of the building: 

 
Results of the case studies 
Four of the Thuba Makote Schools are constructed with a steel structure with infill. At Musi Thusi 
Primary School (KwaZulu Natal) bricks are used for infill in the external walls and partially for the 
internal walls. Sliding doors are placed between the classrooms to provide for larger class activities or 
group meetings (see Picture 6.7). At Masibambane Secondary School (Western Cape) concrete blocks 
are used as infill for the steel structure. At Mogale City Secondary School (Gauteng) brick is used as 
infill for steel structure (see Picture 6.8), but lightweight storage partitions are used between 
classrooms. At Reiapela Primary School (Northern Cape) the initial idea was to fill the steel structure 
with adobe blocks produced at the site. For the classrooms this was not realised because the start of 
the block yard was delayed. The adobe blocks are used for the walls of the hall, which was built later 
during the construction process.  

According to Rice, at all (2003) structural frames with infill is obviously a more expensive form of 
construction that simple load-bearing walls. From the construction costs for the superstructures of the 
Thuba Makote Schools can be derived that this is not the case.  The costs for building a steel structure 
with infill is more or less the same, some times even less, than the conventional way of building. Steel 
structures with infill bricks or concrete blocks allow rapid progress on site, while ensuring good 
quality and maximise employment of semi-skilled labour (CSIR, 2004). 

6.4.5. Site Plan 
Building a school with all the facilities at once is very costly. It is therefore a possibility to develop a 
design, which can be carried out in phases, when funds becomes available (Dierkx, 2002). 
Additionally, the design should provide for future expansion resulting from increasing enrolment and 
the site should therefore be large enough to be able to expand the buildings horizontally (Warren, 
1999). Future expansion should also be accounted for in the design with regard to allocation and 
installation of services. 
 

 
Picture 6.7: Sliding doors between classrooms 
Musi Thusi Primary School, KwaZulu Natal 

 
Picture 6.8: Steel structure classroom 
Mogale City Secondary school, Gauteng 

Design options Structure  
 
− Minimisation of load bearing walls (hall, classrooms) 
− Structural frames with infill 
− Flexible separation between spaces (internal walls movable or

retractable), extra consideration in classroom, with regard to sound 
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This results in the following design options for the site plan: 

 
Results of the case studies 
All the Thuba Makote school designs presented a master plan, which show the possibilities for future 
expansion, since funds are not sufficient yet. The master plan was a requirement of the CSIR. The 
architect developed this master plan and it will be handed over to the provincial department of 
Education. The provincial department of education is responsible for the school with its buildings 
after construction completion.  The department decides on whether money is allocated to the school 
and what will be built with these funds. 
 
Classroom expansion appeared not desirable since the classrooms are designed for at least 40 learners. 
More learners in one classroom is not allowed according the governmental standards. Classroom 
expansion is therefore not an option, extra classrooms should be provided in such a situation. 
 
Future expansion with regard to services and buildings should be included in a master plan, especially 
in the new school designs. 

Design options Site Plan 
 
− Future expansion taken into account in the design with regard to services

(water, sewerage, etc) 
− Future expansion taken into account in the design with regard to

buildings (classrooms, hall, etc) 



  
Main Objective ‘Flexibility & Adaptability’ 

 47

6.5. Summary Flexibility and Adaptability 
This chapter tried to create an understanding about the selection and determination of the strategies 
and design options. This same process is done for each of the other fourteen main objectives, which 
can be found in Appendix F-H. Table 6.1 summarised the findings of this chapter. 
 

Goal Objective Strategies Design rule 

1. Local Economy 
 
 

 

2. Efficiency of Use 
 
 

 

Lightweight modular and movable tables and chairs 
Movable teaching equipment (flipovers, chalkboard, pin 
boards, movable audio, etc) 
Movable storage options 

3.1 Furniture 

Movable internal partitions/ extra furniture for smaller 
subdivisions / movable stage in the hall 
Multipurpose specialist teaching areas (which 
accommodate a range of subjects) 
Multi-purpose Space: Hall (which allows for school as 
well as community activities) 
Larger classrooms than conventional, ratio no bigger 
than 2:3 

3.2 Space Plan Mix of space sizes (based on a school with 1000 
learners): 
* Small spaces (< 30 m2): 2-4 small educational spaces 
* Medium spaces (30-80 m2): 19-23 medium educational 
spaces 
* Large spaces (> 80 m2): 1-2 large spaces 
* Outside (learning) spaces 
Multiple electrical outlets and socket locations along the 
perimeter of the space 
Adjustable lighting systems, divided in multiple sets 
Easy access to services (water, electricity, lighting) to be 
able to make extension/alterations in future. 

3.3 Services 

Minimisation of mechanical appliances for thermal 
comfort 
Buildings system minimises use of load bearing walls 
Building system consists of structural frames with infill 3.4. Building Structure 
Internal walls are demountable or foldable, which creates 
flexible separation between spaces 
Future extensions are taken into account in site layout 
with regard to services 

3. Flexibility & 
Adaptability 

3.5 Site Plan 
Future extensions are taken into account in site layout 
with regard to buildings 

4. Ongoing Costs 
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6. Capital Costs 
 
 

 

Table 6.1: Summary of the objective ‘Flexibility & Adaptability 
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7. Discussion of the Tool Outcomes  
This chapter discusses the results of testing the SSDT on the case studies. The case studies consist of 
twelve primary or secondary schools in poverty stricken areas of South Africa. As mentioned earlier, 
the results of testing the SSDT on schools are used to: 

1. Review and improve the operationalisation of the objectives into strategies and design 
options 

2. Make the tool appropriate to the context of primary and secondary schools in poverty-
stricken areas of South Africa. 

3. Serve as a benchmark for design options 
Analyses of the school performance with regard to sustainability cannot be generalised, since the 
Thuba Makote schools are not a representative sample for all primary and secondary schools in 
poverty-stricken areas. The Thuba Makote Schools are used to serve as a base line for the 
development of the tool. Banareng and Phomolong Primary Schools are standard governmental 
schools, but this sample is too small to be able to generalise the results for all schools built by the 
government in South Africa. Section 7.1 discusses the outcomes of the case studies with regard to 
overall performance of the schools. Section 7.2 goes more into detail and discusses the outcomes with 
regard to economic aspects of sustainability. Environmental aspects of sustainability are discussed in 
section 7.3 and the social aspects in section 7.4.  
The performance of the schools measured with the SSDT can be found in Table 7.1. The table shows 
the performance of each of the schools with regard to the goals, main objectives and total score of the 
school. Detailed scores of each school for the strategies and design options can be found in Appendix 
K. This appendix contains the scores for strategies and design options for each school. Furthermore, 
notes are made how the design options are taken into consideration in the design of the specific 
school. 

Table 7.1: Performance of the Case Studies 
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7.1. Sustainability of the Schools  
This section is structured in the following manner. First, the twelve Thuba Makote schools are 
discussed as a group and after that the three additional schools are discussed separately. 
 
Thuba Makote Schools 
When looking at the total scores of the schools with regard to sustainability it can be calculated that 
the average for the Thuba Makote schools is 3.0. Mogale City Secondary School scores the highest 
with a score of 3.1. Jacob Mdluli Secondary and Reiapela Primary School score lowest with 2.8. This 
indicates that the Thuba Makote schools score more or less the same. This is not unexpected, since the 
schools are used as input for the tool and setting of the benchmarks for the design options, whereby 
the benchmark is often based on the average score of the schools. It is therefore logical that the 
schools score with an average of 3.0 on a scale from 1 to 5. However, it should be noticed that 
different schools score well on different main objectives. 
 
From the project description and briefs of the Thuba Makote schools, it became clear that the 
approach to develop the schools was mainly focussed on the social and economic aspects of 
sustainability, while the environmental aspects of sustainability were of minor importance. This is also 
stem from the results with regard to the performance of the schools measured by the SSDT. From the 
results can be derived that the economic and social performance of the school designs are better than 
the environmental performance. The average economic performance is 3.2, average social 
performance 3.4 and the average environmental performance of the design is 2.4. 
Only Zinyosini Secondary School performs quite well with regard to the environment (score = 3,2), 
this is mainly due to the fact that this is a very remote area and the school is not connected to the water 
supply and electricity grid. Besides that there is a culture of recycling at the community and therefore 
the school, which means that there is almost no waste produced by the school and otherwise it is re-
used or recycled. 
 
The additional schools also score as expected.  
Maphala Gulube Primary School, former pilot project from the CSIR, served as the basis for the 
project aims of the Thuba Makote Programme. In contrast with the Thuba Makote schools, Maphala 
Gulube is designed by architects working at the CSIR. These architects took energy conscious design 
as one of the basic ideas of the design. This expresses itself in the high scores for the main objectives 
Energy (score = 3.1) and Occupant Comfort (score = 4.9). Furthermore, much attention was paid to 
the design the school to enable several small emerging contractors to participate in the construction 
stage. Therefore, attention was paid to the domestic scale, buildability and repeatability of the school 
building design. This becomes visible in the high score for Local Economy (score = 4,5). The design 
took into account the effects of the teaching method OBE and the implementation of ICT, which 
resulted in a good score for Education (score = 3,7) 
Banareng Primary School is a school in one of the townships of Pretoria. It was expected that this 
school should perform well on the environmental aspect, since this school is very active with regard to 
environmental issues at the school and is awarded with several ‘green awards’. Furthermore, during 
the site visit it became clear that this school puts much emphasis on environmental issues in the 
learning programme. The school scores reasonably well on the environmental aspects of sustainability 
(score = 3.0). This is considerably more than the average of the other schools (average = 2.4). The 
school scores well on the objectives Water, Waste and Site, but the objectives Energy and Materials 
are lacking. This can be explained by the fact that the school buildings are built by the government 
several years ago. The objectives Energy and Materials are mainly determined by design options, 
which are directly related to building characteristics, while many strategies and design options of 
Water, Waste and Site can be added by the school after the school buildings are constructed. The 
design options for Energy and Materials are determined on decisions made with regard to the 
materials selection and energy conscious design options. This is not done well by the government. The 
buildings are wrongly orientated and the windows do not allow enough ventilation and as a result the 
required light for reading and writing have to be met by electric lighting. 
The school added some environmental design options by themselves; for example, the rainwater 
harvesting system is installed at the schools some years after construction of the buildings, with 
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additional funding. Another example, the spaces provided for the waste collection are organised and 
built by the management of the school.  
Phomolong Primary School is built according a typical standard governmental school design. 
Provincial governments have standard design, which are implemented in the whole province. To test 
the sustainability of such a standard design Phomolong Primary School was included in the case 
studies. The governmental designs are often outdated, do not reflect the local culture and do not take 
into account the impacts of the new curriculum and teaching method. It was therefore assumed that 
this school would not score well with regard to sustainability. From the results of the tool became 
clear that this school does indeed not score well (total score = 1.9). The school performs really bad 
with regard to the objectives Flexibility & Adaptability (score = 0.5); Water (score = 0.3); Waste 
(score = 0.8) and Education (score = 1.8). With regard to the bad performance for Education is mainly 
due to the fact that the design does not allow for OBE-teaching methods, does not take into account 
the whole school as a learning source and is not suitable for implementation of ICT.  

7.2. Economical Sustainability  
Economical Sustainability is defined as a state in which ‘responsive systems and technology are able 
to accommodate change and ensure that limited resources are used and maintained as efficiently and 
effectively as possible to provide for the needs of existing and future populations without damaging 
the biophysical environment’ (Gibberd, 2003). In the context of schools in poverty stricken areas, 
economical issues are important since the high level of poverty and unemployment in these areas. 
Furthermore the budgets of the government to build schools are often limited, and it is therefore 
important to build at low costs, efficient, flexible and adaptable. It should also be kept in mind that the 
ongoing costs of the facilities should become as low as possible, since the school management and the 
government cannot afford to spent large amounts on maintenance and repairs of the school. 
Economic sustainability of the schools is determined in the SSDT by the main objectives:  

• Local Economy 
• Efficiency of Use 
• Flexibility and Adaptability 
• Ongoing Costs 
• Capital Costs 

The performance of the Thuba Makote schools with regard to economical aspects of sustainability was 
expected to be good, and the results from the tool confirm this assumption. 

7.2.1. Local Economy 
The corresponding objective is to stimulate the local economy, by taking into account local available 
materials, labour and economic activities1. The economy of an area can be stimulated and sustained by 
the school buildings and the construction of these buildings that make use of and develop local skills 
and resources. From the assessment of the schools appears that 10 of the 12 schools score very well 
(score > 4.0) on the main objective to stimulate the local economy. Stimulation of the local economy 
is one of the priorities of the Thuba Makote Programme. The two schools, which are not scoring well 
on this issue, are Reiapela Primary School (Northern Cape) and Zinyosini Secondary School (Eastern 
Cape). This can be explained by the very rural character of the province and the remote location of the 
school sites. Materials for the school in the Eastern Cape were available within 100 km but the price 
was three times the price of the same materials 250 km away. In the Northern Cape, the situation was 
different. The design included a steel structure with stabilised soil bricks as infill, on one hand the soil 
bricks could be made locally, but for the construction of the steel structure a specialised contractor 
was required. This specialised contractor was not available in a radius of 100 km. Besides that, the 
furniture has to come from Gauteng Province since there was not manufacturer of furniture in the 
Northern Cape. 

                                                   
1 Local can be defined as the area within a radius of 100 km 
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7.2.2. Efficiency of Use 
The objective of efficiency of use is to design for at efficient use of the available resources. Effective 
and efficient design of school buildings supports sustainability by ensuring effective and efficient 
allocation of resources resulting in no exceeded or underused capacity of buildings. In general no 
school performs well with regard to efficiency of use, the average score of all the schools is 1.9. 
Boitumelo Secondary School performs best (score = 3.5), which is due to efficient space use and 
availability of variety of space sizes. Phomolong and Banareng Primary Schools are scoring worse 
(score = 1.3), due to inefficient space use, not enough space per learner and no variety of space sizes. 
In general can be noted that most design contain large balances areas in relation to teaching and 
learning areas. The schools built by the government, Phomolong and Banareng Primary schools, do 
not have sufficient space per learner in the classrooms, which denotes at easily overcrowding at the 
schools. Although these figures should be analysed with care, since the design options of efficiency of 
use need some additional research, according to the researcher. 

7.2.3. Flexibility and Adaptability 
The corresponding objective is to make the design flexible and adaptable to be able to accommodate 
changes in the future. School buildings, which are able to accommodate change easily, support 
sustainability by reducing the requirement for physical adaptation and associated disruption, energy 
consumption and costs as well as the need for new buildings.  
Overall, the schools performed average with regard to flexibility and adaptability, the score of the 
schools averages out at 2.4. The standard governmental designs, Phomolong and Banareng Primary 
Schools, scored very poor on this objective (score 0.5, respectively 0.8). The designs do not take into 
account future changes with regard to curriculum and increased or decreased enrolment. The 
classrooms are relatively small, which does not allow for different furniture arrangements. The layouts 
of the school buildings hinder school expansion although there is sufficient land available.  
The design of Mogale City Secondary School on the other hand scores excellent with regard to 
flexibility and adaptability (score = 4.2). The design contains lightweight modular furniture and 
teaching equipment, which can be easily rearranged to suit a variety of teaching methods. Furthermore 
the structure of the building is very flexible. The structure consists of a steel structure with brick infill. 
The classrooms are separated by wooden cupboards, which allows for flexibility when a larger space 
is required or the cupboards can be replaced by brick walls when desired. Furthermore the classrooms 
and workshops have movable partitions to transform indoor spaces. 

7.2.4. Ongoing Costs 
The objective corresponding to Ongoing Costs is ‘aim for design decisions, which minimise ongoing 
costs during the occupation of the school’. School buildings, which require minimal running costs 
during occupation, support sustainability by reducing the consumption of energy, water, and 
maintenance and repair costs during the occupation of the school. This is assessed by looking at 
design measures to minimise maintenance costs, cleaning costs, security costs, water and energy 
consumption, and to maximise the user awareness.  
The average score of all the schools indicates at an average performance (average score = 2.4). The 
major differences between the schools occur between design measures with regard to minimising 
maintenance and cleaning costs. There are minimal differences between design measures with regard 
to minimising security costs, water & energy costs and maximising user awareness. All the school 
designs minimise security costs by including sufficient security measures, which is not surprising, 
since vandalism is an enormous problem at schools, measurements to prevent theft and vandalism are 
a necessity. Furthermore, all the designs include sufficient means to monitor water & energy 
consumption at the school.  Additional all the schools score zero on maximising user awareness. 
Maximising user awareness is measured by exposure of consumption figures to users on e.g 
billboards. Ideally, these consumption figures should be integrated in the learning programme of the 
school, which is done by the eco-school learning programme. 
Masibambane Secondary School performs poor with regard to ongoing costs, since classrooms and 
walkways are difficult to clean and maintain. The classroom blocks have high ceilings and difficult 
reachable areas. On the other hand, the school is attached to the safer school programme what resulted 
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in funding for additional security measures at the school, which results in less security costs in the 
future. 

7.2.5. Capital Costs 
Since budgets are usually limited, an effective allocation of the limited capital costs is required. 
School buildings that are cost-effective support sustainability by enabling limited capital to be used 
efficiently and to improve productivity and well being.    
The objective is assessed by looking at project, labour, material, building and construction process 
costs. In general, the schools score average on this objective (score = 2.5), but this is mainly due to the 
bad performance of Phomolong Primary School (score = 1.3). This is mainly due to lack of available 
data about the project and labour costs of the school. On the other hand, material selection is not based 
on cost considerations, since unnecessary expensive laminated timber beams and vinyl tiles were used 
in the design. The average, when Phomolong Primary School is left out, indicates on a good 
performance of the schools with regard to capital costs (score = 3.2). This was also expected since all 
the Thuba Makote schools are built with a fixed, but of course a limited budget. The budgets for the 
schools were R 4.5 million per school, which is less than the national standard for primary and 
secondary schools.  

7.3. Environmental Sustainability 
An environmental sustainable state can be described as ‘Strong, robust, biophysical systems that are 
able to provide resources and conditions necessary for existing and future populations on an ongoing 
and steady basis’ (Gibberd, 2003). This definition is translated into five environmental topics, namely  

• Water 
• Energy 
• Waste 
• Materials  
• Site 

In general, when looking at the scores for environmental sustainability, it can be stated that the 
performance with regard to environmental issues is lacking at the schools of the Thuba Makote 
programme. This is not surprising since it can be derived from the project objectives and brief that no 
special attention is paid to environmental topics with regard to the school design. The social and 
economic aspects of the design are considered more important than the environmental issues. Though 
it is not very costly and comprehensive to implement more environmental measures in the school 
design. For example appropriate energy conscious design options are easy to implement and do not 
increase the costs of the building. Not even half of the Thuba Makote schools have an appropriate 
overhang, which keeps the summer sun out and allows winter sun to enter. 

7.3.1. Water 
School buildings that are water efficient support sustainability by minimising the environmental 
impact required to deliver water, and dispose of this after use. The water topic is determined by 
looking at the efficient water use at the school, rainwater harvesting, water recycling, storm water 
management and water efficient landscaping. Overall, the schools do not perform well with regard to 
water efficiency (average score = 1.8). There are three schools, which perform very good (score 
between 3,5 and 4,1), three schools which perform good (score between 2,6 and 2,8) and six schools, 
which perform poor (score between 0.3 and 1.9).  The school designs, which perform poor, did not 
show any consideration with regard to the water consumption, harvesting and/or recycling. The three 
school designs which perform good included a rainwater harvesting system at their schools; storm 
water harvesting or management; and show some consideration with regard to the landscaping of the 
school. The three school designs, which perform very well with regard to the water issue, included 
some kind of water recycling. For example, the design of Zinyosini Secondary School contains a 
water purification system, which clean the grey water and pumps it back into the adjacent wetlands. 
The grey-water system at Banareng Primary School is less technological advanced, but therefore not 
worth less. The grey water is caught in bath tops under the taps and the water is reused in the gardens. 
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7.3.2. Energy 
School buildings, which are energy efficient support sustainability by minimising the environmental 
impact caused by producing electricity. The average score for energy performance of the design is not 
bad (score 2,8). But the schools designs, which score high (score > 3,0) with regard to energy 
efficiency in the buildings, applied the concepts of energy conscious design properly. School 
buildings are often wrongly orientated, window positioning is not carefully considered, and the 
concept energy saving landscaping is often not taken into account. There are many possibilities, which 
increase the energy efficiency in a building, but do not raise the building costs. Unfortunately, not 
many architects exploit these possibilities. Energy conscious design minimises the consumption of 
energy, and improves the indoor climate of a building. Energy conscious design does not only 
consider cooling and heating the building, but also takes into account ventilation and daylight. An 
energy conscious design guide is available in South Africa. This design guide is specifically 
developed for South Africa and discusses building designs in twelve climate areas.  

7.3.3. Waste 
Minimising waste production by recycling and reusing materials for buildings and in daily life 
supports sustainability by reducing the energy and resource consumption to produce and process 
waste products. The performance of the school designs with regard to waste are disappointing. The 
average score is very poor (score = 1.1). Little attention is paid to waste issues in the design of 
schools. Design options with regard to waste mainly aim at providing adequate space to store waste 
separately for re-use, recycling and further processing. There are only two designs, which perform 
well with regard to waste. The design of Zinyosini Secondary School (score = 4,0) performs well, but 
this is mainly because there is no waste in this area at all. The school is situated in a very remote area 
where the waste production is minimal since there are not much waste sources and all existing waste is 
re-used. The community maintains a culture of reuse and recycling. At Banareng Primary School, 
(score = 3,1) discarded materials are used for landscaping, retaining and paving. The learners 
collected these materials from the neighbouring environment, which additionally resulted in a cleaner 
neighbourhood. All kinds of waste materials are re-used at the school, e.g. toilet pots for herb 
planting, old tires for seating in the gardens. Furthermore, the school built their own compost pile.  

7.3.4. Materials  
Buildings, which consist of durable and low environmental impact materials support sustainability by 
reducing the impact on the environment due to production of the materials. The main materials used in 
the design of the school buildings are assessed regarding embodied energy efficiency, raw material 
availability, environmental impact, durability, potential for reuse and recycling. Overall the designs 
include materials, selected because they are locally available or cost efficient. But not much attention 
is paid to earlier mentioned issues. The schools do not show difference in material use, most schools 
consist of bricks, either a load bearing structure or with a steel structure with infill bricks. Roofs are 
either clay tiles or roof sheeting. Therefore, the scores for materials do not differ much (scores are 
between 2,5 and 3,0), but they give an indication of the environmental performance of the materials. 
The design options are based on a material range from Australia, since the information was not 
available for a South African context.  

7.3.5. Site 
School buildings can support sustainability by, limiting development to sites that have already been 
disturbed and working with nature by including aspects of natural ecosystems within the design of the 
school. The schools designs score well with regard to this main objective (average score = 3,0). There 
are three schools, which perform better than the other schools. These schools, Thulani Primary School 
(score = 3.5), Banareng Primary School (score = 4.3) and Zinyosini Secondary School (score = 3.8) 
put much effort in the design of landscaping of the school, which resulted in very comfortable school 
sites.  
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7.4. Social Sustainability 
A social sustainable state can be described as ‘Safe, happy, healthy, cohesive, fulfilled, societies that 
have organisational structures and are able to develop innovative solutions, which enable them to 
share limited resources equitably in ways that enable all existing and future population needs are met’ 
(Gibberd, 2003). Translated to school buildings in poverty-stricken areas it is most important to ensure 
that the objectives of the project are in line with the needs of the community. The school management 
together with the community are the responsible people who will manage and maintain the school. 
During the development of the Thuba Makote schools much effort is put into social issues of the 
design. The theme of Thuba Makote is “schools as community centres”, which already indicate a 
social focus with regard to the designs of the school. Furthermore the new curriculum and long life 
learning are issues, which have their effect on the design of the school. Social sustainability is 
integrated in the school through the following five main topics: 

• Occupant Comfort 
• Education 
• Health & Safety 
• Community Centres 
• Availability of Facilities 

The focus on social issues during the development of the Thuba Makote schools is also reflected by 
the scores for integration of social sustainability into the school design, the designs score relatively 
well (score = 3.3).    

7.4.1. Occupant Comfort 
Comfort has a direct impact on the health, happiness and productivity of people, and thus an indirect 
impact on sustainability by being more efficient and therefore reducing resource consumption and 
waste. A comfortable indoor climate is pivotal for the productivity of the learners and therefore 
important. The level of occupant comfort is determined by natural daylight, thermal comfort, views, 
noise levels and classroom occupation. The average score for occupant comfort is 3.5, which is 
relatively well. It is noticed that the schools designed by the government score relatively low with 
regard to occupant comfort (score = 2.7 and 1.5). Most differences occur between the levels of natural 
daylight and thermal comfort. All the classroom designs score well on classroom occupation, which 
calculated the space per learner in the classroom, except for Banareng and Phomolong Primary 
schools. The classrooms of these schools are not large enough to accommodate forty learners. The 
other school contain larger classrooms than the conventional to ensure accommodation of at least forty 
learners. With regard to views there are also not many difference between the designs, most 
classrooms have windows on both sides of the room, which is often sufficient to provide appropriate 
views. With regard to thermal comfort, many of the schools did not have an appropriate overhang, and 
therefore did not prevent summer sun to enter, which results in very hot classrooms in summer. And 
on the other hand did not allow winter sun to enter during winter times, resulting in very cold 
classrooms.   

7.4.2. Education 
The corresponding objective is to aim for integration of educational changes in curriculum and 
improve the impact of the physical environment on the learning processes. In the educational sector of 
South Africa some major changes took place in the last ten years. Firstly, the introduction of a new 
curriculum, which is based on Outcome Based Learning; a teaching method based on active 
participation of the learners and less ‘chat and chalk’ teaching. Furthermore, ICT becomes more 
important in learning and long life learning is a hot item in the educational sector. This resulted in the 
assessment of the effects of OBE, ICT, long life learning, impact of whole school on learning and 
teacher support. The overall score of the schools with regard to this main objective is average (score 
2.9). The Thuba Makote schools score well on the OBE topic, but this topic is also emphasised in the 
project aims of the programme. The governmental schools Banareng and Phomolong Primary schools 
are scoring dramatically (score = 0.0 relatively 0.3), which indicates again that the governmental 
school designs are not suitable for implementation of OBE. The same goes for implementation of ICT 
in the schools, although Banareng Primary Schools scores better at this topic, since they built a new 
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learning resource centre last year, equipped with more than thirty computers. Most of the schools 
accommodate Adult Based Education and Training (ABET), but accommodation of Early Child 
Development (ECD, or grade R) is not common yet. Banareng; Thulani and Musi Thusi Primary 
Schools are schools, which actively use the physical environment to stimulate learning. The 
playgrounds of Musi Thusi are painted with simple educational games. Banareng uses the walls of the 
classrooms to make the learners aware of the dangers of HIV/AIDS and has simple mathematical 
games painted on the walls. Thulani also has educational murals painted on the walls of the classes. 

7.4.3. Health & Safety 
Buildings need to cater for the well being, development, health and safety of the people that use them, 
and therefore support sustainability by creating facilities which support learning in a safe an healthy 
environment. Health and safety are expressed by healthy sanitation at the school, sport and 
recreational facilities, accessibility of disabled learners, safety measures at the school and if the school 
complies with several safety and health regulations of the government.  The overall score for the main 
objective is very good (average score = 4.3). Again, the governmental school designs are performing 
less than the Thuba Makote schools (score = 2.8 and 3.0).  Implementation of inclusive environments, 
thus environments, which allow disabled people to make use of the facilities without problems, 
resulted in some awkward situations. For example, most of the schools have at least one toilet for 
disabled learners, but the threshold to enter the toilet was more than 10 centimetres. However, these 
mistakes were corrected during the construction of the schools. Furthermore, remarkable was that the 
school built by the government, Phomolong Primary School, did not comply with all the safety 
regulations. High and dangerous edges and storm water control channels, which can cause risky 
situations for the learners.  

7.4.4. Community Centre 
Communities have become more important actors at schools. Community centres support 
sustainability by facilitating the community to get involved with activities, take ownership and 
participate in management and maintenance of the school. The design should therefore aim at schools 
as centres of community life. 
The South African Schools Act and National Education Policy Act2 stimulate decentralisation of 
management and maintenance to school level. Furthermore, Tirasano documents also stimulate the 
communities to get involved in schools so schools will function as community centres. Both schools 
and local communities can benefit through closer cooperation. The score with regard to community 
centres is average (score = 2,5). The interesting question here is if the design can influence the 
involvement and establishment of community centres.  To illustrate this question two examples are 
given here. Banareng Primary School does score below average with regard to community centres, but 
from the site visits became clear that the school does function very well as a community centre. The 
local community is involved in managing and maintaining the buildings and the gardens, ABET 
classes and after hour activities take place at the school. On the other hand, the design of Mogale City 
Secondary School focuses on the creation of a community centre, and the design includes many 
facilities and services (score = 3,2). But during the construction of the school the community was not 
motivated to get involved in the management of the school. Although no conclusions can be made yet, 
since the school is not yet operational, but it raises the question to what extent can the design 
stimulates the establishment of community centres.  Banareng Primary School proves that community 
activities take place even though there are no abundant facilities and services. 

                                                   
2 For more information about governmental policies and regulations with regard to education: 
http://www.info.gov.za/yearbook/2004/education.htm   
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7.4.5. Availability of Facilities 
Buildings can support sustainability by ensuring availability and easy access to basic services and 
facilities. The ‘availability of facilities’ is determined by availability of basic services and facilities, 
furniture and teaching equipment, support facilities and residential accommodation. The school 
designs together score high (average score = 3.2). There are not many differences between the 
schools. Residential accommodation is not common at the schools yet, notwithstanding the increasing 
numbers of HIV/AIDS orphans. Some of the schools do not have access to water and electricity yet, 
like Zinyosini Secondary School. The governmental schools do not have sufficient number of 
classrooms with regard to the number of learners at the school and are therefore overcrowded. 
Phomolong Primary School has a occupancy figure of 192%, which indicates the seriousness of 
overcrowding at this school. The school is designed to accommodate 1000 learners while there were 
almost 2000 learners already enrolled.  
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8. Conclusions and Recommendations  
This chapter presents the conclusions and recommendations resulting from the research. Section 8.1 
reviews the research objective and question. The applied research method is discussed in section 8.2, 
followed by a discussion of the requirements for the tool (section 8.3). Section 8.4 reviews the 
outcomes of the tool with regard to sustainability of the schools designs and section 8.5 evaluates the 
target group. Finally, section 8.6 gives the recommendations for further research. 

8.1. Research Objective 
This report reflects the development of a design support tool for sustainable schools in South Africa. 
Looking back at the aim of the research, the research is concerned with the development and testing of 
a tool, which integrates sustainability into the pre-design and design process to support the architects 
of schools. The corresponding research question is: 

How can the concept of sustainability be translated and integrated into the design and 
design process of primary and secondary schools in poverty-stricken areas of South 
Africa? 

 
The research made an attempt to translate the concept of sustainability from a broad concept into 
practical and measurable design options for sustainable schools. Sustainability is firstly divided into 
three goals, namely the establishment of economic, social and environmental sustainability into the 
building design. These goals are operationalised into main objectives, which were derived from the 
PhD research of Gibberd (2003). The main objectives are further broken down into strategies and 
design options. The final operationalisation of the sustainability resulted in the creation of the 
Sustainable School Design Tool (SSDT). The tool can be found in Appendix J, the software 
programme can be found on the CD-rom.  
 
The SSDT is designed to support decision-making during the pre-design phase by addressing fifteen 
main objectives of sustainability, which help to identify and define the priorities of all stakeholders 
with regard tot sustainability. Furthermore, the tool is designed to support the architect during the 
design phase, by translating these priorities into strategies and practical design options for the design 
of the school. The tool also acts as an information source, since background information of the 
strategies and design options are integrated in the tool.  
 
Conclusion: The translation of sustainability resulted in the creation of the Sustainable School Design 
Tool, which is designed to integrate sustainability into the design and design process of schools in 
South Africa.  

8.2. Applied Research Method 
Literature study and the assessment of existing tools resulted in the choice to use the Sustainable 
Building Assessment Tool (SBAT) as a point of departure for this research. The SBAT is chosen 
because this tool is especially designed for developing countries and takes besides environmental 
aspects, also the social and economic aspects with regard to sustainable building into account. In this 
research the SBAT is adapted and elaborated to become more suitable for the design of primary and 
secondary schools in poverty-stricken areas of South Africa. The case studies played a crucial role in 
contributing to the improvement of the appropriateness of the SSDT. Visiting the schools, attending 
meetings with the professional team of the Thuba Makote schools, and especially the informal 
discussions with the project managers from the CSIR, created a very clear picture of what is important 
in school designs and what the major problems are with regard to the design of the school. The 
iterative process of testing and reviewing the tool worked sufficiently since more and more 
information became available and careful decisions could be made based on the practical cases.  
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The testing of the application of the tool did not fit into the timeframe of this research. This should be 
done by means of new school projects to be able to observe and evaluate application of the tool during 
the design process. The integration of the SSDT into the design process is based on experiences with 
the design process of the Thuba Makote schools. By means of expert opinions and the preliminary 
evaluation report of the Thuba Makote schools constraints in the design process are identified. The 
application of the SSDT tries to minimise these problems during the design process.  
 
Conclusion: The applied research method resulted in the development of the SSDT and contributed to 
the appropriateness of the tool to the context of primary and secondary schools in poverty stricken 
areas of South Africa. The application of the tool is described, based on practical cases, but still needs 
to be tested in the design process.  

8.3. Appropriateness of the Tool 
The tool developed in this research has to meet a number of requirements, which were set in section 
1.1.6. These requirements are discussed individually in this section. 

Developing context 
The first criterion was that the tool should be suitable for the application in a developing country. 
Most tools developed in developed countries are aiming at minimizing the environmental impact of 
the buildings and simultaneously achieving a comfortable indoor environment. The SBAT, on the 
other hand, is based on the idea that sustainability is determined by equal interaction between social, 
economic and environmental issues. Because this tool is especially designed for application in 
developing countries, it is chosen to use this tool as a point of departure for the development of the 
SSDT. The SSDT addresses besides environmental aspects, also social and economic aspects of 
school building design. 
 
Conclusion:  The choice of the SBAT as a point of departure ensures the applicability in a developing 
country. 

Integration in pre-design and design phase 
To maximise the impact of the tool, it should be integrated in the pre-design and design phases. From 
the preliminary evaluation of the Thuba Makote Programme could be derived that stakeholders were 
experiencing difficulties with appointing priorities of the project during the brief development. The 
tool anticipates to this problem by stimulation and organisation of priority setting in the pre-design 
phase. The SSDT assists the project leader by creating a uniform understanding of sustainability 
among all stakeholders. Furthermore, by addressing main objectives for the project, it helps to 
formulate and appoints priorities and needs, to come to the goals of each individual school project. 
 
Furthermore, it was experienced that architects had difficulties to translate the priorities and set targets 
for the design of the school, due to a lack of information about relevant design topics. The tool 
anticipates to this problem by translating the priorities into strategies and practical design options. 
Additionally, the tool provides much information about each main objective, strategy and design 
options, illustrated with photos and examples. 
 
Conclusion: The tool is designed to be applied in the design process. It anticipates to the problems 
identified during the design process of the Thuba Makote schools. However, the application of the 
tool during the design phase still needs to be tested. 
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Multifunctional 
Moreover, the tool should be multifunctional to ensure application of the tool in several phases of the 
building life cycle. The SSDT is primarily developed to act as a design support tool during the pre-
design and design phase. Application of the tool in the design phases gives the best results. However, 
the tool can also be applied as an evaluation tool to explore the opportunities and constraints to 
improve the sustainability of schools in South Africa. This can be desirable for governmental 
departments to obtain an impression of the sustainability of the schools and what action should be 
taken to improve the sustainability of schools.  
 
Conclusion: The tool has a multifunctional character. The SSDT is designed to act as design support 
tool during the design process, but can also be used as an evaluation tool. 

Generally applicable  
To ensure that the tool is generally applicable, the SSDT is tested and reviewed by means of several 
case studies. The selection of the case studies is based on several requirements to make the tool 
suitable and applicable to certain areas. The selection of the case studies made the tool suitable and 
applicable to: 

− South Africa  
− Poverty-stricken areas 
− Primary and secondary schools1 

The tool can be used for the design of a new initiative, but also for schools that want to expand their 
facilities. The tool tested and adjusted to rural, as well urban areas. The research area is stretched to 
South Africa but according to the researcher the tool can also be applied in other Southern African 
Countries. Differences will occur with regard to the building regulations and the educational 
curriculum, but the tool can be easily adjusted to these issues.  
 
Conclusion: The tool is generally applicable to primary and secondary schools in poverty stricken 
areas, irrespective rural/urban area or new initiative/refurbishment of a school.  

Practical and user friendly 
To make the tool practical, understandable and user friendly for the architects, the structure of the tool 
is hierarchical, simple and clear. The structure of the SBAT served as the basis for the structure of the 
SSDT. As explained in section 3.5, the SSDT comprehends three goals, namely economic, 
environmental and social sustainability of the school design. Each goal is divided in five main 
objectives, which results in 15 main objectives to achieve sustainability. Each of these main objectives 
is broken down in five strategies, which results in 75 (15 x 5) strategies. These strategies consist of 
one or more practical design options that should be applied in the design of the school. The design 
options are simple, easy to calculate and understandable for architects. Attention is given to make the 
design options practical and understandable, and moreover appropriate to the context of the schools in 
poverty-stricken areas. The tool contains information buttons, to enhance the user friendliness and 
practical application of the tool. These information boxes contain background information about the 
main objective, strategy and design options; formulas when a design rule requires a calculation, and 
photos of the case studies to create ideas and alternative solutions. Where applicable, links to useful 
sources of information and tools are given.  
 
Conclusion: This structure is kept simple and clear, resulting in an easily understandable and practical 
tool. Selection of practical and appropriate design options, supported by the information buttons, 
enhances the practical application of the SSDT. A disadvantage of the tool might be the  extensiveness 
and therefore time consuming.  

 

                                                   
1 Design options for primary and secondary schools are comparable, nevertheless some design options are specific for 
primary or secondary schools, but the tool indicates this differences. 
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Adaptability 
The tool is developed in the software programme Microsoft Excel, and can therefore be easily adapted 
to individual requirements of clients or architects. Space is included in the tool for notes about a 
specific school projects to explain how the design rule is integrated in the design. The SSDT is easily 
adaptable and adjustable to allow users to adapt the SSDT to a specific school or geographical area. It 
also allows the SSDT to grow and change over time when more experience and new information 
becomes available. Little knowledge of the programme is required to use and adapt the tool.  
 
Conclusion: The tool can be easily adapted and adjusted to specific projects of geographical areas. 

8.4. Discussion Outcomes of SSDT  
The outcomes of the tool are used to review whether the tool is measuring correctly. The results do not 
reflect the level of sustainability of all schools in South Africa, since the case studies are not 
representative for the average school in South Africa. 
 
The results of the tool, described in chapter 6, comply with the assumptions made about the schools. 
This gives an indication that the tool is measuring correctly. The Thuba Makote schools score, as 
expected, better on social and economic aspects of sustainability than on the environmental aspects. 
Banareng Primary School was expected to score high on environmental issues, which is indicated by 
outcome of the tool. Furthermore, it was assumed that the standard government design, reflected by 
Phomolong Primary School, would not score high and this is also confirmed by the outcomes of the 
tool.  
 
The Thuba Makote Schools and Maphala Gulube are not representative for all primary and secondary 
schools in poverty-stricken areas, since they are part of a pilot project. During this pilot programme 
relatively much time was spent to the design of the school and new design ideas were implemented. 
Furthermore, the project was especially aiming at establishing a high quality school building. This 
implies that the outcomes cannot be generalised for schools in South Africa, since the quality of the 
school buildings is higher than a average school in South Africa. Banareng Primary School is 
facilitated with classroom blocks built by the government, but this school is a special case and is 
definitely not representative for the average primary school in South Africa. Phomolong Primary 
School is a perfect example of a standard school of the government, but no generalisations can be 
made based on the results of one case study.  
 
Although little can be said about the sustainability of schools in South Africa, the following remarks 
are made with regard to designing primary and secondary schools in poverty-stricken areas in South 
Africa.  
It is obvious that social and economic aspects of sustainability receive more attention in South Africa, 
since the schools are located in poverty-stricken areas. On the other hand, environmental aspects are 
often easily implemented, as long as people are willing to consider them. According to the researcher, 
these aspects are often put aside too easily without careful consideration. Design options and strategies 
do not necessarily increase the costs of the project, and may even decrease operational costs on the 
long term. Additionally, it surprised the researcher that only a minimum amount of the school designs 
were in line with energy conscious design concepts. These concepts should be at the basis of each 
school design, to achieve a comfortable indoor climate and energy efficient buildings based on the 
opportunities of the climate zones. Moreover, Banareng Primary School shows that the level of 
sustainability of the school can be increased after the buildings are built. The school arranged 
additional funds to establish a rainwater harvesting system, composting system, and the landscaping, 
which improved the environmental sustainability of the school. 
 
Conclusion: The tool measured the level of sustainability, as defined in this research, according to the 
assumptions made. Furthermore the SSDT tries to stimulate people to think about certain issues in the 
design of the school, which do not seem obvious at first sight. 
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8.5. Review of the Target Group 
The SSDT is designed to increase the level of sustainability of primary and secondary school designs 
in South Africa. It is designed to address sustainability issues in the early phases of the building life 
cycle, to maximise the impact. The tool also requires full participation of all stakeholders to ensure a 
uniform understanding of sustainability and commitment to the school project. The SSDT is very 
interesting for two actors in the educational sector. Firstly, for project teams of individual private 
projects, and secondly, for the government. 
 
As mentioned before the tool requires a certain level of commitment to sustainability and a level of 
participation by all stakeholders. The tool is therefore especially useful for design teams of individual 
projects, whose objective is to establish a sustainable school project. In such context, the tool can be 
used to its full potential. These initiatives originate often from special projects funded by public or 
private organisations, or foreign sources. For example, the Cape Technikon’s department of 
Architectural Technology initiated a sustainable school project in the Western Cape for the occasion 
of its 10th anniversary (Bruyns, 2003). For such a project, the tool is perfectly suitable, since the 
people are already motivated and determined to build a sustainable school. The CSIR, as a research 
company, can play a role in the distribution of the tool. The CSIR is the largest research company in 
Africa and therefore serves as an important information and consultation centre. They should 
recommend the tool to new initiatives with regard to sustainable schools. Furthermore, the CSIR can 
contribute to further development of the tool. 
 
The function of the tool for the government is twofold. The tool can be very effective for policy 
makers to explore the level of sustainability of South African schools. Thereupon, policies should be 
developed or adjusted to improve the sustainability of the schools. These policies should be based on 
the strengths and weakness of the schools as identified by the SSDT.  
Although the SSDT requires a highly participating approach, it is still a useful instrument for the 
provincial departments that are responsible for the provision of school facilities. Currently the 
provincial department are implementing standard schools designs, which cannot be considered as 
sustainable school designs. The departments should therefore use the tool for the assessment and 
evaluation of their standard designs to improve the sustainability of the school designs. Recently, the 
CSIR has been appointed to review and assess the existing standard classrooms designs of Limpopo 
Department of Education. The departments implement a standard four-classroom block and PIT 
latrines to cope with the backlog of classrooms and toilets. The CSIR is assigned to develop new 
school designs and guidelines that accommodate the changing educational environment.2 This 
initiative indicates the increased willingness of the departments of education to develop proper 
standard designs.  
In case the departments desist from the use of standard designs, and allocate school designing to 
architects, the tool can obtain a more prominent function. The departments can then use the tool as a 
regulation mechanism to determine and monitor sustainability targets with regard to schools. They 
should also create incentives for architects to stimulate the application of the SSDT.   
 
Conclusion: The tool can be used to its full potential by individual projects, which are aiming at 
establishing a sustainable school. Policy makers should use the tool to determine the level of 
sustainability of South African schools and adjust their policies to improve the sustainability. The tool 
is also valuable for provincial departments to evaluate and improve their standard designs.  

                                                   
2 More information: http://www.csir.co.za/akani/2004/jul/05.html  
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8.6. Recommendations for Further Research 
The goal of the research was to develop and test a tool, which translates and integrates the concept of 
sustainability into the design and design process of schools. Because of the limited scope of the 
research, it was not feasible to test the practical application of the tool in a real design process. It is 
therefore recommended to observe and evaluate the application of tool to explore the possible needs 
for adaptation.  
 
The operationalisation of the comprehensive concept of sustainability into practical design options 
was a challenge, but quite successful. However, some of the main objectives need additional research. 
This concerns the economic main objective Efficiency of Use and the social main objective 
Community Centres. 
 
The measurement system applied to determine the level of sustainability is kept simple and is 
developed to give an indication of the level of sustainability. The measurement system is based on the 
idea that each main objective contributes equally to the level of sustainability of the school design. 
When additional research reveals a divergent contribution of main objectives to the level of 
sustainability, a more comprehensive measurement system might be desirable  
 
The SSDT is tested and reviewed by means of case studies that mainly consisted of the Thuba Makote 
schools. These schools were in the construction phase during the fieldwork and are becoming 
operational at the time of writing. The designs of these schools contain some innovative ideas with 
regard to school design, which are also included in the tool. It would be very useful for the 
appropriateness of the tool to evaluate the impacts of these design ideas in practice. The tool should 
then be reviewed with regard to the results of this evaluation. 
  
The SSDT is generally applicable for primary and secondary schools in poverty-stricken areas in 
South Africa. This means that the tool is suitable for each of the climate zones of South Africa. Since 
the climate circumstances are very important when taking into account energy conscious design, it 
might be desirable to adjust the tool for each climate zone. This allows for more specific design 
options with regard to the energy conscious design, which will result in a SSDT for each of the 
climate regions of South Africa. To pursue this subject, it is furthermore very interesting to explore 
the possibilities of the tool across the borders of South Africa. 
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9. Epilogue 
Sustainability and sustainable development are comprehensive concepts, which are often mixed up 
and defined ambiguously. Nevertheless, a consistent difference can be noticed between focus 
definitions of sustainability in developed and developing countries. The focus of sustainability 
definitions in developed countries is on reducing environmental impacts of production, consumption 
and waste generation while maintaining a state of well-being. Developing countries, on the other hand, 
face more socio-economic problems and are therefore aiming at a more holistic approach with regard 
to sustainability. Sustainability is therefore linked to maximising social and economic impact and 
simultaneously minimising the environmental impacts. However, the focus remains mainly on the 
social and economic aspects, while the environmental aspects are a bit neglected. The research tried to 
translate the broad concept of sustainability, including social, economic and environmental aspects, 
into objectives, strategies and finally into measurable and practicable design options. By working with 
the broad definition of sustainability, it was often difficult to set the boundaries and delimit the 
research. 
 
But what is now a sustainable school? 
After one-year research on the topic ‘sustainable schools’, it remains difficult to explain what a 
sustainable school encompasses. A definition of a sustainable school situated in the context of the 
Netherlands is quite simple. A sustainable school is a water & energy efficient school, with integrated 
waste management systems, high quality indoor climate, and built with durable materials (rovers, 
2003). The definition is mainly focussed on the physical characteristics of the school. 
In South Africa, it seems that a sustainable school has a totally different meaning. The school design 
determines the sustainability of the physical output of the school, but it does not necessarily lead to a 
sustainable school. A ‘school’ encompasses more than only the buildings; it consists of the users, 
buildings and learning programme. These aspects together determine the sustainability of the whole 
school (see Figure 9.1). A sustainable school can have very unsustainable buildings, but still be 
sustainable. The design of the buildings or physical environment can be an incentive and a means to 
realise a sustainable school, but it does not ensure a sustainable school. 

A description of Banareng Primary School tries to illustrate this. Banareng Primary School is a school 
in a very poor area of a township in Pretoria. Banareng shows personality and character, the school is 
vibrant and is an environment full of joy and aspiration, the landscaping is beautiful and it seems that 
the school established a culture of care. The local community is involved with the activities taking 
place at the school; they are also taking responsibility for managing and maintaining the buildings and 
gardens at the school. This school reflects sustainability, but the results of the SSDT do not reflect this 
kind of sustainability. This can only mean that the physical environment does not only determine the 
overall sustainability of the school.  

Figure 9.1: A sustainable school 
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Appendix A: Sustainability & Sustainable Development 
A.1. Definitions of Sustainability and Sustainable Development 
In 1971 the Club of Rome published the report “The limits to Growth” in which the Western nations 
expressed their concern for the environment. Industrialisation and exponential growth in resource 
consumption and human population seriously jeopardised the continued existence of a safe, healthy, 
clean and diverse environment (Hattingh, 2002). With the Bruntland-report in 1987 there was change 
in focus noticeable. The first concepts of sustainability were highly associated with the environmental 
degradation of the earth and limiting physical growth. While during the 80s the call for development 
(in particular of the poor) within the physical limits of ecological systems became more important 
(table A-1 gives and historical overview of sustainable development). This resulted in the well-known 
definition of sustainable development: 

 
‘Sustainable development is 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’ (Our Common Future, WCED, 
1987) 

 
This definition implies development that does not consume resources faster than they can be replaced 
by natural processes or technology, combined with a concern for social and economic issues, to ensure 
that human health and natural resources are not compromised (DEAT, 1999).  
 
Although the concepts sustainability and sustainable development have become widespread in recent 
times, there is little indication that a clear global consensus has also emerged about the content, the 
interpretation and the implementation of the concept (Hattingh, 2002). Freeman (2002) also 
acknowledges that sustainable development and sustainability are difficult concepts to pin down, since 
it means different things to different people, depending on where they sit on the political, economic or 
socio spectrum. Freeman (2002) argues that promotion of sustainable development in South Africa 
needs integration of economic development, social justice and ecological sustainability. This indicates 
a tendency that sustainable development is not only addressing the environmental issues, but also 
acknowledge the importance of social and economic issues. This is especially important for 
developing countries, since they have to overcome social and economic problems, and simultaneously 
concentrate on the environmental issues.  
 
There are many definitions and attempts to define sustainability, but according to Hart (2004) it all 
comes down to three issues. Firstly, people have to live within limits. Secondly, acknowledgement of 
the interrelations between environment, economy and society. And thirdly, resources and 
opportunities should be equitable distributed. 
 
The definition used it this research is derived from Agenda 21 SCDC (2002) and Gibberd (2003): 
‘Sustainability can be seen as a state in which humankind is living within the carrying capacity of the 
earth’. A kind of ideal state where people, planet and prosperity find a balance. Currently the earth is 
not in such a state, too many resources are used and inequality is still an issue. Sustainable 
Development is than the ‘process of maintaining a dynamic balance between the demands of people 
for equity, prosperity and quality of life and what is ecological possible’ to achieve a state of 
sustainability (Du Plessis, 2002).  
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A.2. Measuring Sustainability and Sustainable Development 
Universally there are at least three systems indicated which are important in terms of sustainable 
development: economic system, social system, and environmental system, which are interrelated and 
interdependent (upper picture of figure A-1. Sustainable development takes place when there is an 
equal interaction between the three dimensions.  
 
While revising the literature on measuring 
sustainable development or sustainability, several 
frameworks can be identified. Most frameworks 
identify at least three dimensions of sustainability; 
an economic dimension, a social dimension, and an 
environmental dimension. In the framework, 
developed by the UN1, four dimensions of 
sustainable development are used, translated into 
social, economical, environmental and institutional 
indicators to measure sustainable development 
(UN, 2001). The institutional indicators indicate 
availability of an appropriate ‘institutional 
framework’ (legal and policy instruments), which 
should encourage and implement sustainable 
development. They also examine the ‘institutional 
capacity’ (communication infrastructure; science 
and technology; disaster preparedness), which 
should enhance planning, implementation and 
monitoring of sustainable development (UN, 2001).   
The framework used by the UN is visualised in the 
left picture in the middle. The complete framework 
can be found in table A-2 at the end of this 
Appendix. 
 
In the framework of Repetto (Pronk, 2002) once 
again four dimensions are distinguished, namely the 
social, economical and environmental dimensions 
and additionally a technological dimension of 
sustainable development is proposed.  Pronk (2002) 
translated these technology aspects in material 
durability, adaptability, disaster resistance, local 
buildings materials, foreign technology, and 
maintainability. 
 
However the Bruntland-report does not see 
technology and institutions as dimensions of 
sustainable development; but as limitations to 
sustainable development which are imposed by the 
‘state of technology’ and ‘social organisation’ (Hattingh, 2002). This is also acknowledged by Du 
Plessis (2002), who argues that there are only three basic dimensions of sustainable development, 
social, environmental and economic dimensions. But besides these three basic dimensions, there are 
also three stimulating factors, namely Institutions, Technology & Infrastructure, and Values (see 
lowest picture in figure A-1). The three stimulators (the arrows) can accelerate or decelerate the 
process of sustainable development. 
                                                   
1 UN Department of Economic and Social Affairs; Division of Sustainable Development: http://www.un.org/esa/sustdev/ 

Institutions Technology 

Figure A-1: Dimensions of sustainable development 
Sources: www.sustainablemeasures.com   

www.sustainablesettlements.co.za 
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These stimulating systems can stimulate, but also limit the process of sustainable development. Value 
systems are ways of thinking and behaving of people. Success of sustainable development eventually 
depends on the decisions made by people and groups of people. These values systems can stem from 
religion, cultural background, societal values and morals.  
Institutions are organisations like governmental departments, financial institutions, research 
institutions, and educational institutions. The institutions should have an understanding of sustainable 
development, translate this into policies and legislation, and have the organisational capacity for the 
implementation. The institutions can become the driving force behind sustainable development. 
Infrastructure refers to the basic physical and organisational structures for transportation, education, 
health, energy, which is required for the operation of a society. Technological enablers can be divided 
in hardware (machinery, industrial processes, materials, equipment, etc), software (tools to support 
decision making, monitoring and evaluation) and know-how (knowledge and experience).   
Technology stimulators can become successful when technology transfer and management are 
present, as well as access to technologies. This again, requires the presence of well-functioning 
institutions (Plessis, 2002) 
 
Descriptions of sustainable economic system, environmental system and social systems are as follows: 
 
Economic System (prosperity) 
An economic sustainable state can be described as ‘Responsive systems and technology that are able 
to accommodate change and ensure that limited resources are used and maintained as efficiently and 
effectively as possible to provide for the needs of existing and future populations without damaging 
the biophysical environment’ (Gibberd, 2003). Keywords and goals of sustainable economic 
development are fair sharing of finite resources; viable business; profits for all; employment; 
efficiency and effectiveness.   
 
Environmental System (planet) 
An environmental sustainable state can be described as ‘Strong, robust, biophysical systems that are 
able to provide resources and conditions necessary for existing and future populations on an ongoing 
and steady basis’ (Gibberd, 2003). Keywords and goals of sustainable environmental development are 
protection of the physical environment; balanced use of resources; biodiversity; waste management; 
minimise use of non-renewable resources (reduce, reuse, recycle), and promote environmental 
awareness in all sectors of society. 
 
Social system (people) 
An social sustainable state can be described as ‘Safe, happy, healthy, cohesive, fulfilled, societies that 
have organisational structures and are able to develop innovative solutions, which enable them to 
share limited resources equitably in ways that enable all existing and future population needs are met’ 
(Gibberd, 2003). Keywords and goals with regard to sustainable social development are self-
actualisation acceptable quality of life; access to resources, education, health, safety, and participation.  
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Year Event Results 

1972 United Nations (UN) Conference on the 
Human Environment (Stockholm) 

Led to the establishment of the United Nations 
Environment Programme (UNEP) 

1972 The Club of Rome published the Limits to 
Growth 

Prediction that if present growth trends continue, the 
environmental limits to growth will be reached within 100 
years. 

1974 

UNEP and the United Nations Conference on 
Trade and Development held a seminar on 
Patterns of Resource Use, Environment and 
Development Strategies. 

International debate on the relationship between economic 
growth and the natural resource base. 

1980 

International Union for the Conservation of 
Nature (IUCN), World Wildlife Fund 
(WWF) nd the UN Environment Programme 
(UNEP) produced the World Conservation 
Strategy. 

First global attempt to link environment and development. 
The phrase “sustainable development” is brought into the 
international debate. 

1987 WCED (Brundtland Commission) produced 
the report entitled Our Common Future. 

A widespread and politically acceptable definition of 
sustainable development is produced.  

1992 UN Conference on Environment and 
Development – Rio Earth Summit 

Production of the Rio Declaration, Agenda 21 and 
framework conventions on desertification, biodiversity 
and climate change.  

1993 World Conference on Human Rights  Promotion and protection of human rights. 

1994 Conference on Population and Development 
The programme of action developed relates to, inter alia, 
population growth, gender equity, migration and 
education. 

1995 World Summit for Social Development 
Commitment to the goals of eradicating poverty, social 
integration, equality, access to education and accelerating 
the social, economic and resource development of Africa. 

1995 World Conference on Women Beijing Declaration outlining women’s rights to sustainable 
development 

1996 Un Conference on Human Settlements 
(Habitat II) 

Production of the Habitat Agenda. Two major themes 
highlighted: adequate shelter for all and sustainable 
human settlement development.  

1997 Earth Summit +5 Special session of the UN General Assembly to review 
and appraise the implementation of Agenda 21. 

2001 Habitat +5 Special session of the UN General Assembly to review the 
implementation of the Habitat Agenda 

2002 World Summit on Sustainable Development The ten-year review of Agenda 21; the Summit had a 
strong poverty focus.  

 
Table A-1: Historical overview Sustainable Development 
Source: www.sustainablesettlements.co.za 
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SOCIAL 

Theme Sub-theme Indicator 
Percent of Population Living below Poverty Line  
Gini Index of Income Inequality  Poverty  
Unemployment Rate  Equity  

Gender Equality  Ratio of Average Female Wage to Male Wage  
Nutritional Status  Nutritional Status of Children  

Mortality Rate Under 5 Years Old  Mortality  Life Expectancy at Birth  
Sanitation  Percent of Population with Adequate Sewage Disposal Facilities  
Drinking Water  Population with Access to Safe Drinking Water  

Percent of Population with Access to Primary Health Care Facilities  
Immunization Against Infectious Childhood Diseases  

Health 

Healthcare Delivery  
Contraceptive Prevalence Rate  
Children Reaching Grade 5 of Primary Education  Education Level  Adult Secondary Education Achievement Level  Education   

Literacy  Adult Literacy Rate  
Housing Living Conditions  Floor Area per Person  
Security  Crime  Number of Recorded Crimes per 100,000 Population  

Population Growth Rate  Population  Population Change  Population of Urban Formal and Informal Settlements  

ENVIRONMENTAL 
Theme Sub-theme Indicator 

Climate Change  Emissions of Greenhouse Gases  
Ozone Layer Depletion  Consumption of Ozone Depleting Substances    Atmosphere  
Air Quality  Ambient Concentration of Air Pollutants in Urban Areas  

Arable and Permanent Crop Land Area  
Use of Fertilizers   Agriculture   
Use of Agricultural Pesticides  
Forest Area as a Percent of Land Area  Forests  Wood Harvesting Intensity  

Desertification   Land Affected by Desertification  

  Land  

Urbanization  Area of Urban Formal and Informal Settlements  
Algae Concentration in Coastal Waters  Coastal Zone  Percent of Total Population Living in Coastal Areas  Oceans, Seas and Coasts  

Fisheries  Annual Catch by Major Species  

Water Quantity  Annual Withdrawal of Ground and Surface Water as a Percent of Total 
Available Water  
BOD in Water Bodies    Fresh Water   

Water Quality  Concentration of Faecal Coliform in Freshwater  
Area of Selected Key Ecosystems  Ecosystem  Protected Area as a % of Total Area   Biodiversity  

Species  Abundance of Selected Key Species  

ECONOMIC 
Theme Sub-theme Indicator 

GDP per Capita  
Economic Performance  

Investment Share in GDP  
Trade  Balance of Trade in Goods and Services  

Debt to GNP Ratio  
  Economic Structure  

Financial Status  Total ODA Given or Received as a Percent of GNP  
Material Consumption  Intensity of Material Use  

Annual Energy Consumption per Capita  
Share of Consumption of Renewable Energy Resources  Energy Use  
Intensity of Energy Use  
Generation of Industrial and Municipal Solid Waste  
Generation of Hazardous Waste  
Generation of Radioactive Waste  Waste Generation and Management  

Waste Recycling and Reuse  

  Consumption and 
Production Patterns  

Transportation  Distance Traveled per Capita by Mode of Transport. 

INSTITUTIONAL 
Theme Sub-theme Indicator 

Strategic Implementation of SD  National Sustainable Development Strategy   Institutional Framework 
International Cooperation  Implementation of Ratified Global Agreements  
Information Access  Number of Internet Subscribers per 1000 Inhabitants  
Communication Infrastructure  Main Telephone Lines per 1000 Inhabitants  
Science and Technology  Expenditure on Research and Development as a Percent of GDP  Institutional Capacity  

Disaster Preparedness and Response  Economic and Human Loss Due to Natural Disasters  
Table A-2: UN framework for Sustainability, 2002 www.un.org/esa/susdev/ 
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Appendix B: Sustainable Buildings & Construction 
B.1. Sustainable construction sector 
Development of a society can be divided into phases: agricultural society, industrial society and the 
information society (or service society). Construction activity and construction share of the GNP is 
quite different in each phase (see figure B-1). This picture shows that the volume construction sector 
in developing countries, which are on their why to an industrial society, will grow. When a society 
reach the status of an industrial society and transforms into an information society, the demand for 
construction works will decrease, but the focus is more on renovation and maintenance.  Because of 
the large demand on the construction sector in developing countries it is of importance that the 
construction sector will contribute to sustainable development, to prevent and minimise the negative 
impact of the construction industry on the environment (Milford, 1998).  
 

The construction sector can play an important role in the process of sustainable development. The 
built environment not only consumes 40-50% of the total energy generated, it is also one of the largest 
employer in the economy (Agenda 21 SCDC, 2002). Though, creating a sustainable build 
environment in a developing country asks for a different approach than a developed country. The 
social and economic impact of the construction sector in a developing country is considerable. The 
build environment constitute more than half of the total national capital investment, and construction 
represents more or less 10% of GNP’ (Agenda 21 for SCDC). Small and local business are created 
and involved in the construction sector, which lead to local economic development of areas. Since the 
construction sector is a large employer in an economy it can play a major role in human development 
and improving quality of life of the poor. Although social and economic issues of sustainable 
development in developing countries are dominant, the environmental issues cannot be ignored 
completely. A balance between social, economic and environmental issues must be found to create a 
sustainable construction sector. Sustainable construction is therefore defined by Agenda 21 SCDC as 
follows:  

 
‘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’(Agenda 21 SCDC, 2002). 

Figure B-1: Construction share of GNP with changing societies 
Source: Milford, 1998 
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B.2. Sustainable Buildings 
To arrive at a definition of sustainable buildings, this 
section will start with four focus areas of sustainable 
building ‘The African Way’. According to the Novem and 
iiSBE the African way of sustainable building consists of 
four actions (see figure B-2): 

1. Use no more than you need 
2. Respect life and all relationships between species 
3. People should take good care of nature 
4. Respect others to create peace and prosperity 

 
 
Sustainable building in the Western context is often 
described as construction and use of buildings and the 
built environment, such that damage of the environment is restricted during all phases of the life cycle 
(Stofberg, 2003). Sustainable buildings aim to minimise negative environmental impacts of buildings 
while ensuring that these provide comfortable and healthy indoor environments. Sustainable building 
in developing countries is based on surviving and how they organise their economies and policies in 
order to create space for increased welfare (Rovers, 2001).  
 
Rovers (2001) gives the following definition of sustainable buildings. He distinguishes three levels of 
sustainable buildings, as can be seen in figure B-3: 

1. Environmentally aware building 
2. Sustainable building 
3. Sustainable living 

 
Environmentally Aware Building is the ‘core 
business’ to reduce environmental impact and 
climate change directly related to building activities. 
This contains reduction of energy use, water use and 
material use (including waste). Sustainable Building 
includes everything related to buildings and their 
environment; e.g. flora & fauna, urban design, social 
environment. Building in an environmentally sound 
way requires a healthy building. The third level is 
Sustainable Living, which is concerned with 
incorporating the built environment in our life to 
ensure a sustainable lifestyle. This will results in 
sustainable sound e.g. economy, policies, behaviour 
to increase the general welfare in the future. 
 
This definition implies that sustainable building not only requires a change in the construction sector, 
but that a change in total behaviour of the population is important too. Building a sustainable built 
environment is one thing, using the built environment sustainable is a second issue. 
 
The definition for sustainable buildings and construction in the context of South Africa should contain 
the concepts social, economic and environmental sustainability, to stay in line with the definition of 
sustainability given earlier. Brand (2003) describes sustainable building as the development of 
architectural solutions, which reflect a balance between a minimal environmental impact, optimal 
cost-quality relation and social support. The definition of Gibberd (2003) also includes these concepts 
of sustainability, but he adds an extra dimension to sustainable buildings and construction, by stating 

Figure B-2: African way of sustainable building 
Source: http://www.iisbe.org/ 

of sustainable 
building

1.Use no more than you need (sufficiency).

2.Respect life and all relationships between species 
(spirituality).

3.Nature cannot be owned,but man should take good
care of it.    (stewardship).

4.Without respect and attention to others there can 
be no peace and prosperity    (social responsibility).

iiSBE

energywater

materials

Environmen-
tally sound 
building

flora and 
fauna

social 
environment

transport

urban
designeconomy

welfare

sustainable building

sustainable living

policy

science

religion
air 
quality

Figure B-3: Sustainable Building  
Source: Rovers, 2001 
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that sustainable buildings and construction can also support sustainable systems around them. For 
example, the development/construction of a sustainable building can also support and strengthen the 
development of the local economy or the involved community, which supports sustainability at a 
larger scale. 
 
The definition used in this research for sustainable buildings is derived from the definition of 
sustainable buildings and construction formulated by Gibberd (2003) and is therefore as follows: 
 

Sustainable buildings maximises beneficial social and economic impact while minimising 
negative environmental impact. Sustainable buildings do not only develop and maintain systems 
that support sustainability within the buildings themselves; they also support development of 
more sustainable systems (economic, social, and environmental) around them (Gibberd, 2003).  

B.3. Sustainable Schools 
Similar to defining the concepts sustainability and sustainable building, defining a ‘sustainable school’ 
also lead to differences between the developed countries and developing countries. Sustainable 
schools in the Western world are often indicated with ‘high performance’, ‘green’ or ‘environmental 
friendly’2 which indicates again that a sustainable school aims to minimise negative environmental 
impacts of buildings while ensuring that these provide comfortable and healthy indoor environments. 
 
Dierkx (2002) developed several school models in the context of a developing country, namely 
Kenya.  These models are the Sustainable School Model and the Community School Model.  
 
‘The Sustainable School Model focuses on the provision of safe, healthy, and environment-inclusive 
places for education, the cycle of life and the whole learning processes, which are integrated with the 
simultaneous development of sustainable communities’ (Dierkx, 2002, p156). The model aims at 
integrating the physical and natural environment with the learning program and on the other hand it 
aims at development of social and sustainable communities.  To establish such schools a ‘grass-roots’ 
or community-driven approach is required.  This approach will ensure that communities become self-
reliant, empowered and less dependent on external organisations. Dierkx (2002) states that the 
development of a sustainable school asks for a comprehensive approach in which not only bio-
climatic design techniques and other sustainable technologies are included in the design of a school, 
but the design will also strengthening social, economic, cultural and environmental aspects.  
 
‘The Community School Model focuses on creating strong links amidst schools & communities, 
sustainable & social community schools and sustainable development at large’. This model 
acknowledges a participative planning, design and development process of the school. Principles to 
sustainable community schools can be structured under community governing, community learning, 
community management and community planning & design. 
 
A community can be described as a group of people who live and interact within a specific geographic 
area (Hart, 2004). A community arises when shared interactions take place among the people in this 
area. These interactions are economic transactions (buying and selling products and services); social 
relationships (friends, neighbours, cooperating) and environmental interdependence (common 
resources e.g. forests, farmlands).  A sustainable community is then a community, which maintains 
it’s built, natural, and social capital in order to continually improve the quality of life of all its 
inhabitants (Hart, 2004). A sustainable school community in the context of this research is a 
community, which manages and maintains the school in order to continually improve the quality of 
education and stimulates community development. 
 

                                                   
2 http://www.sustainableschools.dgs.ca.gov/SustainableSchools/introduction.html 
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Searching for a definition for a sustainable school is thus not as easy as it seems in the first place. It is 
highly complex since the sustainable school buildings cannot be viewed independent from their social 
and economic environment. A building can be classified as very sustainable, but when the users do not 
understand how to use and maintain (or sustain) the building, the aim of integrating sustainability in 
the building is not accomplished. A sustainable school can therefore be broken down into three 
determinants, namely the physical environment (buildings), the users (learners, staff, community) and 
the learning programme. This research is delimited to the physical environment and the definition of 
sustainable school can be derived from the definition given for sustainable buildings and construction 
as defined earlier.  

 
A sustainable school maximises beneficial social and economic impact while minimising 
negative environmental impact. The design should not only include bio-climatic design 
techniques and other sustainable technologies, but the design should also strengthen social3, 
economic4, cultural and environmental5 systems.  

 
In the context of the schools one should think of development of the local economy during the 
construction process by employing local contractors and provide unskilled construction workers with 
on the job training. Or one can think of the development of the management and maintenance skills of 
the community since they are the responsible people for the operation of the school, through the SGB. 
Or one can think of development of SMME’s (Small, Medium, and Micro Enterprises) by providing 
the facilities at the school and business skills training during the project for these businesses. Or an 
environmental friendly building can contribute to the development of a learning programme, by 
maximising the impact of the physical and natural environment on learning. 
 

                                                   
3 Examples of strengthening social system: community management and maintenance of the school; community learning. 
4 Examples of strengthening economical system: developing partnerships, taking into account the opportunities for local economy 
5 Example of strengthening environmental system: maximise impact of the physical and natural environment on the development of eco-
learning programme 
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Appendix C: Introducing South Africa 
C.1. Introduction 
In 1652, the first European settles landed on the Cape of Good Hope. These settlers were from Dutch 
origin and established a colony consisting of 15.000 at the end of the 18th century. After the British 
seized the Cape of Good Hope area in 1806, many of the Dutch settlers (Boers or Afrikaners) went 
north on the Great Trek, to establish their own republics. The discovery of diamonds (1867) and gold 
(1886) in the Afrikaner republics, spurred wealth and immigration and intensified the oppression of 
the native inhabitants. The Boers resisted British encroachments, but were defeated in the Boer War 
(1899-1902). This resulted in the establishment of the Union of South Africa in 1910. The Union 
operated under a policy of Apartheid- the separate development of the races. Economically South 
Africa became more isolated from the rest of the world in the 80s, which changed in 1990 when FW 
de Klerk became president. De Klerk abolished the pass laws and the political parties were legalized.  
In 1994, the first free and democratic elections took place, which resulted in the appointment of 
Nelson Mandela as the president of the Republic of South Africa. In 1999, Thabo Mbeki became 
South Africa’s second democratically elected president. The republic consists of a central government, 
with nine provincial departments.  

C.2. Geography 
The Republic of South Africa is located at the 
southern tip of the continent of Africa, as can be 
seen in figure C-1. It stretches from 22 0S to 35 0S 
latitude and from 17 0E to 33 0E longitude. Border 
countries are Namibia, Botswana, Zimbabwe, 
Mozambique and Swaziland. South Africa is 
enclosing Lesotho. The country surrounds 
1.1219.912 sq kilometer, which is 32 times the 
Netherlands. 

C.3. Demography 
The total population is over 42 million and the 
annual population growth rate is –0.25%. Life 
expectancy at birth is 46 years (UIS, 2004)6. An 
estimation gives and HIV/AIDS adult prevalence 
rate of 20.1%. The age structure is as follows 
(CIA, 2004)7: 

0-14 years: 29.5%  
15-64 years: 65.3% 
 >65 years: 5.2% 

There are several ethnic groups in South Africa. 
The black population represents 75.2%, white population 13.6%, colored 8.6% and Indian 2.6%. 
There are 68% Christian people, 2% Muslim, 1.5% Hindu and 28% indigenous beliefs. South Africa 
has 11 official languages, namely Afrikaans, English, Ndebele, Pedi, Sotho, Swazi, Tsonga, Tswana, 
Venda, Xhosa, and Zulu. 

                                                   
6 http://www.uis.unesco.org 
7 http://www.odci.gov/cia/publications/factbook/prints/sf.html  
 

Figure C-1: Map of South Africa 
Source: http://www.southafrica.info 
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C.4. Economy 
South Africa is a middle-income country, an emerging market with an abundant supply of natural 
resources. The financial, legal, communications, energy and transport sectors are well developed. The 
stock exchange ranks among the ten largest in the world, and a modern infrastructure supports an 
efficient distribution of goods to major urban centres throughout the region. However, growth has not 
been strong enough to decrease South Africa’s high unemployment rate; and discouraging economic 
problems remain from the apartheid era, especially poverty and lack of economic empowerment 
among the disadvantaged groups. High crime rates and HIV/AIDS infection rates also deter 
investment. South African economic policy is fiscally conservative, but pragmatic, focussing on 
targeting inflation and liberalising trade as means to increase job growth and household income (CIA, 
2004).  

General Economic indicators: 
GDP:  US$ 456.7 billion (2003 est.) 
GDP/head:  US$ 10.700 (2003 est.) 
Population below poverty line: 50% 
Unemployment: 37% (2001 est.) 
Labour force by occupation: agriculture: 30%, industry 25%, services 45% (1999 est.) 

C.5. Education 
Superior education system primarily served racial minority until 1990s. The South African 
government sees investment in education as the most important long-term investment. ‘Education is 
not only pivotal to economic prosperity but it also plays a crucial role in enabling South Africans to 
improve the quality of their lives and contribute to a peaceful, productive and democratic nation’ 
(South Africa Yearbook 2001/02). The expenditures on education rose in the period after the 
Apartheid regime from R31,8 billion (1994) to R51,1 billion(2000), this is almost 6% of the GDP of 
South Africa and one of the highest rate of educational investment in the world. For an extensive 
description of educational policies and regulation of the South African Government the researcher will 
refer to their Internet homepage: http://www.info.gov.za/yearbook/2004/education.htm. This Internet 
page contains all information with regard to education in South Africa. 
 
Literacy rates of people older than 15 years: 
 Male:  86.7% 
 Female: 85.3%  
 
Enrolment figures are very high as can be derived from table C-1    

Indicator Gross Enrolment ratio. Primary and Secondary combined. Both Sexes 

Year 1998/1999 1999/2000 2000/2001 2001/2002 
Ratio 105** 103 97 97** 

Indicator Gross Enrolment ratio. Primary and Secondary combined. Male 

Year 1998/1999 1999/2000 2000/2001 2001/2002 
Ratio 103* 102 97 97** 

Indicator Gross Enrolment ratio. Primary and Secondary combined. Female 

Year 1998/1999 1999/2000 2000/2001 2001/2002 
Ratio 106* 104 97 98** 

Indicator Gender Parity Index for GER. Primary and Secondary combined 

Year 1998/1999 1999/2000 2000/2001 2001/2002 
Ratio 1.02* 1.02 1 1.01** 
Definitions: Gross Enrolment ratio: Number of pupils enrolled in the given level of education, regardless of 
age, expressed as a percentage of the population in the relevant official age-group 
Gender Parity Index: Ratio of female to male values of a given indicator 
Notes: * National Estimation; ** UIS Estimation 
Source: UIS, 2004, http://www.uis.unesco.org 
Table C-1: Enrolment figures 
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The following data is derived from the School Register of Needs8. This report presents changes over 
the period 1996 to 2000 with regard to educational issues of primary and secondary schools in South 
Africa. 
 

In 1996 there were 26 734 
ordinary schools, compared to 
27 148 in 2000, which is an 
increase of 414 schools. Primary 
schools form the largest 
proportion of schools. Almost 
62% were primary schools in 
2000. In 2000, 17.5% of all 
schools were combined schools 
in 2000 and 20.3% of schools 
were secondary schools.  
 
Fortunately, there has been a 
decline in the number of platoon 
schools (where one school uses 
another school’s buildings) from 

1 198 to 1 023, which is a decrease of 14%. The number of learners decreased by 2.3% in the period 
of 1996-2000. The number of educators increased slightly with 1.3%. The group of educators paid by 
the SGB increased with 5%, which indicates that the SGB’s become more actively involved in the 
school management. The average learner: educator ratio remained unchanged during the period 1996-
2000 and is 32:1, although some changes were noticed in some provinces. Since 1996, the decline in 
enrolment of 2.3% and educator numbers of 1.3% has contributed to the stability of this ratio. 
Generally, the lower the learner: educator the better the learning and teaching opportunities at schools. 
On average, primary schools (33:1) were reported to have a higher learner: educator ratio than 
secondary schools (31:1). 
There was an enormous increase in the number of classrooms in the period 1996-2000. Almost 31 
thousand classrooms were built during this period resulting in less overcrowding at schools. 
However there has been a decline in the number of schools that had buildings in excellent and good 
condition. A decrease of more than 50% (1996: 11003 and in 2000 only 5.078 school reported 
excellent and good condition. Simultaneously, there was an increase in the number of school that 
reported weak and very weak building (1996: 4377 and in 2000: 9375 schools reporting their 
buildings in weak and very weak conditions. 
Significant improvements were reported with regard to the provision of basic facilities such as 
sanitation, telecommunication, water provision, and power supply. This is summarized in table C-2 
 

Basic Facilities Indicator 1996 2000 Change 
% of learners without toilet facilities 55% 16.6% 
Learner: toilet ratio 41:1 35:1 

- 38% Sanitation 

Note: 15% of the toilets were not working 
Telecommunications Access to telecommunication 40% 65% + 25% 
Power Supply Number of school supplied with power 41.8% 57.1% + 15,3 

% of schools that has access to computers for non teaching 24.4% 30% + 5% 
% of schools that has access to computers for teaching 8.7% 12.3% + 5% 
Ratio learners: computers for learning 725:1 164:1  + 440% 

Resources 

Note: provincial variations are enormously 
Table C-2: Basic facilities in Schools 

 

                                                   
8 www.pwv.gov.za 

Figure C-2: Number of Schools by Province 
Source: DoE, 2000 
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In 2000, the School Register of Needs also assessed criminal incidents and security provision at 
schools. The Free State reported the lowest criminal incidents at schools (20,5%), while Gauteng 
reported the highest numbers (55.6%), followed by Western Cape (49.3%) and Northern Cape 
(41.3%). The criminal incidents were mostly burglary, 29,5% of schools nationwide reported 1-5 
burglaries. Only 18,2% of the schools have security guards and 5,9% had not suffered any burglaries. 
Table C-3 shows criminal incidents by province. 
 

 

C.6. South African Climate 
The South African climate is well known for its sunshine and warmth. The climate is generally 
described as: mostly semi arid; subtropical along east coast; sunny days, cool nights. But this does not 
cover the variety of the climates present in South Africa. Climate regions are indicated in table F.1 and 
figure F.1. Each climate region has its implications for design of the buildings. It is therefore 
recommendable to study the climatic circumstances carefully before designing the buildings. The 
books of Holm (1996) and Holm and Viljoen (1996) are providing extensive data about each climatic 
region separately, with corresponding design recommendations. 
 

Temperature (ave daily) Climatic region Rainfall (per year) 
Min 0C Max 0C 

Mediterranean From 250mm up to 
3000mm 

6 28 

Little and Great Karoo Less than 250mm 5 32 
Desert and poor steppe 50mm to 250mm 3 35 
Southern and Northern Steppe 250mm to 500mm 0 30-33 
South-eastern coastal region 500mm to 1250mm 8 28 
Sub-Tropical regions 760mm to more 1250mm  9 28 
Drakensbergen region  680mm to more than 

1900mm 
3 27 

Transvaal Lowveld 600mm to 700mm 8 30 
Highveld 650mm to 900 0 27 
Table C-4: Climatic regions, temperature and rainfall 
Source: Holm, 1996 

Table C-3: Crime figures for all provinces 
Source: DoE, 2000 



 
Appendix C: Introducing South Africa 

 
87

 
 

 
 
 
 
 
 
 
 
 
 

 
Figure C-3: Climate regions of Southern Africa 
Source: Holm, 1998 
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Appendix D: Case Studies 
The research included twelve schools. Nine schools are part of the Thuba Makote Programme (TMP)9. 
This programme started in January 2002 and most schools became operational and are handed over to 
the school management and the provincial departments during the first half of 2004. Maphala Gulube 
is pilot project of the CSIR executed in 2001. Banareng Primary School and Phomolong Primary 
School are existing schools. Basic information about the schools can be found in table D-1 and the 
geographic location of the schools can be found in figure D-2. 
 
Banareng Primary School 
Atteridgeville Township, Pretoria  
Gauteng Province 
Corner Tsele & Tsitoe Streets  
Principal: Mrs P. Sithole 

 

Masibambane Secondary School (TMP) 
Bloekombos, Kraaifontein, Cape Town 
Western Cape province 
Principal: Mr. R. Naidoo 
Contact CSIR: Mr. Patel 

 
Boitumelo Secondary School (TMP) 
Meqheleng, Ficksburg, Thabo Mofutsanyane 
Free State Province 
Principal: M.C. Makhalemele 
Contact CSIR: Mrs. L. Rosenzweig 

 

Mogale City Secondary School (TMP) 
Ga-Mogale Township, Magaliesburg  
Gauteng Province 
There is no principal appointed yet 
Contact CSIR: Mrs. S.Sebake 

 
Dirang Ka Natla Primary School (TMP) 
Stillfontein X8, Klerksdorp  
North West Province  
Principal: Mr Sephai 
Contact CSIR: Mrs. S.Sebake 

 

Phomolong Primary School 
Phomolong City, Kempton Park, Johannesburg 
Gauteng Province 

 

Jacob Mdluli Secondary School (TMP) 
Makoko District, Kabokweni, Nelspruit 
Mpumalanga Province 
Principal: Mr. P. Dumisa 
Contact CSIR: Mr. Patel 

 

Reiapela Primary School (TMP) 
Bankara Bodulong, Kuruman,  
Northern Cape Province 
Principal: Mrs. Balepile 
Contact CSIR: Mr. Patel 

 
Muzi Thusi Primary School (TMP) 
Edendale, Pietermaritzburg,  
KwaZuluNatal Province 
Principal: Mrs. O.Kunene 
Contact CSIR: Mrs. L. Rosenzweig 

 

Thulani Primary School (TMP) 
Mkhuhlu district, Bushbuckridge 
Limpopo Province 
Principal: Mr. S.Theledi 
Contact CSIR: Mr. Patel 
 

Maphala Gulube Primary School 
Erf No. 15904, eMbalenhle, Secunda 
Mpumalanga Province 
Principal: Mrs TC Thela 
Contact CSIR: Mr. J. Gibberd, Mr. K.Patel 

 

Zinyosini Secondary School (TMP) 
Ntabankulu district,  
Eastern Cape 
Principal: Mr. L.Jijana 
Contact CSIR: Mrs. L. Rosenzweig 

 
Table D-1: Basic information of the case studies 

 
 

 

                                                   
9More information about the Thuba Makote Schools see: http://buildnet.csir.co.za/Thubamakote/index.htm 
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Appendix E: Existing Building Assessment Tools 
There are many environmental building assessment tools widely available. A brief selection is made 
here to indicate the focus of each instrument. This appendix gives a brief description of following 
tools; BREEAM (UK), LEED (US), GBTool (Canada), DCBA (The Netherlands), and SBAT (South 
Africa). 

E.1. BREEAM10  
The assessment method BREEAM is developed by BRE in 1990. BREEAM is an abbreviation for 
Building Research Establishment Environmental Assessment Method. BREEAM allows owners, users 
and designers of buildings to review and improve environmental performance throughout the life of a 
building11. The method is successful in the UK and it is estimated that 25-30% of the new office 
buildings used the rating system. The method is available for offices, homes, industrial units and retail 
units. The main goal of the BREEAM is to provide a tool to stimulate market demand for green 
buildings by providing information on environmental performance (Ewijk & Kortman, 2002). The 
BREEAM covers a range of environmental issues to assess the environmental performance of both 
new and existing buildings. The method aims to minimise negative environmental impacts of 
buildings while ensuring that these provide comfortable and healthy indoor environments (Gbberd, 
2003) 
The BREEM assessment areas are: 

− Management (building management, flexibility and adaptability, functionality, maintainability) 
− Energy Use (operating energy, embodied energy) 
− Health and Well-being (indoor air quality, thermal comfort, illumination and day lighting, acoustics and noise) 
− Pollution (operating atmospheric emissions, solid and liquid waste) 
− Transport (transport-related CO2 and location-related factors) 
− Land Use (impact on site and adjacent area) 
− Ecology (ecological value conservation and enhancement of the site) 
− Materials (material consumption, re-use and recycling, embodied) 
− Water (water consumption and efficiency) 

E.2. LEED12 
The first version of LEED (Leadership in Energy and Environmental Design) is developed by the US 
Green Building Council and dates from 1993. The instrument has been updated constantly and can be 
downloaded freely from the Internet. LEED is a voluntary, consensus-based national standard for 
developing high-performance, sustainable buildings. The instrument is developed to define ‘green 
buildings’, promote integrated design practices, stimulate green competition, transform the building 
market, and raise consumer awareness. LEED provides a standard that improves the environmental 
performance of commercial buildings and can be use as a guide for green and sustainable design. The 
objective of the tool is similar to BREEM, namely to minimise environmental impact while achieving 
comfortable and healthy environments. 
The LEED assessment areas are: 

− Sustainable Sites 
− Water efficiency 
− Energy and Atmosphere 
− Materials and Resources 
− Indoor Environmental Quality 
− Innovation & Design Process 

 

                                                   
10 More information about BREEAM: http://products.bre.co.uk/breeam/index.html 
11 http://www.sbis.info/database/dbsearch/mtoolssearch.jsp 
12 More information about LEED: http://www.usgbc.org/leed/leed_main.asp 
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E.3. GBTool13 
The GBTool (Green Building Tool) is developed as part of the Green Building Challenge ’98 
Conference and is funded by the International Initiative for Sustainable Built Environment. The tool 
has been developed to assess the environmental performance of buildings. The tool is applicable to a 
range of regional conditions. It is mainly used by national teams of the International Framework 
Committee of the Green Buildings Challenge, to assess building and their country and use the results 
for conferences (Gibberd, 2003). 
The GBT assessment areas are 

− Resource consumption (energy, land, water, materials) 
− Indoor Environmental Quality (air quality, thermal quality, visual quality, noise and acoustics, and 

controllability of environment) 
− Environmental Loadings (e.g. airborne emissions, solid waste, liquid waste) 

E.4. DCBA14 
This method has been developed by Duijvestein, working for BOOM (Milieukundig Onderzoek- en 
Ontwerpbureau, in Delft). The DCBA is an integrated checklist for housing. The tool determines the 
environmental level of the building. The tool is fully applicable to the Dutch building policies and 
regulations. The tool offers a classification method to level the environmental performance as follows 
(Dalman, 2003): 
A  Absolute best situation, maximal sustainability will be reached 
B Minimise environmental damage 
C Correction of normal use, with some attention for the environment 
D The normal situation, no attention for the environment 
 
The DCBA assessment areas are: 

− Energy (energy efficiency of the building and the appliances) 
− Water (water efficiency) 
− Landscaping 
− Transport 
− Materials 
− Indoor Environmental Quality 
− Flexibility 
− User 

E.5. SBAT Sustainable Building Assessment Tool15  
The Sustainable Building Assessment Tool (SBAT) has been developed by Gibberd (2003) at the 
CSIR and is designed to support decision-making in the briefing and design process of new 
sustainable buildings in South Africa. The SBAT is unique in its kind, since it is especially developed 
for developing countries. The approach used to develop the SBAT not only aimed at assessing the 
building’s performance with regard to sustainability, but it also assesses the extent of the building’s 
contribution to the development of more sustainable systems around it. 
 
The SBAT is designed to support decision-making in the briefing and design process. It is aimed at all 
stakeholders involved in the building process and serves as a framework for determining sustainable 
objectives and targets.  The tool can be used for all types of buildings, but it mainly aims at public 
buildings and office buildings. The SBAT is well structured, simple and easy to use, and it stimulates 
participation and interaction between the stakeholders involved in a project. On the other hand some 
of the criteria used are difficult to quantify and some of the criteria need elaboration in more detail.  
 

                                                   
13 More information about GBTool: http://greenbuilding.ca/gbc98cnf/sponsors/gbtool.htm 
14 More information about DCBA method: www.boomdelft.nl 
15 More information about the SBAT:  www.sustainablebuildings.co.za 
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Gibberd (2003) made an attempt to translate the concepts of sustainable development into building 
performance criteria during his doctoral research. A set of fifteen objectives that can be achieved in 
buildings are deduced (see table F.1). These objectives are derived from an extensive literature study 
about sustainable development in the international, national and local context. 
 

Economic Aspects Social Aspects Environmental Aspects 
Local Economy Occupant Comfort Water 
Efficiency of use Inclusive Environments Energy 
Adaptability & Flexibility Access to facilities Waste 
Ongoing costs Participation & Control Site 
Capital costs Education, Health & Safety Materials & Components 

Table E-1: Economic, social and environmental aspects of building performance 
Source: Gibberd, 2003 

E.6. Summary of the Sustainable Building Assessment Tools 
The table below gives a summary of the sustainable building assessment tools. As said earlier in this 
appendix, most tools developed in developed countries are aiming at minimizing the environmental 
impact of the buildings and simultaneously achieving a comfortable indoor environment. This can also 
be derived from table E-2 
 

Sustainable Building Assessment Tools  
BREEAM LEED GBTool DCBA SBAT 

Energy Use X X X X X 
Pollution/Waste X X X X X 
Transport X X X X X 
Site Development X X X X X 
Ecology X X X  X 
Materials X X X X X 
Water X X X  X X 
Management X     
Indoor environmental quality X X X X X 
Health & safety     X 
Inclusive environments     X 
Access to facilities     X 
Controllability of 
environment     X 

Local Economy     X 
Efficiency of Use    X X 
Adaptability & flexibility X    X 
Capital Costs     X 

A
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Ongoing Costs     X 

Table E-2: Assessment areas of existing tools 
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Appendix F: Economic Aspects of Sustainability 
This appendix contains the elaboration of the economic aspects of sustainability. The aim is to 
integrate economic sustainability into the design of the school. The definition of a economic 
sustainable state can be described as: 

 
‘Responsive systems and technology that are able to accommodate change and ensure that 
limited resources are used and maintained as efficiently and effectively as possible to provide 
for the needs of existing and future populations without damaging the biophysical 
environment’ (Gibberd, 2003). 

  
This appendix contains the operationalisation of economic sustainability into main objectives, 
strategies and design options for primary and secondary schools in poverty stricken areas in South 
Africa. Economical main objectives 1-5 are described here; the environmental main objectives 6-10 
are described in appendix I and social main objectives 11-15 in appendix J. 
 
This appendix will handle the following main objectives and strategies: 

1. Local Economy 
 1.1. Local contractors and labour 
 1.2. Local building material supply 
 1.3. Local component, fittings and furniture manufacture 
 1.4. Stimulation of local SSME involvement 
 1.5. Repairs and maintenance 
2 Efficiency of Use 
 2.1. Efficient Space Use 
 2.2. Space per learner  
 2.3. Access to Communication Services 
 2.4. Variety of spaces 
 2.5. Guidance and directions 
3. Flexibility & Adaptability 
 3.1. Furniture 
 3.2. Space Plan 
 3.3. Services 
 3.4. Building structure 
 3.5. Site plan 
4. Ongoing Costs 
 4.1. Maintenance 
 4.2. Cleaning 
 4.3. Security 
 4.4. Water & Energy consumption 
 4.5. User Awareness 
5. Capital Costs 
 5.1. Initial project costs 
 5.2. Labour costs  
 5.3. Material costs 
 5.4. Building costs 
 5.5. Construction process costs 
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1. Local Economy 
The construction of a school can stimulate the economy in that area. Making use of local skills and 
resources will generate employment and income in the area. Using local materials and buildings 
technologies have several advantages. The skills needed to work with local materials are available in 
the community, local materials are sensitive to the climatic circumstances and local materials often 
reflect local traditions. Also use of appropriate local materials and local labour would stimulate and 
simplify repair and maintenance when the building is in use (Rice, et all, 2001). Local economy refers 
to all economic activities within 100 kilometres. The main objective is broken down in the following 
five strategies: the design should take into account skills and capabilities of local contractors and 
labour; local available building materials; local available components, fittings and furniture. The 
design should stimulate SSME activities and should take into account local available skills for 
maintenance and repairs of the buildings during the occupation phase. 

1.1.  Local contractors and labour 
Before 1994, there was a great difference between the white, formalised, construction industry and the 
black (informal) construction industry in the Homelands. Although the abolishment of apartheid has 
lifted this difference, this structure is still visible in the current construction sector (Boogaart, et all, 
2003). Most established large firms are owned by white people, leaving the small, emerging firms for 
the HDI’s (Historically Disadvantaged Individuals). There is a tendency though, that more and more 
national construction works are executed by firms run by HDI’s and that the established firms are 
moving more towards a Southern and East African market focus (Geurts, 2003). Characteristics of 
(black) emerging sector and the formal established (white) sector are given in table 1.1 
 

 (Black) emerging sector Formal established (white) sector 

Size of organisation Majority small/micro scale (<5 employees) 
Few medium scale (5-50 employees) 

Majority medium scale 
Some large scale (>50 employees) 

Age experience/ 
track record 

Around 5 years, mainly residential and small 
building experience, often poor track record 

Large and medium scale firms long established (>25 
years), generally good and long track records 

Fixed assets and 
human resources 

Few fixed assets, mainly hand tools, small 
equipment and vehicle. 
Mainly casual employees, few permanent artisans, 
owner usually does skilled work 

Extensive fixed asses holdings, buildings, vehicle, 
equipment and plant 
Many permanent employees, head office and site-
based, including managers, professions, technicians, 
supervisors, artisans, but now tend to use emerging 
black sector as labour only trade subcontractors. 

Geographical extent 
of operations 

Usually community-based or confined to one 
metropolitan area 

Large-scale firms generally operate nationally, many 
medium-scale firms operate regionally, smaller 
firms work only in one metropolitan area. 

Potential for future 
development 

Great potential for development if problem of access 
to work and credit can be overcome 

Survival of many will depend on their ability obtain 
private-sector work and to enter into joint ventures. 

  Table  1.1: South African Construction Sector Characteristics  
  Source: Cattel & Hindle, 1997 
 
The main constraints of emerging contractors as identified by Geurts (2003) are: 

− Limited access to finance 
− Limited access to work 
− Lack of planning and costing skills (management skills) 

 
Since unemployment is very high in rural areas in South Africa, employment of local community 
workers should be stimulated. The school will also function as a centre of community life. Using local 
labour will positively affect the involvement of community during occupation of the school. It is also 
more cost effective to use local skills for the construction of the school buildings (McLachlan, et all, 
2003). Using local labour and skills does not necessarily mean that innovative behaviour can be ruled 
out! (Rice at all, 2001) 
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Existing benchmarks for involvement of local contractors and labour are set by the Department of 
Public Works and the CSIR. According to the Department of Public Works (DPW, 2001) 30% of the 
project budget should be spent on employment of local labour. The CSIR determined that all the 
contractors and construction workers should come from an area within a radius of 100 kilometres of 
the site. For the assessment of the schools the choice is made to use the benchmarks set by the CSIR, 
since the benchmark of the department is more related to allocation of capital costs, which will be 
discussed in main objective ‘Capital Costs’.  Local skills and labour can be taken into the design, by 
designing and detailing at a ‘domestic’ scale, which allows fast, competent construction by emerging 
contractors and local labour (Adler, 2002). 
 

Local contractors 
The requirement involvement of local contractors does not necessarily mean inclusion of emerging 
contractors. Though, one of the aims of the Thuba Makote programme is to stimulate inclusion of 
small emerging contractors during the construction of the school. The design of the school should 
reflect the inclusion of local contractors, by simple design and detailing. This happened in all the 
schools as far as possible. Some of the designs contained steel construction and therefore required 
involvement of specialised contractors. Though, local emerging contractors were used for infill of the 
steel structures. A note should be made that including emerging contractors also means that more 
problems can be expected. Management and financial skills of the emerging contractors are often 
lacking which can cause cash flow problems. Thus, involving emerging contractors in projects also 
requires a well performing professional team, which should guide and train the emerging contractors. 
For the construction of the schools in the Western Cape and Northern Cape formal established 
contractors are employed. In the Northern Cape a formal contractor was engaged since there were no 
other suitable contractors available and in the Western Cape because the design (re-using existing 
buildings and a special roof) required a specialised contractor. The design of Thulani Primary School 
is such that several emerging contractors worked at the site simultaneously. Different contractors are 
employed for the construction of the hall, classroom blocks, and LRC & administration block.  

Local labour 
The Thuba Makote Programme emphasised that the design should be suitable for use of local labour 
and ensure that the local community benefits from the construction projects. At some of the projects 
this leaded to the employment of workers without appropriate skills, which leaded to delays since 
work had to be redone.  
To increase the quality of the construction work, the contractor can employ semi-skilled people. 
Construction workers can obtain a certificate when they complete some kind of training. For the 
construction of the school in the Eastern Cape the contractor selected only those people with such a 
certificate, resulting in increasing quality of the buildings. This of course depends on the contractor 
and the local skills available 

Conclusion local contractors and labour 
The indicators and benchmarks of local contractors and labour are adequate to represent the main 
objective ‘stimulation of the local economy’, but some comments can be made. 
Firstly, the definition of local. This is highly dependent on the region within South Africa. In the 
Thuba Makote programme a benchmark of 100 km was laid down. But in Northern Cape and Eastern 
Cape this benchmark had to be increased, simply because the needed skills were not available in the 

Design options Local contractors and labour: 
 
− Design takes into account skills and capabilities of local contractors

(within 100 km of site) 
− Design takes into account and capabilities of local workforce (within 100

km of site)



 

 
98 

region (the area is a very low populated area). In the Western Cape on the other hand, the benchmark 
was decreased to 30-40km because this school is located in a more urban area. 
Secondly, a local contractor is not necessarily an emerging contractor. The aim of the Thuba Makote 
programme was to stimulate the development of emerging contractors as much as possible. This is 
accomplished by almost all the schools, except for those projects where the needed skills were not 
available and specialised contractors where required because of very complex design/situation. 
Thirdly, inclusion of local labour is related to the quality of the work. Local labour often consists of 
low-skilled people. To increase the quality of the construction work, the contractor should consider 
some kind of prove of previous experience in the construction sector. This has been done in the EC, 
and the finishes of this school are visibly better than the other schools. 

1.2. Local building material supply 
To stimulate the local economy, the demand for building products, which are manufactured locally, 
should be increased. This will also affect the environmental impact positively, since transportation 
distances are shorter (LEED, 2001). According to McLachlan, et all (2003), using local building 
materials will also decrease the construction costs. A target of 100% locally sourced building 
materials should be aimed for. The goal is to design buildings to ensure that they maximise the use of 
local materials and components, and if not in place, support the development of small businesses to 
supply these (CSIR, 2003).  

 
During the design of the schools of the Thuba Makote Programme the architects specified 100% 
locally buildings material supply. But in some provinces other issues became part of the consideration 
for local building materials. For example, in the Eastern Cape, supply of bricks by a local supplier 
resulted in prices, which were three times the price of an supplier outside the range of 100 kilometres. 
For the material selection for the school in Limpopo the choice for partly non-local materials was 
based on quality of the materials. 
There are valid reasons to aim at using local materials to stimulate local economy, but this should not 
result in increasing prices and reduction of the quality of the building materials.  

1.3.  Local component, fittings and furniture manufacture 
To stimulate the local economy the design should take into account local available components, 
fittings and furniture, which can be supplied locally. 

 
The professional teams of the Thuba Makote schools aimed at local supply for components, fittings 
and furniture. Although the benchmark for this sub-objective highly depends on the area in which the 
school is constructed and the available suppliers in the area. The intention of the school design should 
be inclusion of 100% local components, fittings and furniture, but prices and quality of the products 
should be taken into consideration. 

Design option Local Materials: 
 
− Design makes use of locally available materials (within 100 km of site) 

Design options Local Components, fittings and furniture manufacture: 
 
− Design makes use of local available components (e.g. windows, doors)  
− Design makes use of furniture from local manufacture 
− Design makes use of fittings from local manufacture 
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1.4. Stimulation of local SSME involvement 
Small, Medium, & Micro Enterprises (SMME) are emerging enterprises, which should be stimulated 
and developed by establishing a school in the area. Building creates opportunities for small emerging 
businesses (CSIR-1, 2002). This includes outsourcing catering, cleaning services and security as well 
as making space and equipment available for businesses to use for retail, education etc. Design, 
location of spaces, management plan, SMME activities such as refurbishment, maintenance and repair 
of facilities and equipment, food provision, clothing provision, fan clubs, and saleable items. The 
school can provide spaces to small business to encourage business development and support self-
employment. The school can create opportunities by outsourcing activities like catering, cleaning and 
security, which can be done by emerging businesses in the area. To express stimulation of SSME 
development in the design requires some creative thinking and consultation with the local community. 
Workspaces can be provided by the schools to support development of new businesses, e.g. kiosk, 
kitchen, market stands.   
 

Workspaces created at school: 
When spaces are created for small businesses at the school it will result in the fact that the school will 
be used more intensively and more people are involved. Most schools have space available for SMME 
as they can use the hall, tuck shop or the workshops available at the school. In Mpumalanga and North 
West, they created small units especially for the SMME (pictures 1.1 and 1.2). Unfortunately nothing 
can be said about the sustainability and the effect on the development of SMME’s on the long term of 
these facilities. 

Creating opportunities for SMME 
At all the schools there was a strong emphasis on supporting, starting and developing small and 
medium enterprises. Opportunities for SMME’s during the construction were created through the 
procurement of materials, components, furniture and equipment. At some of the schools support was 
provided to start new businesses. This happened at Reiapela Primary School in the Northern Cape, 
here a block-making yard was started through the construction period. People were trained and 
stimulated to produce the bricks for the construction of the school and for future construction projects.  

Picture 1.1: SMME workspaces 
Dirang Ka Natla Secondary School 

Picture 1.2: SMME workspaces 
Jacob Mdluli Secondary School 

Design options SMME support: 
 
− SMME workspaces available at school 
− Design for construction types, which take into account involvement of 

SSME’s 
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Other examples of creating opportunities are small catering business (Reiapela Primary School), 
leather craft business (Thulani Primary School), soap and candle making (Boitumelo Secondary 
School)and a bakery (Boitumelo Secondary School). The food-gardens can also be seen as small 
businesses since the gardeners will be able to sell some of the products. The long-term sustainability 
of these projects can only be evaluated when the schools are occupied for several months. 

Local Outsourcing Opportunities 
The requirements used for local outsourcing opportunities are difficult to evaluate since the effects of 
the spaces created and the sustainability of the businesses created are not known yet. It would be 
interesting to evaluate the schools after a few months to assess the activities generated by these 
interventions in the design. 

1.5. Repairs and maintenance 
The building should be designed in such a way that local people can do maintenance and repairs of the 
construction work. Criteria mentioned by Gibberd (2003) are ‘the percentage of building and furniture 
and fittings that can be serviced locally and percentage of maintenance and repairs by value that can 
and are undertaken by local contractors (within 50 km)’. If local contractors do the construction, using 
local materials, components it is hopefully a logic result that the buildings can be serviced and 
maintained by local contractors. Additional, management and maintenance training for the principal 
and SGB is necessary for effective and efficient maintenance and repairs of the school. During the 
training it should become clear for these people that regular maintenance is important for the building 
on the long term. The principal and SGB should also be informed who to contact in case repairs has to 
be executed. This training can be taken into account during the brief development of the school 
project, and executed during the construction phase. 
 

 
The fact that school buildings are badly maintained in South Africa (DoE, 2001) indicates that 
something has to be done to improve the situation. Since a principal and/or the SGB are not 
construction workers and do not have an understanding of maintenance of buildings, it should become 
clear from the training that regular maintenance and repairs is better than incidental maintenance and 
repairs. They should also be provided with a list of local people, which can be contacted in case of 
needed repairs. 

Design option Local repairs and maintenance: 
 
− Design takes into account local available skills for management and

maintenance of the buildings 
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2. Efficiency of Use 
Buildings cost money and make use of resources whether they are used or not. Effective and efficient 
use of buildings and resources supports sustainability by reducing waste and the need for additional 
buildings (Gibberd, 2003). Efficient can be defined as working productively with minimum waste, 
effort or expense16. It appeared to be very difficult to operationalise this main objective properly. 
There is an overlap with main objective ‘Flexibility & Adaptability’, and also with main objective 
‘Community Centre’, which makes it a complex concept.  
According to Dobbelsteen & Wilde (2003), population growth and increased use of space per person 
have led to vast newly built area. Demand for space is expected to grow, due to continuous population 
growth and increasing standards of living. This indicates the importance of more efficient use of 
spaces. They introduce some spatial efficiency indicators to quantify space use characteristics. In this 
research it is chosen to divide the main objective in the following strategies. An area analyses will 
firstly indicate the efficient space use and secondly gives values for space per learner at the school. 
Thirdly, the school should consist of a variety of spaces to allow for efficient space use. Access to 
communication services (telephone, internet) will increase the efficiency of the school, since the staff 
does not have to waste time on travelling for networking. Finally, the research looked at guidance and 
directions of the school.  
As said before Efficiency of Use is a very comprehensive concept in buildings and this main objective 
need some additional attention to perform better than it does now.   

2.1. Efficient Space Use 
The goal is to make good use of available space 
within a building. To measure efficient space use 
an area analysis have to take place. The CSIR 
already developed a format to execute such an 
analysis. Spaces in school buildings are divided in 
five categories, as can be seen in table F2.1.  
 
General teaching areas are spaces for instruction. 
Specialised teaching areas are laboratories, 
workshops, and multi-purpose technology spaces. 
Learning spaces are spaces for independent work 
on projects or self-study learning resource centres, 
libraries. Non-teaching spaces are used exclusive 
by teaching staff; e.g. administration and general 
storage areas. A balance area consists of 
circulation, toilets, garden and cleaning storage. 
 
The efficiency of the building, in relation to 
education, can be analysed by looking at the 
proportions of the different space categories in 
relation to each other. Table 2.2 gives an example 
of such area analysis and figure 2.1 give the 
corresponding graph.  
Relatively high proportions of balance and non-
teaching areas indicate that resources are not 
allocated efficiently and could have been spent on 
teaching and learning spaces that directly 
contribute to the ‘core business’ of a school.  

                                                   
16 www.oxfordreference.com 

1. GENERAL TEACHING AREA 
Classrooms excl. storage 

2. SPECIALISED TEACHING AREA 
Science labs excl. storage 
Metalwork / carpentry / technical workshops excl. storage 
Other specialised laboratories 

3. LEARNING AREA 
Home economics / domestic sciences 
Hall / forum / covered gathering area 
Computer centre excl. office / storage 
Outdoor covered demonstration / teaching areas  
Library / study area excl. office / storage areas 
Classroom storage / work areas  

4. NON-TEACHING AREA 
Computer centre office, print room, storage 
Library / study area office and storage 
Admin / office space 
Sick bay area excl. toilets 
Admin strong room 
Staff room excl. toilets 
Allocated storage space - e.g. farm shed 
Science labs storage areas 
Workshop storage areas 
Kiosk / tuck shop/ hall kitchen area 
Advice Centre / Business Units 

5. BALANCE AREA 
All toilets 
All non-allocated storage 
All internal circulation incl. waiting areas 
All covered external circulation 
Hall storage area 

Table  2.1: Area analyses categories 
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The proportions also indicate 
whether the balance between the 
various types of teaching and 
learning spaces is appropriate. 
Internationally, an increase in the 
proportion of learning spaces to 
teaching spaces is increasing. 
Furthermore there is a decrease in 
the proportion of specialist 
teaching areas due to the trend 
towards multipurpose areas, which 
can accommodate a range of 
subjects (CSIR-5, 2004).   
  
The benchmarks for the proportions of different 
areas are based on best practice of the CSIR, 
which is the area efficiency of Maphala Gulube 
Primary School. For the assessment of the case 
studies it is chosen to combine general teaching 
with learning areas, since the learning areas can 
also be used for teaching and therefore gave a 
more representative indication of the school 
areas. 
 
Options of thumb, which can be kept in mind 
when designing the school buildings, are:  

− Minimise specialised teaching, especially 
in primary schools  

− Minimise balance area  
− Maximise general teaching and learning 

areas 
− Non-teaching areas should be in 

proportion with the teaching areas. 
 

 
In general can be concluded about the design option that this area analysis gives a clear picture of 
area efficiency of the space design of the schools. The performance of each school individually can 
be found in table 2.3. As can be seen is that many schools have large balance areas at the school. The 
majority of the schools minimised the specialist teaching areas, but some of the designs contain a 

Category 

Percentage of total 
area 
% 

Area per item 
  M2 

General teaching 48.43 1231.11 
Specialised teaching 0.00 0.00 
Learning area 23.14 588.12 
Non-teaching area 11.35 288.60 
Balance area 17.08  343.08 

Total 100 % 2541.91 
Table  2.2: Efficiency of space use 
Musi Thusi Primary School, KwaZulu Natal 

Design option Space Use: 
 
15% above or below best practice CSIR: 

 
 Primary Secondary 

General Teaching & Learning areas 90.0 % 60.0 % 

Specialised teaching are 0.0 % 15.0 % 
Non-teaching area 12.7 % 6.0 % 

Balance are 6.2 % 9.0 % 

 

Area Analysis Graph
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Figure 2.1: Efficiency of pace use 
Musi Thusi Primary School, KwaZulu Natal 
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quite large proportion of non-teaching areas. This analysis took place after the designs were already 
approved; but it would have been very useful to do the area analysis before the final design is 
completed. The architects are then confronted with their efficient or inefficient design of the spaces 
and can take action to make the design more efficient.  

2.2. Space per learner  
Additional to the strategy efficient space use, space per learner can be calculated with the same data. 
The absolute ‘area per item’ (see table 2.2) can be divided by the number of learners and will give the 

space per learner for each category. This will give a clear picture whether the capacity of buildings is 
exceeded or underused.  
The benchmarks for areas per learner as given by the design option are also based on best practice of 
the CSIR, which is the area per learner of Maphala Gulube Primary School. For the assessment of the 
case studies it is chosen to combine general teaching with learning areas, since the learning areas can 
also be used for teaching and therefore gave a more representative indication of the school areas. 
 

 
The data needed to calculate the space per learner can be derived from the data gathered for the first 
strategy. The advantage of calculating the space per learner, is that several schools can be compared, 
which is more difficult with the first strategy. In table 2.4, the results of the Thuba Makote schools 
and Maphala Gulube are presented. From the table can be derived that some of the schools have a very 
large total area per learner, e.g. Mogale city: 4,05 m2 per learner, but this does not automatically mean 
that this is good. When looking more detailed, it can be seen that the learner area of Mogale City is  
 

Design option Space per learner: 
 

15% above or below best practice CSIR: 
 

 Primary Secondary 
General Teaching & Learning 1.79 m2 2.63 m2 
Specialised teaching 0.00 m2 0.33 m2 
Non-teaching (administration, storeroom) 0.15 m2 0.25 m2 
Balance (corridor, circulation, toilets) 0.33 m2 0.87 m2 
Total Area of Buildings 2.50 m2 3.50 m2 

Table 2.3: Percentages of total area 
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only 0.85 m2; and a relatively large balance area of 1.30 m2 per learner. On the other hand the school 
has a relatively large learning area, namely 0.70 m2, but also a relatively large non-teaching (0.80 m2) 
area. The conclusion can thus be that this school has too little core-business spaces and that the 
balance and non-teaching areas are quite large for a school.  

2.3. Access to Communication Services 
Access to communication services save time and communication can become easier and more 
frequent, resulting in less time needed to travel to keep in contact with other schools and institutions. 
In 1996, around 60% of the schools nationwide did not have access to a telephone connection. This 
number decreased to 35.5% in 2000, which is mainly due to cellular phone revolution. There are 
major differences between the provinces though; telephone infrastructure is especially lacking in the 
Eastern Cape, Northern Cape and the KwaZuluNatal (DoE, 2001). 
 

 
The designs of the schools of the case studies include provision of technology and equipment for 
telecommunication and Internet. Though, half of the school does still not have a connection to 
telephone and Internet, due to lack of co-operation of the national telephone provider TELKOM.  

2.4. Variety of spaces 
Note of the researcher: this strategy can be used for the main objective ‘Efficiency of Use’, but it 
also fits in the main objective ‘Flexibility & Adaptability’. It is eventually chosen to use variety of 
spaces as a strategy for efficiency of use, since it shows a way of organising space sizes, resulting in 
less space needed, which results in more efficient use of the available space. But it should be 
reminded that the operationalisation of the main objective ‘Efficiency of Use’ needs some additional 
attention. 

Design options Access to communication services 
 
− Access to telecommunication 
− Access to internet 

Table 2.4:  Space per learner 
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To make efficient us of schools a variety of spaces should be created, which can vary from small 
seminar rooms, to medium lecture spaces and larger event areas. A school that has a mix of these 
spaces will be able to accommodate variation in group sizes, but will allow different groups to use the 
buildings. Outdoor learning areas also add to efficiency of space use, by providing space for small 
group activities outside. The weather in South Africa is very comfortable and therefore suited to 
replace some activities from indoors to outdoors. A distinction is made between four space types and 
three space sizes (based on a school with 1000 learners): 

− Small spaces, which can accommodate half a class, which comes down to 20 learners. These 
spaces can be used to be able to split a group of learners and give them the opportunity to work 
independent. The small spaces are determined to be smaller than 30 m2: 2-4 small spaces are 
required 

− Medium spaces, which can accommodate one class, which comes down to an average of 40 
learners. These spaces are usually used as classrooms or multi-purpose teaching areas. The 
medium spaces are determined to be between 30-80 m2: 24 medium spaces are required 

− Large Spaces, which can accommodate at least one and a half class, which comes down to at 
least 60 learners. These spaces will be used for school exams, school functions, and community 
activities. The large spaces are determined to be larger than 80 m2: 1-2 large spaces are 
required 

− Outdoor (learning) spaces, which can accommodate at least half a class, which comes down to 
20 learners. 

 
The assessment of space sizes was quite difficult since no similar assessment was done before. Space 
sizes and variety of spaces in a school indicates the ability of the school to handle different group 
sizes. The reasoning here is the more spaces of different sizes the more efficient and flexible the 
school. When there are more different space sizes present at the school, a greater variety of activities 
can take place. The determination of the number of spaces is based on a school with 1000 learners. If 
each class consists of 40 learners there are 25 classes. When there are different spaces there is no need 
for 25 classrooms, this can be reduced to at least 23, and with good space management even less 
classrooms are needed. At three schools small educational spaces are available, in the form of seminar 
rooms. This will allow teachers to split the class and spent more time with a smaller amount of 
learners. Seven of the Thuba Makote schools have a Learning Resource Centre available at the 
premises, this include a library and a computer room. The Learning Resource Centres can handle more 
than one class at the time. Some of the LRC’s are so spacious that they can accommodate 2 classes, 
which is the case at Jacob Mdludli Secondary School (Mpumalanga) and at Banareng Primary School. 
Time and space management is a requisite to manage a variety of spaces effectively and efficiently. 
Outside spaces are only of additional value, since you cannot depend on these spaces in case of cold or 
rainy days. At Jacob Mdluli Secondary Schools (Mpumalanga) there are three outside classrooms, in 
the form of little amphitheatres. Table 2.5 shows the variety of spaces of the Thuba Makote schools 
and Maphala Gulube Primary School. 

Design options Variety of spaces: 
 
− Mix of space sizes (based on a school with 1000 learners): 

o Small spaces (< 30 m2): 2-4 small educational spaces 
o Medium spaces (30-80 m2): 19-23 medium educational spaces 
o Large spaces (> 80 m2): 1-2 large spaces 
o Outside (learning) spaces 
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2.5. Guidance and Directions 
The organisation of the buildings should provide a clear structured layout to allow for effective 
navigation and way finding at the school premises. A clear organisation of spaces can be 
accomplished by using e.g. different finishes, colours, materials, different paving (Dierkx, 2002). 
Signage can also be used to indicate the functions of the buildings and give directions to other 
buildings. 

 
Extra attention is paid to the designs of the Thuba Makote schools with regard to the organisation of 
the buildings. The entrances are well defined, as well as the administration and the reception area. 
Furthermore the designs tried to group the public buildings together and create a classroom area to 
create a natural flow over the site. Whereby the public area are grouped together and after that 
entering the classroom areas. This can be seen in picture 2.1, which shows the site layout of Zinyosini 
Secondary School. The circle on the left is the entrance area, which consists of a parking space and 
market spaces with small hawker units. To enter the school the user passes the administration area and 
the LRC, and end up at the second circle, which is the centre of the school. The classrooms are located 
around this centre. This layout creates a very nice structured organisation of the buildings on the site. 
 

Design options Guidance and Directions: 
 

− Site layout reflects a clear, well-structured organisation of buildings  
− Design makes use of signage, colours, finishing, materials to identify

different functions of buildings 
− Define entrance, administration and reception area 

Table 2.5: Variety of spaces  
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Picture 2.1: Structured Site Layout  
Zinyosini Secondary School, Eastern Cape 
Source: CSIR 
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3. Flexibility & Adaptability 
The issue of flexibility and adaptability in schools is a very interesting and relatively new topic of 
research. Careful design of a school can enable schools to ‘tune’ their buildings themselves, to 
accommodate changing requirements, without the need for an expensive consultant or contractor 
(CSIR-2, 2002). The reasoning is that ‘School buildings, which can accommodate change easily, 
support sustainability by reducing the requirement for physical adaptation and associated disruption, 
energy consumption and cost as well as the need for new buildings’ (Gibberd, 2003). Section 3.1 
defines the concepts flexibility and adaptability. Section 3.2 will explore the reasons for flexibility and 
adaptability within schools. Section 3.3 sums the constraints and limitations with regard to the issue. 
Section 3.4 will outline the structure of how flexibility and adaptability can be assessed in buildings. 
Section 3.5 will briefly summarise the chapter by including the conclusions in a table. 

Definitions flexibility & adaptability 
To research the topic Flexibility and Adaptability definitions should be clear. In general the difference 
between flexibility and adaptability is time and impact. Flexibility is seen as primarily short term 
changes, whilst adaptability is about less frequent, but more radical changes (Leaman, et all, 1998).  
Altas & Ozsoy (1997) define flexibility as follows ‘the term flexibility refers to use of space for 
various purposes without making physical alterations’. Leaman, et all (1998) gives a broader 
definition ‘Flexibility means that changes can be made quickly and with relatively little effort or costs 
(“it will do anything you want”). Since this assessment looks at all building layers of a school and the 
first definition refers only to the use of a space within a building, it is chosen to use the first definition 
of flexibility. 
Adaptability is defined by Leaman, et all (1998) as ‘adaptability offers greater potential for larger-
scale changes over longer periods, without cutting off crucial options or making things unnecessarily 
costly or complicated (“You can change it to suit you”)’. A similar definition by Altas & Ozsoy 
(1997) reads as ‘the adaptability for changes and alterations to adapt the environment to the changing 
needs of the occupants in time’.  
 
In conclusion we can say flexibility can be seen as more short term, often reversible changes of 
relatively low magnitude, whilst adaptability allow for in-built potential for larger scale changes of 
greater magnitude in the longer term (Leaman, et all, 1998) 

Reasons for flexibility & adaptability 
Education has undergone major changes in South Africa, implementation of the National Curriculum 
2005 with Outcome Based Education (OBE), and will in continue to change in the future. The design 
of an educational building, including its structural and services strategies, should anticipate with these 
changes, and allow a variety of uses and be adapted for different uses over time (CSIR-2, 2002). The 
OBE nature of the curriculum requires a certain level of flexibility and openness of classrooms (Adler, 
2002). The inflexible layout of schools and classrooms often forms a barrier to new teaching methods. 
Classrooms do not allow other forms of teaching like, different group sizes and individual activities 
(Dierkx, 2002).  
Schools are seen as part of the community, where the schools as well as the community will benefit 
through closer cooperation. The educational buildings can have an important function as community 
development centre and it is therefore important to that the buildings and the positioning of the 
buildings are flexible enough to allow for multiple users (Rice, et all, 2003). The school can be used 
for Adult Basic Education and Training (ABET), community meetings, community functions and 
other learning or social activities outside school hours.  
Information and communication technology (ICT) is becoming more important in schools as a 
learning resource. Implementation or future implementation requires flexibility with regard to services 
of classrooms. 
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A last reason for flexibility and adaptability is the changing demand for school facilities and 
fluctuations in enrolment figures. In South Africa there is still a shortage of schools at the moment, 
but in the future there will be a saturation of the school demand. In Gauteng Province this as already 
happening, there are a sufficient number of schools available in the province, but the location of the 
schools is wrongly allocated, which result in vacancy of schools in one area and overcrowding in an 
other school. An additional reason for changing demand in school facilities is migration, many people 
travel from rural areas to the cities for job opportunities, which sometimes results in vacancy of 
schools. Schools should be able to respond to these changes in the demand for facilities. 

Constraints and limitations 
Providing flexibility in the design of schools is in general a good thing, but it should be kept in mind 
that flexibility comes at an economic costs (Rice, at all, 2003).  On the other hand limited budgets can 
also put emphasis on flexibility, since a school should make the most out of limited space (Butin-2, 
2000).  
Standardisation of school designs by the provincial department of education also limits the flexibility 
and adaptability of schools, since there is less time and free rein for creative design. For the 
Department of Education standard designs are convenient since it is quickly and effectively 
implemented in the communities. But on the other hand standardisation ignores the importance of 
social and environmental context in which the school will be built (Leaman, et all, 1998).  

Structure to assess Flexibility and Adaptability in rural schools 
To structure the approach to assess the flexibility and adaptability of schools, the ‘shearing layers of 
change’ will be used. The shearing layers of change originate from F.Duffy17, who used four layers of 
change. Brand (1994) revised the four layers and introduced six layers, which will be reduced to five 
layers in this research.  
 
Site – ‘This is the geographical setting, the urban location and the legally defined lot, whose 
boundaries and context outlast generations of ephemeral buildings’ (Brand, 1994, p13).  
 
Structure – ‘The foundation and load-bearing elements are perilous and expensive to change, so 
people don’t. These are the building. Structural life ranges from 30-300 years (but a few buildings 
make is past 60, for other reasons)’ (Brand, 1994, p13).  
 
Skin – ‘Exterior surfaces now change every 20 years or so, to keep up with fashion or technology, or 
for wholesale repair. Recent focus on energy costs has led to re-engineered skins that are air-tight and 
better insulated’ (Brand, 1994, p13). In this research this layer will be left out, since the skin of 
schools in poverty stricken areas often consists of one brick layer, insulated walls are not necessary in 
these climates as long as the design makes use of passive environmental control. 
 
Services – ‘These are the working guts of a building: communication wiring, electrical wiring, 
plumbing, sprinkler system, HVAC (heating, ventilating, and air conditioning), and moving parts like 
elevators and escalators. They wear out or obsolesce every 7 to 15 years. Many buildings are 
demolished early if their outdated systems are too deeply embedded to replace easily’ (Brand, 1994). 
 
Space plan – ‘The interior layout – where walls, ceiling, floors, and doors go. Turbulent commercial 
space can change every 3 years or so; exceptionally-quite homes might wait 30 years’ (Brand, 1994, 
p13).   
 
Stuff – ‘Chairs, desks, phones, pictures, storage, lamps. Al the things that twitch around daily to 
monthly. Furniture is called mobilia in Italian for good reason’ (Brand, 1994, p13).  
 
                                                   
17 In 'How buildings learn’, p12; F.Duffy, “Measuring  Building Performance,” Facilities (May 1990) 
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These five layers are used as the 5 strategies of the main objective ‘Flexibility and Adaptability’ and 
translated in: Furniture (section 3.4.5); Space plan/size (section 3.4.6), Services (section 3.4.7), 
Structure (section 3.4.8) and Site (section 4.3.9). 

3.1. Furniture 
Flexible or movable furniture and equipment will allow the teacher to change the formation of the 
chairs from rows, groups or circles. This will provide the teachers different usage of the classrooms 
and different teaching opportunities (Butin-1, 2000). Adaptation to a variety of bodily sizes (learners, 
but also community members) can be provided by adjustable furniture, but this does not always fit 
into the limited budgets of schools (Lang, 2003). Spaces should be readily adapted for the different 
uses. For instance spaces may be required for work during the day, social activities in the evening and 
quite study during weekends and at night 
 
Generous storage spaces also add to the flexibility of classrooms to be able to accommodate multiple 
users in the school (Butin-1, 2000). Storage should be provided for teaching equipment and learning 
materials. Dierkx (2002) also endorse that safe storage and support space supports adaptation to future 
increase in enrolment and programme change. 
 
A general assumption is the fewer children per teacher the better. This will implicate more, but also 
smaller classrooms, OR in a subdivision of larger existing space into more intimate ones (Lang, 2003). 
This can be done by wall partitions or furniture arrangements. Besides that, Outcome Based 
Education is based on a more interactive learning process, which also requires more space and more 
flexible classrooms. An L-shaped classroom provides opportunities for a variety of activities with less 
visual and acoustical disruption. In a rectangular classroom these requirements can be met by for 
example a space where small number of pupils can sit at a table, couch or on a throw rug (Lang, 
2003). 
 
This results in the following design options for furniture: 

 
In all the schools lightweight furniture is provided that can easily moved around in the classroom. 
Some of the classrooms are provided with double desks instead of single desks. Most of the schools 
do move around with the tables and chairs to practice different teaching methods (see picture 3.1). At 
Musi Thusi Primary School (KwaZuluNatal) the tables are trapezoidal, which stimulate the teachers to 
make use of other furniture arrangements than the conventional rows.  
 
Movable teaching equipment becomes a more difficult issue in schools, this also related to the high 
crime and vandalism rate in South Africa. At Musi Thusi Primary School they make use of movable 
chalkboards to be able to split the learners into two groups. One group will be taught in the classroom 
and the other group works outside on the veranda (see picture 3.2). Only two other schools are also 
quipped with movable teaching equipment. 

Design options Furniture: 
 

− Lightweight modular and movable tables and chairs 
− Movable teaching equipment (flipovers, chalkboards, movable audio, etc) 
− (Movable) generous storage options 
− Movable internal partitions/ extra furniture for smaller subdivisions / movable

stage in the hall 
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All the schools of the Thuba Makote Programme are provided with generous (lockable) storage 
cupboards, which supports Outcome Based Education and shared use with the community (see picture 
3.3). Classrooms built by the government are not facilitated with storage space in classrooms. 
Phomolong Primary School and Banareng Primary school face insufficient storage spaces in the 
classrooms. This also goes for the existing classrooms of the already existing classrooms at some of 
the Thuba Makote Schools, which are built by the government. Mogale City Secondary School is the 
only school with movable storage spaces. 
 
To create flexible spaces, modular and movable furniture plays an important role. When it is possible 
to move around furniture, the space can be used for multiple activities, limited by the space surface. 
All these indicators will increase the flexibility of design, but are probably limited by the vandalism 
rate at schools. 

3.2. Space plan/size 
Specialist teaching areas are expensive to built, equip and maintain (CSIR-2, 2002) Generic spaces are 
also more flexible than highly specific spaces, for example a chemistry lab may be needed now, but 
would it still be needed in 10 years. Multi-functioning spaces often serves changing needs most 
economically and efficiently (Locker & Olson, 2003). It would therefore be recommendable to design 
flexible multi-purpose teaching areas, which accommodate a range of subjects. Multi-purpose spaces 
like a hall can be a valuable addition to the school facilities. A hall can handle a wide range of 
functions, community and school events, sports, music, ABET. In picture 3.4 several design 
considerations are illustrated, the hall can be used for different events since the sliding doors and 
partitions are allowing the hall to expand and shrink to several dimensions. Educational activities 
involve more than listening or writing and therefore the classroom size or volume must increase to 
accommodate various learning activities. The size of a classroom depends on the learning activities 
taken place; average number of children involved in the activities and the area needed per child per 
activity (Lang, 2003). The length-to-width ratio of a classroom should not exceed than three-to-two 
(3:2) (Butin-1, 2000). A general assumption is the fewer children per teacher the better. This will 
implicate more, but also smaller classrooms, OR in a subdivision of larger existing spaces into more 
intimate ones (Lang, 2003). This can be done by wall partitions or furniture arrangements. Besides 
that, Outcome Based Education is based on a more interactive learning process, which also requires 
more space and more flexible classrooms. An L-shaped classroom provides opportunities for a variety 
of activities with less visual and acoustical disruption. In a rectangular classroom these requirements 
can be met by for example a space where small number of pupils can sit at a table, couch or on a 
throw rug (Lang, 2003). A more appropriate way to provide flexibility at least at primary and junior 
secondary levels, is to make the classrooms as large as possible within the overall budget, a concept 
knows as ‘loose fit, long life’. A slightly larger classroom can often allow for a looser layout (rows, 
small group clusters, or U-shapes) of tables and chairs for project work (Rice, et all, 2003). 

Picture 3.3: Generous storage  
Maphala Gulube Primary School 

Picture 3.1: Furniture formation 
Thulani Primary School 

Picture 3.2: Outside teaching 
Musi Thusi Primary School 
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This results in the following design options for space plan/size: 

 
Multi-purpose teaching areas increase flexibility because they can be used for several school subjects, 
these areas can replace expensive specialised teaching areas. A multipurpose classroom has access to 
an outside teaching area (with water taps); secure storage, preparation area; taps; workspaces; pin 
boards etc. At the secondary schools the multi-purpose areas are present. Six of the schools have 
multi-purpose teaching areas. Banareng Primary School has a large library, which is equipped with a 
small laboratory, a piano, television and lots of books. This enables the school to use the library for 
several subjects.  
 

Design options Space plan/size: 
 
− Multi-purpose specialist teaching areas (which accommodate a range of

subjects) 
− Multi-purpose Spaces: Hall (which allows for school as well as

community activities 
− Larger classrooms than conventional, ratio no bigger than 2:3 

Picture 3.4: Design Considerations for flexible and adaptable hall 
Maphala Gulube Primary School 
Source: CSIR 

DIFFERENT STAGE  ARRANGEMENTS 
POSSIBILITIES TO OPEN UP THE SLIDING 
DOORS DURING LARGE EVENTS 
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A hall is present at six of the schools. From experiences with these schools the hall appeared to be a 
very valuable additional facility. At Thulani Primary School the hall is used for a range of activities, 
e.g. graduation ceremony of the school, ABET-classes, community weddings. Ideally a multipurpose 
space, like a hall should satisfy the following requirements to allow a variety of activities:  

• Located close to other public spaces  
• Several forms of technology can be handled, electrical outlets along the perimeter of the space  
• Food services (kitchen) 
• Adjustable/several lighting systems 
• Access to outdoor space 
• Movable stage blocks;  
• Granolithic floor surface 

 
With regard to the size of the classes, all the new classrooms built during the Thuba Makote 
programme are bigger and more ‘square’ than conventional classrooms.  A conventional classroom 
measures 56 m2 and is most of the times rectangular. A slightly bigger classroom, which is less 
rectangular, but more like a square form, will increase the number of furniture arrangements, which in 
turn allow the educators to apply varied methods of teaching and learning- group activities, and 
individual study.  

3.3. Services 
A classroom must be able to accommodate the changes in technology and teaching strategies for 
several decades to come. Besides movable furniture and storage spaces, multiple electrical outlets, and 
adjustable lighting systems will positively influence the flexibility and expand possibilities how a 
classroom can be used (Butin-1, 2000). Electrical services, like electrical outlets, should take into 
account the technology change, like implementation of ICT. With regard to rural schools in South 
Africa, the services consist of plumbing, electrical wiring, and simple communication wiring (not 
common in all schools). Comprehensive services, like HVAC, sprinklers etc, are not common in the 
schools. High thermal capacity helps to provide thermal stability and minimise the need for 
supplementary heating and cooling (Leaman, 1998). The heating and cooling of the building will be 
mainly determined by the thermal performance of the buildings, which lead to minimisation of 
mechanical appliances for thermal comfort. Services should be installed well to allow for different 
internal arrangements and easily accessibility when extensions or alterations are necessary (Gibberd, 
2003) 
 
This results in the following design options for services: 

 
No specific attention is paid to electrical outlets at the schools in the Thuba Makote Programme. Most 
of the schools have minimal plug points in the classrooms.  
 
Adjustable lighting systems are not common at schools; it is unclear why this is not implemented in 
the schools, since one or two extra light switches it does not increase the costs. Lighting systems, 
which are adaptable to the activities taken place, or the weather situation of the day, not only, 
increases the flexibility and it also saves electricity. 

Design options Services: 
 

− Multiple electrical outlets (along the perimeter of the space) 
− Adjustable lighting systems, divided in multiple sets 
− Easy access to services (water, electricity, lighting) to be able to 

make extensions/alterations in future 
− Minimisation of mechanical appliances for thermal comfort (by 

using passive design) 
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Energy conscious design is an appropriate way of designing a school. The climatic circumstances in 
South Africa are suited for this purpose. Mechanical appliances are not necessary when making use of 
proper energy conscious or passive design.  

3.4. Building structure 
Adaptability is restricted when using structural grids and masonry bearing walls (Dierkx, 2002). Load 
bearing walls must be eliminated except where absolutely necessary to increase flexibility of the 
building structure (Warren, 1999). The structure and load bearing elements should allow different 
internal arrangements in the building (Gibberd, 2003). This would then result in structural frames with 
infill walls that can be demolished and moved. According to Rice, et all (2003) this is obviously a 
more expensive form of construction than simple load-bearing walls. Concrete block is a material 
often used for schools, but also the most difficult partitioning system to remodel. Gypsum is more 
‘renovatable’ but needs to be protected from vandalism, which is very common in SA (Locker & 
Olsen, 2003). Leaman, et all (1998) advises to design for adaptability at any level, including those that 
may seemingly unthinkable, but do not get carried away – robust simplicity is also most important, 
and many parts of a building are appropriate permanent. 
 
Modular design allows for uniform design and ease of building expansion if desired in the future 
(Warren, 1999). Buildings with modular structure & services allowing easily internal adaptation 
(Gibberd, 2003) 
 
Flexibility can also be provided by making movable or retractable walls, but this is not only 
expensive according to Rice, et all (2003) but will also produce problems such as sound transmission 
between classrooms. The advantage of these walls is that it gives opportunities for team teaching or 
large group meetings with neighbouring classrooms (Butin-1, 2000). The walls must be acoustically 
treated to provide noise separation between the classrooms 
 
This results in the following design options for the structure of the building: 

 
Four of the Thuba Makote Schools are constructed with a steel structure with infill. At Musi Thusi 
Primary School (KwaZulu Natal) bricks are used for infill in the external walls and partially for the 
internal walls. Sliding doors are placed between the classrooms to provide for larger class activities or 
group meetings (see picture 3.5). At Masibambane Secondary School (Western Cape) concrete blocks 
are used as infill for the steel structure. At Mogale City Secondary School (Gauteng) brick is used as 
infill for steel structure (see picture 3.6), but lightweight storage partitions are used between 
classrooms. At Reiapela Primary School (Northern Cape) the initial idea was to fill the steel structure 
with adobe blocks produced at the site. For the classrooms this was not realised because the start of 
the block yard was delayed. The adobe blocks are used for the walls of the hall, which was built later 
during the construction process.  

Design options Structure  
 
− Minimisation of load bearing walls (hall, classrooms) 
− Structural frames with infill 
− Flexible separation between spaces (internal walls

demountable/foldable), extra consideration in classroom, with regard to
sound 
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According to Rice, at all (2003) structural frames with infill is obviously a more expensive form of 
construction that simple load-bearing walls. From the construction costs for the superstructures of the 
Thuba Makote Schools can be derived that this is not the case.  The costs for building a steel structure 
with infill is more or less the same, some times even less, than the conventional way of building. Steel 
structures with infill bricks or concrete blocks allow rapid progress on site, while ensuring good 
quality and maximise employment of semi-skilled labour (CSIR-1, 2004). 

3.5. Site plan 
Building a school with all the facilities at once is very costly, it is therefore a possibility to develop a 
design, which can be carried out in phases, when funds becomes available (Dierkx, 2002). The design 
should also provide in future expansion resulting from increasing enrolment. The site should provide 
adequate space for horizontal expansion of the buildings (Warren, 1999). This should be taken into 
account in the design with regard to services and buildings (size of the site). 
 
This results in the following design options for the site plan: 

 
All the Thuba Makote school designs presented a master plan, which show the possibilities for future 
expansion, since funds are not sufficient yet. The master plan was a requirement of the CSIR. The 
architect developed this master plan and it will be handed over to the provincial department of 
Education. The provincial department of education takes over the responsibility for the school with its 
buildings after construction completion.  The department will from that point decide whether money is 
allocated to the school and what will be built with these funds. 
 
The classrooms cannot be expanded easily, to make them larger when the enrolment increases. 
Classrooms expansion is not desirable since the classrooms are designed for at least 40 kids. More 
learners in one classroom is not according the governmental standards. Classroom expansion is 
therefore not an option, extra classrooms should be provided in such a situation. 
 
Future expansion with regard to services and buildings should be included in a master plan, especially 
applicable to new school designs. 

Design options Site Plan 
 
− Future expansion taken into account in the design with regard to services

(water, sewerage, etc) 
− Future expansion taken into account in the design with regard to

buildings (classrooms, hall, etc) 

Picture 3.5: Sliding doors between classrooms 
Musi Thusi Primary School 

Picture 3.6: Steel structure classroom 
Mogale City Secondary School 
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4. Ongoing Costs 
Ongoing costs are defined as costs to maintain and keep the building operating over its lifetime (Rice, 
et all, 2003). These long-term costs are often not considered properly during the design of a building. 
These costs consist of maintenance and operating costs, like cleaning, water and energy consumption. 
If these costs are taken into consideration during the design phase long-term savings for ongoing costs 
can be made. The goal thereby is to design a building, which requires little money for maintenance 
and operation during its occupation.  

4.1. Maintenance 
Since 1996, there has been a decline in the number of schools that had buildings in excellent and good 
condition (1996: 40.52% and in 2000: 18.7%). There is also an increase in the number of schools with 
very weak building condition (1996: 16.12% and in 2000: 34.5%). This decline is due to low 
investment in infrastructure maintenance (DoE, 2001). These numbers indicates that buildings can 
rapidly decline when regular maintenance does not take place. 
 
Maintenance of the school buildings can be minimised in three ways (Keith, 1988): 

− Good design & construction 
− Careful use  
− Efficient maintenance 

Designing for low maintenance means taking lifecycle costs into account when selecting materials, 
components and equipment. Product lifespan and the freedom of maintenance of several materials are 
classified by Lawson (1996) as can be seen in figure 4.1. The work of Lawson will be elaborated in 
detail in main objective 9 ‘Materials’.  
 
Other design requirements are ensuring that 
all fittings, and pipes are easily accessible 
for maintenance (QG, 2000). Design items 
such as light bulbs must be easily reached 
and replaced without use of expensive 
equipment (Gibberd, 2003). 
 
The lifetime of a school building can mount 
up to 70-80 years and during this lifetime 
the buildings need regular maintenance and 
repairs. The departments of Public Works 
and Education, who are in general 
responsible for maintenance and repairs at 
schools do not have the capacity to actually 
put this in practice. Teachers, principals or 
the School Governing Body on the other 
hand have limited capacity and knowledge 
of building management and maintenance, 
but when they do not undertake action the 
buildings will be dilapidated quickly.  
To bring the importance of regular 
maintenance and repairs to the attention of 
the managers of the school, a maintenance 
guide should be available.  

Figure 4.1: Product Life Span and Freedom of Maintenance 
Source: Lawson (1996) 
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This maintenance guide should include the designs of the school and possibly a future expansion plan. 
It should also contain a list of contractors and suppliers, which were involved during the construction. 
And to guide the maintenance activities a schedule should be included which indicates the frequency 
and type of maintenance activities. 
 

 
Maintenance is lacking in the majority of the schools and is one of the major problems of today. It is 
therefore important to design the school with materials, which are free of maintenance or require low 
maintenance. A sustainable design should strive for the inclusion of durable materials, or materials 
with a very good product lifespan. Most materials with a very good product lifespan are also scoring 
well on the freedom of maintenance rating. Recommendable are floors of power-floated concrete and 
a cement fibreboard ceiling, which have when constructed well a maintenance free life. The 
assessment aimed mainly at the building materials of the building, but the finishes of walls, floors are 
equally important. For example steel is a material with the freedom of maintenance rated as ‘fair’, but 
with adequate finishes maintenance will be less. 
 
Fittings, fixtures and pipes should be easily reached for maintenance. An example: from the floor plan 
(figure 4.2) of the ablution building of Maphala Gulube Primary School can be seen that a space 
between the girls’ and the boys’ toilets is created. Picture 4.1 shows how this space looks like. The 
space is created to simplify maintenance of the toilets. The cisterns are placed behind the wall to 
prevent toilets from vandalism, which increase the level of maintenance and repairs. In this 
maintenance space the caretaker of the school has easy access to the cisterns and the pipes leading to 
the sewage.  
 

 

Figure 4.2: Floor plan toilets 
Maphala Gulube Primary School 
Source: CSIR 

Picture 4.1: Maintenance space toilets 
Dirang Ka Natla Secondary School 

Design options Maintenance: 
 
− Minimisation of maintenance cost by use of durable materials (Product

lifespan = very good) 
− Minimisation of maintenance costs by use of low maintenance materials 

(freedom of maintenance = very good) 
− Design items (e.g. light bulbs, toilet cisterns) can be easily reached and

replaced without use of expensive equipment  
− Maintenance guide available 
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Window frames used in the buildings can serve as an example for design measures, which require low 
maintenance. Common practice in South Africa is steel window frames, which require low 
maintenance. The window frames should also be small paned, which has the advantage that a broken 
window can be easily fixed at low costs. 
At Thulani Primary School they attached a skirting board at eighty centimetres above floor level along 
the classroom to prevent the wall from damage from learners leaning against the wall with the chairs.  
 
Maintenance and repairs is often neglected at schools, since the principal and the School Governing 
Body (SGB) feel that this is the responsibility of the Provincial Department of Education or Public 
Works. But the principal and SGB should undertake action themselves, since the departments do not 
have sufficient capacity for effective and rapid maintenance of the buildings. The CSIR is working on 
a general Management and Maintenance Guide for the School Management, which will be distributed 
among the schools. All the professional teams involved in the design and construction of the schools 
also compiled a User Manual  

4.2. Cleaning 
Part of careful use of the buildings is keeping the buildings clean. Cleaning costs can be minimised by 
designing the building such that spaces are easy to clean.  Taking easily reachable and replaceable 
fittings and fixtures into consideration in the design can prevent mounting cleaning costs. Adequate 
finishes are also important. Floor finishes should be impervious and easily cleaned. The most effective 
finish, since it is very easy to clean, is standard un-tinted granolithic (CSIR, 1999). High ceilings, 
lighting, which cannot be reached, open ceilings are difficult to clean. For toilet blocks it would be 
recommendable to finish the walls with a high-gloss oil paint or acrylic paint, which are relatively 
cheap, easy to wash and kept hygienic. Tiles should be avoided since higher maintenance costs 
because of breakage and cleaners often neglect to clean the joints between the tiles. 
 

  
 
Regular cleaning is very important in schools to 
create a healthy environment for the learners. This is 
especially applicable to ablution buildings. Extra 
consideration and attention should be paid to the 
finishes and the design of the toilets with regard to 
cleaning. The toilets should be designed for easy 
cleaning and maintenance, finishes of the wall and 
floor are hereby important/crucial. 
Picture 4.2 indicates some cleaning issues, which 
were not taken into account during the design. Dust is 
accumulating at the ceilings, which is difficult to 
clean. Besides that the light fixtures are located more 
than 2,5 metres above the ground what makes the 
cleaning of the lights more difficult. 
 

Design options Cleaning: 
 
− Minimisation of cleaning costs by use of adequate finishes 
− All areas in the rooms are easy to clean (e.g corners, top of cupboards) 
− The whole window area of the windows reachable for cleaning 

Picture 4.2: Difficult to reach and clean 
Masibambane Secondary School 
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4.3. Security  
Security is a major issue at schools. According to the School Register of Needs (DoE, 2001) 35.6% of 
the schools reported criminal incidents at their school. Free State Province reported the lowest 
reported criminal incidents; ‘only’ 20.5% of the schools reported incidents. Gauteng Province had the 
highest number of criminal incidents at schools; over 55% of the schools reported incidents! Most 
common criminal incident was burglary, with almost 30% of the South African schools reported 1 to 5 
burglaries in 2000 (DoE, 2001) 
 
The school building should therefore be reasonable secure without requiring large ongoing costs. Each 
school requires a different level of security measures, which is dependent on the particular situation 
and the surrounding community and activities. With regard to physical security at schools, attention 
should be paid to site access and building access. Particular attention should be paid to windows and 
doors of stock rooms, equipment stores (Villiers, 1988).  
Vandalism and theft are major problems in many schools and this can be halted through proper 
physical controls (CASS/IPT, 1999). Exploration of measures to protect school property resulted in: 

− Locks at doors and windows 
− Burglar proofing for windows and doors at the Learning Resource Centre and Administration 

building 
− Strong room in the administration building 
− Lighting. The school grounds should be well lit during the night, this means lighting the 

entrances of the buildings and school premises. Recommendable is lighting which is sensor 
controlled and will go on when there is movement at the grounds 

− Boundary Fencing, borders of school premises should have walls, fencing or plants with sharp 
thorns. 

 
The measures mentioned here are not finite, each school must be considered according to its particular 
situation (Villiers, 1988), and therefore a security assessment should be executed. Based on the 
outcome of the assessment it will be possible to design a security plan.  
 

 
Since vandalism is an enormous problem at schools, measurements to prevent theft and vandalism are 
necessary. For classrooms it is sufficient to install proper locks for doors and windows, and besides 
that lockable storage would also be recommendable. In the Learning Resource Centre and 
administration buildings should be provided with burglar proofing for windows and doors, since the 
most valuable equipment, like computers, copy machines are situated in these buildings. At Thulani 
Primary School (Limpopo) fifteen computers were stolen from the school. After the incident, 
windows and doors were equipped with burglar proofing and an alarm system was installed in the 
Learning Resource Centre. Masibambane Secondary School (Western Cape) is supported by CASS to 
prevent school based violence and crime. CASS18 is a collaboration of government, non-government, 
community-based and voluntary organisations. They try to establish safer schools by including the 

                                                   
18 http://www.ipt.co.za/schools.htm 

Design options Security: 
 
− Property security: safe storage (strong room, locked storage in classrooms) 
− Building security: proper locks on doors and windows 
− Building security: Burglar bars for doors and windows, alarm system 
− Site security: lighting of the site and buildings 
− Site security: Boundary Fencing 
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community and create a sense of community ownership of schools. CASS provides training and 
information and funds to equip schools with the necessary safety measures. 
 
Sufficient lights (highmast) are needed to lighten up the site during the night will reduce the number 
of people entering the site unlawful. A fence is definitely needed to secure the school premises. 
Ideally the school should be provided with a fence, which can lock the classrooms and the shared 
facilities separately. Additional, when money is available a security guard can be hired. Supervision 
from the neighbourhood is free and useful, but this depends on the location of the site and the 
willingness of the community to cooperate. 
 
Not all security measures can be mentioned here, but architects should be fully aware of the crime rate 
and vandalism at schools. A school should be a safe place where children feel safe. The should take 
three different issues into consideration. 1. What can be done to protect the site? 2. What can be done 
to protect the building? 3. What can be done to protect property? 

4.4. Water & Energy Consumption 
To reduce the water en energy bill it should be possible to monitor the consumption. The schools 
should therefore be provided with water en energy meters, which can be easily accessed (Gibberd, 
2003).  

 
Currently the provincial government pays the water and energy bills of the poorest schools. This 
means that the government does not give any incentives to reduce the consumption of water or energy. 
To change this situation the government established Section 21 Schools in the South African Schools 
Act 1996 (DoE, 1996). Section 21 Schools are provided with funds to be able to manage their own 
budget, in which the payment of services is included. The schools receive a lump sum per learner, 
what can be allocated according the priorities of the school. Poorer schools will receive more money 
than the better-off schools. To become a Section 21 School, the School Governing Body (SGB) has to 
apply in writing to the Provincial Department of Education (DoE, 1998).  
 
The water and electricity meters are necessary to monitor the consumption figures. From the school 
assessment it became clear that all the schools have a water and electricity meter, but there is no 
tendency to do something with these meters, although all the Thuba Makote Schools became Section 
21 schools. 

4.5. User awareness  
To increase the awareness of the learners and staff of the energy and water consumption and the waste 
production of the school, they should be confronted with the numbers and figures. To accomplish this 
visual information, in the form of for example signboards, should be displayed (Gibberd, 2003).  
 
Training in building management for the principal and the School Governing Body would also 
contribute positively to the efficient and effective management of school resources.  

Design options Water & Energy Consumption: 
 
− Easy monitoring of consumption possible (water & electricity meters) 
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The Eco-School Programme in South Africa19 can play a role in making the learners and educational 
staff more aware of environmental issues at the school. The programme is developed as a school 
improvement programme that aims at achieving sustainable environmental management20. It is an 
international recognised programme with more than 10.000 participating schools in 28 countries. 
Benefits of the programme for the schools are: 

− Improvement of the school environment 
− Building young people’s confidence and sense of citizenship through participation 
− Increase environmental awareness 
− Involvement of the local community 
− Reduce litter and waste 
− Reduce cost by saving water and energy 
− Gain local publicity 
− Establishment of relationships with other schools around the world. 

 
The Eco-school programme includes a learning programme, which can be embedded in the curriculum 
learning areas.  On the other hand the learners are stimulated to take an active role in how their school 
can reduce the environmental impact of the schools. The programme encourages to extent the scope of 
the activities beyond the school and involves the wider community to participate as well. In 
2002/2003 there were 90 schools registered to become an eco-school  

 
To increase the awareness for effective and efficient management of schools and for importance of the 
environment among the learners and the school staff asks for some creativity of the architect and the 
community. Educational murals, billboard and signboards etc can be means to accomplish this. None 
of the schools of the Thuba Makote programme showed any initiative to create some awareness.  
 

                                                   
19 www.eco-schools.org 
20 http://www.eco-schools.org/countries/pages/page_rsa.htm 

Design option User Awareness: 
 
− Exposure of consumption (water, electricity, waste) figures to

management and users 
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5. Capital Costs  
Capital costs are the costs, which are allocated to build the buildings. The construction costs are 
mainly determined by the costs of material, labour and professional fees (Rice, et all, 2003). Cost 
effective buildings support sustainability by allocating limited capital to be used efficiently and used 
to improve productivity and well-being. (Gibberd, 2003) 

5.1. Project initial costs 
To control the costs of school construction, the school can be developed in phases. This will lessen the 
initial cost burden of school construction (Dierkx, 2002). This will also allow the school to use and 
test the design of buildings and have more control over the future design (Rice, et all, 2003). The 
design of the school should foresee future development of the school. 

 
For all the schools a master plan is developed, which indicate future extensions of the schools. Since 
the provincial department of education is responsible for future extensions of the schools, they receive 
the master plan. At Boitumelo Secondary School (Free State) the second phase of the phased building 
plan is also executed since the provincial department added some funds to the original budget. The last 
phase will be the construction of a hall and sports fields. At Masibambane Secondary School (Western 
Cape) the provincial department also promised to build the school/community hall next year. 
 
Besides a phased building plan the professional team can also control the costs by comparing the costs 
per square meter with governmental standards. 
 
The schools of the Thuba Makote Programme are built with a limited budget of 4.5 million Rands per 
project. A number of projects received additional funding from other sources and were able to build 
additional facilities. To make the costs of the schools comparable costs per square meters are used in 
the assessment of the schools.  
 

School Name Total costs: 
R/m2 

Sub structure 
costs: R/m2 

Super structure 
costs: R/m2 

Thulani Primary  1769.72 1 163.81 3 1821.71 5 
Mogale City Secondary 1798.33 2 479.21 8 947.95 1 
Dirang Ka Natla Secondary 1963.86 3 145.00 2 1281.01 2 
Musi Thusi Primary 2115.62 4 132 1 2187.50 8 
Boitumelo Secondary 2155.17 5 250.22 5 1656.41 3 
Raeipela Primary 2353.96 6 249.81 4 2017.25 6 
Jacob Mdludli Secondary 2434.74 7 413.29 7 1657.55 4 
Masibambane Secondary 2692.71 8 338.55 6 2265.67 9 
Zinyosini Secondary 2809.61 9 797.03 9 2126.90 7 
Table 5.1: Construction Costs 
Source: CSIR 

 

Design option Project Costs: 
 
− Phased building plan available/executed  
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The construction costs of the schools vary between 1769 R/m2 (Thulani Primary School) and 2809 
R/m2 (Zinyosini Secondary School). The sub-structure costs are varying enormously between the 
schools. Sub structure costs at Musi Thusi Primary School are132 R/m2 and at Zinyosini Primary 
School these costs are 797.03 R/m2. This can be explained by to ground conditions and foundation 
design. There are also differences between superstructure costs. Mogale City Secondary School has 
superstructure costs of 947.95 R/m2

 and the most expensive is Masibambane Secondary School with 
2265 R/m2. According to these figures no relation between construction method and the corresponding 
costs could be found. It should be kept in mind that some of the construction costs figures were not 
very detailed and therefore should be analysed with care.  
 
Construction costs of a school should not exceed national standards. Schools can be built cheaper and 
more efficient than what is currently happening in South Africa. Besides that a phased building plan 
should be made, so when more funds are available the school of Provincial Department of Education 
knows what and how to built the buildings. 

5.2. Labour costs 
To limit the expenses of the construction, local labour and the community should be deployed 
(Dierkx, 2002).  Department of Public Works has set a benchmark for their projects to stimulate and 
create involvement of local labour. The department determined that at least 30% of the project budget 
should be spent on local community labour (DPW, 2001). Since local labour is often low-skilled 
labour, it would increase the quality of the construction work when these people are trained during the 
construction period. This should be taken into account in budgeting during the pre-design. An 
evaluation report of Gauteng school building project, initiated by the Development Bank of Southern 
Africa, indicated that 10.65% of project budget is recommendable to spent on construction skills 
training of construction workers (Kihato, 1997). 
 
Involvement of a professional team is necessary to bring the project to a success. While the 
involvement of professional people seems expensive, the costs of the project can rise enormously 
when the civil works component of a project is badly designed. Adequate technical assistance and 
supervision during the construction of schools is essential for production of good quality buildings 
(Rice, et all, 2003). To keep down the expenses for professional salaries, these can be based on a 
performance based fee structure instead of fees based on the total project cost. 
Complex construction methods usually require specialised contractors and semi-skilled labour for the 
construction. The design should take the complexity of a building method into consideration to 
minimise the number of specialised contractors. The buildings should be designed to ensure that they 
maximise the use of local skills, and when these are not available, these skills should be developed 
locally (CSIR, 2003). 
 

Design options Labour Costs: 
 
− 30% of the construction budget spent on local community labour 
− 10,65% of school building costs spent on construction skill training of

construction workers 
− The construction method requires no specialised contractors 

Design options Project Costs: 
 
− Costs per square meter is less or same as national standard 

o Sub structure costs/m2 
o Super structure costs/m2 
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It was difficult to test and verify the benchmarks for the community labour and skill training, since the 
budget numbers received from the site teams were not very accurate. The benchmarks set for 
construction budget spent on local community labour and skills development are quite high, but based 
on based on best performance.  
 
The design of Masibanbane Secondary School (Western Cape) was based on re-using and 
refurbishment of existing steel sheds. This construction method required specialised skills with regard 
to the re-location and refurbishment of the steel sheds.  Furthermore, the design specified certain 
materials and components, which had to be installed by specialised people to ensure that the required 
guarantees were in place (CSIR-2, 2004). These specialised people were employed from outside the 
community. This negatively affected the number of temporary workers from the local community. 
 
The performance based fee structure will be difficult to implement in the relatively conservative 
construction sector, but it will stimulate creative thinking and stimulate innovative behaviour of the 
professional team. 
 
The goal of the design options is to stimulate innovative behaviour from the professional team and to 
include local people in the construction process. Besides this, focus should be on training the people 
during the construction process and minimise the number of specialised contractors. The process of 
building Maphala Gulube Primary School can be used as an example to explain this. 'The design of 
the buildings was kept to a 'domestic' scale, which means that local emerging contractors would be 
able to construct them. Designing the buildings as separate pavilions further aided in the construction 
process by enabling the appointment of multiple emerging contractors on one site, while SASOL 
provided all the building materials' (CSIR, 2001) 

5.3. Material Costs 
A significant proportion of the construction costs are spent on material costs. To control these costs, 
materials can be selected on the basis of price comparison, considering labour, transport, finishes and 
maintenance costs of the material (Dierkx, 2002).  Furthermore, design strategies to reduce material 
use are eliminating unnecessary structural, architectural, and finish materials; and using modular and 
standard dimensioning (Regents of the University of Minnesota, 2001). By using a design grid, which 
correspond to material and component sizes, the building can be built more cost efficient (Gibberd, 
2003).  

5.4. Building Costs 
To stimulate sustainable building methods and to support creative thinking and exceptional 
performance 3% or more of the construction costs should be allocated to sustainable technology or 
use of indigenous technology (Gibberd, 2003). 
 
Reuse of existing buildings was assumed to be more cost effective than constructing new buildings. At 
some schools existing school buildings were present, none of these buildings were demolished; they 
are all re-used and refurbished were necessary. In Free State the old buildings were in such dilapidated 
condition that it would be too expensive to refurbish them again. These buildings are taken over by the 
government, and they will turn these buildings into a cultural centre. But from the school assessment 
became clear that re-use of existing buildings does not necessarily have a positive cost effect. The 
construction method in the Western Cape included re-use of a old roadcamp structure, this leaded to 

Design options Material Costs: 
 
− Material selection is based on a cost comparison of different materials

(including transport, finishes, maintenance) 
− Design/ Planning grid that relates to material/components module sizes 
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increasing costs. It is therefore chose to leave re-use of existing buildings and materials out of the 
SSDT. 
 
Complex building systems usually requires higher skilled labour and specialised contractors. Simple 
design of buildings, with a high repeatability of construction work is more appropriate when working 
with local labour (Gibberd-2, 2003). According to Dierkx (2002) is a repeatable building system an 
appropriate system when employing local people, since it can be reproduced and maintained without 
specialist skills and tools. Replicated classroom buildings can enable to contractor to reduce time on 
consecutive building. High level of repeatability makes construction more easy for emerging 
contractors and it also provide the possibility to work with several contractors at the same time but on 
different buildings.  
 
The design options for building costs are mainly based on experiences during the construction of the 
Thuba Makote schools. 

5.5. Construction Process costs 
Reducing the cost of construction during the design phase is comprehensive. An option is to design 
for high labour intensive construction methods, since labour is relatively cheap compared to 
machinery. The construction of Dirang Ka Natla Secondary School (North West) is completely done 
with manpower, no machinery was used. Excavations were dug by hand to minimise the cost of 
expensive equipment. The building sizes and details should be kept domestic/ simple. This will enable 
rapid construction by a number of emerging contractors. Small individual buildings ensure minimal 
costs for earth moving and storm water drainage (CSIR,  
Simple building methods are generally more labour intensive than larger complex buildings. The reuse 
of large industrial sheds in the Western Cape resulted in lower employment creation figures than the 
figures of the Northern Cape, Limpopo, Free State where simple ‘domestic-scale’ two-classroom 
blocks are constructed. 

 

Design options Building Process Costs: 
 
− High labour intensity/ low capital (machinery) intensity  
− Design requires a domestic scale construction method 

Design options Building Costs: 
 
− High level of repeatability/ replicated components/elements (simple

design) 
− 3% or more of capital costs is allocated to new sustainable/indigenous

technology 
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Appendix G: Environmental Aspects of Sustainability 
This appendix contains the elaboration of the Environmental aspects of sustainability. The aim is to 
integrate economic sustainability into the design of the school. The definition of an environmental 
sustainable state can be described as: 

 
‘Strong, robust, biophysical systems that are able to provide resources and conditions 
necessary for existing and future populations on an ongoing and steady basis’ (Gibberd, 
2003). 

  
This appendix contains the operationalisation of environmental sustainability into main objectives, 
strategies and design options for primary and secondary schools in poverty stricken areas in South 
Africa. The environmental main objectives 6-10 are described here; the economic main objectives 6-
10 are described in appendix H and social main objectives 11-15 in appendix J. 
 
This appendix will handle the following main objectives and strategies: 

6. Water 
 6.1. Efficient water use 
 6.2. Rainwater 
 6.3. Water recycling 
 6.4. Storm water 
 6.5. Water efficient landscaping 
7. Energy 
 7.1. Energy use 
 7.2. Ventilation 
 7.3. Heating and cooling 
 7.4. Lighting 
 7.5. Energy efficient landscaping 
8. Waste 
 8.1. Waste management and awareness 
 8.2. Hazardous waste 
 8.3. Organic waste 
 8.4. Inorganic waste 
 8.5. Construction waste 
9. Materials 
 9.1. Embodied energy efficiency 
 9.2. Raw material availability 
 9.3. Environmental impact 
 9.4. Durability 
 9.5. Reuse and recycle materials 
10. Site 
 10.1. Site development 
 10.2. Location of site 
 10.3. Landscaping 
 10.4. Gardens 
 10.5. Environment & Design 
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6. Water 
Water is needed for many activities and is one of South Africa’s most valuable resources (Oliver, 
2003). The available amount of water for use is finite and already many parts of the world are 
experiencing increasing water costs, water shortages and unreliable water supply (Morgan, et all, 
2000). Without improvement of the efficiency of water use, South Africa will be facing water 
shortages throughout the country in the future (Oliver, 2003). The government, Department of Water 
Affairs and Forestry, is trying to raise awareness about the importance of conserving water among the 
users. Reducing water consumption at schools will not only decrease the environmental impact it will 
also give a financial incentive. 

6.1. Efficient Water Use 
Water in schools is consumed by use of toilets, basins, school activities, cleaning and irrigation of 
landscape and sport fields. A research done by McKenzie et all (2002) indicated that metering the 
water use is a necessity, because without data about water use, savings cannot be verified. Thus a 
water meter should be installed in the school, to be able to monitor water consumption at the school. 
Water policies should be interactive with the actual consumption; targets and limits should be set to 
achieve a desired situation. This process can form part of the learning programme.  
By installing water efficient taps in a school, the water consumption can be reduced. Push buttons 
demand less water than normal taps. This self-closing, push to operate, low flow taps can result in 
water savings of 60% compared with conventional taps (CSIR, 2002). Push buttons can be 
problematic when the water pressure is not constant, the push button system will then lead to leaking 
taps.  
Water reduction through efficient delivery devices, like dual flush mechanisms would be very ideal in 
schools, but this is often not economical feasible.  
Oliver (email, 2003) thinks schools have a tendency to over-water their sport fields, to make the fields 
green, while this might be a result of high traffic or inappropriate grasses. For irrigating sport fields 
and gardens at schools, there are some irrigation systems available, namely micro irrigation, drip 
irrigation, sprinkler irrigation, centre pivots, and flood irrigation (CSIR, 2002).  The sprinkler 
irrigation system is the most common used at schools, but at the same time this system is not very 
water efficient. Only 30% of the water will actually reach the roots of the grass. The drip system on 
the other hand is a water efficient system whereby the water is directly delivered to the soil. Almost 
99% of the water used is delivered at the roots of the grass (CSIR, 2002). Disadvantages of the system 
are the costs (R5,000 – 12,000 per 4000m2) and the systems need regular maintenance to avoid 
leaking or plugging. Maintenance issues are very important with water efficient systems, and this is 
often lacking at schools. A study about schools executed in Canada (Robson, 1966) indicated that a 
lack of maintenance of taps and valves was one of the major causes of water waste. Personal water use 
habits also have major influence on the effectiveness of water conserving fixtures and appliances 
(Morgan et all, 2000). In South Africa vandalism in schools is an additional problem, resulting in the 
requirement that the toilets and taps should be vandalism proof.  

 
From the school assessment it became clear that all the schools have a water meter, but there is no 
tendency to do something with the meters. This is mainly a lack of awareness, since socio-economic 
problems are still more important than the environmental. Currently the provincial government pays 

Design options Efficient Water Use: 
 

− Water meter installed, protected by a strainer 
− Reduction of water use by water efficient taps (push buttons) 
− Reduction of water use by water efficient toilets (dual flush mechanism/ 

VIP latrine) 
− Reduction of water use by use of dripping systems for sport field 

irrigation 
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the water and energy bills of the poorest schools. This means that the government does not give any 
incentives to reduce the consumption of water or energy. To change this situation the government 
established Section 21 Schools in the South African Schools Act 1996 (DoE, 1996). Section 21 
Schools are provided with funds to be able to manage their own budget, in which the payment of 
services is included. The schools receive a lump sum per learner, what can be allocated according the 
priorities of the school. Poorer schools will receive more money than the better-off schools. To 
become a Section 21 School, the School Governing Body (SGB) has to apply in writing to the 
Provincial Department of Education (DoE, 1998). All the Thuba Makote schools are section 21 
schools, which means that it water saving activities can make a difference for their budget. At 
www.savewater.co.za there is a SWAT tool available. This Simple Water use Assessment Tool will 
evaluate the water consumption within the school and the tool will give advice to make appropriate 
savings in water consumption. 
 
Water efficient taps are not common use in the schools. Push buttons are usually more water efficient, 
but the disadvantage is that this system relies on a constant water pressure, which is not always 
available in the rural areas. During the school visits it was often observed that taps were not closed 
properly or that learners open the taps and play with the water, which results in water waste. This 
could be partly solved by implementation of push button taps. 
 
Water efficient toilets will reduce the consumption of water significantly. At Zinyosini Secondary 
School in the Eastern Cape VIP-latrines are used, since they do not have a sewer and constant water 
supply to flush the toilets.  At Musi Thusi Primary School in KwaZuluNatal the toilets are flushed 
with rainwater.  
 
In schools water is mainly used for toilet flushing, washing and drinking, cleaning and irrigating the 
fields. Water meters are determined as a necessity, to be able to monitor waster consumption at the 
school. By applying more water efficient devices for toilets, taps and irrigation systems, water use can 
be reduced. The government should stimulate water reduction at the schools in the future by passing 
the responsibility of the water bills to the school management. Schools will then become more aware 
of their consumption and the corresponding (economic and environmental) costs. 

6.2. Rainwater 
Harvesting rainwater has several advantages. It saves water, harvesting water causes less erosion and 
flooding, caused by runoff, will be minimised. Additional it alleviates pressure on purified water 
supplies. There is also a financial benefit and the school will be less dependent on local water supply 
(CSIR-3, 2002). To calculate the potential rainwater harvesting a simple assessment tool is provided 
on the Internet. The tool requires the rainwater catchment surface and a daily water use schedule, and 
from there it will calculate the possibilities for rainwater harvesting (www.savewater.co.za). 
 

A rainwater harvesting system consists 
of the following components: catchments 
area (roof), conveyance system 
(guttering, downspouts, and piping), 
storage (cistern), and filtration and 
distribution. Rainwater harvesting can be 
done with any roofing material if it is for 
non-drinking use only. The storage tank 
can be located above or below the 
ground (Morgan et all, 2000). A school 
normally has sufficient catchment area 
because of the number of buildings. 
Within schools the water can be used for 

Picture 6.2: Rainwater tank 
Thulani Primary School 

Picture 6.1: Rainwater Tank 
Banareng Primary School 
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irrigation of the gardens, vegetable gardens and the sports fields. The primary expense for a rainwater 
collection system is the storage tank. 
 
Besides that using rainwater has environmental and economic benefits, it is extremely useful in dry 
areas. The water supply from the municipality is often not reliable in extreme dry seasons. Harvesting 
rainwater will provide the school with some reserve, which can be used during dry periods (see picture 
6.1 and 6.2). 
 

 
In the Thuba Makote project, there are four schools, which harvest rainwater. A good example is 
Thulani Primary School in Limpopo. The rainwater is harvested from two classroom buildings and 
stored in two tanks. When the tanks are filled, the overflow goes to a larger tank below the surface. 
Also at Musi Thusi Primary School in KwaZuluNatal rainwater is harvested and used for washing 
hands, toilet flushing, and irrigating the gardens. At this school there are special taps for drink water, 
which is indicated with signs (see picture 6.3 and 6.4). 
 
The harvested rainwater is used for 
toilet flushing, washing hands, 
cleaning, irrigation of gardens and 
sport fields. Harvesting rainwater is a 
feasible option, when the area is dry or 
when there is no water supply. But 
also when there is water supply, 
harvesting rainwater can reduce 
ongoing costs. 
 
 
 
 
 

6.3. Water Recycling 
The term grey water refers to all the wastewater from non-toilet plumbing fixtures and appliances 
(toilet water is called ‘black water’). There is not much information available in South Africa about 
grey water systems, since it is not a common used system. This indicator is selected since two of the 
assessed schools are using very innovative grey water systems at the schools. Though, these schools 
handle water recycling issues in a complete different way. At Musi Thusi Primary School  
(KwaZuluNatal) a ‘high tech’ grey water system is implemented and at Banareng Primary School 
(Gauteng) a ‘common sense’-approach is used instead of any technology. 
 
Musi Thusi Primary School in KwaZuluNatal has a water recycling system, which purifies all the 
water used at the school. The system is based on a closed loop where there is only water loss due to 
condensation. This system also includes flush water from the toilets, which goes directly to the 
purification system. After purification, the water flows to the wetlands at the premises. These wetlands 
were already available at the site and form an integral part of the water purification system. The 
wetlands function as a storage tank for the irrigation of the community gardens. 

Picture 6.3: No drinking 
Musi Thusi Primary School 

Picture 6.4: Drink here only 
Musi Thusi Primary School 

Design options Rainwater: 
 

− Provision made for rainwater harvesting 
− Reduction of potable water use by re-use of rainwater at the premises 
− Rainwater gauge and irrigation advise 
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At Banareng Primary School in Pretoria each learner brings two litres of grey water once a week to 
the school. This water is used for watering of the vegetable and herb gardens.  The options at this 
school are very strict with regard to water use. Below the water taps, old bath tubs are placed, which 
catch the water used for hand washing (see picture 6.5). This water will be used again for the watering 
garden. An other example: before the children get lunch, each class gets a basin with water to wash 
their hands with and the dirty water is used again for the garden (see picture 6.6) 

 
Activities at the Banareng Primary School indicate that a grey water system does not have to be 
expensive and sophisticated technology. This primary school runs on donors and partnerships and 
does not receive additional funding from the government. An advantage of the activities and policies 
at this school is that the children are involved in the environmental issues from an early age. 

 

6.4. Storm Water 
Storm water runoff can cause flooding, stream erosion and degradation of water quality in creeks and 
streams. Water runoff can carry pollutants (pesticides, heavy metals), which end up in streams, and 
drinking water supply and can affect the environment (Morgan et all, 2000). 
There are several design decisions to minimise storm water runoff. Retention of existing vegetation 
during the construction period will contribute to minimising runoff. Permeable materials (gravel, 
crushed stone, open paving blocks) will also help, since the materials or the soil under the materials 
will absorb the water runoff. There are twelve climatic zones in South Africa (Holm, 1999), with each 
a different rainfall pattern. The storm water systems should therefore be adapted to the climatic 
circumstances. In general can be said that there should be some kind of storm water system in the 
form of channels or manholes, which will lead the water to a lower holding area (sport field, wetlands, 
ponds, tanks). 
 

Design options Storm Water: 
 

− Minimise runoff by minimising clearing and use of permeable materials 
− Storm water control to holding areas (channels, manholes, sport fields, 

ponds) 

Picture 6.6: Water basin 
Banareng Primary School 

 
Picture 6.5: Bath top 
Banareng Primary School 

Design options water recycling: 
 

− Grey water system 
− Reduction of potable water use by grey water re-use at premises 
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Storm water systems used at the schools are mainly to prevent erosion of the topsoil. All the schools 
have some kind of storm water system. The systems range from natural absorption (Jacob Mdluli 
Secondary, Mpumalanga) to channels on the premises, which lead the water to lower areas 
(Masibambane Secondary, Western Cape). The type of system depends on the soil type and the rain 
frequency.  
At Banareng Primary School the learners had to bring an unused brick, which were lying around in the 
township, to the school every week. The collected bricks were crushed and used for the construction 
of the pavement, which act as a permeable layer. This approach solved the storm water problems and 
it also cleaned the township from bricks lying around. 

 
Although harvesting storm water is not common practice, at Thulani Primary School (Limpipo) and 
Zinyosini Secondary School (Eastern Cape) the storm water is harvested. The school premises consist 
of concrete pavement, which catches the rainwater and leads it to large tanks under the surface. The 
water is stored till it will be used again for irrigation of the gardens or water activities. Both schools 
are situated in very dry areas. This resulted in a new design option with regard to storm water. 

6.5. Water efficient landscaping 
The site can play an important element in reducing water and pesticide use. By preserving the natural 
vegetation during construction of the buildings the water use of landscaping will be minimised 
(Morgan et all, 2000). Using indigenous vegetation will conserve water, reduce use of pesticides and 
reduce maintenance, since these plants are well adapted to the climatic conditions (Regents of the 
University of Minnesota, 2004). Protection of the topsoil during construction will restrain erosion and 
new vegetation will grow more easily, since the topsoil contains nutrients for plants to grow. 
Replacing topsoil is expensive and it will take some years to restore the natural process of generating 
new topsoil21. The topsoil can be collected and stored along the premises during the construction 
process. 
 

 
The existing vegetation was part of the landscaping design at most of the schools. At Thulani Primary 
School (Limpopo) the topsoil was removed, but this was restored later in the process. At Dirang Ka 
Natla (North West Province) some of the blue-gum trees had to be removed, because of the dolomite 
nature of the soil, which negatively affected the storm water absorption. The largest trees were 
protected since they provided much shade.  
 
The three selected performance criteria are derived from the water-wise landscaping concepts, and 
represent the basics for good landscaping. 

                                                   
21 http://waterwiselandscaping.com 

Design option Storm Water: 
 

− Harvesting and re-use of storm water 

Design options Landscaping: 
 

− Restore, maintain and/or enhance existing vegetation 
− Preserve and protect topsoil during construction 
− Select (indigenous) planting that require minimal amount of water 
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7. Energy 
Buildings are using energy during the construction period, but also during the operation of the 
buildings energy is used. A substantial percentage of the energy use in buildings is used for creating a 
comfortable indoor climate through heating, cooling, ventilation and lighting (Gottfried et all, 1996). 
By using less energy or using renewable energy, schools will save money and at the same time 
conserve energy resources (CHPS, 2001).  

7.1. Energy use 
To measure energy consumption in a school an electricity meter is required. By measuring energy use 
the school can monitor its consumption and intervene when consumption becomes too much. Simple 
behavioural changes can already affect energy consumption, turning of the lights, computers or other 
electrical appliances during the night or weekend will create a substantial energy saving (US 
Department of Energy, 2002). 
 
Renewable energy sources are available, solar water heating and space heating; photovoltaic systems, 
wind energy etc. But these systems are very expensive and at the moment not feasible for schools. 
According to the government (DoE, 2001) 3.6% of the schools in South Africa used solar power; the 
majority of these schools are located in the Eastern Cape. Besides the financial constraints, theft, 
vandalism and lack of maintenance at schools also hinder successful implementation of solar 
electrification (Cox & Gys, 2001). At the RAU University in Johannesburg a solar energy 
breakthrough occurred in November 2003. The Department of Physics developed photovoltaic cells, 
which will cost about 20% of what existing solar panels cost today, which would make it at least 
financially attractive (Northcliff Melville Times, 2003). 

 
From the school assessment it became clear that all the schools have an electricity meter, but there is 
no tendency to do something with the meter. This is mainly a lack of awareness, since socio-economic 
problems are still more important than the environmental. Currently the provincial government pays 
the water and energy bills of the poorest schools. This means that the government does not give any 
incentives to reduce the consumption of water or energy. To change this situation the government 
established Section 21 Schools in the South African Schools Act 1996 (DoE, 1996). Section 21 
Schools are provided with funds to be able to manage their own budget, in which the payment of 
services is included. The schools receive a lump sum per learner, what can be allocated according the 
priorities of the school. Poorer schools will receive more money than the better-off schools. To 
become a Section 21 School, the School Governing Body (SGB) has to apply in writing to the 
Provincial Department of Education (DoE, 1998). All the Thuba Makote schools are section 21 
schools, which means that it water saving activities can make a difference for their budget. 
 
None of the schools applies renewable energy sources at the schools. This has mainly to do with the 
fact that these appliances are expensive, high maintenance requirements and highly vulnerable to 
crime. At Zinyosini Secondary School (Eastern Cape) facilities are made for application of solar 
panels but additional funding is needed to realise this. 

Design options Energy Use: 
 

− Electricity meter installed 
− Reduction of energy use by availability of renewable energy sources 
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7.2. Ventilation 
Increasing comfort in a building in hot/humid climates can be accomplished through air movement. 
Mechanical appliances (air-conditioning, fans) refresh the air and stimulate air movement in a 
building (Morgan et all, 2000). A building, designed to make use of natural ventilation for air 
movement, will of course use less energy. Natural ventilation is comfortable, effective and an efficient 
option to create a comfortable environment (CHPS, 2001). Cross-ventilation can easily be established 
by placing operable windows on both sides of the classroom, preferable in line with the prevailing 
wind direction (Holm, 1996) 

 
Most of the schools have operable windows on both sides of the classrooms and none of the schools 
installed air-conditioning in their buildings. At Musi Thusi Primary School stack ventilation is also 
included in the design of the classrooms, which made the classrooms very comfortable.  
 
Natural ventilation can be established by operable windows on both sides of the classrooms (cross-
ventilation) or stack ventilation. This indicator will be elaborated in more detail under Occupant 
Comfort, section 11.1. With regard to energy saving in a building it is only of importance if 
ventilation requirements are met by natural ventilation and if additional mechanical appliances are 
needed for this purpose. 

7.3. Heating and Cooling 
Passive solar design uses the sun to heat and light buildings without mechanical or electrical devices. 
The design creates a comfortable environment, which does not need mechanical heating and cooling 
devices. Holm (1996) is an expert with regard to energy conscious design in South Africa and his 
book ‘Manual for energy conscious design’ should be consulted during the design phase of a school. 
With regard to energy efficiency it is only important to know passive design is taken into account 
during the design and if additional mechanical appliances are used for heating and cooling. Figure 7.1 
indicates some energy conscious design considerations during the design of Maphala Gulube Primary 
School in Secunda, Gauteng. 

 

Design options Ventilation: 
 

− Natural ventilation taken into account in design 
− No additional mechanical appliances required for ventilation 

Figure 7.1: Passive Environmental Control 
Maphala Gulube Primary School 
Source: CSIR, Education and Community Buildings Group 
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None of the schools are using mechanical appliance required for heating and/or cooling.  
At Musi Thusi Primary School (KwaZuluNatal); Masibambane Secondary School (Western Cape) 
more attention is paid to passive design of the building. The other schools did not pay close attention 
to passive design issues. 
 
Passive design is an excellent way of building to save energy and make use of the natural ways of 
heating and cooling. This indicator will be more elaborated under Occupant Comfort. For the energy 
efficiency it is satisfactory to know if there are mechanical appliances are used and if the concepts of 
passive design are taken into account. 

7.4. Lighting 
Day lighting is the most energy efficient method of illuminating the classroom. Appropriate design 
measures should be taken to provide the classroom with enough day light during the day. During 
overcast days and evenings the classroom should be provided with electrical lighting, but this should 
be done in an energy efficient manner. This includes energy efficient lighting fixtures; individually 
control of lighting, and outside lighting provided with a movement sensor. Fluorescent lamps, which 
are common use in classrooms, have a  relatively high efficacy, a diffuse light distribution, and a long 
operating life (Morgan et all, 2000). The approach should be to make the classroom independent on 
the electric lights. All the classrooms have electric lights, which is necessary when they are used in the 
evening or when it is an overcast day. But on cloudy days not all the lights are necessary, individual 
controlled lighting system would therefore be favourable.  
 

 
 
Ideally, energy efficient buildings only need daylight, but this is not realistic in schools. Adult 
education often takes place in the evenings or other after school hour activities are taken place, which 
need electrical lighting. Electric lights are available in all the classrooms, but they cannot be 
controlled individually.  

Design options Heating and Cooling: 
 

− Energy conscious design taken into account in the design  
− No additional mechanical appliance required for heating and cooling 

Design options Lighting: 
 

− Lighting requirements met by natural day-light within building 
− Energy Efficient Lighting fixtures in the building 
− Electric lighting can be controlled individually in the building 
− Outside lighting provided with a movement sensor 
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7.5. Energy efficient landscaping 
Landscaping can contribute to reducing energy consumption of a building. Trees and shrubs can be 
located to support passive heating and cooling in buildings and outdoor spaces. Proper placement of 
trees, vines and shrubs will reduce temperature fluctuations in the building22. 
Landscaping can (Morgan, et all, 2000): 

− Reduce the amount of sunlight heating building surfaces 
− Prevent reflected heat-causing light from entering the classroom 
− Slow air leakage by reducing wind velocity   
− Reduce air temperatures near the house (trees, grass, and shrubs) 
− Provision of evaporative cooling (trees, grass and shrubs) 

 
Deciduous trees will cool the classroom in summer and warm it in winter times when placed on the 
north and east sides. The tree will drop the leaves in winter and let winter sun enter the classroom, 
while the leaves will prevent the summer sun to enter.  
Evergreen trees should be planted on the south and west sides to protect the building from the setting 
summer sun and cold winter winds (Morgan, et all, 2000).  
Vines grow quickly and can be used to shade walls and windows. At Maphala Gulube Primary School 
grapevines grow over a pergola and prevent summer sun and allow winter sun to enter (see picture 
7.1). 
The (evergreen) shrubs and small trees can act as windbreak when planted with the right angle to 
prevailing winter wind. 

 
Unfortunately energy efficient landscaping could not be assessed at the schools, since they did not 
implement their landscaping yet.  

                                                   
22 http://pss.uvm.edu/ppp/articles/energysav.html (05/05/2004) 

Design options Landscaping: 
 

− Energy Saving Landscaping: 
o Deciduous trees on the north and east sides (shade) 
o Evergreen trees on the south and west sides (shade + windbreak)
o Vines on the walls or over the pergola (shade) 
o Shrubs and small trees with right angle to prevailing winter 

wind (windbreak) 
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8. Waste 
Waste is anything which has no further use and which is discarded or released to the environment. 
South Africa produces approximately 14 million tons of waste every year (CSIR-3, 2004). Existing 
landfills run out of space and new site are scarce, due to stringent waste legislation and regulations. It 
is therefore of importance to minimise and prevent waste. The ‘White Paper on Integrated Pollution 
and Waste Management for South Africa’ (DEAT, 2000) already presents a shift in paradigm from 
dealing with the consequences of waste to a prevention approach. Negative environmental impacts of 
waste are health and safety risks; ground and surface water pollution; soil pollution; odour and air-
quality pollution; and consumption of useful land (CSIR-3, 2004). The objective here is to stimulate 
reduction of waste generated by the users of the school that will end up at the landfills (LEED, 2001). 
The Institute of Waste Management of Southern Africa 23 promotes waste minimisation at the source. 
Their approach is to reduce waste by avoiding creation of unnecessary waste (use wisely, buy wisely, 
repairs) and reduce waste already created by reusing waste and recycling paper, plastics, cans, oil and 
glass (Kneale & Chettle). 

8.1. Waste management and awareness. 
The best way to avoid waste production is to educate learners about the consequences of waste 
production. The Eco-school programme compiled a school starter pack, with information about 
environmental issues at schools in South Africa. The pack provides many ideas to integrate waste 
issues in subjects. For example in the subject ‘Arts & Culture’ the 
learners are stimulated to make masks, crafts, artefacts etc using natural, 
waste of found materials. Or in ‘Economic & Management sciences’ 
learners can start a recycling project at the school involving the whole 
school.  
According to Kim Ward, programme manager Eco-schools in South 
Africa, it is necessary to create a recycling centre at the school. Often 
this is not taken into account into the design of a school, resulting in 
collection of waste at spaces, which are not specifically design for the 
purpose. This can be seen at picture 8.1, here the cans, which are 
collected for a programme ‘collect-a-can’24 are stored at a space which is 
designed for maintenance of the toilets. With all the cans lying around, 
maintenance at cisterns has become difficult. The school do not have 
appropriate spaces to collect and to separate the waste. The school 
should therefore be provided with an easily located space for waste 
collection and recyclable materials (LEED,2001). An appropriate number of dustbins, which separate 
waste at the source, are also important. The school should identify the waste handlers and/or buyers in 
the area for the recyclable materials. The Institute of Waste Management of Southern Africa can 
provide the schools with this information (Kneale & Chettle) 
 
 
 
 
 
 
 
 
 
None of the Thuba Makote schools take waste collection into account in the design of the school.  

                                                   
23 www.iwmsa.co.za 
24 www.collectacan.co.za 

Design options Waste Management and awareness 
 

− Waste education (awareness)/ billboards 
− Attractive dustbins which separate waste at premises 
− Central waste collection space (covered and near entrance) 
− Community involvement in the waste collection/recycling 

Picture 8.1: Waste collection 
Musi Thusi Primary School 
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8.2. Hazardous Waste 
Toxic & hazardous waste is defined as ‘waste, which has significant adverse effects on public health 
and the environment, due to its inherent toxic chemical and physical characteristics’ (CSIR-3, 2004). 
Safe disposal and/or recycling of toxic waste is necessary. Hazardous waste includes, batteries; 
cleaning chemicals; printer & toner cartridges, vehicle oil. A dedicated space should be provided for 
storage and handling of hazardous waste. 
 
 
 
 

 

8.3. Organic waste 
Composting systems reduce waste, conserve waste, and replace 
the need for chemical fertilizers and pesticides in the gardens 
(Morgan, 2000). Organic waste consists of food scraps, yard 
trimmings and other compostable materials (CSIR-3, 2004). 
Organic waste can be collected at a compost pile at the school. 
Since all the schools are running a garden project development of 
a compost pile will be a valuable addition. By developing a 
compost pile, the school will reduce waste-removal costs and the 
compost can be re-used as a soil fertiliser in the vegetable 
gardens. At Banareng Primary School a well working compost 
pile is developed, the school re-uses the compost for the gardens 
(see picture 8.2).  
 
 
 
 
 
 
 
 

8.4. Inorganic waste 
Inorganic waste can be described as ‘waste composed of material other than plant or animal matter, 
such as sand, glass and many synthetics’25. Separate collection of glass, plastic, paper and/or cans at 
the school should become common practice. Learners should be stimulated to re-use waste. Part of the 
eco-school programme is to develop a waste-project, which is created by the learners themselves. At 
an eco-school in Pietermaritzburg this resulted in a large scale recycling project, where the whole 
community was involved. The learners started with collection of paper in the community. Later, the 
learners managed to involve the whole community, resulting in the school serving as a recycling 
centre for the whole community. The money they raised with the collection of the paper was re-
invested in the school again.  

                                                   
25 http://www.gdrc.org/uem/waste/swm-glossary.html 

Design option Hazardous Waste 
 

− Provision for separate collection of toxic waste 

Design options Organic Waste 
 

− Composting system (food & garden waste) on premises 
− Re-use of compost for the garden. 

Picture 8.2: Compost pile 
Banareng Primary School 
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None of Thuba Makote schools paid attention to waste aspects at the school. But at Zinyosini 
Secondary School (Eastern Cape) there is no waste at the premises at all! This school is situated in a 
very rural area where the waste production is minimal since there are not much waste sources and all 
existing waste is re-used. 
At Banareng Primary School (Gauteng) discarded materials are used for landscaping, retaining and 
paving. The learners collected these materials from the neighbouring environment, which resulted in a 
cleaner neighbourhood and all kind of materials, which could be re-used at the school (see pictures 
8.3, 8.4, 8.5). 

8.5. Construction waste 
Besides waste issues during the occupation of the school, the waste generation during the construction 
of the schools cannot be ignored. Since the focus of the tool is on the design phase, some simple 
design requirements are given which will reduce the waste during the construction phase. 
Construction waste management is a research by itself, this is not taken into account in detail here.  
 
Cutting material by length is determined as the most important waste cause during the construction 
phase in a construction waste reduction study for South Africa (Boogaart, et all, 2003). The design of 
a building can correct this by aligning the design with the material and component dimensions 
(DBSA, et all, 2003). Architects should therefore make use of standardised building materials 
according to a modulate design.  
 
Reducing construction waste can also by means of efficient re-use of materials and existing buildings 
(CHPS, 2001). Re-use of buildings will extend the life cycle of the existing building stock, and this 
will also conserve resources since less new materials are used (LEED, 2001).  
 
 
 
 
 
 
 
 
 
 
The design of Masibambane Secondary School (Western Cape) is based on the re-use of two sheds of 
an old roadcamp left by the Department of Public Works. The steel structures of the sheds are 
disassembled and re-build at a more appropriate part of the school premises. Re-using the steel 
structures of the existing sheds resulted in the need for a specialised contractor who was able to handle 
this kind of work. 

Design options Inorganic Waste 
 

− Provision for separate collection of glass at school 
− Provision for separate collection of plastic at school 
− Provision for separate collection of cans at school 
− Provision for separate collection of paper at school 
− Re-use of inorganic waste at school 

Design options Construction waste 
 

− Reduction of construction waste by re-use existing buildings 
− Reduction of construction waste by efficient (re)-use of materials 
− Design is based on a modular design/ component planning grid 
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9. Materials  
Materials and components are the main elements of a building and therefore construction of a building 
requires large amount of materials and components (Gibberd, 2003). To produce these materials 
energy is required. This can be expressed by embodied energy of a material, which is the most 
common used measure to compare building materials. According to Lawson (1996) environmentally 
sound material selection is not only dependent on the embodied energy of a material. To express the 
footprints buildings leave on the environment, this methodology also includes other criteria. Lawson 
provides an Environmental Evaluation Summary for each of the materials based on seven criteria. 
Three criteria relate to the procurement of the material, namely Material Availability, Environmental 
Impact, and Embodied Energy Efficiency. With regard to applications in buildings he looked at 
Product Lifespan, Potential for Product Re-use; Material Recyclability; and Freedom of Maintenance. 
The latter criterion is used in main objective 4, Ongoing Costs.  
 
The data about the materials is based on an Australian context, but it will provide an indication of 
relevant performance of different materials. A research carried out by Irurah (1997) resulted in 
embodied energy values of different materials in a South African context. These values are not taken 
with in this research, since the values of the other assessment criteria are also based on the work of 
Lawson. He uses a qualitative method of rating materials with each other, no quantitative data is given 
in the research. The environmental assessment criteria are rated in the following manner: poor – fair – 
good – very good – excellent. Performance of the materials is determined by a ‘small group of 
environmentally aware design professionals’ (Lawson, 1996). All the results are summarised in table 
9.1. The main building materials of each school were subject to the six criteria. Most common used 
building materials at the schools are clay bricks, concrete, steel and stabilised earth. 
 

Table 9.1: Material and Environmental Assessment Criteria 
Source: Lawson, 1996 
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9.1. Embodied energy efficiency 
Embodied energy is calculated by ‘the sum of delivered energy consumption for the various major 
components of the manufacturing process converted to a common unit’ (Lawson, 1996) 

 

9.2. Raw Material Availability 
Raw material availability is defined as ‘accessibility of primary or secondary material that is used to 
produce a product’ (ISO 14001; 1996). 

 

9.3. Environmental impact 
Environmental impact is defined as ‘any change to the environment, whether adverse or beneficial, 
wholly or partially resulting from an organisation’s activities, products or services (ISO 14001: 1996) 
 

9.4. Durability 
More long-lasting, although healthy building constructions and finishes to increase the life span of 
materials, components, elements or building itself (Dierkx, 2002). 

 

9.5. Reuse and recycle materials 
 

 
 
 

Design option Raw Material Availability: 
 

− Raw material availability: very good 

Design option Embodied Energy Efficiency: 
 

− Embodied energy efficiency: very good 

Design option Environmental Impact: 
 

− Minimal environmental impact: very good 

Design option Criteria Durability: 
 

− Product life span: very good 

Design options Reuse and Recycle Materials: 
 

− Potential for product re-use: very good 
− Material recyclable: very good 
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10. Site  
 

‘Buildings have a footprint and a size that take up space that could otherwise be occupied by 
natural ecosystems which contribute to sustainability by helping create and maintain an 
environment that supports life. Buildings can support sustainability by, limiting development to 
sites that have already been disturbed, and working with nature by including aspects of natural 
ecosystems within the development’ (Gibberd, 2003, p129). 

10.1. Site Development 
A site should be centrally located near/ in previously developed areas, with already existing 
infrastructure. This will limit transport requirements, but more important it will protect green fields, 
and preserve habitat and natural resources. Green fields are areas, which have not been developed 
previously, or have been restored to agriculture, forestry, or park use (CHPS, 2001). To retain 
beautiful and environmentally valuable areas and to minimise the impact of the buildings on the 
environment the school should be build on less attractive sites (Dierkx, 2002) A brown field site can 
be defined as ‘abandoned, idled, or under-used industrial and commercial sites where expansion or 
redevelopment is complicated by environmental contamination (Morgan, et all, 2000). In South Africa 
it is often the government or the community chief who allocate the site. If there is a possibility to 
choose the site, it should preferably be a levelled site, with uniform soil conditions to avoid expensive 
special foundations. Ideally sites should be naturally well drained to avoid flooding (Rice, et all, 
2001). The natural grade and contours should be kept untouched since it can minimise erosion and 
water pollution (Morgan, et all, 2000).  
 

 
Most of the schools of the Thuba Makote programme are built at already developed sites. 
Masibambane Secondary School (Western Cape) is built by refurbishing an old road camp from the 
department of public works (see picture 10.1). Thulani Primary School is located in the middle of the 
community settlement. Zinyosini Secondary School on the other hand is located in a very beautiful 
(untouched) area (see picture 10.2). Before the Thuba Makote programme started the existing 
classrooms were already located at this site.  

Design options Site Development: 
 
− Already developed site environment (Brownfield development) 
− Use of original contour (no cut and fill needed to construct buildings 

Picture 10.1: Old Road Camp 
Masibambane Secondary School 

Picture 10.2: Untouched area 
Zinyosini Secondary School 
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10.2. Location of site 
In rural area children often have to walk long distances to reach the school. This is not only a time 
consuming activity, but it can also be dangerous, since the children walk to school by themselves 
along the road. It is therefore of importance that a school bus or public transport is available. 
Nevertheless, this is a responsibility of the government and thus out of the hands of a project 
developer. Based on American standard schools should be built on centrally located sites in which 
50% of the learners are located within 1-2 miles (CHPS, 2001). School sites in South Africa should be 
close to children’s home, reachable by foot or public transport (Rice et all, 2001). This depends of 
course of the area where the school will be built and the availability of public transport. But in general 
in rural areas in South Africa, children walk and public transport is not available and the government 
does not provide school busses.  

 
Ideally to minimise walking distance for the learners, the school should be situated where it will be 
easily accessible, which means in the community. In most of the cases the school is situated in the 
middle of the community or near the community. The Zinyosini Secondary School in the Eastern 
Cape is located centrally, but because this is a extreme rural area, learners come from 6 kilometres 
away to go to school. This means that those children walk for more than an hour to school and back 
again. On the other hand the route is safe, there are no busy roads, which might be dangerous for the 
children. Phomolong Primary School on the other hand is situated in the middle of the community, but 
it is a very busy environment, which makes the route to school often unsafe for the learners. 
  
Since school buses are too expensive for the Department of Education, public transport could be an 
option. But also public transport in rural areas is often worse than in the urban areas.  
 
It is thus of importance to choose the site in the settlement or village, to minimise the walking distance 
for the learners. When the school is situated in the community, the social supervision is also higher. 
When the site itself is donated, there is not much you can do as an architect. If it is not possible to 
locate the school within the settlement, make sure there is safe transport available for the learners to 
be able to go to school. 

10.3. Landscaping 
The external spaces between the classroom units should be designed positively, these spaces can serve 
as outdoor classrooms for art projects, gardening, botany, etc. and should be designed as such. They 
should be surrounded by buildings, trees, hedges, fences, or walkways or may be in the form of a 
natural amphitheatre (McLachlan, 2003). Schools are often unprotected against climatic and 
environmental conditions of the school surroundings (Dierkx, 2002). Vegetation is therefore 
important, since mature trees provides shade, filters the air, keeps the water table high, protect lower 
located plants and enhances the scenery and beauty of the school (Dierkx, 2002). During the site 
analyses valuable existing vegetation should be identified and protected when preparing the site for 
construction. Mature trees cannot be renewed easily and provide the school with shade to protect 
buildings and users of the school. They also protect the paved areas from heating up quickly and 
increase the aesthetic value of the school (Morgan, et all, 2000). The site should therefore provide a 
larger area with vegetation than the footprint of the building and hard surfaces (Gibberd, 2003). The 
CHPS (2001) requires a shading area of at least 30% of non-roof, impervious surfaces on the site.  

Design options Site Location 
 

− School site centrally located to minimise walking distance for pupils 
− Public transport/school bus available for learners outside the township 
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At all the schools of the Thuba Makote programme existing vegetation was preserved during 
construction and in some of the designs a landscaping plan was included. The big tree at Thulani 
Primary School (Limpopo), which served as a classroom before the new classrooms were built 
(picture 10.4), is a place where many people gather for some shade.  
At Phomolong Primary School (Gauteng), a ‘standard government school’, the schoolyard is 
completely paved (picture 10.3), all existing vegetation is cleared which resulted in the creation of a 
heat island.  
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Additional landscape should be designed to function naturally, which means including indigenous or 
well-adapted species in the vegetation design (Gibberd, 2003). It should also be designed to avoid use 
of synthetic fertilisers, pesticides (Arup & CSIR, 2001). The school management does not have time 
and money to invest in the landscaping of school, which means that the landscaping should not require 
high maintenance. Indigenous landscaping is desirable, because this will reduce the required water, is 
low in maintenance, and it will not require chemical or mechanical maintenance. 

 
 
Landscaping was not a focus area during the design of the schools and was often not included in the 
project budget. As a result schools only executed the landscaping when additional funding was 
available. The main requirement from the schools with regard to landscaping is low maintenance, 
since time and budget are constraints. At Banareng Primary School (Gauteng) the community 
members are maintaining the landscaping. 

Design options Landscaping: 
 
− No clearing of natural vegetation 
− Vegetation added to provide shaded areas on at least 30% of non-roof

areas 
− Minimise large paved areas (heat islands) 

Picture 10.4: Existing mature tree 
Thulani  Primary School 

Picture 10.3: Heat Island 
Phomolong Primary School 

Design option Landscape inputs: 
 
− Landscape designed that no artificial inputs (fertilizers, pesticides) are

required to maintain landscape  
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10.4. Gardens  
Food gardens and schools are not a logic combination at first sight. The idea to develop food gardens 
at schools originates from Banareng Primary School (Gauteng). At this school the gardens are highly 
linked with the educational programme. At this school the gardens are used as learning and teaching 
resources. The children learn how to maintain the gardens and they obtain information about the 
different vegetables and herbs.  
The products from the gardens are used to supplement the feeding scheme at the school. The feeding 
scheme is a programme from the Department of Health, and includes provision of maize meal to 
primary schools. The vegetables from the gardens are used to  
supplement the meal with vitamins and minerals. 
 

 
 

 
 
Since the success of the gardens at Banareng Primary School, this idea formed an integral part of the 
Thuba Makote Program. The food gardens are set up as a community project at the schools. Some 
project are doing very well and some still have to start the agricultural activities. At Thulani Primary 
School in Limpopo the garden is a success, since little vegetable gardens arise at the houses in the 
neighbourhood. Also at Jacob Mdluli High School the gardens will be integrated in the curriculum, 
eventually this school want to apply for acknowledgement as a school of agriculture. 

10.5. Environment & Design 
Sustainable site planning and design starts with identifying the ecological characteristics of the site. 
The architect will not impose the building on the site, but try to integrate the building with the site 
(Gottfried, et all, 1996). Besides ecological issues of the site the school should also reflect the cultural 
aspects of the local community. A school in rural areas is often one of the biggest buildings in the area 
and it is therefore important that the school serves as a reflection of the culture and traditions 
(McLachlan, et all, 2003). Traditionally, people are very proud of buildings they have built themselves 
and they reflect the local culture and traditions. To accomplish this reflection the architect should get 
involved with the local community to obtain insight in the local architecture and how they would like 
to form the school. People living in rural areas all over the world have developed a traditional way of 
building over centuries, passed on from on generation to another and many still built like that today. 
People have learnt which materials are best suited for construction of the buildings, which sites are 
more favourable for construction and how to construct the building to make sure it performs well in a 
specific climate (McLachlan, et all, 2003). The architect can make use physical models of the design 

Design option Gardens 
 
− Development of a food garden at the school 

Picture 10.5: Mandela Herb Garden 
Banareng Primary School 

Picture 10.6: Vegetable garden 
Banareng Primary School 

Picture 10.7: Gardening  
Banareng Primary School 
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to explain his ideas. This will help the community to understand the design and the ideas of the 
architect. The goal is eventually that the community is proud at the school and willing to be involved 
in activities at the school.  
 

 
These indicators are of qualitative nature, and therefore quite vague, but the goal is that the architect 
will broaden his knowledge with the culture of the local community, which can serve as an inspiration 
for the design process. For example the architect of Zinyosini Secondary School (Eastern Cape), 
spoke the local language and was interacting well with the local community. This resulted in a 
beautiful school with a very proud community.  At Musi Thusi Primary School the architects took into 
account the site characteristics very well and used this in a very environmental responsive design of 
the school.  

 

Design option Environment and Design 
 
− Design takes into account natural feature of site and surroundings 
− Design takes into account the (indigenous) architecture of surroundings

to reflect culture and traditions 
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Appendix H: Social Aspects of Sustainability 
This appendix contains the elaboration of the social aspects of sustainability. The aim is to integrate 
social sustainability into the design of the school. The definition of a social sustainable state can be 
described as: 

 
 ‘Safe, happy, healthy, cohesive, fulfilled, societies that have organisational structures 
and are able to develop innovative solutions, which enable them to share limited 
resources equitably in ways that enable all existing and future population needs are met’ 
(Gibberd, 2003). 

  
This appendix contains the operationalisation of social sustainability into main objectives, strategies 
and design options for primary and secondary schools in poverty stricken areas in South Africa. The 
social main objectives 11-15 are described here; the economic main objectives 1-5 are described in 
appendix H and environmental main objectives 6-10 in appendix I. 
 
This appendix will handle the following main objectives and strategies 

11. Occupant Comfort 
 11.1 Natural daylight 
 11.2. Thermal comfort 
 11.3. Noise 
 11.4. Views 
 11.5. Classroom occupation 
12. Education 
 12.1. Outcome Based Education 
 12.2. Whole school as a learning environment 
 12.3. Information and Communication Technology (ICT) 
 12.4. Life Long Learning 
 12.5. Teacher support 
13. Health & Safety 
 13.1. Health 
 13.2. Sport and recreation 
 13.3. People security 
 13.4. Inclusive environments 
 13.5. Healthy and safe environments 
14. Community Centres 
 14.1. Shared use of school facilities 
 14.2. Community ownership 
 14.3. Community facilities 
 14.4. Community services 
 14.5. Community activities 
15. Availability of facilities 
 15.1. Basic services 
 15.2. Basic facilities 
 15.3. Furniture & equipment 
 15.4. Support facilities 
 15.5. Residential accommodation 
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11. Occupant Comfort 
The quality of environments in and around school buildings has a direct impact on health, happiness 
and productivity of people. ‘If we are too hot we become lethargic and lose concentration; if we are to 
cold, our bodies stiffen up; if the light is too bright or too dull we get sore eyes and heads. If it is too 
noisy, we can’t hear and lose concentration; if our chairs or tables are too big of too small we get 
pains’ (Brink, 1997). Creating an environment in which learners feel physically comfortable is 
important for the productivity of their activities. Occupant comfort can be determined by several 
factors, namely physical, thermal, acoustic and lighting comfort (Brink, 1997). According to Rennie 
and Parand (1998) visual comfort can be added to these factors. To minimise the environmental 
impact the design principles used are mainly based on the principles of passive design. Passive solar 
design aims at providing well-being of the building users (health and thermal comfort), energy 
efficiency (using minimum amount of energy in the building for heating and cooling) and, therefore, 
cost benefits (Holm, 1996)  
 
‘Healthier, happier, more effective people contribute to sustainability by being more efficient’ 
(Gibberd, 2003). 

11.1. Natural Daylight 
To be able to work effectively in a classroom enough light should be provided. Poor light provision 
can cause problems with sight and therefore disturbing learning processes. Lighting is needed for the 
learners to be able to read and write sufficiently. Visibility levels are determined by the school 
location, school plan, and classroom size, which mean that it should be considered for each school 
individually. Although some general options can be applied with regard to lighting. Daylight, when 
employed correctly can cut electric lighting, energy and maintenance costs dramatically (Benya, 
2001). Though, electric lighting should be available because of overcast days, dawn and dusk. Besides 
the energy saving aspect, natural daylight is the most comfortable kind of light to work by 
(McLachlan et all, 2003).   
 
To determine if the natural daylight situation is appropriate, several indicators can help: day light 
factor (see figure 11.1& 11.3); depth of the classroom (figure 11.2) and percentage window area of 
floor area. 

 

Figure 11.1: Average Daylight Factor 
Source: Rennie & Parand, 1998 

Figure 11.2: Limiting Depth Rule 
Source: Rennie & Parand, 1998 

Figure 11.3: Visible Sky Angle 
Source: Rennie & Parand, 1998 
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The average daylight factor is an approximate measure to determine the light access. It can be 
calculated with the formula given in figure 11.1. Minimum for the average daylight factor is 2% in the 
whole classroom, but to save energy and not using the electric lighting a larger daylight factor is 
desirable. The average daylight factor does not take into account the shape of the room. This means 
that a classroom with an average daylight factor of 2%, can still suffer from a lack off daylight access. 
The depth rule, which can be determined with the formula in figure 11.2, will check if the room is not 
too deep. 
 
The problem with the average daylight factor is that it based on office spaces, which usually have 
windows on one side. That is why the formula has to be adapted to be able to calculate the average 
daylight factor when classrooms have windows on both sides. Two of the schools do not comply with 
the average daylight factor. Free State and North West do not comply with the factor, this is mainly 
due to the dark surfaces of the walls. 
 
The problem with the depth rule is that it assumes a rectangular space, the design rule measures if 
there is enough light in the back of the room. For example the Zinyosini Secondary school has 
windows on one side, which results in a room depth rule of 3.77 (still sufficient), but then the roof 
window provides light in the back, but the roof window is not taken into account in the 3.77.  
Room depth of classrooms with windows on both sides is more than sufficient, their room depth rule 
is between: 1.96 and 2.09. 
 
The opinions about the luminance levels in classrooms are divided, according to Dierkx (2002) a 
design light level of 215 lux is sufficient to read and write. According to Brink (1997) this should be 
200 lux for classrooms, Keith (1988) recommends light levels of 400 lux, which is compatible with 
SABS 0114 (Code of Practice for interior lighting). Since it is often difficult for architects to translate 
these values into practical design measures and the values can only be checked with a light meter after 
the building is built. It is therefore chosen to use more practical design options in the SSDT. A 
practical performance indicator would be the percentage window area of the floor area. Keith (1998) 
requires that glazed areas of windows in a classroom normally equal 10% of the floor area. Dierkx 
(2002) recommends a minimum of 20% window area but 33% window area of the floor area is 
desirable for a classroom with windows on both sides of the classroom. Maphala Gulube Primary 
School has a sufficient window surface (Gibberd, 2004), but the window area is 21.66% of the floor 
area. The other assessed schools scoring between 13-19% window area in relation to floor area. Based 
on the best practice of Maphala Gulube the percentage is determined at 20%, to be sufficient in the 
South African context. 
Skylights add positively to daylight in a classroom. Roof lights give about twice as much daylight as 
vertical windows (Rennie & Perand, 1998). 

 
 
The two design options for daylight; average daylight factor and the window area as a percentage of 
floor area, are good indicators to measure sufficient daylight in classrooms. Light coloured wall 
surfaces do not only increase the average daylight factor, but it also decreases the effects of glare. It 
turned out to be unnecessary to measure the room depth if there are windows on both sides of the 
classroom. Nevertheless, it is important when there are only windows on one side. 

Design options Lighting: 
 

− Average Daylight Factor is > 2% (windows on one side) 
Average Daylight Factor is > 4% (windows on both sides)  

− Room Depth according to (L/w) + (L/h)  <  4 
− 20% window area with regard to floor area 
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Some design considerations:  
• High windows do illuminate the back of the room better (Rennie & Perand, 1998). 
• Distribute windows even along the wall to get better distribution of the light (Rennie & 

Perand, 1998). 
• Large windows allow more natural daylight, but also direct sunlight, which can cause rising 

temperatures (Brink, 1997).  
• Intermediate spaces, like a veranda, lower down the intensity of the light and reduces glare 

(Dierkx, 2002). 
• Glare can be reduced by painting internal areas around windows in light colours, which 

reduces contrast levels (Brink, 1997) 
• Light coloured surfaces improve the illumination indoors. Reflective properties of ceilings, 

walls and floors are essential for a naturally sunlit space. Ceiling is generally the most 
reflective and should be the lightest, than the walls and lastly the floor (Lang, 2003) 

• Take into consideration that large windows facing north provide desirable warmth during 
winter days, are also main sources of heat loss during the nights. In summer times these 
windows can cause serious overheating without shading. Double glazing increases the effect 
in summer (Holm, 1996) 

• Deeper rooms need bigger windows (Rennie & Perand, 1998) 
• Large south facing windows are sufficient for indirect sunlight into a classroom 

(McLachlan et all, 2003) 

11.2. Thermal comfort  
Temperature in classrooms is very important with regard to the productivity of the children and since 
the thermal response of children is more sensitive than the response of adults (Schieffer, et all, 1984). 
Temperature affects the memory, mathematical ability, reading speed and comprehension, cue-
utilisation and creativity of children. Comfort zones are defined as a range (temperature & humidity) 
where most people feel neither hot nor too cold. A situation in which a human body can easily adjust 
to the environment. The main factors influencing thermal comfort are (Holm, 1996) 

1. Temperature 
2. Humidity 
3. Air movement 
4. Radiation 

Individual variables, which influence thermal comfort, are metabolic rate, type of clothing, 
acclimatisation, age, body type, state of health and air ionisation (Holm, 1996). Since the individual 
variable are difficult to measure and influence, only attention will be given to the first four variables.  

Temperature & Humidity 
Temperature and humidity are dependent on the geographic area 
where the school is situated. These two factors are also 
interrelated. High temperatures in combination with high humidity 
is experienced as uncomfortable, the same for low temperatures 
and low humidity. In figure 11.4 shows the relation between 
temperature and humidity, which can be seen as comfortable. In 
general a temperature of 16-32 0C, with an optimum of 21-22 0C 
can be used as comfortable. For humidity, 30-65% is still 
comfortable, with an optimum of 50% (Holm, 1996 & Straaten et 
all, 1965). For primary schools temperatures below 18 0C should 
be avoided, since young children (grade 2) are more sensitive to 
cold than older children. School should also avoid temperatures 
above 25 0C, since higher temperatures will decrease the 
performance (Shieffer, et all, 1984). 
 

Figure 11.4: Thermal Comfort: 
Temperature & Humidity 
Source: Holm & Viljoen, 1996 
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As said earlier, thermal comfort zone is dependent on the geographic region the school is situated. 
Holm (1996) compiled a book with detailed climatic information for the thirteen different climatic 
regions in Southern Africa. An essential book for every architect who works with energy conscious 
design. Another source to determine the comfort zone table 11.1. Based on the Annual Mean 
Temperature and the humidity a comfort zone is given.  
 

Annual Mean Temp >200C 15-200C <150C 

Humidity group 
Day Night Day Night Day Night 

0-30% 1 26-34 17-25 23-32 14-23 21-30 12.-21 
30-50% 2 25-31 17-24 22-30 14-22 20-27 12.-20 
50-70% 3 23-29 17-23 21-28 14-21 19-26 12.-19 
70-100% 4 22-27 17-21 20-25 14-20 18-24 12.-18 

Table 11.1: Thermal Comfort zones 
Source: Egmond & Janssen, 1999 

 
Thermal comfort should be assured the whole year in the classrooms, to maintain the productivity of 
the children. This means provision of adequate ventilation and other measures to provide an indoor 
temperature of 21-22 and humidity of 50%. Since it is difficult to translate these temperatures into 
design measures, it is chosen to select several practical design options for the SSDT.  

Air Movement 
Cross- and stack ventilation for human comfort is positive for the concentration and motivation of 
children. Ventilation can be defined as not merely the replacement of stale air by fresh air but the 
provision of a refreshing, healthy and comfortable atmosphere (Straaten et al, 1965). Window 
openings should be arranged in such a way that it is possible to ventilate the classroom when 
desirable. According to the National Building Regulations (SABS 0400)26 the minimum area of 
openings should at least be 10% of the floor area of a room. 

Ventilation causes heat gain/loss by exchange of 
air between inside and outside when there is a 
temperature difference. Windows should direct 
incoming air towards the learner in summer, but 
away from the learner in winter. Planting does not 
only provide shading to the building, it can also 
divert breezes into buildings (Brink, 1997). This 
can be illustrated by figure 11.5. 
Best orientation for classrooms from a ventilation 
point of view is facing prevailing summer winds. 
Air movement is especially desirable in hot humid 
climates. Prevailing winds should be taken into 
consideration when positioning the building. Tall 
windows ventilate better than horizontal windows. 
There is a case for designing windows with two or 
more separate sections at different levels to 
perform different functions (Rennie & Parand, 
1998).  

                                                   
26 National Building Regulations: http://www.architectafrica.com/bin0/nbr.html 

Figure 11.5: Ventilation Issues 
Source: Brink 1997 
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Radiation 
Glazing materials are frequently responsible for very high heat gains and losses in a building because 
they have little insulation value (Straaten et all, 1965). Direct exposure to radiation can be very 
uncomfortable with regard to heat gain. Learners who are sitting at the window and receive direct 
sunlight will probably feel hotter than other learners. Direct sunlight can also cause serious problems 
of glare. Direct exposure to radiation is dependent on the orientation of the windows; type of glass; the 
size of the windows and protection against the direct sun. The larger the windows, the greater the heat 
gain during the day, but also the greater heat loss during night. North, east and west facades receive 
the most natural light, east and west should be avoided to reduce unwanted heat gain (Holm, 1998). 
South lighting is used for its more diffuse light. North facing windows are usually preferred for solar 
gain in the South African climate because solar control devices to eliminate heat gain in summer are 
easily designed to also allow solar penetration in winter (Holm & Viljoen, 1996). External devices, 
which allow winter sun penetration and prevent summer heat gain, are often also effective in reducing 
glare (Holm, 1996). Internal devices (curtains and blinds) can be useful to protect heat loss during 
nights. Natural vegetation can also be useful in preventing the sun entering the building. Figure 11.6 
and 11.7  illustrate some design considerations with regard to passive environmental control. 

 
This can be summarized in the following design options: 

Design options Thermal Comfort: 
Ventilation: 

− Cross and/or stack ventilation in summer and minimisation of ventilation in
winter 

− Windows can be opened at different levels 
− Operable area is 10% of floor area 
− Planting does not interfere with the natural ventilation 

Orientation & Form: 
− Plan form is oblong and courtyard 
− Orientation buildings: long side is facing north 

Sun: 
− Adequate overhang to prevent direct sunlight in summer, but allow the winter

sun to enter (solstice -winter angle) 
− Windows at north side should be positioned relatively low in the wall, windows

at the south side should be positioned relatively high. To allow winter sun to
penetrate and stimulate cross ventilation 

Thermal Mass: 
− Use of thermal mass to cool the building in summer and warm it in winter 

Figure 11.6: Passive Environmental Control 
Maphala Gulube Primary School 
Source: CSIR, Education and Community Buildings group 

Figure 11.7: Passive Environmental Control 
Maphala Gulube Primary School 
Source: CSIR, Education and Community Buildings group 
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11.3. Noise 
Noise from neighbouring buildings or activities have a negative effect on the concentration, 
motivation and performance of children (Dierkx, 2002). Different sources of noise are illustrated in 
figure 11.8 

 
With regard to the site assessment for a school, noise will be an important factor to consider. Find a 
location as far as possible from busy roads (traffic noise), factories and informal activities (metal 
work, carpentry, garages, plants), or other sources of excessive noise disturbing the learning (Dierkx, 
2002). But often the (local) government appoints a piece of land for school construction, which means 
that project managers cannot set requirements with regard to external noise.  Measures to decrease the 
amount of noise can be planting trees, scrubs, and hedge in combination with surrounding walls, and 
slopes made of soil with grass and trees. But planting can only be effective when very dense and deep 
(Keith, 1988). Another option can be to organise the spaces around one or more courtyards (Dierkx, 
2002) as can be seen at figure 11.9 
 
Besides external noise sources, internal noise from neighbouring classrooms can be very disturbing 
too. Double-banked classrooms can have noise disturbance from the neighbouring classrooms or from 
classes given outside. Although this problem is incidental and can probably be solved internally, it 
should be considered when choosing materials for partition walls. Several design considerations: 
sound absorbing materials, dense material partitions, a cupboard in between classrooms, and avoiding 
air passages between rooms (Brink, 1997). According to Keith (1988) distance is the most effective 
way of decreasing the noise. 
 

 

Figure 11.8: Sources of noise 
Source: Brink, 1997 

Figure 11.9: External Noise 
Source: Brink, 1997 
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The classroom layout and teacher position can also help in decreasing noise disturbance between 
classrooms (see figure 11.10) 
 

 

 
Noise can be measured with the help of sound intensity and it will be possible to give benchmarks for 
sound intensity, within schools. But will this be useful? It is often difficult to translate sound intensity 
into practical design options, since sound intensity cannot be measured during the design. It is 
therefore chosen to apply sound intensity only for external noise, since this can be measured during 
the site analysis. Exceeding noise levels between classrooms have to be avoided with the help of 
design measures. Design measures to decrease the noise in classrooms are unlimited. Different 
materials can be used, insulation, planting schemes, etc. The SSDT will not provide the optimal 
solution since solutions are project specific. This is also applicable for noise from other classrooms. In 
the design one should think about appropriate materials, which do not allow noise from one classroom 
to another. Design measures from the school assessment: cupboards up to the ceiling on both sides of 
the wall, or insulation in the partition wall of the classrooms.  

11.4. Views 
‘A view is a necessity, not a luxury’ (Rennie & Parand, 1998). 
No view decreases productivity of a person. Visual access to the 
outdoors provides daylight, which enhances alertness and has 
psychological benefits such as relieving stress (Butin, 2000). 
Natural daylight is felt as a necessity to be able to work 
effectively. It allows a person to keep in touch with time of the 
day and it offers a visual rest centre enabling eye muscles to 
relax on a distance point (Rennie & Perand, 1998). The National 
Building Regulations (SABS 0400) require a minimum operable 
window area of 10% of the wall surface to provide natural day 
lighting. Minimum window areas with regard to the depth of the 

Design options Noise: 
 

− Noise from outside school: No disturbing surrounding activities, not exceeding
40 dBA background noise 

− Distance between the classroom blocks is more than 5 meters 
− Cupboards up to ceiling height, or insulation in partition wall 

 

Figure 11.11. Depth and glass surface 
Source: Rennie & Parand, 1998 

Figure 11.10: Internal noise 
Source: Brink, 1997 
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room are given in figure 11.11. A classroom will normally not exceed 8 meters without windows on 
both sides, so we can take 20% window area as a benchmark for the minimum amount of window 
area. An additional design option, which can be used, is the distance between a working space to the 
window (Dalman, 2003), this should not exceed 6 meters.  

11.5. Classroom Occupation  
Occupant comfort in a school also depends on the number of children in one classroom. Often 
classrooms are accomodating more learners than designed for. Schools in rural areas often exceed 
class sizes of 50-60 learners, while the classrooms are usually based on a maximum of 40 learners. 
The size and form of the classroom depends largely on the space needed per pupil to carry out specific 
activities of the learning programme, the pupil teacher ratio and the expression of the character of the 
school (Dierkx, 2002). From this research space areas of 1.06m2 (single desk) to 0.81m2 (double desk) 
are determined for the schools in Kenya. 
The South African national Curriculum 2005 is based on the concept of Outcome Based Education 
(OBE). OBE can be described as an interactive learning process between and among learners and 
teachers. The teaching method focuses on co-
operative learning, especially group work 
involving common tasks. The goal of OBE is 
to change pupils into active and lifelong 
learners, who are eager to absorb knowledge 
and love to learn. This approach asks for 
increasing class sizes (CSIR, 2002). After the 
school assessment the benchmark set, based 
on the results of Dierkx, was adjusted. Since 
all the assessed schools performed better and 
OBE requires more space in classrooms the 
benchmark is increased to 1.6-1.8 m2 per 
learner (see table 11.2). 
 

School Name Space per learner 
Boitumelo Secondary School 1.6 m2 
Dirang Ka Natla Secondary School 1.4 m2 
Jacob Mdluli Secondary School 1.7 m2 
Maphala Gulube Primary School 1.7 m2 
Masibambane Secondary School 1.7 m2 
Mogale City Secondary School 1.6 m2 
Reiapela Primary School 1.6 m2 
Thulani Primary School 1.6 m2 
Zinyosini Secondary School 1.4 m2 
Table 11.2: Space per learner 

Design Options Views: 
 

− Window area > 20% of wall surface 
− Distance from workspace to window < 6 meter 

Design options Classroom Occupation: 
 

− Space per learner > 1.60-1,80 m2 per learner 
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12. Education  
Some major changes took place in the educational sector in South Africa in the last ten years. The 
introduction of a new curriculum, which is based on Outcome Based Learning; a teaching method 
based on active participation of the learners and less ‘chat and chalk’ teaching. Furthermore, ICT 
becomes more important in the learning programme and as well as long life learning. Life long 
learning implies inclusion of facilities for Adult Based Education and Training (ABET) and Early 
Child Development (ECD). This is especially important when schools become community centres. 

12.1. Outcome Based Education 
The national Curriculum 2005 places a premium on innovative teaching strategies, designed to 
promote active learning, at the expense of didactic teaching (DoE-1). Outcome Based Learning can be 
described as an interactive learning process between and among learners and teachers. Outcomes of 
education are determined on forehand and learners know what their learning goal is. OBE focus on co-
operative learning, especially group work involving common tasks. The central feature of active 
learning is that the learners are actively involved in the learning process in a way that allows what 
they learn to become part of them by them being permitted to make their own sense of it. The goal of 
OBE is to change pupils into active and lifelong learners, who are eager to absorb knowledge and love 
to learn. Curriculum 2005 was introduced in 1998 and the implementation of the curriculum was 
reviewed in 2000. The review eventually resulted in the Revised National Curriculum Statement, 
which is easier to understand by teachers and less difficult to implement. The RNCS still maintain the 
principle of OBE. Differences between traditional teaching and OBE are given in table 12.1. 
  

Traditional Classroom OBE classroom 
Curriculum is presented part to whole, with 
emphasis on basic skills 

Curriculum is presented whole to part with 
emphasis on big concepts 

Strict adherence to fixed curriculum is highly 
valued 

Pursuit of learner questions is highly valued 

Curricular activities rely heavily on textbooks 
and workbooks 

Curricular activities rely heavily on primary 
sources of data and manipulative materials 

Students viewed as “blank slates” onto which 
information is etched by the teacher 

Learners are viewed as thinkers with emerging 
theories about the world 

Teachers generally behave in a didactic manner, 
disseminating information to students 

Educators generally behave in an interactive 
manner, mediating the environment with learners 

Teachers seek the correct answer to validate 
student learning 

Educators seek learners points of view in order to 
understand learners present conceptions for use in 
subsequent lessons 

Assessment of student learning is viewed as 
separate from teaching and occurs almost entirely 
through testing 

Assessment of learners is interwoven with teaching 
and occurs through educator observations of 
learners, learner observation of learners at work 
and through learner exhibitions and portfolios 

Students work primarily alone Learners work primarily in groups 
Table 12.1: Comparison Traditional and OBE classroom 
Source: Adler (2002) Thuba Makote Briefing documents Mogale City  

 
The classrooms should be flexible and adaptable to accommodate a range of teaching methods to suit 
outcome based education. The tables and chairs should be easily rearranged. Storage is needed for 
materials, equipment, work in progress (CSIR-2, 2004). Classroom space and movable furniture 
facilitates group work, co-operative activity, and focussed learning. Pinboards facilitate display of 
learners’ work. An evaluation of Maphala Gulube Primary School (CSIR, 2001), it became clear that 
provision of appropriately designed classroom space for the teaching of an outcome based curriculum 
is necessary. But this is not a sufficient condition to ensure OBE is implemented. The provision of the 
appropriate facility needs to be coupled with a school-based staff development programme to educate 
the teachers how to implement OBE. 
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The design options with regard to OBE were a prerequisite for the design of the Thuba Makote school 
designs. Phomolong and Banareng Primary schools, which are standard government schools, do not 
comply with these options. The classrooms are small, and do not allow for different furniture 
arrangements. Furthermore the classrooms do not have storage spaces and minimal space to display 
learners’ work.  The standard designs of the government, based on these two schools, are therefore not 
suitable for the implementation of OBE. According to Patel (2004), the standard design and layout of 
the Gauteng Department of Education does not take into account current trends in education.  

12.2. Whole school as a learning environment 
The school should be seen as a learning environment. The National Curriculum 2005 encourages the 
use of the local environment as a resource for learning. School buildings and grounds are the everyday 
environment for school children. The school should express the identity of the community, what can 
be done by murals painted on the walls, architectural forms etc (Mclachlan et all, 2003). Careful 
design, attractive, easily cleaned and maintained school buildings can create pride and respect for the 
school premises and facilities (CSIR, 2002). According to Dierkx (2002) it is recommendable to 
integrate the local surroundings into the classes. By creating outdoor learning areas for all kinds of 
subjects the environment will be more integrated (see picture 12.1). It is important that the pupils 
experience the natural environment of the school. Research shows that learners better absorb and 
retain skills that incorporate their immediate environment and use all five senses (Wagner, 2000). And 
there are many creative ways to make the school grounds more stimulating for learners, which will 
positively affect their motivation and learning (Rice et all, 2001). The Eco-school project is an 
international learning programme and the main goal is to work towards a better environmental 
planning for whole-school improvement. Schools can enter the project voluntarily and the learners are 
stimulated to work for a better environment at their school. The programme encourages learners to 
take action and teach them responsibility for their environment. This programme is not limited to only 
the school, but also involves the community in the programme. The teachers are also stimulated to use 
the environment in their classes, with the help of special teaching material. According to Kim Ward, 
who is co-ordinator of the eco-school projects in South Africa, the programme is a success in South 
Africa. In three years the number of schools involved in the programme increased from 3 to 150 
schools. 

 
Banareng Primary School adopted environmental friendly policies at the school, despite the limited 
means available. Food gardens are a great mean to create environmental and health awareness among 
the pupils. Outdoor teaching areas, which are created under trees, are a way to see the whole school as 
a learning environment.  The murals give besides an educational value, also identity to the school 

Design options Whole school as a learning environment: 
 
− Classrooms have associated outdoor teaching areas, with planting, water 

and benches  
− Personalisation of the school: provision for educational murals on the 

school buildings  
− Play areas support learning activities  
− Community garden has an educational value 

Design options Outcome Based Education: 
 

− Classrooms have sufficient space for various classrooms layouts 
− Classrooms are equipped with generous storage spaces 
− Classrooms are equipped with various pin boards 
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(picture 13.2 and 13.3).  At Musi Thusi Primary School in KwaZuluNatal ground paintings are made 
in the form of games, for example hopscotch.  
What design measures stimulate awareness and education at a school? The whole school can stimulate 
environmental learning and health awareness, by for example educational murals, food gardens and 
outdoor learning spaces. The Eco-school programme is not a design measure, but a programme, which 
can help the school to establish an environmental sustainable school. Finally, there are more design 
options then the mentioned ones, but it takes the creativity and commitment of the architect and the 
school to come up with more ideas (e.g. small farm animals, outside biology areas, ground paintings, 
interesting pathways). 

 

12.3. Information and Communication Technology (ICT) 
Information and Communication Technology (ICT) becomes increasingly important. ICT is seen as an 
important learning resource in education (CSIR-2, 2002). Schools need to explore ways of 
incorporating ICT as a tool and source of information in the educational programme. Furthermore the 
community can benefit by being allowed to use the computers.  
The integration of computers in the learning programme improved but is still far from optimal. In 
1996, 8.7% of the schools had 16 359 computers for teaching and learning, whereas in 2000 12.3% of 
the schools had 70 711 computers for teaching and learning. Nevertheless, over 70% of the schools 
are still without computers for any purpose (administration, teaching & learning). These schools are 
mainly situated in the more rural provinces; more or less 55% of the schools in Gauteng and Western 
Cape do not have computers. While in the Eastern Cape over 95% schools are not equipped with 
computers  (DoE, 2001). 
According to the CSIR (2001) appropriate spaces for ICT are spaces, which ensure that IT can be 
securely accommodated, shared, easily supervised and well used; furthermore that this will ensure that 
the facility can be afforded and maintained by the schools themselves. 
 
To implement ICT in the design of the 
school secure and easily supervised spaces 
should be created for provision of computer 
use. Figure 12.1 is the LRC layout of 
Maphala Gulube. By placing a central point 
in the middle of the space the LRC can be 
easily supervised. This central area can 
accommodate secure storage, workspace 
for the librarian and an information desk.  
Furthermore, the classrooms should be 
equipped for (future) ICT integration, by 

Figure 12.1: Design of LRC, Maphala Gulube Primary School 
Source, CSIR 

Picture 12.1: Outside classrooms 
Jacob Mdluli Secondary School 

Picture 12.2: Educational mural 
Banareng Primary School 

Picture 12.3: Murals 
Thulani Primary School 
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provision of sufficient electrical connections and dedicated spaces for computers. The classrooms of 
Maphala Gulube have generous storage cupboards in the back of the classrooms. While these 
cupboards are currently used for storage of equipment, they can accommodate computers in the future. 
 

 
The Thuba Makote Schools, except for Musi Thusi Primary School, have an LRC at the school. The 
Learning Resource Centre consists of a library and a computer space. The computer space is 
accessible for the learners as well as for the community. Also the provision of computers is also 
arranged at the schools. Phomolong Primary School does have computers, but these are used for the 
administration staff, the computers do not fulfill an educational purpose. Banareng Primary School 
built a Learning Resource Centre with funds donated from several institutions. The LRC consists of a 
large library and two computer rooms. Over forty computers are available at the LRC, which are also 
donated by the province and Microsoft.  
 
Future integration of ICT in the classrooms did not take place, minimal attention is paid to this aspect 
in the design of the classrooms.  

12.4. Life Long Learning 
Life long learning means that education should not only be available in the form of primary, 
secondary and tertiary education, but also Early Child Development and Adult Based Education and 
Training should be available. Adult Basic Education and Training (ABET) is developed to decrease 
illiteracy among parents and the larger community. Since the schools are also aiming at becoming 
community centres, integration of ECD and ABET in the school programme will stimulate the 
creation of community centres. Selection of the design options for lifelong are derived from 
assessment criteria used to evaluate the new Limpopo school designs27  
 

 
None of the schools took into account spaces for Early Child Development, except for Phomolong 
Primary School. Grade R (which is ECD) area is well suited to its purpose with larger classrooms that 
allow for different activities, a lot of storage space for learning and teaching materials and access to an 
adjacent outdoor for outdoor group activities (Patel, 2004).  Adult Based Education & Training on the 
other hand is well integrated in the design of the schools. At each school at least one classroom can 
accommodate ABET classes. During the site visits at Thulani Primary and Musi Thusi Primary ABET 
classes were given in classrooms but also in the hall (see picture 12.4). At primary schools it is 
important to have some furniture for adults, since furniture for the learners is too small (see picture 
12.5).  

                                                   
27 (http://www.csir.co.za/akani/2004/jul/05.html - 12/07/2004). 

Design options ICT: 
 
− Design provides spaces with ICT technology (e.g. computers, internet)  
− Design provides ICT spaces which are secure and easily supervised 
− Classroom design provides integration of (future) ICT (e.g. connections, 

dedicated spaces. 

Design options Lifelong learning: 
 
− Early Child Development (ECD): Buildings offers secure environment 

for younger learners 
− Adult Based Education & Training (ABET): a number of classrooms can 

easily used for ABET-classes 
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12.5. Teacher Support 
For the provision of high quality education a well-motivated teaching staff is essential. To support a 
motivated teaching staff a pleasant working environment is necessary. OBE requires from the teachers 
to move preparing lectures for a class, to preparing learning material for group work (CSIR, 2002). 
OBE will also encourage teachers to work together to develop a range of coordinated learning 
experiences such as joint class project. Adequate and appropriately designed spaces with generous 
storage spaces can greatly aid the staff in preparing and presenting materials. Teachers should be 
provided with individual workspaces where the teachers can work and prepare teaching materials. 
Teamwork and group meetings can be supported by provision of large shared worktable (CSIR, 2001) 
A variety of storage spaces should be provided for storage of exam papers, and expensive equipment 
(secure storage), furthermore storage for books and stationery, cleaning materials and equipment.  

 
At all the schools there are spaces available for teachers in the administration building. The 
administration building is usually equipped with a small kitchenette and spaces for leisure.  
 

Picture 12.4: ABET classes in the hall 
Thulani Primary School, Limpopo Province 

Picture 12.5: ECD classroom  
Phomolong Primary School, Gauteng Province 

Design options Teacher Support: 
 
− Workspaces in administration building with storage spaces to prepare 

learning material  
− Shared work space/table in administration building, for e.g team work, 

group meetings and leisure 
− Kitchenette for light refreshments 
− Outside space for social and work occasions 
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13. Health and Safety 
Buildings need to cater for the well-being, development, health and safety of the people that use them 
(Gibberd, 2003). People are more comfortable in a healthy environment and are therefore more 
productive. Health is of particular importance at a school. Children should learn how to deal with 
hygiene and how to maintain and be responsible for a healthy environment. Safety is also an important 
issue, especially in South Africa, since the crime rates are the highest in the world. ‘Design and use of 
the environment directly affects human behaviour which, in turn, influences opportunities for crime an 
fear of crime, and impacts quality of life’ (Jeffery & Lackney, 2003). A school is a place of refuge for 
its learners, a place where they can feel safe and out of harms way (McLachlan, 2003) 

13.1. Health 
A healthy environment is a human right according to the South African Government28. A healthy 
setting for living, learning and working includes access to save water and safe sanitation. Clean 
sanitation is crucial concerning the health of the children. Children often do not go to the toilet 
because of stench, dirty toilets, rats, cockroaches (Dierkx, 2002, p.193). Clean toilets are a necessity in 
a school to keep the children healthy. Provision of sanitation improved in the period 1996-2000; in 
1996 there was a learner:toilet ration of 41:1, this improved to a learner toilet ratio of 35:1 in 2000. 
Nevertheless, at the time of the survey, 15% of the toilets were not working properly, the majority of 
the non-functional toilets were in the rural areas (DoE, 2001).  
 
Available and access to water is essential for health and cleanliness, not only for toilets, but also for 
drinking and washing purposes. When water is available for flushing, try to minimise the amount of 
water used for flushing. When sewerage is available avoid blocking of the piped and wasting water 
(CSIR, 1999). When there is no sewerage available the sub-soil conditions should be checked to make 
sure that the soil is able to absorb the fluids an that the effluent will not flow into a water source used 
for drinking or washing. 
Place the toilets for the learners in sight of the teaching areas, so the kids are not away for a long time. 
But take into account that toilets can smell and place them not too close to the teaching areas, or place 
them down wind. 
 
The number of toilets can be determined by with the help of table 13.1. 

User numbers (Boys) Toilets Urinals* Basins 
15 1 1 (or 1 toilet) 2 
16-40 2 2 (or 1 toilet) 3 
41-75 3 3 (or 1 toilet) 4 
76-150 5 5 (or 1 toilet) 6 
151-240 6 6 (or 2 toilets) 8 
Each additional 75 Add 1 Add 1 (or 1 toilet) - 
Each additional 45 - - Add 2 
User numbers (Girls) Toilets Urinals* Basins 
15 2  2 
16-40 3  3 
41-75 4  4 
76-150 6  6 
151-240 8  8 
Each additional 75 Add 1   
Each additional 45   Add 2 
Disabled toilets One per school 
*only applicable where water-borne systems are available – otherwise add toilets as indicated. 

Table 13.1: Number of toilets 
Source: CSIR, The toilet selection and maintenance guide in schools, 1999 

                                                   
28 http://www.doh.gov.za/search/index.html 
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Selecting a system depends on several factors:  
o Water supply 
o Existing accessible waste disposal 
o Sub-soil conditions 
o Costs (initial & lifetime costs)  
o Housekeeping & Hygiene 
o Maintenance (ease of maintenance) 
o  

The different available toilet systems can be found in table 13.2. 
System Considerations 
 
Flush sanitation with sewer 
 

 

Flush sanitation is convenient for users, hygienic and odour-free if well 
maintained, and can be located in the school building. It is a very 
expensive system to build an uses a lot of water. The intermediate-flush 
toilet uses less water but the design of the pan and flushing system is not 
well proven, and it may fail to flush unsuitable materials through the 
system. A good support system is needed, both for the maintenance of 
flushing mechanisms and for the clearance of major pipe blockages, 
which can result in very unhygienic conditions through overflow. 

 
Septic tanks 
 

 
 
 

Septic tanks can be installed where there are no sewers. The toilets can 
be place inside the school buildings because, when well maintained, they 
are odour-free. These systems can only be installed where sites are large 
enough. They are the most expensive of the on-site sanitation systems 
They require an adequate water supply. Liquid waste may not drain 
properly in areas where the soil is not sufficiently absorbent, as in clay 
soils, and solid waste needs to be removed manually or pumped out from 
time to time so a municipal support system is advisable. A good support 
system is needed, both for maintenance or flushing mechanisms and for 
the clearance of major pipe blockages, since these can result in very 
unhygienic conditions through overflow. 

 
Aqua privies with on-site disposal 

 

Aqua privies are quite cheap and easy to install. They use very little 
water. Water has to be carried by the users to the flushing tank 
The digester and soak away may need to be emptied often 
If the ground is not absorbent enough, the soak away may overflow and 
create unhygienic conditions. Aqua privies are less suited for large 
numbers of people. 

 
Ventilated improved pit (VIP) latrines 

 

VIP latrines are easy to build, cheap and hygienic. 
The toilet must be placed outside the school building and a little distance 
away. There can be problems if the ground is rocky or not absorbent, or 
if the groundwater is very close to the surface. When the pit is full it 
involves unhygienic manual cleaning, or calling out a special truck, or a 
new pit must be dug and the superstructure moved. 

Table 13.2: Toilet systems 
Source: CSIR, the toilet selection and maintenance guide, 1999 
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With regard to maintenance of the toilets, finishes are very important. Maintenance of toilets should 
be as easy as possible. Lightweight structures (steel and timber) should be avoided, since it is difficult 
to keep it clean and hygienic; deterioration of frame, sheet, and fixings is rapid; easily be damaged by 
careless use (CSIR, 1999).  
At least one or two people should be trained in the basic maintenance of the school toilets. Daily 
inspections are necessary. If maintenance is neglected it can be really worse for the health of the 
children. 

Clean water 
Water is one of the basic needs and availability of water at a school is increasing the health of the 
children.  The government is responsible to supply a tap for clean water, which can be used for 
drinking. Rainwater can be used for other purposes like washing hands, flushing toilets, water for 
garden, etc. 

 
The ‘Toilet Selection and maintenance guide’ is used as a guideline to set the benchmarks in this 
section. The booklet is aimed at schools in South Africa and therefore accepted as a reliable source. 
Almost all the schools have sufficient number of toilets available for their pupils. The acceptability of 
toilet type is a more subjective design option. When speaking of environmental sustainability the 
choice for a composting toilet or PIT latrine would be obvious, or a rainwater flush system. When we 
look at social sustainability flush toilets are generally accepted as the most convenient, hygienic and 
odour-free. But in a poverty-stricken context there are disadvantages as well, namely costs, constant 
and reliable water supply, sewer availability, and the toilets are vulnerable for vandalism. Septic tanks 
are a good option when there is no sewer, but user education is critically important (it easily blocked); 
Aqua-privies are also not suitable because the hygiene can be questioned at schools. PIT or VIP 
latrines are advisable when there is no constant supply of water, the VIP latrine is preferred above the 
PIT. The Zinyosini Secondary School in Eastern Cape is situated in a very remote area, where social 
services are minimal. The school does not have access to water and therefore no sewer and therefore 
choose for VIP latrines (see picture 13.2). The Musi Thusi Secondary School in Kwa Zulu Natal has a 
waterborne toilet system with water purification system to optimise water use at the school. But it 
should be noted that the installation of the system also requires training of the cleaning and 
maintenance staff. The system will only be sustainable when the staff knows how the manage and 
maintain the system. Thulani Primary School in Limpopo has PIT latrines and a septic tank system. 
But at this school the water supply from the municipality is unreliable, which can result in a disaster 
when toilets are used and there is no water for flushing. Rainwater is harvested at this school and the 
school is now looking at possibilities to connect the rainwater to the toilet system. At Dirang Ka Natla 
Comprehensive School in North West Province the cisterns of the toilets are placed behind the wall, 
not reachable for the learners, to prevent vandalism (see picture 13.1). 

Design options Health: 
 

− Toilet numbers according to table 13.1  
− Toilet type acceptable  (when limited/no reliable water supply no flush 

systems, no bucket system, no aqua privies) 
− Access to save water (washing and drinking) 
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All the schools are provided with water form municipality, although this supply is not always reliable. 
The provision of taps for drinking and washing hands are available at all schools (see picture 13.3). 

 
Health situation at the school is again not only dependent on the design of the school. Flush toilets are 
convenient, hygienic and odour-free, but are also vulnerable for vandalism, dependent on constant 
water supply and easily blocked. The choice for a certain type of toilet is highly dependent on the 
supply of water/rainwater.  Safe water supply for washing and drinking should be available at all 
schools. 

13.2. Sport and recreation 
"Perhaps most importantly, there is a potential to bring the opportunity for economic 
development, stimulated by sporting activities, directly into less empowered communities. Sport 
seen in this way, can play a fundamental role in giving hope and a new vision to youth in our 
country" Gideon Sam (In: Adler, 2002) 

 
Sports can play a major role in promoting health, quality of life, and cohesion in South Africa. People, 
young and old, grow in confidence, competence, and their ability to work together and organize 
through sports (Adler, 2002). Exercise and recreation are important activities in the daily life of 
children. Besides that it is good for you health to exercise it is good to create a team spirit (Dierkx, 
2002). Sport enriches life and encourages human values 
 

 
A school should have facilities for active and inactive leisure. Sport fields should be available, but 
also areas where pupils can hang around, do drama, sing etc. The majority of the schools have some 
kind of sport fields. Sport fields are not difficult to establish and there is often a field ready available 
in the community. And the sport fields established at the schools are almost always shared with the 
community. Soccer fields are often present, and at some schools netball, basketball courts are added as 
well.  
Recreational facilities are important, but do not need to be special. It is important that there are shades 
places at the school, where learners can gather for recreational activities. A hall or a covered shed 
would be perfect for such activities.  

Picture 13.1: Cisterns behind wall 
Dirang Ka Natla Comprehensive School 

Picture 13.2: VIP-latrine 
Zinyosini Secondary School 

Picture 13.3: Toilet block 
Masibambane Secondary School 

 

Design options Sports and recreation: 
 

− Sport facilities are available at the school 
− Recreational facilities (choir, drama) are available at the school 
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13.3. Personal Security 
A school is a place of refuge for its learners, a place where they can feel safe and out of harms way. 
(McLachlan, 2003). A school environment should be safe for all the children and teachers. Teachers 
and learners are often exposed to vandalism, carrying and using weapons, drugs dealing, rape, sexual 
abuse and other forms of physical assault. Research indicated that in 2000, 83% of schools in South 
Africa officially reported an incident of crime, of which 3.4% were serious crime incidents (rape, 
stabbing, murder) (DoE, 2001). This creates fear and insecurity and it will destroy the basis of a 
learning community (DoE, 1999). ‘A secure school environment is one in which the occupants have 
very low risk of physical and emotional and psychological injury'’(IPT, 1999). According to IPT it 
will be a first step in making the school more secure is by creating a ‘School Security Committee’ 
This committee can consist of teachers, learners, government representative and community members 
who are responsible for the implementation and monitoring of the security plans.  
 
Research showed that crime rate drops when the community is more involved. Community ownership 
means ‘making the school into a community-owned place where many different kinds of activities, 
not just schooling, can take place’ (IPT, 1999, p17). The community can be involved with regard to 
security monitoring, but also social events, sports, adult education etc. A community partnership 
means ‘that the school co-operates with other people and organisations in the area who volunteer to 
provide services or supplies to the school’ (IPT, 1999, p17). 
 
With regard to physical security, attention should be paid to site access, site layout and design.  
It is important to control movement of people at the school compound. This can be done by: 
 Employment of a security guard, 
 Only one entrance which is open when school starts and ends, closed during lectures 
 External people are directed to the administration building to register 
 Entrance with identity card only 

Security of the building depends on the layout of the school and the level of control (fences, security 
guards etc). Good spatial layout include e.g. maximise visual control; open up access ways and 
corridors, low bushes, no dark corners (Dierkx, 2002). Surveillance and visibility contribute to a 
feeling of safety. Passive surveillance means casual observance by users or community members. 
Visibility is determined by the degree to which an environment is made visible by lightning of lines of 
sight (Kruger et all, 2001) 
 
The measures mentioned here are not extensive, but some opportunities to make the school more 

secure. Each school must be considered according to its particular situation and therefore a detailed 
security assessment is necessary (Villiers, 1988). Based on the outcome of the assessment it will be 
possible to design a security plan adjusted to the situation.  

Design options People Security: 
 

− Administration building is located near the entrance 
− Visual control over the entrance, main routes and playing areas from 

administration building (i.e. lines of view) 
− Single entrance to enter the school premises during school hours 



 

 
166 

From the assessment became clear that security of the premises is 
very important aspect in South African schools. Safety of people can 
be increased by visual control over the premises and entrance. This 
way it is easier to control the flow of people at the school. At several 
schools the entrance is closed during school hours, people cannot 
enter or leave the premises without permission of the security guard 
or administration staff. Movement control will be improved by 
positioning the administration building close to the entrance.  
Safety of people is not only a design issue. It is also an attitude of 
the learners and the teaching staff. But apparently in South Africa 
all the security measures are necessary. Two incidents of taking 
people hostage at the school occurred during the Thuba Makote 
Programme. At Dirang Ka Natla Comprehensive School in North 
West Province provision for a satellite police centre is provided. At 
Masibambane Secondary School in Western Cape a partnership with 
the ‘Safer Schools programme’ improved and supported the security 
at the school. 

13.4. Disabled people / inclusive environments 
Buildings should be accessible and designed to accommodate for everybody. An inclusive building 
means that the building is accessible for all people, including disabled people. The challenge in 
education is to provide an effective response to the unsatisfactory educational experiences of learners 
with special educational needs. This is especially difficult in rural areas because of the bad facilities 
and circumstances a school has to deal with. There are no good walkways, mostly made of mud, 
which means not accessible for wheelchairs during the rainy season. South Africa has many hills and 
mountains, which is difficult for people in wheelchairs (Dalman, 2003). The Education White Paper 6: 
‘Special Needs Education: Building an inclusive education and training system’29 stresses the 
importance for facilities within education buildings for disabled people. There are nationwide about 
400.000 disabled or impaired learners; of which only 64,200 are accommodated in 350 special 
schools. This means that the 85% of the disabled learners are unaccounted for (DoE, 2001). It is 
therefore important for schools ensure that disabled learners go to schools, without facing any 
physical obstacles. 

Routes, Changes in level 
To be able to go around the school environment, the disabled should be able to easily navigate the 
routes between and within buildings. Within buildings the width of routes should be at least 915 mm 
for a person in a wheelchair. Ramps and walkways should have a gradient of 1:12 where the 
difference in level of the ends of the ramp exceeds 400mm or 1:10 where the difference in level of the 
ends does not exceed 400mm (SABS 0246, 1993). Thresholds should not exceed 15mm or the 
threshold shall have a ramp of gradient not steeper than 1:10. Slippery floors are hazardous to people 
whose mobility is impaired, and special care should be exercised in the choice of non-slip floor 
materials. Propelling wheelchairs over thick pile carpets, loose sand and stone aggregate is extremely 
difficult and the need to do so should be strictly avoided (SABS 0246, 1993) 

Edges 
For visually impaired people to move around it is required to use contrasting colours to distinguish 
possible hazards and changes of level (SABS 0246, 1993). Illumination levels shall not be lower than 
150lx for passageways and walkways; stairs; ramps; and lifts. And not lower than 200lx for toilet and 
locker rooms; and counter tops (SABS 0246, 1993). 

                                                   
29 http://education.pwv.gov.za/index.asp?src=docu&xsrc=legi&ysrc=White%20Papers 

Picture 13.4: Entrance warning 
Masibambane Secondary school 
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Doors  
To allow wheelchairs through doorways it should have a minimum width of 750mm. A standard door 
of 813 mm complies with this regulation (SABS 0246, 1993). Detailed information about doors and 
corridors can be found in table 13.3. Door handles should not exceed 1000mm above floor level. 
 

A (mm) B (mm)  
1200 750 
1100 850 
1050 900 

A is the dimensions of the corridor 
B is the dimensions of the door opening 

1000 950 
950 1000 
900 1050 

 

Table 13.3: Minimum access dimensions for wheelchairs  
Source: SABS 0246:1993 

Toilets 
In every school there should be toilet facilities for disabled people, a minimum of one toilet per school 
(CSIR, 1999), see table 13.1.  

 
It is not yet very common in South Africa to provide inclusive environments; many buildings are not 
accessible for disabled people. It is acknowledged now and it becomes an upcoming topic in the 
construction industry and within schools. Currently, it is not yet compulsory for schools to comply 
with the SABS standards. But when it becomes compulsory, it will be very costly for schools to 
change the facilities. It is therefore recommendable to take SABS 0246 into consideration when 
building a school.  Taking into account accessibility for disabled people requires a different way of 
thinking, as can be seen in Free State and North West, where they built a disabled toilet with a 
threshold of 10cm. 

13.5. Healthy and safe environment 
What is a healthy and safe environment? According to Dierkx (2002) safety is ‘stabile; safe for 
natural/human hazards and crime’ and health is described as ‘safe and sound to the human & natural 
habitat’ (p38). A healthy environment according to Gibberd (2003) can be described, as ‘internal 
environmental conditions do not affect health of occupants’. But how should this be translated in 
practical design options? Hazardous materials, materials that are dangerous for the health of people 
and for the environment, should be avoided. The national Building Regulations SABS 040030 handles 
the safety of buildings with regard to the strength and reliability of building techniques. The 
Occupation Health and Safety Act31 ensure a working environment without health and safety risks for 
the workers.  

                                                   
30 http://www.architectafrica.com/bin0/nbr.html 
31 http://www.asosh.org/Legislation/SouthAfrica/major_ohs_legislation.htm#2 

Design options Inclusive Environment 
 

− Good accessibility for disabled people (comply with SABS code
0246:1993)  

− Sanitation facilities for disabled people (comply with SABS code
0246:1993) 
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The Thuba Makote schools all complied with the design options of 
healthy and safe environments. Nevertheless, it is doubtful if the design 
of Phomolong Primary School, a ‘standard government school design’, 
does comply with the options. The school building is noticeably in 
contravention of building by-laws with regard to maximum falls for 
circulation ramps and requirements for balustrades to level changes and 
steps. In addition, due to the overcrowding at the school, performance 
with regard to the delivery of education is being compromised. The 
community-built classrooms are totally inappropriate for their use and 
should be demolished. They pose a serious safety risk for educators and 
learners as ceiling and walls are falling down and elevated floors have 
holes in them and decaying rapidly. Classrooms where walls have fallen 
down pose a significant problem, as they will offer no protection during 
the cold winter months ahead. Furthermore, level changes between the 
walkways and the courtyards are often found to be quite high and should 
have balustrades, most are in contravention of by-laws and pose a danger 
to children, as can be seen in picture 13.5 (Patel, 2004). 

Design options Healthy and Safe environments: 
 

− No use of hazardous materials 
− Full compliance with National Buildings Regulations SABS 0400 
− Full compliance with Occupation Health and Safety Act 

Picture 13.5: Dangerous edges 
Phomolong Primary School 
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14. Community Centres 
The full title of the Thuba Makote is ‘Schools as Centres of Community Development’. The 
programme explored opportunities for design, construction and management of the schools to ensure 
good education for the learners, but also address community needs and development (CSIR, 2003). 
Educational reasons for closer school and community relations are that the parents become involved in 
their children’s learning, which will improve learning outcomes (Vinson, 2001). Furthermore, 
community involvement in school activities reduces the gap between the school and the local 
community in socially and economically disadvantaged areas. And the school can than draw upon the 
rich array of learning resources in the wider community, which will create educational opportunities 
for the learners (Vinson, 2001). Community involvement leads to school facilities that are central to 
life and learning of the community and address community values. This will create more effective and 
healthier neighbourhoods (KnowledgeWorks, 2003). 
 
The strategies of the main objective ‘Establishing Community Centres’ will address several design 
issues to stimulate a community centre. A note should be made here; facilities can be integrated in the 
school design, but the community is the key actor in making the school a real community centre. They 
will use the facilities in the future and it is therefore of importance to involve the community from the 
early stages of the process (KnowledgeWorks, 2003). Ideally it will create a sense of ownership within 
the community, which will be a key factor in sustaining the school. The first strategy will address 
some ideas for the design to improve shared use of the school facilities; the second strategy will 
address creation of ownership among the community. The third strategy addresses the kind of 
facilities to stimulate community involvement, and the corresponding fourth strategy looks at the 
community activities, which can take place at the school. The fifth strategy addresses possible 
community services at the school. The design options given by the strategies are based on design ideas 
of the schools in the case studies, since there is little information available about translating the 
concept of community centres into the design of schools. The design options given are not 
comprehensive; there are infinite ways of handling the strategy. It is up to the architect to handle the 
strategy with care and creativity. Additional, a community centre should reflect the needs and 
opportunities of the community. It is therefore important to investigate the needs and opportunities of 
the local community during the site analysis and base the design on the findings. For example, the 
school does not need to be equipped with a postal service, when there is a post office located in the 
village. It is therefore important to view the design options with care and relate them to the local 
context of the community. 

14.1. Shared use of the school 
The use of school facilities for educational purposes or 
social activities after school hours has proven to be a 
benefit for learner, parents and community at large. The 
school will benefit from educational and economic 
advantages by opening the school to the community for 
cultural activities, sports or community services (PEB-1, 
1999). The learner benefits since opening the school after 
school hours creates more study-time. The community 
benefits since the school creates opportunities for personal 
development and offers a well-situated structure that can 
act as a centre of community life (PEB-1, 1999).  
The facilities, which are used by learners, but also by the 
community, are ideally located close to each other and 
near the entrance. By grouping the buildings the school 
can keep these facilities open, while the rest of the school 
is closed; provided that it has access to rest rooms (Butin, 

Figure 14.1: Shared use of the school premises 
Source: CSIR 
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2000). Which can be illustrated in figure 14.1. The school only need one entrance, which makes it 
easy to control the access to the school. Additional, an internal boundary can be provided that 
separates the shared facilities (e.g. hall, LRC, sport fields) from the rest of the school. 
 

 
During the design of the Thuba Makote school the concept of shared use with the community is 
integrated in the design of most of the school. There are multiple benefits related to shared use of the 
facilities out of school hours. The community has an opportunity to develop themselves and the school 
is occupied outside school hours, which increases the security at the site. 
An internal boundary can secure the classrooms while the shared-used buildings can be used. Multiple 
entrances are only recommended in combination with an internal boundary. 
Storage options are necessary when sharing spaces with other people, or with other classes, to store 
equipment and ongoing work.  
 
From the school assessment became clear that there are infinitive possibilities to make the site 
appropriate for shared use. It is project specific, but the design options given came forward as 
representatives for ‘shared use design’ The design options stimulate shared use by locating the 
buildings close to each other; providing opportunities to lock the non-shared facilities; and allocate 
storage possibilities. 

14.2. Community Ownership 
‘Our buildings are naturally a reflection of our culture and the society we live in. Just as we 
can tell the kind of bird by looking at its nest, out buildings tell us a lot about ourselves’ 
(McLachlan, et all, 2003) 

 
A school is often the largest building in rural communities and therefore fulfils an important 
function in the area. The governmental standard school designs are created to simplify the design 
process and to speed up the overall construction process. Unfortunately the designs do not take into 
account local culture, traditions, natural environment and community involvement. McLachlan 
(2003) argues that it is the architect’s responsibility to get involved with the community and gain 
insight in their vernacular architecture and design a school, which reflects the local culture and 
architecture. When the school is a reflection of the local community, the community is more 
willing to look after the buildings during the occupation (McLachland, 2003). Community 
engagement will result in school facilities that are central to the life and learning of the entire 
community and that embody community values. It will establish a connection between the school 
and the community, which will result in more effective schools and healthier neighbourhoods 
(KnowledgeWorks, 2003). Constructing standard ‘identical’ schools has thus two major 
disadvantages. Firstly, no innovative behaviour of architects with regard to the design of the 
buildings will be curbed since the design phase is left out. Secondly, the community will neglect 
management and maintenance since the school does not reflect their ideas and needs. 

Design options Shared Use: 
 
− Buildings which are also used by community, are grouped together near

the entrance 
− Safe and secure storage options 
− Site has only one entrance, with internal boundary to separate facilities

used out of hours and the rest of the school. 
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The design options given here are not very practical, since the options are highly dependent on the 
local area in which the school is built. Furthermore it also depends on the ability and creativity of 
the architect to translate the local culture and traditions in the design of the school. The majority of 
the schools in the case studies did not reflect the local culture in the design of the school. Most 
designs were quite standard school building designs, with some additional facilities. An exception 
is the design of Zinyonsini Secodary School. The school is designed with a high participation from 
the community. The design process took a bit longer to complete the final design, due to the full 
community participation. The professional team built models of the school and the school task 
team was able to move around with the models. Furthermore, the professional team put much 
effort in creating awareness of the School Task Team for certain materials and building types. 
According to the responsible project manager of the CSIR the design process was very successful 
and the community participation during this phase ensured a highly motivated community at the 
end of the construction period. The school is built on a hill and the design contains a tower at the 
entrance, which serves as a landmark in the area, as can be seen in pictures 14.1 and 14.2. 
 

14.3. Community Facilities 
Sharing facilities is a well described topic and used over the world. According to PEB (1999) is the 
use of a school for educational projects or social activities outside the school a major benefit for 
learners, parent and the community at large. Based on experiences in several OECD countries it can 
be stated that opening the school after hours the learners’ performance can be stimulated due to more 
study time and extra curricular activities. Adults can take advantage of personal development 
opportunities. Shared facilities means that the community can also use general facilities at the school. 
The community will be able to use the learning resource centre, make use of the equipment like 
computers, maybe a library etc. It is also possible to share the sports grounds, hall (for music and 
drama) and shared responsibility for vegetable gardens. 
Facilities, which can stimulate the creation of a community centre, are determined as a hall, meeting 
rooms, kiosk, library and a theatre. As said before these design options are not definite, there are other 
facilities, which can also contribute to the creation of community centres.  
A community hall can be used for multiple purposes, e.g. education programmes to raise awareness 
about HIV/AIDS, community forums, community functions (e.g. weddings, funerals) 

Design options Community Ownership: 
 

− Design reflects local culture 
− Design is based on local needs and opportunities identified during the 

site analysis. 

Picture 14.2: Tower serving as a landmark in the area 
Zinyosini Secondary School 

Picture 14.1: Design Model  
Zinyosini Secondary School, Eastern Cape 



 

 
172 

The assumption is that the community has more opportunities for development when they have access 
to the school facilities. Simultaneously, this will also stimulate the participation of the community 
with the school activities. Most of the schools have a hall integrated in the master design of the 
school, but due to lack of finance at some of the school the hall has not been built yet. Effective use of 
the hall can be supported by associated facilities. A tuck-shop for catering; toilet provision, parking 
spaces can support use of the hall and provide little income to the local community. The hall at 
Thulani Primary School in Limpopo has already been used for several school and community events, 
e.g. like weddings, end years function for learners, registration for elections, ABET classes.  
The design of Boitumelo Secondary school and Mogale City Secondary school contains meeting 
rooms or seminar rooms, which can be used for community meetings. These facilities are located in 
the LRC.  
 
A kiosk or tuck-shop has been integrated in the design of several schools, though it appeared that the 
‘mamma’s’ that sell snacks to the learners and the communities prefer the shade of a tree (see picture 
14.3). The hall at Thulani Primary school has a adjacent kiosk, but this has not been used yet. This is 
also observed at Jacob Mdluli Secondary School. It can therefore be considered to invest more in 
landscaping to create shaded areas at the school than building a physical kiosk.  
 

 
At Jacob Mdluli Secondary School, the hall is combined with an outside amphitheatre, which can act 
as a community theatre, for cultural activities (see picture 14.4). Large sliding doors allow the hall to 
open out for large open-air functions. The hall at Thulani Primary School is also designed in such a 
way that it can open out to the central area of the school, allowing large events to take place at the 
school. Toilets are provided adjacent to the hall.  
 
Most of the designs of the schools include a Learning Resource Centre or Multimedia Centre, which 
consists of a library and computer spaces. These spaces can be very useful for community 
development when the community has access to these facilities.  

Design options Community Facilities: 
 

Design spaces, which can be easily used by the community: 
− Hall 
− Meeting rooms 
− Kiosk 
− Library 
− Theatre 

Picture 14.3: Tuckshops under the trees 
Thulani Primary School, Limpopo 

Picture 14.4: Hall with outside amphitheatre 
Jacob Mdluli Secondary School, Mpumalanga 
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14.4. Community Activities 
Although the primary purpose of a school is to transmit knowledge, they can also provide spaces for 
social community activities (PEB-1, 1999). It can be interesting to examine how to integrate daily-
life- activities of communities into the school design to create a community centre. The design options 
given here are based on ideas derived from the Thuba Makote school designs. Since the schools are 
becoming operational during the time of writing, these design options cannot guarantee success. It is 
important to evaluate the designs of the Thuba Makote schools carefully after a few years of 
operation. After the evaluation it can be determined if the design options are really contributing to 
creating a community centre.  
 
From the designs of the Thuba Makote programme and the other schools can be derived that sport 
fields are important in community life. The school uses the community fields or the community uses 
the school fields. It is assumed that sport fields at a school can contribute positively to the 
development of a community centre at the school. 
It is also assumed that community gardens can play a role in establishing community centres. At 
Phomolong Primary School and Banareng Primary school unemployed community members are 
maintaining the gardens at the school and are able to take some vegetables home for consumption or 
sale. The gardens provide food to supplement the food programme of the government, but also 
provide employment and activity at the school.  
 
A third space that can stimulate community involvement at the school is a market space. Each village 
has its weekly markets, and it would stimulate activity at the school by providing spaces for these 
markets. Most of the school designs have large central spaces where the learners play during school 
hours, which can serve as market spaces. The school can benefit from this financially by requiring 
some rent, with which the school can invest in e.g. its school equipment, books, computers. 
 

14.5. Community Services 
Service delivery in very rural areas in South Africa is generally lacking. Many communities do not 
have access to services like health care, postal services, telephone and Internet. The school design can 
anticipate to this by providing these services to the community. The site analysis should reveal which 
services are lacking in the area and can be provided by the school. The school can then act as a service 
provider for small services in the community. Although it is not a new concept almost no information 
could be found around this subject. The design options mentioned here are also derived from ideas of 
the case studies. Since the majority of the school are not operational for a long time, it is important to 
evaluate the designs of the Thuba Makote schools carefully after a few years of operation. After the 
evaluation it can be determined if the design options are really contributing to the creation of a 
community centre.  
 

Design options Community Activities: 
 

Design environment, which stimulate community activity at the school: 
− Shared sport fields 
− Community gardens 
− Market space 

Design options Community Services: 
 

Design takes into account provision of spaces for services, which are not 
available in local area 

− Postal service    - Health care facilities 
− Print & copy service   - Computer facilities 
− Telephone service   - Advice centre 
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15. Availability of Facilities 
Access to facilities is slightly different approached than the definition used in the SBAT tool. The 
SBAT assesses access to facilities like banking, retail, communication, childcare and work, which are 
usually not applicable to school environment. In a school context it will be more useful to assess the 
availability of facilities, which are available for the learners. During the school assessment we looked 
at availability of basic services; availability of basic facilities, furniture and equipment; support 
facilities, and residential accomodation. 

15.1. Access to Basic Services 
From the School register of Needs (DoE, 2001) can be derived that that improvements have been 
made with regard to the provision of basic services, water and energy. In 1996, 35% of the school in 
South Africa had no access to water. In 2000, this number was decreased to 28%.  
With regard to energy supply, in 1996 almost 42% of the schools did not have electricity at the school, 
while in 2000 this number increased to 57% of the schools.  

 
The majority of the schools included in the case studies have access to water and energy. Only 
Zinyosini Secondary School in the Eastern Cape, which is located at a very remote area, does not have 
water and energy supply at the school. Provision is made for solar power at the school, but this is only 
feasible when additional funds become available. The water supply appeared to be unreliable in 
several cases, it is therefore recommended to include water harvesting in the design of the schools. At 
Zinyosini Secondary School this harvested water is used for e.g. washing hands, water for drinking is 
brought to the school by the learners themselves.  

15.2. Basic Facilities 
According to architects of the Educational Facilities department of the CSIR, basic facilities, which 
should be present at a primary school, are classrooms, learning resource centre and administration 
building. 

Classrooms 
Ideally classrooms should be available for every grade and should be large enough to accommodate all 
the learners in that grade. A shortage of classrooms is one of the problems of the rural schools in 
South Africa and therefore often overcrowded (DoE, 2000). According to the government the 
classroom shortage has been decreased with 10% in the period 1996-2000. Nevertheless, the 
classroom shortage was still 39% in 2000 (DoE, 2001). It is therefore important to provide enough 
classrooms for the number of learners in the area and keep future expansions in mind. ‘There is 
increased emphasis on using resources outside the classroom for learning, through access to resource 
centres, visits outside school and interaction with the immediate environment (CSIR, 2002) 

Learning Resource Centre 
‘Learning resource centres are used to support and encourage learning in schools. They are places 
where pupils have access to information and learning materials such as books, magazines, newspapers 
and other media’ (CSIR, 2002). A LRC consist of a library and a computer room. Teachers can use the 
spaces for teaching spaces, learners can use the spaces for studying and to access to books, or use in 
free time to explore their personal interest. The library can provide quite working spaces for learners 

Design options Basic Services: 
 
− The school has access to water 
− The school has access to energy supply 
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to study after school hours. Furthermore the LRC facilitates computer lessons and small business 
support for the community. 
 
At the seminar ‘Designing schools for the information Society: Libraries and Resource Centres’ (PEB, 
1999) the growing use of information technology and the move towards schools as community 
learning centres are addressed. These trends are affecting the demand for a use of space in educational 
institutions, with particular reference to changes that promote lifelong learning and the creation of the 
information society.  

Administration building 
To provide high quality education it is important that the staff is provided with a pleasant working 
environment. The new curriculum 2005 requires teachers to spend more time on preparing learning 
material or projects than on preparing the ‘lectures’. This required a working space for teachers where 
they can work, but also a place where they can relax. Individual and group workspaces; access to 
materials/computers. The administration staff should be accommodated in an open space where they 
can keep an eye on the school and the stored equipment (CSIR 2002).  
 
Expensive equipment and materials often goes missing in schools. The design can try to limit this by 
secure storage provision in the administration block. The storage can be divided into a number of 
different areas. This enables access and responsibility for different areas to be allocated, controlled 
and monitored by different people.  
 

 
According to the new curriculum, new classrooms should be able to handle 35 learners. The design of 
Thuba Makote classrooms is based on 40 learners per classroom, since the school is often not able to 
provide a sufficient number of teachers when the learner numbers per class drops. The classrooms are 
slightly larger than conventional classrooms as a result of implementing OBE. In theory the children 
have more space, but in many cases this space will be taken by accomodating more children in a 
classroom.  
Learning Resource Centre is important in schools in rural areas, this place is used as a media centre 
with information, books, magazines etc. Working with computers is necessary for learners, since 
information technology in further education becomes more established. The LRC at a school will also 
provide two classrooms, since the library and the computer room can be used as a classroom. This 
declines the stress for more classrooms when spaces are managed efficiently (see pictures 15.1 and 
15.2).  

Design options Basic Facilities 
 

− Suitable number of classrooms (based on 40 pupils per classroom) 
− Administration building (with strong room) 
− Learning Resource Centre (Library & computer centre) 

Picture 15.1: Computer Room 
Masibambane Secondary School 

Picture 15.2: Library 
Banareng Primary School 
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A school administration building is indispensable, a place where teachers can do their work, relax, 
administration offices, office of the principal etc. 

15.3. Furniture and teaching material 
Availability of furniture and teaching materials makes teaching more motivating and easier. Flexibility 
and adaptability of furniture is an important aspect in OBE. 

Classrooms 
Besides sufficient furniture for learners and teachers to sit and work, learning materials and teaching 
aid is important. Ideally the furniture should be modular and freely movable, to stimulate different 
teaching and learning activities (group work, individual learning etc). Teaching aid can support 
teaching and learning. This includes a chalkboard, but also pin boards to attach drawings, posters etc. 
Classrooms should be designed in such a way that efficient use of radio/video is possible. Although 
computers may not be feasible at present time, ensure that these can be accommodated in future 
(CSIR, 2002). 

Learning Resource Centre 
Minimal furniture for learning resource centres is stacks for books and magazines, study carrels and a 
librarian office. This can be expanded by providing spaces for individual and group work; extensive 
collection of information sources (e.g. books, magazines, CD-ROM); and a variety of spaces, like 
computer/ audio-visual rooms, seminar rooms, with varying degrees of enclosure (CSIR 2002) 

Staff accommodation 
Sufficient equipment for teachers to prepare lessons such as scissors, cutting board should be available 
to work efficient. Different storage spaces should be available to store expensive equipment outside 
school hours, sport equipment, administration paper and documents (CSIR, 2002).  
 

 
All the schools in the Thuba Makote programme will be provided with enough furniture. The 
government often delivers the furniture for schools and this delivery is not always reliable. Although it 
seems obvious that there should be enough furniture for the learners, this is often not the case in 
poverty stricken areas. As can be seen in picture 15.3 and 15.4. 

Design options Furniture and Equipment: 
 

− Availability of enough Furniture (chairs and tables) 
− Availability of teaching equipment (pin boards, chalkboards, flipovers)  
− Storage possibilities in classroom 

Picture 15.3: Learners have to bring their own
furniture. Thulani Primary School before Thuba
Makote started. 

Picture 15.4: Classrooms are overcrowded and in
dilapidated state, Phomolong Primary School 
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Lockable storage possibilities in classrooms and multipurpose areas will stimulate shared use with 
other people since individual property is protected. Ideally storage should be provided in the 
classrooms and in the administration building. Besides that responsibility for each storage should be 
allocated to different people.  
The sub-indicators are suitable for the main indicator. It is a bit difficult to say which equipment is 
absolutely necessary and which is supplementary. Because of the high crime rate in SA, safe and 
secure storage is required.  

15.4. Support facilities 
Support facilities are facilities, which are not necessary for running a school, but will provide an 
additional value for the school. The support facilities selected here are  
• Hall  
• Multipurpose areas/ workshops  
• Kitchen for food preparation 
 
The hall can have an educational function, but also a social function. The school can use the school for 
exams, assembly and other educational uses. Additional, the school can use the school for indoor 
sports or social functions, e.g. graduation function of the highest grade. The hall can also provide extra 
classrooms when the enrolment exceeds the capacity of the school. Furthermore the school can have 
an additional value for the community, which is described in section 14.3. 
 
Multipurpose areas are a substitute for specialist areas since these are expensive to built, equip and 
maintain. Multipurpose areas are spaces that accommodate a range of subjects. The multipurpose area 
is slightly larger to allow for practical group and project work. They can function as a normal 
classroom, but it also allows for some group activities and more practical classes, like chemistry or 
carpentry. The school can use these spaces during school hours and the community can use these 
spaces after hours for e.g. adult education, small business development (CSIR, 2002) 
 
The department of Health provides a food programme at the primary schools. This means that the 
schools are provided with food for the learner, since parents often do not have enough money to give 
their child breakfast. A kitchen or cooking area would therefore be necessary at the school to prepare 
the food. Unemployed community members often volunteer to prepare the food for the children. The 
kitchen can also be used as part of the subject ‘’home economics’ as a teaching resource at secondary 
schools. Furthermore, the kitchen can also be used when community activities (weddings, funerals 
etc) take place in the Hall. 

 
The vegetable gardens at the school can provide 
supplementary vegetables for breakfast and lunch. 
From the assessment became clear that this kitchen 
does not have to be a fancy kitchen. The mama’s 
who cook the food are used to do this outside or 
under a shelter, which resulted that they did not use 
the kitchen, which was built for this purpose. At 
Thulani Primary School in Limpopo a kitchen is 
built adjacent to the hall, but the mama’s made 
their own shed at the site! They used the materials 
from the old administration “shed” to create a 
“kitchen”shed as can be seen in picture 15.5. 
 
 
 

Picture 15.5: Cooking area instead of fancy kitchen 
Thulani Primary School, Limpopo 
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It should be kept in mind that some facilities are suitable to implement at a school and that this is 
dependent on the needs of users of the school. For example the kitchen at the school, the mamma’s do 
not need a kitchen since it is easier and convenient to cook outside.  The school will not be sustainable 
if there are facilities, which do not comply with the actual need of the school and community, 
resulting in unused facilities. It is therefore important to do thorough site analyses, which does not 
only include a geographic research, but also a social needs assessment. Furthermore it is important to 
involve the community, or representatives of the community in the design process. 

 

15.5. Residential Accommodation 
HIV/AIDS is becoming a very important issue in South Africa, since the number of infected people is 
increasing quickly. The department of education and the department of health are working together to 
implement objectives with regard to HIV/AIDS and Education (GSIS, 2004). The Government 
developed an implementation plan, called Tirasano, which focuses on three programmes, (DoE, 
2002): 

− Increasing awareness, information and advocacy 
− Integrating HIV/AIDS in the curriculum 
− Planning for HIV/AIDS and the education system. 

 
By providing workshops and training about HIV/AIDS the awareness of the community will be 
stimulated. According to the principal of Phomolong Primary School, the consequences of the disease 
are beginning to impact on the school. Increasing levels of absenteeism and dropouts, furthermore the 
number of child-led households is increasing in the area. Schools can cater for these children through 
provision of safe and appropriate residential accommodation for HIV/AIDS orphans (CSIR, 2003). 
 
Furthermore, residential accommodation can increase safety at the school premises. At Banareng 
Primary School a caretakers house was built in 2003, since there was a need to have some kind of 
security at the school 24-hours a day.  Residential accommodation can also be convenient when there 
is limited local accommodation for teachers (CSIR, 2002) 

 
 
 

Design options Support Facilities 
 

− Hall 
− Multipurpose areas/workshops (only secondary schools) 
− Kitchen for food preparation as part of the feeding scheme 

Design options Residential accommodation 
 

− Provision of accommodation for HIV/AIDS orphans 
− Provision of accommodation for staff (e.g. caretaker of the school) 
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http://www.odci.gov/cia/publications/factbook/prints/sf.html  
http://www.uis.unesco.org (21/08/2004) 
http://lcweb2.loc.gov/frd/cs/zatoc.htm#za0000 
http://www.iso-standards-international.com/iso-14001.htm 
http://students.Washington.edu/dclang/shape.html (03-12-2003)  
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Appendix J: Sustainable School Design Tool 
 
This appendix contains the Sustainable School Design Tool. It is a print version of the tool since the 
tool is designed in Microsoft Excel. The computer version can be found at the corresponding CD in 
the folder ‘Sustainable School Design Tool’. The tool will automatically calculate the scores for 
schools and contains many information buttons for the main objectives, strategies and design options.  
 
When opening the Excel version from the CDrom, Excel will ask if the programme should enable 
Macros. Click yes to be able to use the information buttons. 
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EC 1.  LOCAL LABOUR 0,0 NOTES 
EC 1.1   Local contractors and labour 0,0   

  Design take into account skills and capabilities of local contractors   
  

  Design takes into account skills and capabilities of local workforce  
  

EC 1.2   Local building material  0,0   

    Design makes use of locally available materials     

EC 1.3   Local component, fittings and furniture  0,0   

  Design makes use of local available components (windows, doors etc)   
  Design makes use of furniture from local manufacture     

  Design makes use of fittings from local manufacture   
  

EC 1.4   Stimulation of local SSME involvement   0,0   

  SMME workspaces available at the school  
  

  Construction type takes into account involvement of SMME's   
  

EC 1.5   Local maintencance and repair 0,0   

    Design takes into account local available skills for management and maintenance of the 
buildings    
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EC2 EFFICIENCY OF USE 0,0 NOTES 
EC 2.1   Efficient space use   0,0   

  Outcome area analysis 15% above or below best practice CSIR:  

  Teaching & learning area: Primary school 90% and Secondary school 60%  

  Specialised teaching area: Primary school  0% and Secondary school 15%  

  Non-teaching area: Primary school 4% and Secondary school 9%  

  

  Balance area: Primary school 6% and Secondary school 16%  

  

EC 2.2   Space per learner (Area/learner) 0,0   

  Outcome space per learner 15% above or below best practice CSIR:  

  Teaching & learning area: Primary school 1.80 m2 and Secondary school 2.60 m2  

  Specialised teaching area: Primary school 0.00 m2 and Secondary school 0.35 m2  

  Non-teaching area: Primary school 0.15 m2 and Secondary school 0.25 m2  

  Balance area: Primary school 0.35 m2 and Secondary school 0.85 m2  

  

  Total Area of buildings: Primary 2.50 m2 and Secondary 3.50 m2  

  

EC 2.3   Variety of spaces 0,0   

  Mix of teaching space sizes (based on a school with 1000 learners) 
  * Small spaces (<30m2): 2-4 small educational spaces 
  * Medium spaces (30-80 m2): 24 medium educational spaces 

 

  * Large spaces (>80 m2): 1-2 large spaces  
  

  * Outside learning areas  

  

EC 2.4   Access to Communication Technology 0,0   

  Access to telecommunication  
  

  Access to internet  
  

EC 2.5   Guidance & directions at the premises (way-finding) 0,0   

  Site layout reflects a clear, well structured organisation of buildings  

  Design makes use of signage, colours, finishing, materials to identify different functions of 
buildings    

  Define entrance, administration and reception area  
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EC 3    ADAPTABILITY & FLEXIBILITY 0,0 NOTES 
EC 3.1   Furniture  0,0   

  Lightweight modular and movable tables and chairs  
  Movable teaching equipment (flipovers, chalkboard, pin boards, movable audio, etc)  
  Movable storage options  

  

  Movable internal partitions/ extra furniture for smaller subdivisions / movable stage in the hall  

  

EC 3.2   Space plan  0,0   

  Multipurpose specialist teaching areas (which accommodate a range of subjects)   
  Multi-purpose Space: Hall (which allows for school as well as community activities)    

  Larger classrooms than conventional, ratio no bigger than 2:3  
  

EC 3.3   Services  0,0   

  Multiple electrical outlets and socket locations along the perimeter of the space  
  Adjustable lighting systems, divided in multiple sets  

  Easy access to services (water, electricity, lighting) to be able to make extension/alterations in 
future.   

  

  Minimisation of mechanical appliances for thermal comfort   

  

EC 3.4   Building structure 0,0   

  Buildings system minimises use of load bearing walls  
  Building system consists of structural frames with infill    

  Internal walls are demountable or foldable, which creates flexible separation between spaces   
  

EC 3.5   Site Plan 0,0   

  Future extensions are taken into account in site layout with regard to services   
  

  Future extensions are taken into account in site layout with regard to buildings  
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EC 4   ONGOING COSTS 0,0 NOTES 
EC 4.1   Maintenance costs 0,0   

  Maintenance guide available  
  Minimisation of maintenance cost by use of durable and low maintenance materials and

components    

  Design items (i.e light bulbs, toilet cisterns) can be easily reached and replaced without use of
expensive equipment  

  

EC 4.2   Cleaning costs 0,0   
  Minimisation of cleaning cost by use of adequate finishes  
  All areas in the rooms are easy to clean (i.e corners, top of cupboards)    
  The whole window area of the windows reachable for cleaning  

  

EC 4.3   Security costs  0,0   

  Protection of school properties: Secure storage (i.e strong room, locked storage in classrooms)  
  Protection of Buildings: proper locks at doors and windows   
  Protection of the LRC: Burglar proofing for windows and doors + alarm system  
  Protection of site: Lighting of the site and buildings  

  

  Protection of site: Boundary Fencing  

  

EC 4.4   Water & energy consumption 0,0   
    Easy monitoring of water and electricity consumption possible     

EC 4.5   User awareness 0,0   

    Exposure of consumption (water, electricity, waste) figures to management and users (e.g.
billboards)    
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EC 5   CAPITAL COSTS  0,0 NOTES 
EC 5.1   Project costs  0,0   

  Costs per square meter is less or same as national standard 

  Sub structure costs/m2 

  Superstructure costs/m2 

 
  

  Phased building plan available/executed  

  

EC 5.2   Labour costs 0,0   

  30% of construction costs is spent on local community labour   
  10.65% of school building costs is spent on construction skills training     

  The construction method requires no specialised contractors  
  

EC 5.3   Material Costs 0,0   

  Material selection is based on a cost comparison of different materials (including transport, 
labour, finishes, maintenance)  

  
  Design/ planning grid relates to materials/components module sizes  

  

EC 5.4   Building Costs 0,0   

  High level of repeatability / replicated components/elements (simple design)    
  3% or more of capital costs is allocated to new sustainable/indigenous technology   

  

EC 5.5   Construction process costs 0,0   

  Design requires high labour intensity/ Low capital (machinery) intensity  
  

  Design includes a domestic scale construction method   
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EN 6.    WATER   0,0 NOTES 
EN 6.1   Efficient water use  0,0   

  Water meter installed, protected by a strainer  
  Reduction of water use by water efficient taps (e.g. push buttons)  
  Reduction of water use by water efficient toilets  

  

  Reduction of water use by use of dripping systems for sport field irrigation  

  

EN 6.2   Rainwater 0,0   

  Provision made for rainwater harvesting  
  Provision made for reduction of potable water use by re-use of rainwater at premises     

  Rainwater gauge and irrigation advise   
  

EN 6.3   Water recycling 0,0   

  Grey water system   
  

  Provision made for reduction of potable water use by grey water re-use at premises  
  

EN 6.4   Storm water 0,0   

  Minimise runoff by use of permeable materials and avoid clearing   
  Storm water control leads to holding areas (channels, manholes, sport fields, ponds)    

  Harvesting and re-use of storm water  
  

EN 6.5   Water effcient landscaping 0,0   

  Preserve existing vegetation  
  Preserve and protect topsoil     

  Select planting that require minimal amount of water  
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EN 7.   ENERGY 0,0 NOTES 
EN 7.1   Efficient energy use 0,0   

  Electricity meter installed  
  

  Reduction of energy use by availability of renewable energy sources   
  

EN 7.2   Ventilation 0,0   

  Ventilation requirements are met by natural/passive ventilation  
  

  No additional mechanical appliances are applied for ventilation  
  

EN 7.3   Heating & Cooling 0,0   

  Energy concious design concepts taken into account during the design  
  

  No additional mechanical appliances are applied for heating and cooling  
  

EN 7.4   Lighting 0,0   

  Requirements for light met by natural day-lighting during the day  
  Energy Efficient Lighting Fixtures in the buildings  
  Electric lighting can be controlled individually in the buildings  

  

  External lighting provided with a movement sensor  

  

EN 7.5   Energy efficient landscaping 0,0   

  Energy Saving Landscaping:  
  Deciduous trees on the north and east sides (shade)  
  Evergreen trees on the south and west sides (shade + windbreak)  
  Vines on walls or over pergola/arbours (shade)  

  

  Shrubs and small trees with right angle to prevailing winter wind (windbreak)  
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EN 8.    WASTE   0,0 NOTES 
EN 8.1   Waste management & awareness 0,0   

  Enlarge waste awareness by providing billboards with waste figures  
  Attractive dustbins which separate waste    

  Central waste collection space (covered and near entrance)  
  

EN 8.2   Hazarduous waste 0,0   

    Provision for separate collection of toxic waste (batteries, printer toners)    
EN 8.3   Organic waste 0,0   

  Composting system (food & garden waste) on site  
  Re-use of compost for the garden    

  Provision for separate collection of paper at school  
  

EN 8.4   Inorganic waste 0,0   

  Provision for separate collection of glass at school  
  Provision for separate collection of plastic at school  
  Provision for separate collection of cans at school   

  

  Re-use of inorganic waste at school.  

  

EN 8.5   Construction waste 0,0   

  Reduction of construction waste by re-use of existing buildings  
  Reduction of construction waste by efficient (re)-use of materials    

  Design makes use of modularity and standard sizes to stimulate efficient use of materials  
  



 

 
197 

 
EN 9.   MATERIALS  0,0 NOTES 
EN 9.1   Embodied Energy Efficiency 0,0   

    Embodied Energy Efficiency very good    
EN 9.2   Material availability 0,0   

    Raw material availability very good    
EN 9.3   Environmental impact 0,0   

    Minimal environmental impact very good    

EN 9.4   Durability  0,0   

    Product life span very good    

EN 9.5   Reuse and recycle materials  0,0   

  Potential for product re-use very good  
  

  Material recyclable very good  
  



 

 
198 

 
EN 10.   SITE   0,0 NOTES 
EN 10.1   Site Development 0,0   

  Already developed site environment (Brownfield development)  
  

  Design takes into accoutn original contours, so no large scale earth movement required  
  

EN 10.2   Site location 0,0   

  School site is centrally located to minimise travel distance for learners.  
  

  School site is centrally located to minimise travel distance for staff members  
  

EN 10.3   Vegetation 0,0   

  No clearing of natural vegetation  
  Vegetation added to provide shaded areas on at least 30% of non-roof areas   
  Minimise large paved areas (heat islands)    

  Landscape designed that no artificial inputs (fertilizers, pesticides) are required to maintain 
landscape  

  

EN 10.4   Gardens 0,0   

    Vegetable garden development    

EN 10.5   Environment and Design 0,0   

  Design takes into account the natural features of site and surroundings   
  

  Design takes into account the (indigenous) architecture of surroundings  
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SO 11 OCCUPANT COMFORT 0,0 NOTES 
 SO 11.1   Natural Daylight 0,0   

  Average Daylight Factor is  > 2% (windows on one side)  
Average Daylight Factor is > 4% (windows on two sides).    

  Room depth: (L/w) + (L/h) < 4   
  20% window area in relation to floor area    

  

  Glare is minimised through design   

  

 SO 11.2   Thermal Comfort (incl. Ventilation) 0,0   

  Ventilation: Cross and/or stack ventilation in summer and minimisation of ventilation in winter   
  Ventilation: Windows can be opened at different levels   
  Ventilation: Operable area is 10% of floor area   
  Ventilation: Planting does not interfere the natural ventilation   
  Orientation & Form: Plan form is oblong and courtyard   
  Orientation & Form: Orientation buildings: long side is facing north   
  Sun: Adequate overhang to prevent direct sunlight in summer, but allow the winter sun to enter
(solstice -winter angle)   

  
Sun: windows at north side should be positioned relatively low in the wall, windows at the south
side should be positioned relatively high. To allow winter sun to penetrate and stimulate cross
ventilation. 

  

  

  Thermal Mass: Use of thermal mass to cool the building in summer and warm it in winter   

  

 SO 11.3     Noise  0,0    

  Noise from outside school: No disturbing surrounding activities, not exceeding 40 dBA 
background noise   

  Reduce noise from other classrooms: Distance between the classroom blocks is more than 5 
meters     

  Reduce noise from other classrooms: Cupboards up to ceiling height, or insulation in partition wall   

  

 SO 11.4   Views 0,0   

  Window area > 20% of  wall surface       Distance from workspace to window < 6 meter   
  

 SO 11.5   Classroom occupation 0,0   

    Space per learner is between 1.6 -1.8 m2 per learner     
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SO 12   EDUCATION 0,0 NOTES 
 SO 12.1   Outcome Based Education 0,0   

  Classrooms have sufficient space for various classroom layouts  
  Classrooms are equiped with storage spaces    
  Classrooms are equiped with various pinboards  

  

 SO 12.2   Whole school grounds 0,0   

  Classrooms have associated outdoor teaching areas, with planting, water and benches  
  Personalisation of the school: provision for educational murals on the school buildings  
  Play areas support learning activities  

  

  Community garden has an educational value  

  

 SO 12.3   Information & Communication Technology 0,0   

  Design provides spaces with ICT technology (e.g. computers, internet)  
  Design provides ICT spaces which are secure and easily supervised    
  Classroom design provides integration of (future) ICT (e.g. connections, dedicated spaces)  

  

 SO 12.4   Life long learning 0,0   

  Early Child Development: Buildings offers secure environment for younger learners  
    A number of classrooms can be easily used for Adult Based Education and Training (ABET)-

classes  
  

 SO 12.5   Teacher Support 0,0   

  Workspaces in administration building with some storage provided to prepare lessons  

  Shared work space/table in adminstration building for team work, group meetings and leisure  

  Kitchenette for light refreshments  
  

 Outside space for social and work occasions  
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SO 13   HEALTH AND SAFETY 0,0 NOTES 
 SO 13.1   Health  0,0   

  Toilet numbers according to table 13.2  

  Toilet type acceptable (when limited water supply no flush systems, no bucket system, no aqua 
privies)    

  Access to save water (washing hands and drinking)  

  

 SO 13.2   Sport & recreation 0,0   

  Availability sport facilities  
  

  Availability of recreational facilities (choir; drama, etc)  
  

 SO 13.3   Safety of people 0,0   

  Administration building is located near the entrance  

  Visual control over the entrance, main routes and playing areas from admin building (i.e lines of 
view)    

  Single entrance to enter the school premises during school hours  

  

 SO 13.4   Disabled people- inclusive environment 0,0   

  Good accessibility for disabled people (comply with SABS code 0246:1993)    
  

  Sanitation facilities for disabled people (comply with SABS code 0246:1993)    

 SO 13.5   Healthy & safe environment  0,0   

  Use of non-hazardous materials  
  Full compliance with Building Regulations SABS 0400    
  Full compliance with the Occupation Health and Safety (OHS) regulations  
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SO 14   COMMUNITY CENTRES 0,0 NOTES 
 SO 14.1   Shared use 0,0   

  Buildings, which are also used by community, are grouped together near the entrance  
  Safe and secure storage options    
  Site has only one entrance, with internal boundary to separate facilities used out of hours and 

the rest of the school  
  

 SO 14.2   Community Ownership 0,0   

  Design reflects local culture  
  

  Design is based on local needs and opportunities identified during the site analysis  
  

 SO 14.3   Community Facilities 0,0   

  Design spaces which can easily used by the community: 

   * Hall 
 

   * Meeting rooms  
   * Kiosk  
   * Library  

  

   * Theatre  

  

 SO 14.4   Community Activities 0,0   

  Design environment which stimulate community involvement 

  * Shared sport fields 
 

  * Community gardens  
  * Market space  

  

  * Advice Centre  

  

 SO 14.5   Community services 0,0   

  Design takes into account provision of spaces for services which are not available in local area: 

  * Postal Service 
 

  * Print and Copy Service  
  * Telephone Service  
  * Health care facilities  

  

  * Computer facilities  
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SO 15   AVAILABLITY OF FACILITIES 0,0 NOTES 
 SO 15.1   Access to basic services 0,0   

  The school has access to water  
  

  The school has access to electricity  
  

 SO 15.2   Basic facilities 0,0   

  Suitable number of classrooms (based on 40 pupils per classroom)  
  Administration building (with strong room)    
  Learning Resource Centre (including library & computer centre)  

  

 SO 15.3   Furniture & Equipment 0,0   

  Provision of enough furniture (chairs and tables)    
  Provision of teaching equipment (e.g. pin boards, chalkboards, flipover)  

  

 SO 15.4   Support facilities  0,0   

  Hall  
  Multi purpose areas/workshops (only secondary school)    
  Kitchen for food preparation as part of the feeding scheme  

  

 SO 15.5   Residential accommodation 0,0   

  Provision of accommodation for HIV/AIDS orphans  
  

  Provision of accommodation for staff (e.g. caretaker of the school)  
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Appendix K: SSDT & Case studies 
 
This Appendix contains the SSDT filled in for Thulani Primary School situated in Limpopo Province. 
The other eleven case studies can be found at the corresponding CDrom under the folder ‘Case 
Studies’.  This folder contains the SSDT filled in for the twelve case studies. Furthermore, it contains 
an Excel matrix with all the data of the schools.  
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EC 1.  LOCAL LABOUR 4,0 NOTES 
 EC 1.1   Local contractors and labour 1,0   

  Design takes into account skills and capabilities of local contractors  1,0 

  

  Design takes into account skills and capabilities of local workforce 1,0 

All contractors and labour is local. The architect has experience 
with working with emerging contractors and trained them during 
the construction period. The architect has a joint venture with the 
main (emerging) contractor. All workers were local people, these 
people were non-skilled people, but because of the non-complex 
design of the buildings it was sufficient. The local contractors were 
emerging contractors, which caused some problems. They 
underestimated the work/costs; problems with cash-flow; and 
communication with the site team 

 EC 1.2   Local building material  0,0   

    Design makes use of locally available materials  0,0 

There are enough building suppliers within the area and all 
building materials can be brought within a 100km radius apart 
from clay bricks, which will be supplied from further away. There is 
a manufacturer of concrete blocks and cement bricks within the 
community (they did not use this because of the low quality) 

 EC 1.3   Local component, fittings and furniture  1,0   

  Design makes use of local available components (windows, doors etc)  1,0 
  Design makes use of furniture from local manufacture  1,0   

  Design makes use of fittings from local manufacture  1,0 

All components are from local origin. Furniture is made by 
somebody from the community 

 EC 1.4   Stimulation of local SSME involvement  1,0   

  SMME workspaces available at the school 1,0 
  

  Construction type takes into account involvement of SMME's  1,0 

There is a kiosk with kitchen at the school. This can be used by 
SMME when there is a community function in the hall. The 
construction type does take into account SSME, several small 
contractors can be employed to work at several buildings 
(classrooms, administration, Hall) 

 EC 1.5   Local maintenance and repair 1,0   

    School management and maintenance training 1,0 80 people are trained, among people from the SGB, staff and 
principal, and community members. 
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EC2 EFFICIENCY OF USE 1,7 NOTES 
 EC 2.1   Efficient space use   0,3   

  Outcome area analysis 15% above or below best practice CSIR:   
  Teaching & learning area: Primary school 90% and Secondary school 60% 0,0 
  Specialised teaching area: Primary school 0% and Secondary school 15% 1,0 
  Non-teaching area: Primary school 4% and Secondary school 9% 0,0 

  

  Balance area: Primary school 6% and Secondary school 16% 0,0 

Thulani Primary School has relatively large non-teaching areas 
and balance. Teaching and learning: 71%, Specialised teaching: 
0%, Non-teaching spaces: 10% and Balance: 19% 

 EC 2.2   Space per learner (Area/learner) 0,6   

  Outcome space per learner 15% above or below best practice CSIR: 

  Teaching & learning area: Primary school 1.80 m2 and Secondary school 2.60 m2 
  

1,0 
  Specialised teaching area: Primary school 0.00 m2 and Secondary school 0.35 m2 1,0 
  Non-teaching are: Primary school 0.15 m2 and Secondary school 0.25 m2 0,0 
  Balance area: Primary school 0.35 m2 and Secondary school 0.85 m2 0,0 

  

  Total Area of buildings: Primary 2.50 m2 and Secondary 3.50 m2 1,0 

The numbers are based on the estimated number of learners at 
the beginning of the project. Thulani expected 900 learners. The 
current learner number for Thulani Primary School is: 911. They 
have 1.79 m2 per learner for Teaching and Learning; 0 m2 per 
learner for Specialised teaching; 0.25m2 per learner for Non-
teaching; 0.48m2 per learner for Balance and in total area per 
learner is 2.54m2 

 EC 2.3   Access to Communication Technology 0,0   

  Access to telecommunication 0,0 
  

  Access to internet 0,0 
There is no telephone connection yet, provision is made for 
telecommunication, but the connection is not established, since 
telkom is not working with. 

 EC 2.4   Variety of spaces 0,0   

  Mix of space sizes (based on a school with 1000 learners) 
  * Small spaces (<30m2): 2-4 small educational spaces 
  * Medium spaces (30-80 m2): 24 medium educational spaces 
  * Large spaces (>80 m2): 1-2 large spaces 

  

  * Outside learning areas 

0,0 
There is no mix of spaces available at the school, it only contains 
medium and large spaces. 

 EC 2.5   Guidance & directions at the premisis (way-finding) 0,8   

  Site layout reflects a clear, well structured organisation of buildings 1,0 

  Design makes use of signage, colours, finishing, materials to identify different functions of 
buildings 0,5   

  Define entrance, administration and reception area 1,0 

When entering the site you automatically end up in between the hall and 
admin building. The classrooms are clustered around the assembly yard, 
which create a central point. There is a big tree in the middle of the yard. 
Each building is indicated with the function of the building and above each 
door is indicated what is behind that door. There is also signage which 
points out where the different buildings are. No colours are used to make 
distinction between buildings. 
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EC 3    ADAPTABILITY & FLEXIBILITY 3,2 NOTES 
 EC 3.1   Furniture  0,5   

  Lightweight modular and movable tables and chairs 1,0 

  Movable teaching equipment (flip over, chalkboard, pin boards, movable audio, etc) 0,5 

  (Movable) generous storage options 0,5 
  

  Movable internal partitions/ extra furniture for smaller subdivisions / movable stage in the hall 0,0 

Double tables and lightweight chairs are available. 
Rearrangement of furniture is possible. When we were at the 
school several classrooms had different type of grouping (OBE). 
One classroom block has more senior furniture to be suitable for 
ABET. The chalkboard is not movable, and the cupboards are not, 
flip over in the LRC, and movable cabinet for TV. Generous 
storage provided, not movable  

 EC 3.2   Space plan  0,8   

  Multipurpose specialist teaching areas (which accommodate a range of subjects)  0,5 
  Multi-purpose Space: Hall (which allows for school as well as community activities) 1,0 

  

  Larger classrooms than conventional, ratio no bigger than 2:3 1,0 

There are outdoor multipurpose areas where different types of 
classes are given (biology, chemistry etc). Hall is designed for 
school as well as for community use: gatherings, functions, 
church, community, political gatherings, and clinic. Classroom 
size is 6.80 x 9.40 = 63.92m2. Limpopo has no small spaces 
where a teacher can take half of the class for more individual 
class. There are medium and large spaces present at the school. 

 EC 3.3   Services  0,5   

  Multiple electrical outlets and socket locations along the perimeter of the space 0,0 
  Adjustable lighting systems, divided in multiple sets 0,0 

  Easy access to services (water, electricity, lighting) to be able to make extension/alterations in
future.  1,0 

  

  Minimisation of mechanical appliances for thermal comfort  1,0 

There are no electrical outlets along the perimeter of the 
classrooms, no adjustable lighting systems. There is easy access 
to electricity and lighting systems, also easy access to water. 
There are no mechanical appliances provided to heat or cool the 
building, design relies on passive design. 

 EC 3.4   Building structure 0,3   

  Buildings system minimises use of load bearing walls 0,5 

  Building system consists of structural frames with infill 0,5   

  Internal walls are demountable or foldable, which creates flexible separation between spaces  0,0 

The walls of all the classrooms are load bearing, so these 
buildings are not really flexible when talking about changing the 
sizes of rooms. The hall on the other hand is made of a concrete 
structure with brick infill. On the long sides of the hall there are 
large movable openings, which create flexibility in use of this 
space. The hall has a concrete frame with brick infill. Both long 
sides of the hall, have large doors which can be opened in 
different ways.  

 EC 3.5   Site Plan 1,0   

  Future extensions are taken into account in site layout with regard to services  1,0 
  

  Future extensions are taken into account in site layout with regard to buildings 1,0 
The master plan made for this school includes future expansion 
possibilities. 
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EC 4   ONGOING COSTS 3,3 NOTES 
 EC 4.1   Maintenance costs 0,7   

  Maintenance guide available 0,0 

  Minimisation of maintenance cost by use of durable and low maintenance materials and 
components 1,0   

  Design items (i.e. light bulbs, toilet cisterns) can be easily reached and replaced without use of
expensive equipment 1,0 

There is no maintenance guide available. Concrete and brick are the main 
materials, which are both durable materials, both 'excellent' in life span. The 
school has face bricks inside and outside to prevent damage to the walls; 
children are often standing against the wall and put their shoes against the 
wall. The face brick is stronger than normal brick and prevent damage. 
Besides that, a wooden beam is attached inside around the classrooms: 
this is to avoid damage to the face brick inside when kids are leaning with 
their chairs against the walls. Concrete is used for the floors, which does 
not ask for high maintenance. Also the toilet fittings and finishes are 
durable. 

 EC 4.2   Cleaning costs 0,7   
  Minimisation of cleaning cost by use of adequate finishes 0,0 
  All areas in the rooms are easy to clean (i.e corners, top of cupboards) 1,0   
  The whole window area of the windows in reachable for cleaning 1,0 

The buildings are easy to clean, no small corners, no high 
ceilings, no open structures. Finishes on the floor are low 
maintenance, but the walls are painted with a finish, which 
becomes dirty easily. 

 EC 4.3   Security costs  1,0   

  Protection of school properties: Secure storage (i.e strong room, locked storage in classrooms) 1,0 
  Protection of Buildings: proper locks at doors and windows  1,0 
  Protection of the LRC: Burglar proofing for windows and doors + alarm system 1,0 
  Protection of site: Lighting of the site and buildings 1,0 

  

  Protection of site: Boundary Fencing 1,0 

The LRC has double burglar bars for the windows and a burglar 
door (LRC is an prison + double burglar bars+ burglar door, with 3 
locks + alarm system with armed response). There are 
cupboards, but these cannot be locked; strong room available in 
school. Lights above the entrance door of each building. There is 
a steel fence around the whole school premises, plus a security 
guard is hired. 

 EC 4.4   Water & energy consumption 1,0   

    Easy monitoring of water and electricity consumption possible  1,0 A water and electricity meter available at the school 

 EC 4.5   User awareness 0,0   

    Exposure of consumption (water, electricity, waste) figures to management and users 0,0 
User awareness is very important, meters are installed, but when 
walking around the site, taps were open/leaking. The people are 
trained to manage the buildings efficiently. Till now not much is 
put into practice by the SGB, principal. 
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EC 5   CAPITAL COSTS  3,2 NOTES 
 EC 5.1   Project costs  1,0   

  Costs per square meter is less or same as national standard 1,0 
  Sub structure costs/m2   
  Superstructure costs/m2   

  

  Phased building plan available/executed 1,0 

The square meter costs of all the Thuba Makote schools are 
below national standard. For Thulani Primary School are the 
square meter costs 1769.72 R/m2. Which is the best practice of all 
the nine schools. The sub-structure costs are 163.81 R/m2 and 
the super-structure costs are 1821.71 R/m2. 

 EC 5.2   Labour costs 0,7   

  30% of construction costs is spent on local community labour  0,0 
  10.65% of school building costs is spent on construction skills training  1,0   

  The construction method requires no specialised contractors 1,0 

The benchmark of 30% spent on local community labour is not 
reached. 10% is spent on construction skills. No specialised 
contractors were required. The fee structure of the professional 
team is based on a percentage of the project costs. 

 EC 5.3   Material Costs 0,0   

  Material selection is based on a cost comparison of different materials (including transport, labour,
finishes, maintenance) 0,0 

  
  Design/ planning grid relates to materials/components module sizes 0,0 

The material selection is based on quality, not on costs. 

 EC 5.4   Building Costs 0,5   

  High level of repeatability / replicated components/elements (simple design) 1,0 
  

  3% or more of capital costs is allocated to new sustainable/indigenous technology   0,0 

The design is based on high level of repeatability. The 
classrooms, LRC and Admin buildings have the same structure 
and appearance. The existing classrooms are upgraded. 

 EC 5.5   Construction process costs 1,0   

  High labour intensity/ Low capital (machinery) intensity 1,0 
  

  Design based on a domestic scale construction method  1,0 

The construction is high labour intensive, use of conventional 
building methods. Brick and mortar superstructure at a domestic 
scale. All excavations and site clearing was done by hand.   
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EN 6.    WATER   2,8 NOTES 
 EN 6.1   Efficient water use  0,5   

  Water meter installed, protected by a strainer 0,5 

  Reduction of water use by water efficient taps (e.g. push buttons) 0,0 

  Reduction of water use by water efficient toilets 0,5 
  

  Reduction of water use by use of dripping systems for sport field irrigation 1,0 

There is a water meter available, but not protected by a strainer. 
There are no warm water taps in the toilet buildings. Push buttons 
are not available at the school, because the water pressure is not 
constant, what would lead to leaking taps. PIT latrines and septic 
tanks are available at the schools. There is no irrigation system 
available at the school. Rain water is used to irrigate the sport 
fields 

 EN 6.2   Rainwater 0,7   

  Provision made for rainwater harvesting 1,0 
  Provision made for reduction of potable water use by re-use of rainwater at premises  1,0   

  Rainwater gauge and irrigation advise  0,0 

Rainwater is harvested, from two classroom buildings in 2 tanks. 
Rainwater is used for the gardens 

 EN 6.3   Water recycling 0,0   

  Grey water system  0,0 
  

  Provision made for reduction of potable water use by grey water re-use at premises 0,0 
No grey water system 

 EN 6.4   Storm water 0,7   

  Minimise runoff by use of permeable materials and avoid clearing  1,0 

  Storm water control leads to holding areas (channels, manholes, sport fields, ponds) 0,0   

  Harvesting and re-use of storm water 1,0 

The storm water is also collected in two tanks below the surface. 
When the rainwater tanks, which are above the ground are full, 
exceeding water will fload to the two bigger storm water tanks. In 
Limpopo the pavement is concrete, which is not absorbent, but the 
storm water is guided to pits from where it will go to two large 
underground tanks 

 EN 6.5   Water efficient landscaping 1,0   

  Preserve existing vegetation 1,0 
  Preserve and protect topsoil  1,0   

  Select planting that require minimal amount of water 1,0 

Planting at site is mostly indigenous. A beautiful tree in the middle 
of the school, which was used as a classroom. There is also an 
agricultural garden, which needs water to maintain, however, 
rainwater of storm water can be used for this purpose 
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EN 7.   ENERGY 2,4 NOTES 
 EN 7.1   Efficient energy use 0,5   

  Electricity meter installed 1,0 
  

  Reduction of energy use by availability of renewable energy sources  0,0 
An electricity meter is installed. No renewable sources of energy 
are available at the school 

 EN 7.2   Ventilation 0,9   

  Ventilation requirements are met by natural/passive ventilation 0,8 
  

  No additional mechanical appliances are applied for ventilation 1,0 
Windows are the ventilation mechanism 

 EN 7.3   Heating & Cooling 0,8   

  Energy concious design concepts taken into account during the design 0,6 
  

  No additional mechanical appliances are applied for heating and cooling 1,0 

Cooling of the building won't be a problem; heating in winter might 
be a problem, because the overhang is too big to allow winter sun 
to enter.  

 EN 7.4   Lighting 0,2   

  Requirements for light met by natural day-lighting during the day 0,8 
  Energy Efficient Lighting Fixtures in the buildings 0,0 
  Electric lighting can be controlled individually in the buildings 0,0 

  

  External lighting provided with a movement sensor 0,0 

Requirements for light during the day are met by day lighting in 
this school. The lighting provided for evenings or cloudy days are 
not energy efficient and cannot be controlled individually. 

 EN 7.5   Energy efficient landscaping 0,0   

  Energy Saving Landscaping: 0,0 
  Deciduous trees on the north and east sides (shade)   
  Evergreen trees on the south and west sides (shade + windbreak)   
  Vines on walls or over pergola/arbours (shade)   

  

  Shrubs and small trees with right angle to prevailing winter wind (windbreak)   
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EN 8.    WASTE   0,3 NOTES 

 EN 8.1   Waste management & awareness 0,0   

  Enlarge waste awareness by providing billboards with waste figures 0,0 Nothing has been done with regard to waste 

  Attractive dustbins which separate waste 0,0     

  Central waste collection space (covered and near entrance) 0,0   

 EN 8.2   Hazarduous waste 0,0   

    Provision for separate collection of toxic waste (batteries, printer toners) 0,0   

 EN 8.3   Organic waste 0,0   

  Composting system (food & garden waste) on site 0,0 
  Re-use of compost for the garden 0,0   

  Provision for separate collection of paper at school 0,0 
  

 EN 8.4   Inorganic waste 0,0   

  Provision for separate collection of glass at school 0,0 
  Provision for separate collection of plastic at school 0,0 
  Provision for separate collection of cans at school  0,0 

  

  Re-use of inorganic waste at school. 0,0 

  

 EN 8.5   Construction waste 0,3   

  Reduction of construction waste by re-use of existing buildings 1,0 
  Reduction of construction waste by efficient (re)-use of materials 0,0   

  Design makes use of modularity and standard sizes to stimulate efficient use of materials 0,0 
The already existing buildings at the site are refurbished 
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EN 9.   MATERIALS AND COMPONENTS 2,7 NOTES 
 EN 9.1   Embodied energy efficiency 0,7   

    Embodied Energy Efficiency very good 0,7 Concrete & brick = very good; steel sheeting = fair 

 EN 9.2   Material availability 0,7   

    Raw material availability very good 0,7 Concrete = good; clay bricks & steel = very good 

 EN 9.3   Environmental impact 0,0   

    Minimal environmental impact very good 0,0 Concrete & brick = good; steel sheeting = fair 

 EN 9.4   Durability  1,0   

    Product life span very good 1,0 Concrete & brick = excellent; steel = very good 

 EN 9.5   Reuse and recycle materials  0,3   

  Potential for product re-use very good 0,0 Concrete = poor; brick & steel = fair 
  

  Material recyclable very good 0,7 Brick = good; concrete = very good; steel = excellent 
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EN 10.   SITE   3,8 NOTES 
 EN 10.1   Site Development 1,0   

  Already developed site environment (Brownfield development) 1,0 
  

  Design takes into account original contours, so no large scale earth movement required 1,0 
The site was already in use by the school, the area is developing 
very fast. Design does not required earth movement. 

 EN 10.2   Site location 1,0   

    School site is centrally located to minimise walking distance for learners. 1,0 
School is located in the middle of the rural township, Mkhuhlu 
district, near Kruger park/gate; public transport and school bus is 
not available, children mostly walking distance from school 

 EN 10.3   Vegetation 0,8   

  No clearing of natural vegetation 1,0 
  Vegetation added to provide shaded areas on at least 30% of non-roof areas  0,0 
  Minimise large paved areas (heat islands) 1,0   

  Landscape designed that no artificial inputs (fertilizers, pesticides) are required to maintain landscape 1,0 

Natural vegetation is not cleared, vegetation is added but not 
abundant. Large paved areas are minimised to walkways. No 
fertilizers and pesticides need to be used for the landscaping. No 
mechanical inputs are needed. 

 EN 10.4   Gardens 1,0   

    Vegetable garden development 1,0 
Food gardens are available to provide supplementary food to the 
food programme. No class gardens. No educational purpose for 
the food gardens. 

 EN 10.5   Environment and Design 0,0   

  Design takes into account the natural features of site and surroundings  0,0 
  

  Design takes into account the (indigenous) architecture of surroundings 0,0 
Nothing special has been done with regard to architecture. The 
building style is very conventional. 
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SO 11 OCCUPANT COMFORT 4,2 NOTES 

 SO 11.1   Natural Daylight 0,8   

  Average Daylight Factor is  > 2% (windows on one side) 
Average Daylight Factor is > 4% (windows on two sides).  1,0 

  Room depth: (L/w) + (L/h) < 4 1,0 
  20% window area in relation to floor area  0,0 

  

  Glare is minimised through design 1,0 

The average daylight factor is, 4.27 with windows on two sides. The 
window area is only 15.8% and the room depth is 1.93. Overall 
impression is that the natural daylight is sufficient. Glare has been 
minimised by painting the wall in a very light colour. 

 SO 11.2   Thermal Comfort (incl. Ventilation) 0,7   

  Ventilation: Cross and/or stack ventilation in summer and minimisation of ventilation in winter 1,0 
  Ventilation: Windows can be opened at different levels 0,0 
  Ventilation: Operable area is 10% of floor area 1,0 
  Ventilation: Planting does not interfere the natural ventilation 1,0 
  Orientation & Form: Plan form is oblong and courtyard 1,0 
  Orientation & Form: Orientation buildings: long side is facing north 1,0 
  Sun: Adequate overhang to prevent direct sunlight in summer, but allow the winter sun to enter 
(solstice -winter angle) 0,0 

  
Sun: windows at north side should be positioned relatively low in the wall, windows at the south 
side should be positioned relatively high. To allow winter sun to penetrate and stimulate cross 
ventilation. 

0,0 

  

  Thermal Mass: Use of thermal mass to cool the building in summer and warm it in winter 1,0 

In the classrooms there is cross ventilation possible, windows 
cannot be opened at different levels, which might be desirable in 
winter. Operable area is more than 10%, which implies that the 
ventilation will be enough for fresh air in the classrooms. The 
planting does not interfere with the ventilation openings. The 
classrooms are oblong and situated such that it creates a courtyard 
around the big tree. The new buildings are facing north with the long 
side, the already existing buildings are not facing north, but this is 
more because of the contours.  The overhang is large which will 
protect the classroom from the hot summer sun, but winter sun is 
not able to penetrate, which means that it can be cold in winter in 
the mornings. The buildings make good use of thermal mass; they 
have brick walls; concrete floors and an insulated roof. 

 SO 11.3     Noise  1,0    

  Noise from outside school: No disturbing surrounding activities, not exceeding 40 dBA 
background noise 1,0 

  Reduce noise from other classrooms: Distance between the classroom blocks is more than 5 
meters 1,0   

  Reduce noise from other classrooms: Cupboards up to ceiling height, or insulation in partition 
wall  1,0 

The school is situated in the township, neighbouring buildings are 
houses, there are no noise producing activities in the direct 
neighbourhood, no busy roads. The distance between the 
classrooms blocks is almost 11 meters in between the windows. 
The walls between the classrooms in one block are provided with 
insulation (sisalation) and the chalkboards are on the wall. 

 SO 11.4   Views 0,8   

  Window area > 20% of wall surface 0,5     Distance from workspace to window < 6 meter 1,0 
The window area is 19,2% of the wall area. The classroom is 6 
meter wide, and it has windows on both sides. 

 SO 11.5   Classroom occupation 1,0   

    Space per learner is between 1.6 -1.8 m2 per learner 1,0 Space per learner is 1.6 m2 per learners (classroom surface is 
64.25 m2) 
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SO 12   EDUCATION 3,1 NOTES 
 SO 12.1   Outcome Based Education 1,0   

  Classrooms have sufficient space for various classroom layouts 1,0 

  Classrooms are equipped with storage spaces 1,0   

  Classrooms are equipped with various pin boards 1,0 

The classrooms are bigger than conventional classrooms, namely 
6.80 x 9.40 = 63.92m2. This allows several furniture layouts for 
different teaching methods. The new classrooms at the school have 
generous storage spaces in the back. Pin boards are attached at 
several places at the walls. 

 SO 12.2   Whole school grounds 0,7   

  Classrooms have associated outdoor teaching areas, with planting, water and benches 1,0 

  Personalisation of the school: provision for educational murals on the school buildings 1,0   

  Play areas support learning activities 0,0 

Thulani Primary school has outdoor teaching areas, in the form of 
outdoor tutorial areas with worktops and water supply for outdoor 
activities and demonstrations, and use by community and school for 
food gardens. The school has beautiful educational murals at the 
walls of the classrooms, made by a local artist. 

 SO 12.3   Information & Communication Technology 0,7   

  Design provides spaces with ICT technology (e.g. computers, internet) 1,0 
  Design provides ICT spaces which are secure and easily supervised 1,0   
  Classroom design provides integration of (future) ICT (e.g. connections, dedicated spaces) 0,0 

The school has a Learning Resource Centre with a computer area. 
The layout of the LRC is such that there is good supervision over 
the computer and library areas. The classrooms are not suitable for 
future use of ICT in classrooms. 

 SO 12.4   Life long learning 0,5   

  Early Child Development: Buildings offers secure environment for younger learners 0,0 
    A number of classrooms can be easily used for Adult Based Education and Training (ABET)-

classes 1,0 
The School does not provide spaces for ECD. Several classrooms 
are well suited for ABET use and during the site visits ABET classes 
were given in the Hall. 

 SO 12.5   Teacher Support 0,3   

  Workspaces in administration building with some storage provided to prepare lessons 0,0 

  Shared work space/table in administration building for team work, group meetings and leisure 1,0 

  Kitchenette for light refreshments 0,0 
  

 Outside space for social and work occasions 0,0 

The administration area is not very large and has several meeting 
spaces, but there is no individual working spaces for the teachers to 
prepare lessons. 
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SO 13    HEALTH AND SAFETY 4,7 NOTES 

 SO 13.2   Health  0,7   

  Toilet numbers according to table 13.2 1,0 

  Toilet type acceptable (when limited water supply no flush systems, no bucket system, no 
aqua privies) 0,0   

  Access to save water (washing hands and drinking) 1,0 

2 existing toilet blocks: 4 PIT latrines for girls and 4 PIT latrines for 
boys. Construction of 2 new blocks with septic tanks, 10 toilets for 
girls and 8 for boys + a big urinal. The requested number of toilets 
(based on 863 learners) is 9 for boys and 9 for girls. Because of the 
unreliable supply of water, the septic tanks can result in a disaster.  

 SO 13.3   Sport & recreation 1,0   

  Availability sport facilities 1,0 
  

  Availability of recreational facilities (choir; drama, etc) 1,0 

Soccer field is available and shared with the community, Netball 
and Tennis are in master plan; There is a huge tree in the middle of 
the school, which provide shade for leisure activities, the hall can 
also provide in that. 

 SO 13.4   Safety of people 1,0   

  Administration building is located near the entrance 1,0 

  Visual control over the entrance, main routes and playing areas from admin building (i.e lines 
of view) 1,0   

  Single entrance to enter the school premises during school hours 1,0 

Administration has a uninterrupted view of main areas of school.  
Neighbouring houses have been retained so that they overlook the 
site and provide background, additional security out of school hours 

 SO 13.4   Disabled people- inclusive environment 1,0   

  Good accessibility for disabled people (comply with SABS code 0246:1993) 1,0 
  

  Sanitation facilities for disabled people (comply with SABS code 0246:1993) 1,0 

The school will be easily accessible by wheelchair, no excessive 
slopes and signage is there. There are still some thresholds there 
though. Pathways and paving designed that all buildings are 
accessible for disabled people. Toilets: 1 girls and 1 boys, located in 
a convenient location in school 

 SO 13.5   Healthy & safe environment  1,0   

  Use of non-hazardous materials 1,0 
  Full compliance with Building Regulations SABS 0400 1,0   
  Full compliance with the Occupation Health and Safety (OHS) regulations 1,0 

No use of hazardous materials and compliance with the building 
regulation and OHS regulations 
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SO 14   COMMUNITY CENTRES 2,7 NOTES 
 SO 14.1   Community Ownership 0,0   

  Design reflects local culture 0,0 
  

  Design is based on local needs and opportunities identified during the site analysis 0,0 

The school is a relatively standard school; the architect did not 
reflect the local culture in the architecture of the school.  
Identification of needs and opportunities was lacking since the 
questionnaires could not be understand by the community due to 
high illiteracy levels. 

 SO 14.2   Community Facilities 0,8   

  Design spaces which can easily used by the community: 

   * Hall 1,0 
   * Meeting rooms 1,0 
   * Kiosk 1,0 
   * Library 1,0 

  

   * Theatre 0,0 

The school is well equipped with various spaces available for the 
community outside school hours. There is a kiosk available attached 
to the hall, but is rarely used, since the people are creating their 
own kiosks under the trees. 

 SO 14.3   Community Activities 0,8   

  Design environment which stimulate community involvement   
  * Shared sport fields 1,0 
  * Community gardens 1,0 
  * Market space 1,0 

  

  * Advice Centre 0,0 

The school has sport fields, which are also used by the community. 
The start of the community gardens went well, although the 
motivation decreases and increases with time. Remarkable is the 
creation of little gardens around the houses in the surroundings. 
Spaces around the hall, and the parking space can function as a 
market space. 

 SO 14.4   Community services 0,5   

  Design takes into account provision of spaces for services which are not available in local 
area: 

  * Postal Service 0,0 
  * Print and Copy Service 1,0 
  * Telephone Service 0,5 
  * Health care facilities 0,0 

  

  * Computer facilities 1,0 

A print and copy service is provided at the school. Although this has 
not been very successful yet. Provision is made for public 
telephone, but the connection is not yet established by TELKOM. 

 SO 14.5   Shared use 0,7   

  Buildings, which are also used by community, are grouped together near the entrance 1,0 
  Safe and secure storage 1,0   
  Site has only one entrance, with internal boundary to separate facilities used out of hours and 

the rest of the school 0,0 

Admin, Hall and LRC are grouped together. The toilets are designed to allow 
access by school and community while ensuring the security of the school 
during community functions and use after school hours. The site has one 
entrance, but there is no internal boundary to separate the spaces used 
outside school hours and the rest of the school.   
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SO 15   AVAILABILITY OF FACILTIES 3,4 NOTES 

 SO 15.1   Access to basic services 0,8   

  The school has access to water 0,5 
  

  The school has access to electricity 1,0 
The school has access to electricity, but access to water is 
unreliable. 

 SO 15.3   Basic facilities 1,0   

  Suitable number of classrooms (based on 40 pupils per classroom) 1,0 
  Administration building (with strong room) 1,0   
  Learning Resource Centre (including library & computer centre) 1,0 

The number of classrooms is suitable, the admin is available and 
LRC is there with computer room (20 computers) and library 

 SO 15.4   Furniture & Equipment 1,0   

  Availability of enough furniture (chairs and tables) 1,0   
  Availability of equipment (pin boards, chalkboards, flip over etc) 1,0 

There is enough furniture and teaching equipment available, 
abundant storage is located in the back of the classrooms. 

 SO 15.5   Support facilities  0,7   

  Hall 1,0 
  Multi purpose areas/workshops (only secondary school) 0,0   
  Catering/Kitchen (feeding scheme) 1,0 

This school has a very big hall (586m2); multi-purpose teaching 
areas are not available since it is a primary school; kitchen is 
available, but the cooking ladies still prefer cooking outside, so 
there is also a shed outside for cooking. The school also has 
printing and copy facilities available. 

 SO 15.5   Residential accommodation 0,0   

  Provision of accommodation for HIV/AIDS orphans 0,0 
  

  Provision of accommodation for staff (e.g. caretaker of the school) 0,0 
No residential accommodation is available at the school 
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Appendix L: M.Sc Thesis Technology & Development 
Studies 
 

M.Sc. Theses in Technology and Development Studies: 2000 
00.01 Eric Lakerveld: Information and Performance. The role of Quality Information Systems in a 

multinational electronics company. 

00.02 Martijn Vis: Assessment of the Possibilities to Utilize Large Solar Water Heaters for 
Industrial and Commercial Sectors in Thailand. 

00.03 Amber Beernink: Vehicle/Pedestrian Traffic Conflicts. Appropriate Construction 
Technology for a Pedestrian Crossing at Kejetia, Kumasi, Ghana 

00.04 Pascal Vlieghe: Lake Pollution and Vulnerability of Fishing Communities. Mwanza Gulf of 
Lake Victoria, Tanzania. 

00.05 Bart Frederiks: Assessment of Sustainable Means of Private Electricity Production. A case 
study at Katani Ltd., Tanzania. 

00.06 Rolf Verlaan: Identification of the Opportunities for Sustainable Production of Energy from 
Biomass Residues in Swaziland. 

00.07 Anne van Hoof: Maintenance and Utilisation of physical capacity at Ghana Textile Printing 
Co. Ltd. 

00.08 Rob van der Werff: The Value of Technical Education. A Cost/Benefit Analysis of Technical 
education and other subjects of Education in Tanzania. 

00.09 John Brenters: Design and financial assessment of small scale sisal decortication technology 
in Tanzania. 
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M.Sc. Theses in Technology and Development Studies: 2001 
01.01 Piet Hein Breeuwsma: The Demand-led Approach to Vocational Skill Training: The 

Cosdec Programme Namibia. 

01.02 Eduard J. Boonstra: Establishment of a Calcium-silicate unit Industry in Indonesia. 

01.03 Arjan van Dal: Assessment of a more Sustainable Sanitation Technology System for a 
Harijan Community in India 

01.04 Benoit Chamuleau: Energy Efficient Low Cost Housing in South Africa 

01.05 Arnoud van Bemmelen: Energy Conservation Opportunities in Hotels in Costa Rica. 

01.06 Herwich Hobbelen: Assessment of Domestic Liquid Waste Runoff, Dar es Salaam, 
Tanzania 

01.07 Sander Gelsing: Solar Home Systems in the Caprivi. Evaluation of the Technology Choice 
and the Implementation of Small-scale Electricity Technologies in rural Namibia 

01.08 Ilse Oosterlaken: Industry Study: Thai Building Material Industry (1960 - 2000) - 
"Opportunities for SMEs Producing Building Materials: Case of Northeast Thailand 

01.09 Joost Ossevoort: Systematic Assessment of Water Pollution in Ebrié Lagoon, Ivory Coast. 
Modelling eutrophication, followed by an inquiry into the causes and impacts of this 
phenomenon 

01.10 Jeroen Steman: Pre-feasibility Study on Centrifugal Pump Manufacturing in Zambia. An 
identification of feasible production technologies 

01.11 Krista Jansen: Future Supply and Demand for Petroleum Products in Indonesia; Challenges 
and Options for the Refining Sector. 

01.12 Marieke de Ruijter de Wildt: The Searching Enterprise. Information Usage of Small 
Enterprises and Business Development Services.El Salvador. 
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M.Sc. Theses in Technology and Development Studies: 2002 

02.01 Jeannette Klein: Water Pollution in the Accra-Tema Metropolitan Area. Sources and 
Impacts. Ghana. 

02.02 Shila de Vries: Bamboo Construction Technology for Housing in Bangladesh. Opportunities 
and constraints of applying Latin American bamboo construction technologies for housing in 
selected rural villages of the Chittagong Hill Tracts, Bangladesh. 

02.03 An Nguyen: The Introduction of Digital Terrestrial Television in Vietnam. An opportunity 
study. 

02.04 Martijn Jonker: Building Technological Capabilities to Improve Performance. A case study 
of the paper industry in West Java, Indonesia. 

02.05 Jeroen Nuijten: Sustaining the Basic Research Program of the International School of 
Photonics. Cochin, Kerala. India. 

02.06 Brecht Mommen: Changes in the Basic Needs Situation due to Hydro-projects in Nepal. A 
case study of Kali Gandaki project 

02.07 Roy Vink: Assessment of Impacts of Hydro-project Balsa Superior on Economic Activities 
in the Canton San Ramón de Alajuela, Costa Rica. 

02.08 Svend Minderhoud: Technological Performance in Indonesian Paper Industry. A case study. 

02.09 Mirjam Pronk: Sustainable Building Systems for Low-cost Housing in Guayaquil, Ecuador. 

02.10 Thijs Gilde: “Save Water”- An assessment of the major causes of non-revenue water in the 
drinking water distribution system of SEMAPA in Cochabamba, Bolivia. 

02.11 Mark van Stiphout: What are the costs of wetland pollution? Integrating the environmental 
effect chain and the total economic value for a coastal wetland in Ghana. 

02.12 Rick Boellaard: Op weg naar ontwikkeling.CFAR-Kasangulu, Zaïre. 

02.13 Petra Hofman: The effects of the Formalization of Urban Informal Property on the Quality of 
low-Income Housing in Lima, Perú. Problems and Solutions.  

02.14 Issmaïl Nnafie: Internet cafés in Dar es Salaam: Problems and Opportunities. 
Recommendations for e Think Tank Tanzania. 

02.15 Loek Daemen: The Socio-Economic Effects of Road Maintenance in Iringa Rural and 
Mufindi Districts, Tanzania. An explorative case study into the input-functions for the 
calculation of maintainable core-networks. 

02.16 Christian Rademaker: Anti-Seismic Information Transfer. Assessment of a more 
appropriated information transfer method for implementing anti-seismic construction 
solutions in El Salvador.  
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M.Sc. Theses in Technology and Development Studies: 2003 

03.01 Maartje van Dalen: Role and Performance of the Indonesian Construction Sector  

03.02 Wouter Zegwaard: Distance Learning Solutions to Bottlenecks in Indonesian Education. 

03.03 Dennis Bours: The dissemination of amorphous solar PV panels for rural households in the 
Manaus region, Amazonas, Brasil. 

03.04 Henri Heine: Cleaner Production in Industry: Measurement of the total energy saving 
potential and cost saving potential of small and medium enterprises in the plastic industry in 
Santiago, Chile 

03.05 Ursula Kirchholtes: The important Crops of Andalusia in relation to Super Absorbent 
Polymers. Spain 

03.06 Carin Bouwman: Wrestling with Development: “Arriving where we started?” A structured 
overview and analysis of 177 TDS MSc research projects in developing countries: their 
characteristics, goals and development relevance. 

03.07 Ellen Geurts: South African development plans and the performance of South African 
construction industry: Constraints of small emerging contractors in the city of Tshwane 

03.08 Bram Saeijs: Science Parks in South Africa: Characteristics and Analysis of Success 
Factors. A preliminary method for potential success ranking of science parks 

03.09 Saskia Dalman: Measurement of sustainability of primary schools in rural areas in South 
Africa. Development of a tool to measure the sustainability of the Thulani Primary school, 
Limpopo Provine, South Africa 

03.10 Bernadette Huizinga: A roof over your head. A Quatitative Housing Need Assessment for 
Tanzania 

03.11 Marloes Kerklaan: Possibilities for development co-operation between developing countries 
and the Eindhoven University of Technology. An instrument for project appraisal and an 
analysis of development co-operation projects 

03.12 Mark Vlok: Flood Risk Reduction Strategies: Recommendations for flood risk reduction in 
the Limoncito watershed in Puerto Limón, Costa Rica 

03.13 Jimmy Murli: Diffusion of Technology from University to Manufacturing Firms in Kerala, 
India. 

03.14 Tijs den Uijl: Values of Cultural Heritage: Identification of a Cultural Heritage Building 
Rehabilitation Methodology applied in the Case of the Convent Santa Catalina of 
Collpaciaco, Bolivia 

 



 
Appendix L: MSc Thesis Technology & Development Studies 

 
227

 

M.Sc. Theses in Technology and Development Studies: 2004 

04.01 Saskia Ruijsink: Urban upgrading needs in an informal settlement in Dar es Salaam, 
Tanzania. An analysis based upon the interaction between urban space and the people’s 
livelihood strategy, the case of Keko Magurumbasi A 

04.02 Moniek Vulink: Technology Transfer in the Construction industry of Ghana. Human 
resource development through international collaboration between foreign and local 
ontractors in the Greater Accra Region 

04.03 Jaap Bosch: Improvement Possibilities for refugee Shelters; a case study in Mtendeli 
Refugee Camp, North West Tanzania. 

04.04 Maarten van Oosterhout: Adoption and diffusion of Natural Gas in the Small-Scale Rural 
Industry of Bolivia. The cases of the Stucco Sector and the Chicha Sectore in Cochabamba. 

04.05 Marieke Pluk: Economic growth and the environment in developing countries. The case of 
cement consumption and related carbon dioxide emissions in the construction industry in 
Chile. 

04.06 Anja Kuijsters: Environmental response of the Chilean building sector: Efforts and 
constraints towards environmental building practices in the Santiago Metropolitan Region 

04.07 Tom Siebeling: A Novel Approach to Innovation Processes in Community Driven Projects: 
How an extended Learning Selection model explains the success of SEIDET, an educational 
community development project in rural South Africa. 

04.08 Matsen Jorritsma & Koen van Noorden: Sustainable implementation of wind pump projects 
in TASAF supported villages. Preconditions and major policy guidelines for Tanzania Social 
Action Fund. 

 
 
If you would like to receive a copy of one of the above indicated M.Sc. theses, please contact:  
 
Department of Technology and Development Studies 
Eindhoven University of Technology 
M.Sc. research co-ordinator  
Mrs Dr.Ir. E.L.C. Van Egmond 
DG 1.02 
PO Box 513 
5600 MB Eindhoven 
The Netherlands 
 


