
FORESIGHT ENVIRONMENT REPORT 
 

Foreword 
 
Daniel Quinn, speaking at Kent State University on Earth Day 1998, remarked, "The 

Phrygian sage Epictetus said: Everything has two handles, one by which it can be 
carried and a second by which it cannot.  The sage who stands before you here today 
says, There's a third handle on the other side, but it can only be reached by people 
who realize they've got a third hand to reach with." 

 
It is clear that the growth path of the modern world cannot be sustained.  Pundits all 

over the world are warning of the environmental catastrophe towards which we are 
rushing with lemming-like enthusiasm.  The world's resources will not stretch far 
enough to turn developing countries into developed ones — not within the current 
paradigm. 

 
In South Africa, the 1999 State of the Environment Report has raised the spectre of 

rapid degradation of the environment: over-utilisation of resources, increasing 
pollution, accumulated contamination in ecosystems, loss of biodiversity, widespread 
poverty, and degradation of ecosystem functioning are all issues that confront us. 

 
Yet we have to develop.  Forty per cent of South Africans do not have enough to   

eat. Too many of our children go to bed hungry.  More than 20 million South African 
do not have access to decent sanitation.  Millions of South Africans do not have access 
to clean, safe drinking water.  We have to meet these challenges, we have to create a 
South African society in which we can guarantee such basic human rights as access to 
food, access to water, access to education and health care, freedom of speech, 
freedom of movement, access to a clean and healthy environment, and so on. 

 
We have to find that third handle, the one that will enable us to provide for all our 

people now and in the future, the one that will enable us to create a society based on 
social and environmental justice now and in the future. 

 
The Foresight Environment project was one step in addressing these issues, one 

step towards finding a third hand that can reach out for that invisible handle.  Over a 
period of two years, a disparate, creative and vociferous group of individuals threw 
their ideas into a common melting pot (which occasionally boiled over) and distilled 
from that pot some ideas around where South Africa should be putting resources and 
energy in terms of future research and technology development in the environmental 
sector. 
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While the Foresight process has been used in many countries around the world, 
particularly in developed countries, this Foresight Environmental Working Group 
process developed a particular flavour of its own, which is not reflected in similar 
international processes.  This is the flavour of community involvement, a focus on 
capacity building for grassroots communities, a recognition of the power of ordinary 
people to shape the future. 

 
 
 
 
 
Foresight has taken its first step.  Now those with access to resources must take the 

next step to make these suggestions real. 
 
 
Barbara Schreiner 
Chairperson: Foresight Environmental Working Group. 

 
 
 



 3

Contents 
 
 
Executive summary ............................................................................................................... 1 
Chapter 1: Introduction and Process ...................................................................................... 5 
1.1  South African Foresight Project....................................................................................... 5 
1.2 Environment as a Foresight Sector .................................................................................. 5 
1.3  Key Principles................................................................................................................. 6 
1.4  Sector Scope ................................................................................................................. 6 
1.5  Terms of Reference ........................................................................................................ 6 
1.6  Participation in the Environment Sector .......................................................................... 6 
1.7  Methodology .................................................................................................................. 7 
Chapter 2:  Environment Sector: Comparative Analysis of South Africa's International 
Position ................................................................................................................................ 9 
2.1 Global Trends................................................................................................................. 9 
2.2  Current and Future Environmental Trends .................................................................... 10 
2.3  Economic and Market Trends........................................................................................ 12 
2.4  International Foresight-Related Studies ........................................................................ 13 
2.5  International Research and Technology Trends ............................................................. 14 
2.6  South African Situation Analysis: Environment Sector.................................................... 15 
2.7  State of South Africa's Natural Resources...................................................................... 16 
2.8  Environmental Policy and the Move towards Sustainable Development .......................... 17 
2.9  Historical Trends in Environmental Management .......................................................... 18 
2.10  Current Technological Position ..................................................................................... 20 
2.11 Current Research and Management Position ................................................................. 20 
2.12  Current Economic Position............................................................................................ 21 
2.13  Benchmarking South Africa's International Position ...................................................... 22 
Chapter 3:  Environment Sector Situation Evaluation, Scenario Development and 
Analysis .............................................................................................................................. 24 
3.1  Methodology ................................................................................................................ 24 
3.2  Foresight Scenarios ...................................................................................................... 25 
3.3  Major Challenges to Environment Sector....................................................................... 26 
3.4  Environment Sector Statements of Strategy................................................................... 26 
Chapter 4: Survey Report..................................................................................................... 27 
4.1  Survey Methodology ..................................................................................................... 27 
4.2  Survey Topics............................................................................................................... 27 
4.3  Results of the Survey .................................................................................................... 27 
4.4  Conclusions ................................................................................................................. 34 
Chapter 5: Themes and Recommendations........................................................................... 35 
5.1  Methodology ................................................................................................................ 35 
5.2  Human Resource Development ..................................................................................... 47 
Chapter 6: Conclusion......................................................................................................... 48 



 4

APPENDICES ........................................................................................................................ 49 
Appendix 1: ......................................................................................................................... 50 
Appendix 2: .......................................................................................................................... 51 

Appendix 3: 57 



 5

Executive summary 
 
The deliberations of the participants in the Foresight Environment Sector, using a 

variety of techniques, including local and international scans, SWOT and STEEP 
analyses, scenario building and a wide-ranging survey, resulted in the identification of 
the following themes as the priority areas to be considered for the next ten to 20 
years.  Appropriate investments in the key technology areas listed under each theme 
could ensure that South Africa will be better placed to enhance her international 
competitiveness as well as her capacity for accelerated internal socio-economic 
development. 

 
 

Theme 1 
Optimising the Water Resources 

 
The development of technologies that make optimum use of our limited water 

resources. 
 

Key technologies 
• Development of commercially viable use of water-efficient indigenous flora. 
• Agricultural water-efficiency technology. 
• Water recycling for industry. 
• Domestic water-efficiency technology. 
• Plant breeding for water efficiency and drought resistance. 
• Use of computer technology to enhance water efficiency. 

 
Theme 2 
Industrial Ecology  

 
That South Africa take a leadership role in developing and applying regionally 

appropriate technologies and systems for optimising resource use and re-use and 
minimising waste in all sectors. 

 
Key technologies 
• Industrial ecology planning systems. 
• Technology to support industrial ecology. 
• Bioprocessing of wastes. 
• Commercially viable technologies for the extraction of minerals and pollutants from 

sea and waste water. 
 

Theme 3 
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Sustainable Land Use Practices  
 
That a national initiative be undertaken to arrest the degradation of soil on 

agricultural land and help farmers to practise sustainable land use. 
 

Key technologies 
• Monitoring and assessing the environmental impact of substances used on or near 

the soil. 
• Researching locally appropriate methods of reducing soil degradation and 

optimising land use. 
• Developing innovative ways of teaching soil conservation techniques to farmers at 

all levels. 
 

Theme 4 
Decision Support for Planners  

 
Development of a range of decision support tools designed to assist planners at all 

levels to make more sustainable choices. 
 

Key technologies 
• Tools for evaluating the environmental and social costs of policies and plans 

(particularly land use plans). 
• National database of conservation-worthy sites and resources. 
• Training methods to enable local government officials to make good use of the 

above. 
 

Theme 5 
A Practitioner's Toolbox for Sustainable Development  

 
Development of a national capacity to assess and implement critical technologies 

that support sustainable development. 
 

Key technologies 
• Tools such as Life Cycle Analysis, Environmental Economics, Resource Use 

Minimisation, Clean Production, Labour Intensity Assessment and Industrial Ecology. 
• Criteria and procedures for evaluating technologies from a sustainability 

perspective. 
 

Theme 6 
Educating for Sustainability  
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That the formal education sector be mandated and supported to ensure secondary 
education students have a good understanding of the basis for, and importance of, 
environmental sustainability.  At the tertiary level we recommend the development of a 
teachable discipline of environmental assessment and management. 

 
Key technologies 
• Innovative and appropriate methodologies for teaching sustainability and 

environmental awareness to school children. 
• Developing academic disciplines of environmental assessment and management. 

 
 

Theme 7 
Training and Accreditation of Environmental Practitioners 

 
The creation of a national training and accreditation scheme to ensure that officials 

with responsibility for resource management and environmental decision-making are 
adequately skilled. 

 
Key Technologies 
• Development of a training and accreditation programme for government officials 

with environmental responsibilities. 
 

Theme 8 
Renewable Energy  

 
Systematic reduction of our dependence on the use of fossil fuels while at the same 

time making a substantial investment in research into renewable energies, such as 
solar and wind energy. 

 
Key technologies 
• Renewable and environmentally sustainable generation of electricity (large and small 

scale). 
• Use of methane as an energy source. 
• Treatment of fossil fuels to reduce emissions. 
• Alternative low-pollution fuels for domestic consumption. 

 
Theme 9 
Community-Based Environmental Management Systems  

 
A substantial strategic initiative to provide communities with the information and 

technological access necessary to be able to understand and manage their 
environment. 
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Key technologies 
• Methodologies for teaching basic environmental principles in ways that people at all 

educational levels can readily understand and incorporate into their daily living. 
• Sharing experiences amongst communities in relation to natural resource 

management. 
• Development of technologies that assist communities to sustainably manage their 

natural resources and environmental quality. 
 
 

Theme 10 
Use of Indigenous Plant Resources  

 
That significant research effort be put into identifying potential sustainable uses for 

South Africa’s plant resources and developing appropriate commercial pathways to 
market them. 

 
Key technologies 
• Development and marketing of useful products from plants. 
• Development of sustainable and equitable systems for incorporating the interests of 

local communities into commercial plant processing ventures. 
 

Theme 11 
Environmental Entrepreneurship  

 
The development of environmental entrepreneur-ship training and support 

programmes. 
 

Key Technologies 
• Entrepreneurship training and support in the field of environmental business. 
• Environmental training for small and micro business owners and managers. 

 
Theme 12 
Monitoring Systems   

 
Development of the capacity of South Africans both at the community and the 

professional scientific levels to monitor key aspects of the health of the environment. 
 

Key technologies 
• Affordable, locally appropriate technologies for monitoring key environmental 

indicators (air, marine, water, soil, health). 
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• Training and support methodologies to create a cadre of para-professional 
community-based environmental monitors. 
 

Theme 13 
Environmentally Friendly Materials  

 
The development and commercial application of innovative, environmentally friendly 

materials. 
 

Key technologies 
• Development of advanced, environmentally friendly materials. 
• Development of biodegradable plastics. 
• Development of environmentally friendly materials from local raw materials. 

 
Theme 14 
Development of Specialist Scientific Disciplines  

 
The rapid development of scientific and technological capacity at tertiary level in 

several key disciplines that contribute to effective environmental management and to 
the understanding of ecosystem functioning. 

 
Key technologies 
• Database development for South African ecosystems. 
• Advanced-level teaching and research in these disciplines. 
• Advanced ecosystem modelling. 

 
Theme 15 
Pollution Remediation  

 
That South Africa develop an enhanced capacity to detoxify and rehabilitate polluted 

land, air and water. 
 

Key technologies 
• Bio-remediation of land and water. 
• Extraction of minerals and clean water from polluted or sea water (see Themes 1 

and 2 as well). 
• Artificial photosynthesis for air remediation. 

 
Theme 16 
Commercial Use of Inshore Marine Resources 
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The development of sustainable local capacity to grow, harvest and process inshore 
marine resources, including seaweeds and shellfish. 

 
Key technologies 
• Researching species that are potentially commercially viable. 
• Developing cultivation, harvesting and processing technologies for local species and 

conditions. 
• Developing models for involving local communities in the sustainable use of inshore 

coastal resources. 
 

Theme 17 
Atmospheric Modelling  

 
Significant improvement of our ability to model atmospheric circulation at a variety 

of levels, from local to regional, and our accuracy in predicting droughts and extreme 
weather conditions. 

 
Key technologies 
• Meteorological modelling programmes and the skills to use them. 
• Air flow modelling (in general and for specific parts of the country). 
• Locally appropriate dispersion models. 

 
Human resource development 
 

One of the key elements that surfaced time and time again in discussions and 
workshops was that fundamental to sustainable development is the development of 
human resources at the community, school and professional levels.  Without the 
creation of an innovative and competent human resource base, the move towards 
sustainable development will remain out of our reach. 

 
Conclusion 

 
The ideas presented in this report represent the beginning of an ongoing process of 

thinking and strategic planning around the future of science and technology and their 
contribution to sustainable development in South Africa. 

 
 
"Foresight provided that all-important opportunity to stop, look up and think about 
the future in a sector where day-to-day activities are still largely reactive and 
focused on crisis management — the first small step towards a more sustainable 
future." (Working Group Member) 
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Chapter 1:  
Introduction and Process 

 
1.1  South African Foresight Project 
 

The Research and Technology Foresight Project is an initiative undertaken by the 
Department of Arts, Culture, Science and Technology as part of its mission to review 
and reform the science and technology system of South Africa.  This project is aimed 
at identifying those areas of science and technology, as well as the emerging generic 
technologies, that have the potential to yield the greatest economic and social benefits 
in the long term (next ten to 20 years).  This project encompasses technologies 
impacting on social sciences and education, as well as technologies that will advance 
economic development by means of process or product development.  The project is 
specifically aimed at — 

 
• identifying those technologies and latent market opportunities that are most likely 

to generate benefits for South Africa; 
• developing consensus amongst different stakeholders on future priorities in 

selected sectors; 
• coordinating research efforts between different players within the selected sectors; 

and 
• reaching agreement on those actions that are needed to take full advantage of 

existing and future technologies in different sectors. 
 
South Africa is not the first country to conduct a foresight study.  Technology 

foresight-related exercises have been undertaken in countries such as Japan, the 
Netherlands, the United Kingdom, Germany and Korea.  The lessons from these studies 
have been used to design a unique South African approach.  This approach 
accommodated the involvement of stakeholders such as industry, government, labour 
and civil society.  This inclusive participatory approach is perhaps a distinguishing 
feature of South Africa's foresight exercise. 

 
The process followed in the selection of foresight sectors is another unique feature 

of the  South African foresight study.  Workshops to identify future priorities for the 
country were held countrywide, which in turn led to the final selection of twelve 
foresight sectors.  A sector is the core operational component of the entire foresight 
process.  ‘Environment’ was selected as one of the focal sectors for the foresight 
study. 
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In this report the processes followed by the ‘Environment’ sector working group are 
documented, the national and international trends relevant to this sector are 
discussed, and the consolidations from the analysis of the strengths, weaknesses, 
opportunities and threats  (SWOT) pertaining to this sector are presented.  In addition, 
the results from the Delphi survey undertaken as part of this exercise are summarised, 
and the final recommendations from the sector working group are presented.   

 
1.2 Environment as a Foresight Sector 

 
One of the first tasks of the working group was to formulate the mission and scope 

for the sector, and to identify the focus areas for the study.   
 

Mission: 
 
The working group defined the mission of the sector as follows: 
 
"To ensure that the direction of our investments and of our resources, including 
human resources, the orientation of technological developments and institutional 
mechanisms, work toward the goal of sustainable development." 
 
The concept of ‘sustainable development’ is given effect in the Constitution (Act 

108 of 1996) through the concept of ‘ecologically sustainable development and use of 
natural resources while promoting justifiable economic and social development’.  The 
group recognises the need for further development in South Africa, and for the 
eradication of poverty as part of sustainable development.  To this end, our human and 
technological resources and our investments must be realigned to ensure that the 
future of South Africa follows an environmentally and socially sustainable development 
path. 

 
1.3  Key Principles 
 

The outputs of the Foresight Environment Sector were guided by the following four 
key principles central to sustainable development: 

 
• Futurity — the concern for the well-being of future generations;   
• Healthy environment — maintaining the health and integrity of the environment, 

while recognising the implications for human well-being; 
• striving for the improvement of Quality of Life; and 
• promoting equity as a critical driver of sustainability.   

 
1.4  Sector Scope  
 



 13

The scope of the sector was defined as the interaction of human endeavour with the 
biophysical environment.  The working group identified the following six areas on 
which to focus the study; air, land/soil, water, the coastal zone, waste and 
integrated/cross-cutting issues. 

 
The sector has areas of considerable overlap with other sectors, notably in respect 

of biodiversity, agriculture, manufacturing and energy. 
 

1.5  Terms of Reference 
 
The working group was tasked with investigating the future socio-economic 

challenges facing the Environment sector and identifying the impact these could have 
on the sector.  The group was also expected to analyse the sector within the South 
African context while recognising its contribution to the global and regional economy.  
In addition, market opportunities should be identified, as well as research and 
technology requirements that will assist the sector in enhancing its performance and 
its ability to address social issues.  The specific responsibilities of  the sector working 
groups were to — 

 
• agree on proposed sector foci; 
• analyse the current status of the sector; 
• identify future research and technology challenges and market opportunities over 

the next ten to 20 years; 
• provide recommendations on the identified cross-cutting issues/areas; 
• compile a prioritised list of research and technology topics for each sector; 
• provide recommendations on implementation strategies; 
• compile the foresight sector report; and,  
• assist in identifying research and technology themes towards designing appropriate 

research programmes. 
 

1.6 Participation in the Environment Sector 
 
The Foresight process in the Environment sector was conducted in a transparent 

and participative manner, with stakeholders from industry, government, non-
governmental organisations, research organisations, labour organisations and 
academic institutions being represented in the sector working group. 

 
The core of the working group members were selected through a co-nomination 

process.  This process consisted of a large number of questionnaires being 
disseminated in four iterations.  The responses and nominations were as follows: 
 

The affiliation of the respondents was: 
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Government:...................................... 39 
Higher education: ............................ 108 
Industry (large): ................................. 41 
Parastatals: ........................................ 16 
SMMEs: .............................................. 14 
Labour:................................................ 1 
NGOs:................................................ 18 
Research Councils:............................. 48 
Other:................................................ 26 
 
This process ensured satisfactory representation of women and other previously 

disadvantaged groups in the working group.  Expertise ranging from research and 
technology development to education and training, policy development and labour 
were represented in the sector working group.  At the start of the process the working 
group identified the need for greater CBO, NGO and labour representation because of 
the lack of such representation arising from the initial process, and individuals who 
could fill these gaps were identified by the group and asked to join the process.  Group 
members did not represent their sectors on the team but brought their individual and 
collective expertise to bear on the matter at hand.  Names of working group members 
are provided in Appendix 1. 

 
The environment sector working group had a membership of 25, with four 

withdrawing during the early stages because of work commitments.  The names and 
affiliations of working group members are shown in Table 1.  The group was saddened 
by the untimely death of one member, Andile Ningi, from the Eastern Cape.   

 
In addition to the core group, 43 representatives from stakeholder groups were 

nominated as a reference group to comment on the outputs of the various subgroups.  
766 individuals were identified to participate in the survey discussed in Chapter 4.  
About 30% were identified through nomination by working group members, and 70% 
by using various existing databases.   

 
An information newsletter was used to communicate to a wider group of 

participants the process that was being followed and progress made with the study, 
and to invite participation. 

 
1.6.1 Consultative workshops 
 

In order to broaden participation and to access those sectors that were unlikely to 
respond well to the survey process, subgroups of the working group arranged 
consultation workshops.  Three workshops were held in this manner, two in the 
Western Cape (one with students at the University of the Western Cape and one with 
community-based organisations), and one with labour in Gauteng. 
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1.7 Methodology 

 
Working group deliberations were carried out using the workshop format.  Ten 

workshops were held from November 1997 to August 1999, totalling 17 days of work.  
Subgroups were given the responsibility to undertake specific tasks during the periods 
between workshops.  The approach of using subgroups, each with its own coordinator, 
to address specific issues, such as focal area analyses, generally worked well. 

 
The methodology used by the Working Group is outlined in the flow chart below. 
 
Since participation in this process was a voluntary one, the involvement and 

availability of working group members depended on a number of factors outside the 
control of the group itself.  As a result of this, some members were more deeply 
involved in the process than others, and the final report does not, perhaps, reflect 
equal input from all members of the team.  Steady representation was, however, 
maintained by most sectors throughout the process, including government, CBOs, 
labour, NGOs and the private sector. 

 
The process was a lengthy one, which was hampered on occasion by logistical 

problems.  Consequently, the process took two years to complete. 
 
"It was a learning and informative experience in my life.  My participation has clearly 
outlined the gap between scientists and the community.  I think some 
recommendations from the outcome of the discussions will lead to the bridging of 
this gap.  My participation in the environmental foresight working group highlighted 
the need for me and other members from Community Organisations to learn more 
about the environment and to educate our communities on these issues.  The 
inclusivity of the participants shows the commitment of the government to fulfilling 
the right to a healthy environment for all South Africans.  This is not the end, but 
the beginning." (Working Group Member) 
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Chapter 2: 
Environment Sector: Comparative 
Analysis of South Africa's 
International Position 

 
This chapter briefly reviews some of the major international developments relevant 

to research and technology within the environmental management sector, and 
benchmarks the South African position against the international situation.  Some 
primary themes which could be pertinent to South Africa are also suggested.  The 
information presented is based on the international scan prepared by Arthur D.  Little 
Limited (Cambridge) as well as on the information acquired during the deliberations of 
the Environment sector working group.  This document was prepared in 1997 and 
significant shifts may have occurred since then. 

 
2.1 Global Trends 

 
Increasing population density represents a major source of environmental pressure, 

and in this respect South Africa is approaching alignment with the majority of 
European countries, where a high population density creates a strong environmental 
impact in terms of pollution, depletion of natural resources and the degradation of 
local environmental media, flora and fauna, and habitats.  South Africa therefore 
shares with other countries the environmental challenges posed by increasing 
population, urbanisation and the attending problems of pollution, resource depletion 
and habitat degradation.  However, South Africa's particular situation involves a 
combination of environmental concerns associated with developed economies, as well 
as with those more typical of developing countries. 

 
2.1.1  Political Trends 

 
Internationally, environmental improvements have until recently come about 

through the regulation of emissions.  However, this situation is changing and 
becoming more complex, with the attention being focused on the total process, 
including waste minimisation and the design of eco-efficient ‘green’ products.  Among 
economically advanced countries there is an increasing preference for economic and 
price-based instruments rather than regulation.  Environmental taxes, for example, 
provide strong incentives for technological innovation, though the methods of 
imposing this taxation are still evolving, and industries in advanced nations are 
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resisting measures such as carbon taxes.  The future of environmental protection from 
the perspective of governments and regulators will be a steady development of these 
economic instruments as mechanisms to promote environmental protection and 
sustainability.  South Africa's re-emergence as a participant in global political fora has 
coincided with a trend away from reliance solely on regulation as a tool for 
environmental improvement, towards a multifaceted approach, including greater use of 
economic instruments and increasing attention to the total process.   

 
2.1.2  International Relations  

 
South Africa's isolation from the international arena has meant that it has had little 

influence in shaping international environmental agreements and developments.  The 
country's newly-earned respect as a democracy, experience of consensus-building, 
and unique mix and understanding of first and third world conditions, is likely to 
change this, and it is anticipated that South Africa's future relations with the world will 
become more active and influential.  Already the country has played an important 
mediating role in North-South conflicts, and in bringing new insights to historical 
tensions between developing and industrialised countries.   

 
2.1.3  Relations within Africa 

 
As is the case in South Africa's relations with the international community, the 

country has until recently been excluded from initiatives in both the African and 
southern African region.  The past few years have, however, seen South Africa join the 
Organisation of African Unity to become an active and often leading participant of the 
African group in international fora, most notably in meetings to negotiate an African 
position on a Biosafety Protocol, the Convention to Combat Desertification, and several 
other international agreements.  South Africa has also participated in environmental 
activities of the United Nations Economic Commission for Africa, and in meetings 
relating to environmental management and biodiversity of the African Ministerial 
Conference on the Environment.  As in the case of future relations with the global 
community, it is likely that South Africa's relations with Africa will become more 
influential, although its relatively high levels of development compared to other African 
states could present areas of tension over certain issues.  For example, South Africa is 
one of the few African countries with the capacity to remediate environmental damage, 
or to manage the risks associated with the release of genetically engineered 
organisms. 

 
2.1.4  Relations within Southern Africa 

 
As a member of the Southern African Development Community (SADC), South Africa 

is engaged in several regional environmental projects, and is a party to a number of 
regional environmental protocols, such as the SADC Protocol on Shared Watercourse 
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Systems.  At present, there are several ‘sector coordinating units’ within the SADC 
which have a bearing on environmental management, including: Environment and Land 
Management; Energy; Marine Fisheries and Resources; Culture and Information; 
Tourism; Mining; Food, Agriculture and Natural Resources; and Inland Fisheries, 
Forestry and Wildlife.  However, there are considerable problems in co-ordinating the 
different natural resource sectors.  Furthermore, because each of the subsectors is 
located within a different country's capital, the rationalisation of structures is a near-
impossible political task.   

 
As the region's resources come under increasing pressure, joint management 

strategies will become more important, especially with those countries bordering on 
South Africa.  One factor that is likely to affect South Africa's future relations in 
southern Africa, particularly in the field of research and technology, concerns South 
Africa's relatively advanced status in terms of techniques, infrastructure and capacity.  
A delicate balance will need to be struck to allow South Africa to provide much-needed 
leadership but to avoid dominance in regional fora.  Recognition further needs to be 
given to the tremendous experience gained by neighbouring countries in community-
based natural resource management — an area that is poorly developed in South 
Africa. 

 
2.2  Current and Future Environmental Trends 

 
2.2.1  Atmospheric pollution 

 
International environmental trends relevant to air pollution include technological 

measures (combined with regulation and national and international targets) to reduce 
the level of the major atmospheric pollutants, especially in urban areas, and to monitor 
concentrations.  There are continuing efforts to reduce emissions.  Since  CO2  
emissions depend largely on the fuel used, there is currently no really efficient way of 
eliminating these emissions or reducing their effects on the climate other than by the 
use of alternative energy sources such as wind, hydroelectric power, nuclear energy or 
a massive reduction in energy consumption.  The use of natural gas instead of coal to 
reduce CO2  emissions is a stop-gap solution.   

 
There is also considerable interest in emissions trading, partly as an incentive to 

companies to develop less energy-consuming process technologies, and in research 
directed at the development of membranes (Japanese work) for carbon dioxide removal 
from power stations.  In addition, some countries have started to restrict the use of 
private cars in urban areas when weather conditions (sunshine, temperature inversion, 
lack of wind) leads to the formation of ozone and photochemical smog.  There is also a 
rapid phasing-out of chlorofluorocarbons (CFCs) in those applications where 
alternatives exist.   
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2.2.2  Water Resources Management 
 
Water availability is clearly a priority issue for economies aspiring to rapid growth.  

However, it is difficult to compare countries with respect to water abstraction, as data 
are not yet collected consistently.  Some countries include uses that do not appear in 
previous data, while others have made major efforts to reduce water abstraction by 
installing air coolers or water recycling circuits.  Similarly, the use of brackish water or 
sea water to replace fresh water in industrial applications may distort data for previous 
years, partly because these types of water were not always accounted for separately.  
International comparison is therefore difficult because of data inconsistencies.   

 
Internationally, there have been strong legislative developments for wastewater 

treatment, e.g. on the quality of drinking water, bathing waters and waters for fishing 
and fish-farming.  This has created a demand for new treatment technologies.  There 
are also attempts internationally to make maximum use of sludge produced by waste-
water treatment, while avoiding the risks from the pollutants the sludge contains. 

 
2.2.3  Soil Pollution and Waste Disposal 

 
Internationally, there are trends towards decreasing the quantity of nitrogen and 

phosphate-based fertilisers per square kilometre of arable land, which is currently 
stable or even falling in several countries.  There are also reductions in the quantity of 
pesticides applied per unit of arable land, tighter regulation of landfill practices and 
sites, and the remediation of historical soil and groundwater contamination.  Waste 
disposal improvements include greater use of regulatory and economic instruments, 
combined with measures to improve waste treatment infrastructure.  More waste is 
being processed in large plants, which means that waste can be sorted prior to final 
treatment (combustion, composting or recycling) or tipping. 

 
2.2.4  Environmental Management Systems 

 
The international developments include a need for stronger regulation and 

enforcement in developing, as well as in developed countries.  India, China, Malaysia 
and Mexico are among the growing economies which have recently tightened their 
regulatory frameworks.  There is also an increasing use of economic instruments by 
governments, as well as regulation, to encourage improved environmental 
management practices across industry.  The introduction of environmental 
management standards, such as the ISO 14000 series, the European Union's EMAS 
system, and various forms of eco-labelling is also a recent trend.  In Malaysia and 
China, Japanese and other multinationals are among the early adopters of ISO 14001, 
highlighting the potential role of large foreign-owned firms in driving improvements in 
environmental management. 
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2.3  Economic and Market Trends 
 

2.3.1  Global Economic Situation 
 
The environmental management industry's market is estimated to be of the order of 

US$250 billion and is growing at around 5% per annum.  This market refers to the 
supply of pollution control, reduction, clean-up and waste handling equipment and 
related services.  This is supported by estimates prepared by ECOTEC for the British 
Department of Trade and Industry in 1994, which projected the global value of the 
market for environmental goods and services to be US$320 billion per annum by 2000, 
and US$570 billion by 2010.  The European market is estimated to grow by about 4% 
per annum and to be worth about US$78 billion per annum by 2000, of which Germany 
will account for approximately 30%, France 20% and the UK 15%.  Additionally, 
European countries are competing successfully in this market; in 1991, Germany had a 
surplus of trade in environmental goods and services of US$720 million, the UK of 
US$286 million and France of US$14 million. 

 
The 1994 European Parliament Resolution on Environmental Technologies 

acknowledges the contribution that the environmental technology industry could have 
on generating new employment opportunities.  Employment is currently about 1% of 
the total employment in most OECD countries.  This Resolution also identified the need 
for investment to be moved away from 'end-of-pipe' control technologies (which in 
1995 accounted for about 80% of the demand in the EU) to 'integrated' clean 
technologies.   

 
It should be kept in mind that there are a number of barriers which may hinder the 

adoption of clean technologies.  This includes factors such as perceptions that end-of-
pipe technology is cheaper than clean technology, that end-of-pipe technology attains 
a higher profile and is better able to publicly demonstrate a commitment to the 
environment, as well as the fact that supply and demand of innovative environmental 
technologies is extremely specialised and highly fragmented.  Industries in developing 
countries have a significant opportunity here, insofar as they can 'leap-frog' the end-
of-pipe approach to environmental management and set their objectives firmly on 
inherently cleaner technologies.   

 
2.3.2  Expenditure on Environmental Protection 

 
The manner in which environmental problems are perceived varies from country to 

country, as does the level of environmental protection expenditure in relation to GDP.  
For example, countries in which services predominate will spend less in all fields than 
a country with predominantly agri-foodstuffs or oil (extractive) sectors.  Public 
expenditure includes all government investments, while private expenditure includes 
investment by industry in capturing emissions and/or rendering them less harmful, i.e. 
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predominantly 'end-of-pipe' control technologies.  Public expenditure is difficult to 
estimate but it has been shown that there was a fairly stable level of spending over the 
period 1985-90 for 11 of the European countries, and for the USA and Canada.  The 
UK even declined in its public sector investment in pollution control as a proportion of 
GDP during this period. 

 
Some rapidly-growing economies require substantial investments to ameliorate 

existing problems.  For example, Mexico announced in 1997 a $633 million 
expenditure programme for clean-up in public sector companies, while also promising 
tax credits and other incentives for private sector companies to invest in 
environmentally preferred technology.  At the company level, environmental protection 
does of course involve costs.  For example, it was recently estimated in Chile that the 
cost of investing in a new project would rise by 2 to 5 per cent as new legislation 
required investment in cleaner technology.  However, these costs can sometimes be 
offset by improved efficiency, reduced raw material and waste disposal costs, 
opportunities to trade with countries with high environmental standards, and the 
benefits of enhanced product quality.   

 
2.3.3  Market Opportunities within Environmental Management 

 
There is an international trend towards providing products and services which are 

more complete: i.e. from design and equipment production to providing services 
related to the installation and application of the equipment.  Moreover, since 
regulations in many countries are moving towards waste minimisation, complete 
solutions will replace simple ‘end of pipe’ solutions, and firms increasingly need 
greater competence in different environmental and technological fields.  Within 
industry, there will be a continuing shift in emphasis towards inherently cleaner 
processes and technologies rather than 'add-on' technologies to clean up a dirty 
process in order to comply with regulatory requirements.  This in turn means that the 
boundary between environmental management technology and industrial process 
technology in general will become even more blurred in future than it is at present. 

 
The market size for cleaner technologies and products is difficult to estimate, since 

to define the technologies and products involved is even more difficult than to define 
the environment industry itself.  Preliminary data indicate that cleaner technologies 
currently account for roughly 15 to 30% of investment expenditure on environmental 
equipment.  This share is expected to increase in the future. 

 
The noise and vibration control sector is very diverse.  Generally, companies can be 

classified in two main categories: technology and systems providers (which supply 
technology such as sound level meters, sound analysers, noise monitoring systems 
and noise barriers), and consultancies and service companies (offering technical 
services, design and noise monitoring).  Noise and vibration control is low on the 
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environmental agenda, and consequently is an important area only in relatively 
developed countries.  However, the market for noise and vibration control equipment 
is growing internationally.  There are particular opportunities for noise attenuation 
equipment.   

 
It has often been pointed out that countries with rigorous and well-enforced 

environmental legislation tend to develop strong indigenous environmental technology 
supplier firms, which then take advantage of export markets.  The case of Germany is 
cited as an example.  In a comparable way, there may be potential opportunities, 
especially across the developing and emerging economies, for those developing 
countries which toughen regulation and have a sound applied science and technology 
base on which to build.  India is such a country, and export potential is high in areas 
such as water treatment, aided by joint ventures with international firms.  South Africa 
may be in a position to exploit similar opportunities. 

 
2.4  International Foresight-Related Studies 

 
In the last five years a number of countries have carried out national technology 

foresight exercises.  Different approaches have been used to identify key technological 
areas relevant to the country.  The most important methods are the 'critical 
technologies approach' which aims to evaluate the generic technologies which are of 
most relevance to the country, and 'Delphi forecasting' which evaluates the opinions of 
a large number of experts by using questionnaires and giving participants the 
opportunity to revise their opinions in the light of initial results. 

 
Japan has probably the longest history in conducting foresight studies.  The Science 

and Technology Agency (STA) has carried out 30-year forecasts every five years since 
1970.  The fifth survey, conducted in 1992, was carried out using 16 sectors.  Of the 
topics identified as most important and achievable before 2011, two of the top five 
concerned environmental protection and waste management. Other environmental 
topics concerned monitoring, elucidating and forecasting changes in the global 
environment and the development of new technologies for improved recycling and for 
preventing pollution at the production stage. 

 
The United States, like Japan, has carried out technology foresight studies for many 

years.  The Office of Science and Technology Policy (OSTP) submits a biennial report on 
the nation's critical technologies for the next 10 years.  The 3rd biennial report (1995) 
had eight categories of technologies, two of which relate to the environment, viz. 
environmental management and energy.  Similar foresight-related studies were 
undertaken in the United Kingdom, Germany, Australia, Indonesia, Korea, the 
Philippines and Thailand.  In all of these studies there was a significant degree of 
consensus among 'environment' foresight projects as to the areas of technology which 
are of future importance for environmental management.  Moreover, there were 



 23

themes with strong environmental relevance that emerged from the studies of other 
sectors, in addition to studies focusing specifically on the environmental management 
sector.   

 
2.5  International Research and Technology Trends 

 
The competitiveness of companies in the environmental goods and services industry 

in different countries varies in the respective subsectors of the environmental 
management sector.  National environmental problems and regulations have enabled 
companies to build up competitive advantages in certain areas.  For example, northern 
European countries have a high growth in monitoring services; Germany in high-
technology products such as recycling; France and the United Kingdom in waste 
management; Japan in air pollution; and Australia in mine remediation and 
consultancy.   

 
Recent trends suggest that international trade in environmental goods and services 

will develop rapidly.  Rapid trade and investment growth and increased demand, 
particularly in developing countries, e.g. Eastern Europe and the NIS, will underpin 
trade, as will increasing specialisation and internationalisation of the industry.  
International agreements (e.g. the Montreal protocol, Climate Change, Agenda 21) and 
the harmonisation of national environmental standards will have a considerable trade-
expansion impact through the setting of common technical targets for environmental 
quality and by increasing investment in order to achieve these new standards.  To the 
extent that political imperatives arise from the public's level of interest and demand, 
increasing globalisation of environmental management will also be driven by 
increasing public expectations.  Further changes in the environmental goods and 
services industry can be expected from the global expansion of major environmental 
companies.  These companies may seek to establish foreign operations or foreign 
partners to develop new technologies in areas such as biotechnology, bioremediation 
and renewable energy. 

 
The technological options in the various sectors show definite trends in the more 

advanced economies, thus providing a pattern that other countries may follow.  In the 
manufacturing sector, technological options for environmental improvement are found 
largely in process modification, waste reduction and materials substitution.  In the 
energy sector, clean coal technology offers a major contribution to atmospheric 
emissions reduction.  In the agriculture sector, more careful use of agrochemicals, 
biological controls and better management techniques help to reduce impacts on soil 
and water resources.  However, in countries with rapid population growth, intensive 
agriculture still causes environmental stress.   

 
In the management of water resources, air quality, and waste, technological 

advances and the use of regulatory and economic instruments interact.  If wisely 
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framed, regulation can be a potent stimulus to environmental improvement through 
technological innovation.  Innovative technological solutions make compliance with 
tighter standards feasible and reduce the cost of emissions reduction, while regulatory 
and other measures help to drive technology development and develop markets for 
environmental technologies.   

 
The current international research position and likely future trends can be 

summarised as follows:   
 

• Government support for environmental R&D plays an important role.  Budgetary 
appropriations for it have increased, although they still represent typically 2 to 4 per 
cent of the total overall government R&D spending in many OECD countries, and 
less than 1% in the USA.  Private sector environmental R&D spending is difficult to 
determine since it cannot be readily separated from, for example, process 
technology R&D. 

 
• Air pollution reduction will rely on the continued development of emissions 

reduction technologies particularly in the energy sector.  Future development will be 
furthered by attempts to comply with international agreements. 

 
• In waste management, research is in progress to improve the economics of 

incineration, the development of waste-as-fuel technology, and improved 
reclamation and recycling.  Various new technologies address hazardous waste 
management, with the USA especially active.  Bioremediation, particularly for soils, 
will continue to develop.  International agreements and regulation will encourage 
the development of emergency response and clean-up techniques. 

 
• Water treatment research is driven by legislation and the scarcity of water resources.  

To this end, membrane technology is a key research area.  Cost reduction (e.g. 
through on-site treatment, avoiding transport costs) is also a significant factor.  
Bioremediation may be expected to play an increasingly important role.  In broader 
water resource management, the development of improved modelling techniques 
will become important. 

 
• Industrial energy conservation and the use of cleaner, less energy-consuming 

process technologies are closely linked, and will continue to attract government and 
industrial support.   

 
• An increased demand for environmental services is to be expected.  Environmental 

assessment tools will continue to develop, perhaps as part of a broader approach to 
assessing companies' impact on society and their progress towards sustainable 
development.   
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• Coastal zone management is a key research area, given the economic importance of 
coastal and marine resources.  In this area improvements in technology, including 
modelling and simulation techniques, are required. 
 

2.6  South African Situation Analysis: Environment Sector 
 
South Africa's current status is determined by a number of past and present factors.  

Firstly, there is the legacy of apartheid, and the associated impact on differential 
growth within the country and South Africa's resultant isolation from the international 
community.  Furthermore, South Africa was previously politically segregated, and at 
present remains socially and economically divided.  Most importantly, wide-scale 
poverty and the historical approach of allowing preferred companies a free hand with 
respect to environmental issues (part of the quest to be self- sufficient, given 
international sanctions) have aggravated the impact on the environment.  More 
recently, there is the post-apartheid political will to change South Africa's 
developmental path, as well as the dominant international trends (such as 
globalisation), which are all contributing factors.  All of these factors cumulatively 
define South Africa's present situation with respect to the Environment sector. 

 
2.7  State of South Africa's Natural Resources 

 
2.7.1  Atmosphere 

 
South Africa is sensitive to climate change, and contributes about 1,2% to global 

warming.  The levels of sulphur dioxide, nitric oxide and ozone are on average within 
the accepted South African guidelines for human health and the prevention of direct 
ecosystem damage.  The measured concentrations at ground level are not showing an 
upward trend.  There are, however, occasions, especially in the major urban areas, 
where the concentrations of sulphur dioxide, nitric oxide, ozone and particles are 
likely to lead to further health problems in people who are already experiencing 
respiratory problems. 

 
Indoor air quality constitutes a health hazard in poorly-ventilated dwellings without 

chimneys where coal, wood, paraffin or dung are used as fuel.  The electrification of 
houses will ameliorate this situation, as will the general improvement in housing 
design and construction brought about by the national housing policy.  Susceptible 
land and freshwater ecosystems are likely to show the adverse effects of acid 
deposition in a few decades if the current emission rates of sulphur dioxide and nitric 
oxide continue or increase. 

 
2.7.2  Water Resources 
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South Africa is a semi-arid country, receiving approximately only half the world 
average rainfall, and that is spread disproportionately across the country from east to 
west.  Sixty-five per cent of South Africa receives less than 500 mm, and 20% less than 
200 mm.  Water availability now and in the future is heavily dependent on climate, 
water use and management, and on land-use practices.  South Africa's available 
freshwater resources are already almost fully utilised.  At the projected population 
growth and economic development rates, it is unlikely that the projected future 
demand on water resources will be sustainable.   

 
Water will increasingly become a limiting resource and supply will become a major 

restraint to future socio-economic development.  It is likely that water sources from 
neighbouring southern African countries (e.g. Lesotho and Namibia) will need to be 
exploited to augment supplies for projected future demands.  The risks of 
international dependency on such a priority resource are high, as has been proven by 
the conflicts in other countries such as Israel.  Other possible sources of water are the 
desalination of seawater and water from icebergs, although these technologies are 
currently too expensive to exploit. 

 
It is imperative that South Africa develop a water-efficient economy, together with a 

social ethic of water conservation, and ultimately a culture of sustainable water use.  
The National Water Act (Act 36 of 1998) has completely reformed legislation pertaining 
to the use of South Africa's water resources, and will go a long way towards addressing 
equity of distribution and sustainability concerns.  The quality of water has also 
become a major concern in many parts of South Africa.  The poor quality is the result 
of increasing salinity in effluent waters and water-borne diseases caused by 
inadequate water delivery and sanitation systems.   

 
2.7.3  Terrestrial Ecosystems 

 
South Africa has the third highest level of biological diversity in the world.  This 

high level of diversity is due to the broad range of climates, geologies and soil forms 
found in South Africa.  However, many species are threatened, and extinction rates in 
South Africa are high by global standards.  In spite of this richness, the terrestrial 
resources are rapidly disappearing because of the conversion of natural habitat to 
farmland, forestry, human settlement areas and industrial development. 

 
Most of the land area (86%) is used for crop cultivation or livestock production, with 

less than 10% conserved.  Some species are under threat from desertification, and 
over-collection for medicinal, ornamental and horticultural purposes.  Invading alien 
organisms present another threat since they replace indigenous animals and plants.  
Alien invading plants are particularly injurious to the environment since they use 
greater quantities (than indigenous vegetation) of scarce water resources. 
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Degradation of vegetation and soils is also a widespread problem in South Africa.  
Rapid population growth and inappropriate government policies in the past 
encouraged cultivation in unsuitable areas and the use of poor agricultural methods.  
Recent policies, international conventions, and community-based initiatives, such as 
the Landcare Programme, are aimed at counterbalancing this problem through 
improved soil conservation practices and the sustainable use of natural resources. 

 
2.7.4  Marine and Coastal Ecosystems 

 
South Africa has a coastline stretching for 3000 km between Namibia in the west 

and Mozambique in the east.  The country controls the exploitation of natural 
resources within the 200 nautical miles of the South African Exclusive Economic Zone.  
The eastern seaboard is characterised by relatively warm waters, the west by colder 
Atlantic waters, and the south by intermediate temperatures.  The nutrient-rich 
Benguela Upwelling System off the south-west coast supports large marine stocks.  
The Agulhas Current off the east coast has a smaller quantity of fish, but a greater 
diversity of species.   

 
These resources offer considerable opportunities for tourism, recreation, food 

production, export and associated economic development.  The sustainable use and 
management of these resources are therefore critical to the country's future 
development.  These resources are under considerable threat and are already severely 
degraded in many parts of the country by urbanisation, the abstraction of freshwater 
upstream (impacting on estuarine functioning), sewage and storm-water discharge, oil 
spills, uncontrolled over-exploitation, and development.  Some fish stocks have been 
over-harvested, and several species face local extinction.  In the longer term, global 
warming and the associated predicted sea level rise may also pose a threat.   

 
The National Coastal Management Policy for South Africa makes provision for 

integrated coastal management and the sustainable use of resources.  It is essential 
that this policy be promulgated, and that sufficient funding be allocated for its 
implementation and enforcement to ensure that the coastal and marine systems 
maintain their production potential. 

 
2.8  Environmental Policy and the Move towards Sustainable 

Development 
 
South Africa was faced with ineffective and fragmented environmental management 

legislation during the apartheid era.  Moreover, this legislation lacked public support.  
Historically there has been very little ownership of the problem or agreement among 
government agencies on a basis for action.  For example, the Department of 
Agriculture, the Department of Environmental Affairs and Tourism, and the 
Department of Water Affairs and Forestry were all responsible for legislation pertaining 
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to the control of alien plants, with none of these agencies taking full ownership of the 
problem. 

 
When the new post-apartheid government came into power in 1994 it ushered in an 

era of transformation at all levels of government and society to effectively address the 
problems of inequality that were evident in almost all aspects of South African society.  
The Bill of Rights guarantees the right to an environment that is not detrimental to the 
health or well-being of South Africans.  The new approach that this heralded included 
the transformation of environmental management legislation, with many government 
departments developing new policies and in some cases legislative reform pertaining 
to the management of the environment.  All new ‘environmental’ policies developed 
and new legislation passed since 1994 are summarised in Table 2.1.  Of these, the 
Consultative Environmental Policy Process is probably the most important.  This 
process culminated in the release of a draft White Paper on a National Environmental 
Management System.   

 
This policy platform represents a paradigm shift, from the concept of the 

environment being narrowly regarded as only concerning conservation issues, to the 
broader concept of sustainable development.  It also includes strategic goals and 
objectives such as a national environmental strategy and action plans, setting time 
frames and targets, fast-tracking urgent needs, sustainable resource use, integrated 
planning, participation, empowerment, and education.  The Department of 
Environmental Affairs and Tourism has translated the White Paper into the National 
Environmental Management Act (Act 107 of 1998). 

 
In addition to the transformation of the national policy and legal framework, a host 

of new international conventions and agreements have also emerged in recent years.  
The most important are the so-called ‘sustainable development’ conventions, namely 
the Climate Change, the Biodiversity and the Desertification Conventions.  All three of 
these conventions are being implemented by the Department of Environmental Affairs 
and Tourism.  These conventions and agreements form part of the international law 
that governs the relationship between countries, and were developed because many 
environmental problems transcend national boundaries. 

 
With this rapid rate of transformation in the policy and legal framework, all of which 

has a strong focus on sustainability, South Africa's policies cannot be considered as a 
constraint to environmental management.  However, given the rapid rate at which 
policies have been generated, policy implementation may be constrained by a lack of 
capacity and support staff in the responsible departments. 

 
2.9  Historical Trends in Environmental Management  
 



 29

The South African environmental management sector was historically not controlled 
by government to the same extent that it was in many OECD countries, due in part to 
the political, social and economic isolation experienced prior to the democratisation 
process.  Because of the generally weak enforcement of somewhat fragmented 
environmental legislation, a climate of development which favoured economic over 
social and biophysical considerations evolved over time.  With the re-establishment of 
ties between South Africa and the rest of the world, along with the newly established 
priorities determined by central government, this entrenched climate is under intense 
pressure to change rapidly.  Some of the new priorities are defined in the White Paper 
on Environmental Management, a document which also attempts to address the 
recognised lack of integration between the various sectors.  The White Paper is 
intended to bring about a synthesis of legislation, including the National Environmental 
Management Act (Act 107 of 1998), which in some cases is innovative and of a world 
standard (refer to section 2.5.2). 

 
2.10  Current Technological Position 

 
The present technological position of the South African environmental management 

sector is limited by the fact that it has tended to occur through the importation and 
adaptation of technologies originating in North America, Europe and the Far East.  
Because of the socio-economic disparities throughout the country, such technology 
tends to be applied sporadically, resulting in technologically advanced areas adjacent 
to very poorly serviced areas.  Within given economic sectors, however, the 
technological levels tend to be more equitable.  In all cases, where technology is 
applied, it tends to be of a world standard.  South Africa at its best is therefore on a 
par with the rest of the world in certain areas, but lagging in others.  A more detailed 
comparison is given in   Table 2.2. 
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Table 2.1 The new South African ‘environmental management’ policy and legal 
framework that has emerged since 1994 

 P
 
 
 
 
 
 

olicy/Act Status Key aspects

Constitut ion Act 108 of 1996
Everyone has the right to an environment that is not
harmful to their health or well-being.

Reconstruct ion and
Development Programme
(RDP).

General policy tabled as a White
Paper in 1994.

Establishes a social security system through fair control
over access to natural resources.

Integrated Environmental
Management Policy.

White Paper approved in 1998.

The ult imate goal is to move from unrestrained and
environmentally insensitive development to sustainable
development.  This will build an environmentally
sustainable economy that is in balance with ecological
processes.

White Paper on Integrated
Pollution and Waste
Management.

Strategy has been developed but
requires new legislat ion.

Sett ing of ambient standards conducive to human
health and safety, as well as to sustained ecosystem
maintenance.

White Paper on the
Conservat ion and
Sustainable use of South
Africa’s Biological diversity,
1997.

White Paper st ill requires
strategy, act ion plan and
framework legislat ion.

Focuses on the conservation and sustainable use of the
diversity of landscapes, ecosystems, habitats,
communit ies, species and genes.

Marine Living Resources Act. Act 18 of 1998.
Aimed at protect ing the ecosystem as a whole,
including species which are not targeted for
exploitat ion.

National Environmental
M anagement Act.

Act 107 of 1998.
Has a strong emphasis on sustainable use and equitable
access, as well as spreading environmental
responsibilities to civil society.

Tourism White Paper. Finalised 1996.
Fundamental to all current tourism development
initiat ives at national level.

Policy for Sustainable
Coastal Development in
South Africa.

Draft  White Paper has been
referred to Parliament and
Cabinet for adopt ion.

Maximising opportunit ies for economic and social
development related to coastal resources, as well as
focusing on the maintenance of the health, diversity
and productivity of coastal ecosystems.

Climate change discussion
document, 1998.

Still to be developed into a
National Policy.

Aimed at reducing carbon dioxide and greenhouse
gases.

White Paper on Minerals
and Mining Policy for South
Africa.

The White Paper was published
during Oct 1998.

Mining companies will be required to comply w ith the
local development object ives, spat ial development
framework and integrated development planning of
the municipality within which they operate.

White Paper on an Energy
Policy for South Africa.

The White Paper was published
in December 1998.

Focuses on access to affordable energy services and on
managing energy-related environmental and health
impacts.

White Paper on a National
Water Policy for South
Africa.

National Water Act. Act 36 of 1998

Shif t f rom water resource development to water
resource management on a catchment basis.
Guarantees the protection of aquat ic ecosystems and
gives the national government a role as custodian of
the nation’s water resources.

Water Services Act. Act 108 of 1997
Provides for the rights of access to basic water supply
and basic sanitat ion.

National Forests Act.

National Field and Forest
Fires Act.

National Forestry Act ion
Programme.

White Paper on Forestry.

Act 84 of 1998

1998

1997

1996

These policies and Acts specify a minimum area of each
woodland type to be conserved, and that natural
forests will be developed and managed to conserve
biological diversity, ecosystems and habitats.

White Paper on Land
Reform.

Being implemented in all
provinces.

The key instruments are tenure reform, rest itut ion and
redistribut ion.  It  also has a focus on capacity building
to ensure integration of environmental concerns.
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Table 2.1 continued  The new South African ‘environmental management’ 
policy and legal framework that has emerged since 1994 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Policy/Act Status Key aspects
White Paper on Agriculture
Policy.

Being implemented through
pilot  land care projects.

Specifies that farming systems should be
environmentally sound.

Genetically Modified
Organisms Act (GMO).

Act 15 of 1997
Aimed at ensuring the safe development, release and
use of Genet ically Modif ied Organisms.

Development Facilitation Act.
1995

Provides a framework for land development and
planning.

World Heritage Convent ion
Bill.

1999
Provides for the incorporat ion of the World Heritage
Convent ion into South African Law.

White Paper on Disaster
Management 1999. Proposal for new National

Disaster M anagement Act.

Focuses on prevention and risk reduct ion.  Includes a
framework for the development of comprehensive
disaster management training and community
awareness strategies and programmes.

Desert if icat ion Policy Process.
National Action Programme on
Desert if ication current ly being
developed.

Promotes sustainable use of natural resources in
dryland areas to ensure that the use of resources does
not exceed the renewal rate, and that the ecological
integrity of systems is maintained or enhanced.

Draft  White Paper on
Environmental Educat ion.

On hold.
Promotes the introduction of environmental curricula in
schools.

White Paper on Science and
Technology.

1996
Promotes scientific research and technological
development in a sustainable environment.

White Paper on Populat ion
Policy.

Official Population Policy, April
1998.

Aimed at contribut ing towards the establishment of a
society that provides a high and equitable quality of life
for all South Africans, and facilitat ing populat ion trends
that are commensurate with sustainable socio-
economic and environmental development.

 
Environmental Management Act (Act 107 of 1998), which in some cases is 

innovative and of a world standard (refer to section 2.5.2). 
 

2.10  Current Technological Position 
 
The present technological position of the South African environmental management 

sector is limited by the fact that it has tended to occur through the importation and 
adaptation of technologies originating in North America, Europe and the Far East.  
Because of the socio-economic disparities throughout the country, such technology 
tends to be applied sporadically, resulting in technologically advanced areas adjacent 
to very poorly serviced areas.  Within given economic sectors, however, the 
technological levels tend to be more equitable.  In all cases, where technology is 
applied, it tends to be of a world standard.  South Africa at its best is therefore on a 
par with the rest of the world in certain areas, but lagging in others.  A more detailed 
comparison is given in   Table 2.2. 

 
2.11 Current Research and Management Position 

 
Unlike many countries around the world, research in the South African 

environmental management sector is generally not sponsored directly by government, 
but rather by public and private companies, either through the support of tertiary 
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educational institutions or through parastatal institutions such as the CSIR and Eskom.  
In terms of water, research and development is well established in the form of a Water 
Research Commission funded indirectly by levies applied to water consumption.  This 
relative absence of governmental input has generally resulted in a lack of research 
focused on the management and integration of environmental concerns, and an 
emphasis on applied research.  There are, however, some notable exceptions as 
outlined in Table 2.3.  In terms of management practices, the overriding characteristic 
is the lack of regulatory enforcement or adequate legislative frameworks, which has in 
many cases led to a reinforcement of the trend towards applied research at the 
expense of that required for sustainable management practices. 

 
2.12  Current Economic Position 

 
Economic growth, in terms of GDP, in South Africa amounted to 3,1% in 1996, which 

was less than the 3,4% of 1995 but still higher than the average growth of 1% per year 
since 1985.  The agricultural sector was the major achiever with growth rising by 26% 
in 1996 compared with a decline of 15% in 1995, owing to drought.  Mining, which 
declined by 3% in 1995, contracted by a further 1,5%.  These trends in the economic 
performance of South African business are reflected in Table 2.4, which highlights the 
proportion of GDP attributable to each industrial sector. 

 
Table 2.2 South Africa's relative position in technologies in each 
environmental management subsector: comparison of technological level and 
usage (Little, 1997) 
 E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nvironmental
management
subsector

World Position S.A.  Position Rating

Air pollution control Declining vehicle emissions,
stringent standards leading to
ever-improving control
technologies.

Limited applicat ion of control and
monitoring technologies

Lagging

Water resource
management

Well advanced, mature
technologies.

Sporadic application of technologies.
Wide disparit ies in availability and quality
of resource.

Lagging far
behind.

Waste Management and
Recycling

Recycling programmes,
incinerat ion common.  Moving
from ‘end-of-pipe’ solutions to
‘cleaner production’.  Methods
for dealing with hazardous waste
still maturing.

Landfill most common disposal option.
Very limited application of waste
minimisat ion or incineration.  Recycling
well established.  Permit ting of hazardous
waste disposal sites problematic.

Varies – in
some areas on
par, in others
lagging
behind.

Emergency Response and
Clean-up

Well advanced, mature
technologies and applicat ion
thereof.

Up-to-date technology sporadically
applied, based on geographical posit ion.

Lagging

Energy Management Well advanced, mature. Abundance of supply options has acted as
a disincent ive for technological
development.

Lagging

Environmental
Monitoring

High levels of innovat ion and
development.

Application of latest equipment and
methods becoming common.  Move
towards self-regulatory monitoring.

Lagging
slightly.

Noise reduct ion Strictly regulated, high levels of
innovat ion.

Little application of technology. Lagging far
behind.

Marine and Coastal
management

Mature technologies, slowly
evolving (e.g. satellite imaging).

Technologically on par. On par

Nuclear waste handling Slowly developing, key issue is On par with world norms both On par
and disposal high-level waste disposal. technologically and legislatively.
Applicat ion of Cleaner
Production Technologies

Increasing response to legislative
and competit ive demands.

Very limited awareness.  Legislat ive
frameworks under development.

Lagging
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 Origins of Gross Domestic

Product 1996
% of
Total

Agriculture, Forestry & Fishing 4,7
Mining & Quarrying 8,1
Manufacturing 23,8
Construct ion 3,0
Financial Services 17,4
Trade, Catering & Hotels 16,1
Public Administrat ion 15,2

 
 
 
 
 
 
 
Table 2.4  
Sector contributions to South African GDP 
Source: The Economist Intelligence Unit Country Report for South Africa, 2nd Quarter of 1997. 

 
From the above table it can be seen that there are four main economic sectors in 

which environmental management is particularly relevant: agriculture; forestry and 
fishing; mining and quarrying; manufacturing; and construction.  Manufacturing and 
the extractive industries dominate, suggesting that the main area of focus for research 
and development into environmental management technology should be South Africa's 
industrial base in these sectors.  For example, progress in energy conservation in 
industry is likely to be most effectively achieved by improvements in the core process 
technologies of energy-intensive industries.  This is in line with the situation in the 
more advanced economies.  Trade, catering and hotels are a key part of the tourist 
industry however, and their impact must be considered, especially in environmentally 
sensitive areas. 

 
2.13  Benchmarking South Africa's International Position  
 

Tables 2.2  and 2.3 illustrate that South Africa lags behind the OECD countries in 
many areas, both in the degree of application of environmental technologies, and in 
underlying research and environmental management capabilities.  However, within this 
overall picture there are some specific areas of strength and potential market 
opportunity.  These are summarised below. 
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Table 2.3 Relative position of South African technology in each environmental 
management subsector: A comparison of research and management practices (Little, 
1997) 
 En

ma
s

 
 

vironmental
nagement

ubsector

World Position S.A.  Position Rating

 
 
 

Air Pollut ion Control Variety of technologies currently
under development.

Technologies are not developed,
but adapted and, to a lesser
extent, applied.

Lagging

 
 
 
 

W
M

ater Resource
anagement

Mature sector, research directed
at tert iary treatment technologies.

Research moving towards
management of consumption and
maintenance of resources.  New
innovative management
approaches under way.

Because the country is
water-poor, SA
research has a dif ferent
focus.  Poised to leap
ahead in terms of
management.

 
 
 

W
Re

aste Management and
cycling

Research focused on improving
exist ing methods and
technologies.

Limited research aimed at
applying technology (e.g.
incinerat ion) commonly used
elsewhere.

Lagging far behind.

 
Em
Cl

ergency Response and
ean-up

Mature sector, moving towards
bioremediat ion.

Very limited research Where facilit ies exist,
on par.

 
 
 

Energy Management Focus on demand-side
management and energy
eff iciency.  Economic incent ives
for conservat ion.

Focus on supply and distribution
issues.

Because of social
pressures, SA research
has a dif ferent focus.

 
 
 
 

En
A
M

vironmental
ssessment and
onitoring

Strong move towards
internat ionally accepted
environmental management
systems and incorporation of
social issues within environmental
management.

Environmental assessment tends
to be more comprehensive owing
to lack of legislative constraints.
Monitoring research is typically of
an applied nature.

Varies – in assessment
pract ices, leading.  In
monitoring, lagging.

 
 
 

Noise Reduct ion Within strong regulatory
framework, active research
focused on transport sector.

Limited research; lack of
regulatory incent ive.

Lagging far behind.

 
 

Ma
M

rine and Coastal
anagement

Topical areas include coastal
engineering, marine pollut ion,
management.

Good knowledge regarding
biophysical situation; lack of
management research.

Lagging

 
 

Nu
an

clear Waste Handling
d Disposal

Focus on high-level waste
disposal;  separat ion of toxic
fract ions.

On par On par

 
Ap
Pr

plicat ion of  Cleaner
oduction Technologies

Principles evolving towards
‘industrial ecosystems’ concept.

Limited industry-specif ic
applicat ion.

Lagging far behind.

 
 

In the application and use of environmental technology, South Africa is in a fair 
position in some areas of waste management and recycling, marine and coastal 
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management, and nuclear waste handling and disposal.  In environmental monitoring 
its position is only slightly behind the more advanced countries. 

 
In terms of research and environmental management capacity, South Africa's need 

to conserve water has led to the development of strong expertise in water resource 
management.  Environmental assessment capability is very good, and strong 
capabilities also exist in the nuclear waste and emergency response/clean-up fields. 

 
In most fields, South Africa will need to emphasise the adaptation and integration of 

environmental management technologies from elsewhere rather than the development 
of new techniques from scratch, taking advantage of the strengths of its science and 
technology capabilities.  It will then be in a strong position to act in a technology 
transfer role, supplying adapted, cost-effective technologies and services to other 
developing countries.   

 
Current needs in South Africa as elsewhere include the adaptation and 

implementation of cleaner process technologies, waste reduction and process control 
techniques, and the development of recycling methods.  Research should also be 
directed towards methods of providing services such as water supply, waste services 
and efficient energy sources to disadvantaged communities. 

 
The benchmarking of South Africa's position suggests a number of competitive 

opportunities.  These include small-scale, low-cost water treatment and sanitation 
systems; methods of adding value to waste products; cost-effective clean-up 
techniques for small enterprises; and energy-efficient household stoves.  Further 
opportunities with more of a service element include coastal engineering; cost-
effective small-scale coastal monitoring and engineering techniques; services for 
environmental assessment and the implementation of environmental management 
systems; and the adaptation of advanced-world technologies for use in developing 
countries and by small enterprises.   

 
In common with other developing countries, South Africa has a significant 

opportunity to move directly towards clean technologies, avoiding the overemphasis 
on end-of-pipe 'clean-up' technologies characteristic of countries which moved earlier 
in the direction of environmental improvement. 
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Chapter 3: 
Environment Sector Situation 
Evaluation, Scenario Development 
and Analysis 

 
The situation analysis in the Environment Sector was undertaken to highlight the 

key issues, trends, drivers and constraints that could influence this sector in the next 
ten to 20 years.  In addition, a strategic analysis approach was used to identify the 
future research and technology challenges as well as market opportunities, and to 
develop strategies around these.  Using the structured approach of scenario planning, 
the sector working group was able to consider various perceptions about alternative 
future environments in which present-day decisions (pertaining to science and 
technology investment) could come into effect.  This scenario planning approach 
followed systemic and recognisable phases, the one leading into the other, which 
finally led to the development of a set of statements which formed the basis for the 
survey, reported on in Chapter 4.  Not all of the outcomes of the various phases of the 
situation analysis and scenario planning exercises are documented in this report.  Only 
the most critical end-points of selected phases of this exercise are illustrated in the 
text.   

 
3.1 Methodology 

 
In order to identify the key issues to be considered during the later stages of the 

study, the working group undertook a strengths, weaknesses, opportunities and 
threats (SWOT) analysis on the basis of a review of the international trends and 
developments relevant to this sector (international scan), a scan of the state of the 
environment in developing countries and the insights and experiences of members of 
the sector working group.  On completion of this analysis the SWOTs were 
consolidated along the following three axes: 

 
• a continuum from knowledge generation to technology application; 
• a continuum from social impact to social responses; and  
• an environmentally insensitive economic paradigm to a sustainable development 

economic paradigm. 
 
The next phase was to identify the major social, technological, environmental, 

economic and political (STEEP) driving forces and constraints within the sector.  This 
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phase was followed by the identification of the major challenges and market 
opportunities.  The issues were then prioritised and formulated into statements of 
strategy .  These statements were reviewed by a reference group and then consolidated 
for the survey questionnaire (see Appendix 2). 

 
This process involved an unbundling and re-clustering exercise followed by a wind-

tunnelling and filtering exercise.  The former identified the technology, market, social 
and innovation characters of each statement, while the scenario wind-tunnelling 
examined the challenges and opportunities for the elements of each statement in each 
of the four scenarios.  At this stage a final set of statements for the survey was agreed 
upon.  At the same time a pool of survey respondents was established and the 
individual respondents were canvassed to determine their willingness to participate in 
the survey and to ascertain their preferred choice of medium of communication.  The 
environment sector working group was ready at this point to begin the survey, which is 
reported on in Chapter 4. 

 
3.2 Foresight Scenarios 

 
The overall Foresight Team of the Department of Arts, Culture, Science and 

Technology developed four scenarios which signify plausible routes South Africa could 
take into the year 2020.  These scenarios provided a broader understanding of the 
debates pertaining to science and technology issues in South Africa, and in this way 
contributed tremendously towards the quality of strategic thinking within the sector 
working group.  In this way the working group members could create a common 
language and identify key concerns for South Africa's future science and technology.  
Moreover, these scenarios enabled the working group members to generate strategies 
for the environment sector (refer to section 3.4) and to test the robustness of these 
strategies.  The four scenarios are briefly summarised below. 

 
3.2.1  Frozen Revolution 

 
This scenario highlights the effects of the non-implementation of government 

policy on socio-economic upliftment.  This leads to policy paralysis, the masses being 
dissatisfied, the economy gradually shrinking, and key players being fragmented and 
individually focused. 

 
In the environmental field, the working group identified a number of key issues 

which include lack of forward planning; South Africa being raped for its resources by 
local and international companies; weak government allowing increasing 
environmental degradation.  The poor bear the brunt of these problems, while AIDS 
and other pandemic diseases continue to take their toll. 

 
3.2.2  Innovation Hub 
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With this scenario South Africa's comparatively developed infrastructure creates 

opportunities for strategic regional investment.  The development of human and 
national resources generates comparative advantage and a competitive edge regionally 
and globally.  Some national identity is lost, but regional identity is strengthened, and 
there is incremental social development towards a shared regional vision.  This 
scenario is also characterised by (initially) slow economic growth. 

 
The environmental scenario is characterised by a strong Southern African bloc, able 

to weather global economic changes, and well positioned for new opportunities.  South 
African firms tend to move to countries with lower environmental standards.  There is 
greater regional stability.  The Human Development Index increases in rural areas but 
decreases in highly industrial urban areas.  There are numerous technology 
breakthroughs, including the treatment of AIDS and other major diseases.  Overall 
there is a better quality of life, civil society is strengthened, and there is greater 
regional pride in indigenous environmental (ethical) values.   

 
3.2.3  Global Home 

 
In line with global trends and opportunities, the South African government 

embraces global liberation, and facilitates private sector empowerment to respond to 
global market forces, which results in the ‘hands-off’ role of small government and the 
breaking up of national identity and self-determination.  With this scenario there is 
initially good economic growth, and little social development, which is acceptable to 
those with the ability to pay. 

 
Under the Global Home scenario, the impacts of climate change are counteracted by 

the high degree of global mobility of goods and services.  South Africa follows a global 
economic agenda, and gains in certain niche areas, but government's ability to 
regulate weakens.  There is a risk of South Africa becoming an environmental dumping 
ground.  New technology is imported and little local capacity is developed.  The poor 
majority will experience a deterioration in the quality of life, while the minority will 
benefit.  There are numerous innovative technical breakthroughs.  Civil society plays a 
diminished role.  Environmental awareness improves due to global agreements.  Skilled 
human resources may be lost to developed countries. 

 
3.2.4  Our Way is the Way 

 
This scenario depicts South Africa's perceived ability to challenge the conventional 

route to globalisation by rallying developing countries' support for the evolution of a 
significant South-South economic bloc.  This catalyses isolation by the developed 
world and leads to strengthened national identity, a focused development plan, and an 
initially shrinking economy. 
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The environmental scenario sees some opportunities to address climate change 

issues with south-south partnerships.  The global economic change presents some 
trade opportunities, including trade opportunities in appropriate technologies in 
pollution and waste management.  Science and technology capacity improves and is 
more focused on sustainable development.  There is a dramatic increase in the human 
development index, including a decline in AIDS.  Technological breakthroughs are high 
in certain niche areas for South Africa.  Enforcement of environmental legislation is 
poor but there is a positive and dramatic change in ethical value systems.  The 
strength of civil society declines and government's ability to regulate is strong and 
directed.   

 
3.3  Major Challenges to Environment Sector 

 
Following the analysis by the working group of the strengths, weaknesses, 

opportunities and threats (SWOT) relevant to this sector, and the consolidation of this 
SWOT analysis, the major social, technological, environmental, economic and political 
driving forces and constraints within the sector were identified.  This was followed by 
the identification of major challenges and market opportunities.  The following 
challenges and opportunities were identified: 

 
• climate change 
• global economic change 
• pollution and waste 
• state of science and technology 
• political will 
• regional stability 
• dominant macro-economic model 
• technology breakthroughs 
• AIDS and other major diseases 
• safety and security 
• natural and human-made disasters 
• changing ethical value systems 
• strength of civil society 
• non-sustainable service provision 
• environmental awareness 
• government's ability to regulate 
• water resources 
• urbanisation 
• degree of investment in rural areas 
• quality of education. 

 
3.4  Environment Sector Statements of Strategy 
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The exercise of identifying the major challenges and market opportunities led to the 

prioritisation and formulation of statements of strategy.  These statements were 
reviewed by a reference group and were then consolidated.  This process involved an 
unbundling and re-clustering exercise, followed by the identification of the 
technology, market, social and innovative character of each statement.  The final set of 
statements was used in the questionnaire drawn up for the survey (cf. Appendix 2). 
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Chapter 4: 
Survey Report 

 
4.1  Survey Methodology 

 
The aim of the Foresight project is to assess emerging opportunities and 

technological trends, as well as market opportunities, in order to inform future 
decisions on the direction of both publicly and privately funded science and technology 
over the next twenty years.  It was recognised that it was not possible to have the full 
range of necessary expertise represented in the working group.  To gain the desired 
breadth of response, it was necessary to consult with a wide range of stakeholders.  
The method chosen to achieve this was the Delphi Survey.  The Delphi Survey is a well-
tested method of survey which has been used in other foresight studies, e.g. in Japan, 
Germany, the UK and Hungary, either alone or in support of other foresight tools.   

 
The statements developed by the working group were clustered into subgroups for 

easier understanding in the survey process.   
 

4.2  Survey Topics 
 
The topics which respondents assessed are listed in Appendix 2. 
 

4.3  Results of the Survey 
 

4.3.1  Response 
 
In the first round, the questionnaire was sent to 766 respondents.  Of these, 172 

(22,5%) replied.  The questionnaire with the results of the first round was then 
returned to the 172 respondents.  Of these, 83 replied. 

 
4.3.2  Overall importance attached to the topics 

 
Appendix 2 tabulates the summarised responses for every field (subsection) and for 

every topic.  Table 4.1 gives the ranking by the joint index1 (wealth-creation score plus 
quality of life) of the 25 most important topics in the views of respondents with a high 
degree of confidence in their responses, those with both high and medium degrees of 
confidence, and the collective ranking of all the degrees of confidence.  There is little 
real difference between the rankings that come from the ratings of all the respondents 
together, compared with the joint rankings of respondents with high and medium 
degrees of confidence. 
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Respondents expressed a weak relationship between the scores for quality of life 

and wealth creation in the topics in the survey (Figures 1 and 2).  The correlation 
coefficient for all respondents was 0,433, and for the ‘high confidence’ respondents it 
was 0,413.  Respondents scored topics higher on quality of life than on wealth 
creation, overall (Figures 1 and 2).  Generally, they regarded environmental topics as 
more important for quality of life than wealth creation, and tended to indicate that 
there was a trade-off between these two benefits. 
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Respondents with a high degree of confidence tended to differ from the rest in the 

rank order of topics.   
 
For example, this group ranked the following topics much lower than the group as a 

whole: 
Topic 43 (9th instead of 3rd) 
Topic 5 (24th instead of 16th). 
 
The following topics were ranked much higher: 
Topic 48 (3rd instead of 10th) 
Topic 46 (11th instead of 17th). 
 
Even so, there was substantial agreement between the scores for the different 

degrees of confidence.  The analysis that follows is based on the joint scores of those 
with the high and medium degrees of confidence.  Important differences between the 
groups with differing degrees of confidence are discussed, where these exist. 

 
According to the joint index, respondents did not rank any topics from the 

subsection "Clean Air" in the top 25.  Topics 17 and 20 were ranked 26th and 30th 
respectively, the rest lower.  Respondents with a high degree of confidence agreed, 
except that they ranked topic 20 in the 22nd place.  However, ranking on quality of life 
placed topic 17 at the 3rd, and topic 20 at the 11th place; the next was topic 18 at the 
21st place.  Clearly, the group as a whole felt that innovation in the field of 
atmospheric pollution management was important from the point of view of quality of 
life, given the manifest health and other environmental costs. 

 
4.3.3  South Africa's comparative standing in the field 

 
The great majority of respondents ranked South Africa's standing in each field 

represented by the topics as being equal to or ahead of other Southern African 
countries and the developing world as a whole.   

 
A few respondents felt that South Africa lagged behind other Southern African 

countries, especially with regard to wise land-use (Appendix 2).  Similarly, a significant 
minority of respondents felt that South Africa lagged behind developing countries in 
respect of technologies for wise land-use, as well as capacity building, conservation, 
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environmental education, and most other fields except the management of water 
resources.  Clearly, there are minority views worth exploring. 

 
The great majority of respondents ranked South Africa's standing in each field 

represented by the topics as lagging behind the developed world as a whole.  
Significant minorities felt that South Africa was ahead in fields relating to wise land-
use, conservation, managing water resources and certain limited aspects of 
environmental health (low-cost community-based water treatment and storage), clean 
air (atmospheric circulation systems), decision support tools and coastal zone 
management. 

 
4.3.4  Time frames for achieving the desired state of technology 

 
In most fields, for most topics, respondents considered that more than five years 

would be required to achieve the desired level of technology or capacity (Appendix 2).  
The median estimated time was eight years.   

 
A substantial minority of respondents felt that certain requirements could be met 

within five years, in all fields.  However, even in these cases, the median response 
indicated a time-to-realise of six to ten years or more. 

 
The areas estimated to realise the required innovations most rapidly (i.e. in the six 

to ten year range of median estimates) tended to be those involving capacity building 
and information management, as follows: 

 
• Capacity building: national training and accreditation system for officials in 

environmental management (4); environmental awareness for civic empowerment 
(5) 

• Conservation: all items 
• Environmental education: all items 
• Environmental health: all items 
• Clean air: air quality monitoring system (17); understanding of atmospheric 

circulation systems (19); technologies to reduce indoor air pollution (20) 
• Better waste management: all items except bioprocessing (31) 
• Decision support tools: all items 
• Managing water resources: appropriate technologies to assess and monitor (42); 

water efficient technologies (43); and wetland rehabilitation and creation (44) 
• Wise land-use: all items 

• Healthy coastal zone: all items except significant use of wave power (52) and 
functioning of the coastal zone (54). 
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Table 4.1 — 25 most important topics ranked in importance by respondents with 

high and medium confidence in their expertise. 
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32 Development of a significant
commercially viable recycling industry.

61.69 57.14 66.23 1 Market, policy,
social/cultural
factors

Better waste
management

 
 

43 Development of water eff icient
technologies to reduce demand and
maximise re-use.

55.77 38.46 73.08 9 Technology,
policy, human
resources

Managing our
water
resources

 
 
 

49 Development of technologies that
significantly reduce soil erosion.

54.86 37.50 72.22 7 Social/cultural,
policy,
technology
factors

Wise land-use

 
 

26 Development of capacity within
industries to use one another’s waste
products as source materials within the
industrial ecology paradigm.

53.38 44.59 62.16 2 Technology,
market, policy

Better waste
management

 
 
 

13 Widespread use of low-cost
community-based water treatment and
storage mechanisms to limit water
borne diseases.

49.39 4.88 93.90 Social/cultural
factors human
resources,
technology

Environmental
health

 
 

8 Development of systems for community
management of conservation areas.

48.05 19.48 76.62 5 Human
resources,
social/cultural
factors, policy

Conservat ion

 
 
 
 

41 Development of accurate weather
forecasting systems including drought
and f lood predict ion.

47.40 36.36 58.44 4 Technology,
R&D
infrastructure,
human
resources

M anaging
water
resources

 
 

1 Development of a nat ional capacity in
'green engineering', including elements
such as life cycle analysis, clean
technologies and waste minimisat ion.

44.05 17.86 70.24 8 Human
resources,
social/cultural
factors, policy

Capacity
building

 6

factors, policy

Development of environmental
entrepreneurship training and support
systems.

42.31 28.21 56.41 12 Human
resources,
social/cultural

Capacity
building
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Table 4.1 continued — 25 most important topics ranked in importance by 
respondents with high and medium confidence in their expertise. 
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48 Development of strategies and
technologies to reduce the social impact
of drought.

41.04 10.45 71.64 3 Human
resources,
social/cultural
factors, policy

Wise land-use

 
 
 

50 Development of environmentally
appropriate technologies to promote a
thriving mariculture industry.

34.21 42.11 26.32 10 Technology,
R&D
infrastructure,
human
resources

Healthy coastal
zone

 
 
 

14 Development of cost-effective
community-based technologies to
monitor and manage environmental
health.

32.69 -16.67 82.05 13 Human
resources,
social/cultural
factors,
technology

Environmental
health

 
 
 

45 Widespread application of sustainable
indigenous land use practices.

30.99 7.04 54.93 17 Human
resources,
social/cultural
factors, policy

Wise land-use

 
 

10 Integration of environmental ethics and
science into all levels of educat ion and
training.

30.63 -7.50 68.75 18 Human
resources,
social/cultural
factors, policy

Environmental
educat ion

 
 
 

5 Widespread use of environmental
awareness programmes to increase civic
empowerment.

29.01 -18.52 76.54 24 Human
resources,
social/cultural,
policy

Capacity
building

 
 
 

23 Widespread use of biotechnology
solutions for the clean-up of
contaminated land and water.

28.95 -7.89 65.79 16 Technology,
R&D
infrastructure,
human
resources

Better waste
management

 
 
 

35 Development of decision-support tools
to promote sustainable land-use
planning.

27.54 -2.90 57.97 19 Human
resources,
social/cultural
factors, policy

Decision-
support tools

 
46 Widespread use of indigenous

pharmacopoeia, food and fibre sources.
26.87 19.40 34.33 11 Social/cultural

factors, market
Wise land-use

 
 
 

4 Development of a national t raining and
accreditation system to ensure that
officials with responsibility for resource
management and environmental
decision-making are adequately skilled.

24.05 -2.53 50.63 21 Human
resources,
social/cultural
factors, policy

Capacity
building

 
 
 
 

42 Widespread use of appropriate
technologies to assess and monitor
water resources (e.g. remote sensing).

24.03 -2.60 50.65 15 Technology,
R&D
infrastructure,
human
resources

Managing our
water
resources

 
 

47 Widespread use of water-eff icient and
drought-resistant plants, including
indigenous resources.

22.54 14.08 30.99 14 Technology,
social/cultural
factors, policy

Wise land-use

 
11 Widespread use of a nat ional teachable

discipline of environmental assessment
and management.

19.62 -11.39 50.63 36 Human
resources,
social/cultural
factors, policy

Environmental
educat ion
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Table 4.1 continued — 25 most important topics ranked in importance by 

respondents with high and medium confidence in their expertise. 
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3 Development of a South African
technology assessment capacity based
on sustainable development principles.

19.38 1.25 37.50 31 Human
resources,
social/cultural,
policy

Capacity
building

 
 
 

12 Development of specialist  disciplines
(such as environmental chemistry,
toxicology, acoustic engineering,
atmospheric science and environmental
health).

19.08 -3.95 42.11 30 Human
resources,
policy, R&D
infrastructure

Environmental
educat ion

 
 

31 Development of bioprocessing of
organic waste to yield useful chemical
and enzymatic products.

18.75 14.06 23.44 26 Technology,
market, R&D
infrastructure

Better waste
management

 
 
Technologies seen as being slow to realise, with some respondents expecting it to 

take more than 20 years, and a median time-to-realise of 16 to 20 years, included: 
 

• Clean air: reduction in the use of and dependence upon fossil fuels (18); real-time 
pollution monitoring from space (21); appropriate pollution remediation 
technologies (22) 

• Managing water resources: extraction of minerals and drinking water from sea water 
and mine wastewater (38); long-term climate change prediction (39) 

• A healthy coastal zone: wave power as an energy resource (52). 
 
On the whole, respondents were quite conservative in their expectation of the rate 

of technology and capacity acquisition.  The majority of respondents expected that 
innovation could not be achieved in the short term, other than through certain aspects 
of capacity building and information systems or management systems development. 

 
4.3.5  Ways to acquire the desired technology or capacity 

 
Respondents' opinions suggested that five strategies for acquiring the desired 
technology and capacity would be appropriate. 
 
The first would be through developing the technology in South Africa.  This was the 

preferred strategy, being the first choice in 24 out of the 54 topics.  It was judged 
appropriate to most elements of capacity building, conservation, environmental 
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education, environmental health, wise land-use, and certain elements of decision 
support systems (standards and indicators of sustainable development, 33; 
understanding of consumer behaviour, 36; economic instruments, 37); and coastal 
zone (monitoring systems, 53; coastal zone functions, 54). 

 
The second group of responses placed roughly equal weight on engaging in joint 

ventures and customising existing technology (e.g. Topic 1, developing a national 
capacity in green engineering, Topic 12, development of specialist disciplines, Topic 
20, new technologies to reduce indoor air pollution, and Topic 23, biotechnology 
solutions to clean up land and water).  Thirdly, respondents also ranked the importing 
of technology and joint ventures together in several cases, e.g. Topic 21, real-time 
monitoring of pollution from space, and Topic 22, pollution remediation technologies.  
In the third category respondents rated development in South Africa and customisation 
of existing technologies jointly, e.g. Topic 25, environmental audits, Topic 27, national 
information and reporting system for pollutants, Topic 32, commercially viable 
recycling industry, Topic 34, including environmental and social costs at all levels of 
planning, and Topic 53, monitoring systems for coastal zone management. 

 
In many cases respondents favoured development in South Africa.  These were the 

obvious cases of capacity building (3, 4, 5 and 6), conservation (7, 8 and 9), 
environmental education (10 and 11), environmental health (13 and 14), waste 
management (pollution tariff system), decision-support tools (33, 36 and 37), wise 
land-use (45-49), and coastal zone (54), where there is no alternative other than to 
develop locally.  Nevertheless, respondents considered that it was only in the minority 
of cases that local development would suffice. 

 
In a few cases the majority of respondents felt that engaging in joint ventures would 
be the single best way of acquiring the necessary technology or capacity (18, 19, 
24, 31, 39, 40, 41, 50, 51 and 52).  Customising existing technology was the 
majority preference in two cases (17, 30). 
 

4.3.6  Key constraints to acquiring the desired technology or capacity 
 
Respondents most frequently (19 out of 54 topics) identified technological risk as a 

key constraint that would inhibit South Africa's ability to reach the objectives contained 
in the topics.  Technological risk was seen as an important constraint for certain topics 
in environmental health (13, 14, 15 and 16); clean air (all topics);  and better waste 
management (all topics).  However, it was seen as the dominant constraint only in the 
case of managing our water resources (except for the rehabilitation and creation of 
wetlands) and in a healthy coastal zone, where the topics on mariculture (50), seaweed 
beneficiation (51) and wave power (52) were judged as technologically risky. 
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Respondents saw the next most important constraint as being policy, i.e.  the 
regulatory framework (14 topics).  These cases were mostly topics which involved the 
introduction of policy instruments (e.g. 29, 34, 37); monitoring and information 
systems (e.g. topics 7, 17, 27, 35, 69); standards or regulations (e.g. 25, 33); or 
institutional change (e.g. 10, 48). 

 
The lack of skills and ability to develop technology was predominant for 12 of the 

topics.  All topics in the field of capacity building were seen to be constrained by this 
factor, two out of three in environmental education, three out of four in environmental 
health. 

 
The lack of acceptance by society of the innovation implied in the topic 

(social/cultural factor) was seen as being the main constraint in six out of the 54 
topics.  These involved cases where human values or behaviour (9, 36), indigenous 
practices or resources (45, 46, 47) and soil management (49) were involved.  Weakness 
of the market for the technology was seen as the dominant constraint in only topics 30 
and 32 (but was linked with other constraints in 2, 18, 20, 25, 62, 31, 38, 46, 50 and 
51).  R&D infrastructure was identified as dominant only for topic 54, but was seen as 
second most important in 21, 22, 23, 24, 38, 39, 40, 41, 50 and 52. 

 
Respondents saw the constraints as operating in one or more combinations for all 

topics.  Examples of combinations of the most important constraints were: 
 

• Human resources and policy 
• Human resources, policy and social/cultural factors 
• Market and policy 
• Market, policy and social/cultural factors 
• Market, human resources and policy 
• Technology, human resources and social/cultural factors 
• Technology and policy 
• Technology, human resources and R&D infrastructure 
• Technology, market and policy 
• Policy and social/cultural factors. 

 
This indicates that respondents clearly felt that the desired innovations were mostly 

constrained by complex factors. 
 

4.4  Conclusions 
 
Respondents generally rated the importance of benefits in respect of the quality of 
life higher than wealth creation.  The survey indicates that respondents felt that 
these two forms of benefit are to some degree mutually exclusive. 
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Although the greatest majority of respondents judged South Africa to be lagging 
behind the developed world in all topics, they mostly preferred a technology 
acquisition strategy based on development within South Africa.  However, some form 
of strategy involving at least partial importation, together with local adaptation, was 
also prominent.  The topics identified for local development tended to be those that 
dealt with capacity building, education and indigenous practices. 

 
Respondents were generally conservative about the rate of technology acquisition.  

In most cases, at least five years was judged necessary for any topical issue to be 
realised.  The median time-to-realise was given as about 10 years. 

 
Constraints to development were generally seen to be complex, especially in the 

more important topics (Table 4.1).  Acquisition strategies would need to be designed 
with this in mind. 
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Chapter 5: 
Themes and Recommendations 

 
‘There is a unique twist to our recommendations.  This is related, for the most part, 
to the need to empower previously disempowered and environmentally marginalised 
communities in terms of capacity building programmes.’ (Working Group Member) 
 
 

5.1  Methodology  
 
As the starting pool, the group considered the top-ranking statements from the 

high and medium-to-high confidence responses according to their impact on quality 
of life and wealth creation.  This was supplemented by other statements that had great 
potential for cluster synergy or were deemed by the respondents to have high potential 
in the medium to long term.   

 
These statements were then clustered into 17 different themes.  Each theme was 

assessed for ‘attractiveness’ and ‘feasibility’ (cf. Appendix 3). 
 

5.1.1  Assessing for attractiveness and feasibility 
 
The criteria used to assess attractiveness were: 

• Contribution to the maintenance of the natural resource base. 
• Contribution to regional (Southern African) sustainable development. 
• The degree of risk involved in NOT doing it. 
• Direct contribution to meeting basic human needs. 
• Contribution to developing sustainable livelihoods and the reduction of poverty. 
 

The feasibility criteria were:  
• The size of the existing skilled human resources base in that field in South Africa. 
• Financial viability, including the availability of funding and commercial viability. 
• Level of relevant and currently available knowledge/technology. 
• Potential for cluster synergy with other sectors. 
• The existence of an enabling policy environment. 
• The existence of a framework or mechanisms likely to facilitate implementation. 

 
5.1.2  Recommendations 

 
For each theme, some suggestions have been made regarding potential areas for 

research/technology investment.  However, the team recognises the considerable 
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capacity in the broader society outside the process to find other, possibly more 
creative, solutions to the problems raised.  The intention is not to provide a 
comprehensive list of the technology or research developments that are required, but 
rather to raise the issues and problems that need to be addressed and that provide 
opportunities for research and technology development in a manner that will 
contribute to sustainable development. 

 
The themes have been ranked according to their attractiveness and feasibility 

scores.  This does not, however, represent a ranking by order of priority.  All of these 
themes are considered to be high-priority, and represent the key issues distilled from 
the lengthy process described in the rest of this report. 

 
Very high feasibility or attractiveness 

 
Theme 1 
Optimising the Water Resources 

Statements 38, 43, 47 
 
We recommend the development of technologies that make optimum use of our 
limited water resources. 
 
We view the provision of adequate, sustainable supplies of good quality water as 

one of the major challenges facing South Africa over the next 20 years.  As with any 
scarce and vital resource, water will in the future need to be used in significantly more 
efficient ways than those employed today.  Setting out proactively and systematically to 
reach that goal will not only reduce the likelihood of crises but will also place South 
Africa in a valuable leadership role within the region. 

 
The two main areas of technological innovation that we recommend should be 

developed are water-efficient technologies for the agricultural, domestic and industrial 
sectors, and water-efficient and drought-resistant plants, including indigenous plants. 

 
Attractiveness 21; Feasibility 21 

The current skills base, state of knowledge and policy environment all support this 
theme well.  The risk involved in not investing in better use of our scarce water 
resources is high and such investment would also contribute significantly to the 
meeting of basic human needs. 

 
Key technologies 
• Development of commercially viable use of water-efficient indigenous flora. 
• Agricultural water-efficiency technology. 
• Water recycling for industry. 
• Domestic water-efficiency technology. 
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• Plant breeding for water efficiency and drought resistance. 
• Use of computer technology to enhance water efficiency. 

 
Theme 2 
Industrial Ecology  

Statements 26, 31, 38 
 
We recommend that South Africa play a leadership role in developing and applying 
regionally appropriate technologies and systems for optimising resource use and 
re-use and minimising waste in all sectors. 
 
To date South Africa has followed in the footsteps of all other industrialised 

countries by using its resources in extremely inefficient ways.  The prevailing model, 
although changing, is ‘extract (or produce) — manufacture — use once — throw away’.  
Obvious examples are plastic food packaging and industrial water usage.  There are 
enormous potential gains to be had, economic as well as environmental, from the 
more effective use of our resources. 

 
One of the most significant lessons to have come out of the past few years of 

environmental research and debate worldwide has been that we are fast running out of 
effective ‘sinks’ into which our wastes can be thrown, particularly wastes that cannot 
easily be broken down and used again as food.  If we can learn how to make 
significantly better use of the resources we bring into our economy and society —i.e.  
make each unit work a great deal harder for us before it becomes waste — we will be 
able to start reducing the amount we extract or produce in the first place and put less 
of a burden on the available ‘sinks’. 

 
This recommendation has three aspects: 
 
At the industrial and commercial levels we see good potential for assisting 

companies to find ways in which the waste products of one company can become the 
resource inputs of another.  This is commonly knownas 'industrial ecology' and offers 
important economic opportunities as well as the potential for low-cost pollution 
reduction. 

 
At the level of organic wastes (principally domestic and agricultural) we see 

significant opportunities for the creation of value through bioprocessing, e.g. to 
produce chemical and enzymatic products.  There are also many opportunities in the 
composting, under controlled conditions, of human and vegetable wastes.  Some of 
these opportunities would be decentralised and labour-intensive. 

 
Wastewater from mining and heavy industrial processes usually carries significant 

levels of minerals.  New technologies are being developed that enable such waters to 
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be processed so that their minerals are extracted in a commercially usable form and at 
economic cost.  Potable water is then the final by-product.  South Africa, with its 
strong mining industry and its scarcity of clean water, is well placed to adapt such 
technologies and take a regional lead.   

 
Attractiveness 19; Feasibility 14 

The major constraints on the achievement of this goal are the lack of a skilled 
human resources base, the lack of an enabling policy environment, and the lack of a 
suitable implementation framework. 

 
Key technologies 
• Industrial ecology planning systems. 
• Technology to support industrial ecology. 
• Bioprocessing of wastes. 
• Commercially viable technologies for the extraction of minerals and pollutants from 

sea and waste water. 
 

Theme 3 
Sustainable Land-Use Practices  

Statements 45, 49 
 
We recommend that a national initiative be undertaken to arrest the degradation of 
soil on agricultural land and help farmers to practise sustainable land-use. 
 
In South Africa, as in virtually every semi-arid region of the world, soil fertility is 

declining and the topsoil itself is being eroded at alarming rates.  This combined loss 
of both soil quantity and quality has the gravest potential consequences for 
sustainability.  Research done locally and internationally supports the view that there 
are many ways of arresting this process and rebuilding soil fertility — although more 
could doubtless be devised with further research. 

 
Three major challenges present themselves if these methods are to be implemented 

successfully.  The first is that we need to monitor comprehensively what substances 
are going onto the land (such as fertilisers, pesticides, herbicides, etc.) and assess 
their potential impact on soil fertility.  This will involve collaboration between the 
farming community, the chemical industry and government. 

 
The second challenge lies in the fact that often the most appropriate soil 

conservation and retention techniques are low-tech and involve optimising the use of 
local materials and local knowledge.  This goes against the grain of modern 
agricultural economics and institutions and requires imaginative conceptualising and 
planning. 
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Thirdly, new methods need to be introduced systematically and taught in 
appropriate ways to farmers large and small.  If what is already known about soil 
conservation were to be effectively shared with South Africa's farmers, substantial 
improvements could be expected. 

 
None of the above represents an insurmountable obstacle and the need to act 

effectively and on a large scale is, in our view, urgent.  We recommend that structures 
and permissions be put in place that encourage innovation at all levels to achieve the 
necessary shifts in practice on a wide enough scale.  We note that the UN Convention 
to Combat Desertification, to which we are signatories, provides a framework for this. 

 
Attractiveness 18; Feasibility 18 

The major constraint with regard to sustainable land-use practices is the lack of a 
suitable implementation framework. 

 
Key technologies 
• Monitoring and assessing the environmental impact of substances used on or near 

the soil. 
• Researching locally appropriate methods of reducing soil degradation and 

optimising land-use. 
• Developing innovative ways of teaching soil conservation techniques to farmers at 

all levels. 
 

Theme 4 
Decision Support for Planners  

Statements 7, 34, 35 
 
We recommend developing a range of decision support tools designed to assist 
planners at all levels to make more sustainable choices. 
 
Planners play a central role in either creating or restricting the conditions for 

sustainable development.  Their influence is most powerfully felt in the field of land-
use planning.  It is our view that, when they come to make decisions on land-use it 
would be both helpful to them in the short term, and very beneficial to the country in 
the medium to long term, if they had access to certain decision-support tools. 

 
These would include: 

• Tools for evaluating the environmental and social costs (short to long term) of 
different policies and plans.  Several such tools have been developed in other 
countries and could, we believe, be adapted for use here without difficulty. 

• A national database of sites and resources with present or future conservation 
value.  At present it is too easy for critical resources to slip through the planning net 
unnoticed. 
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We wish to stress, however, that such tools will not be easily understood and 

applied by most government officials without being 'packaged' imagin-atively into 
trainable programmes that they can readily assimilate.  This in itself is a vital research 
and development task. 

 
Attractiveness: 18; Feasibility 19 

This theme is considered to hold considerable benefits for regional sustainable 
development and for the protection of the natural resources base.  However, the 
current skills base in South Africa is limited, as is the framework for support of 
implementation. 

 
Key technologies 
• Tools for evaluating the environmental and social costs of policies and plans 

(particularly land-use plans). 
• National database of conservation-worthy sites and resources. 
• Training methods to enable local government officials to make good use of the 

above. 
 

Theme 5 
A practitioner's toolbox for sustainable development  

Statements 1, 3 
 
We recommend the development of a national capacity to assess and implement 
critical technologies that support sustainable development. 
 
Our present unsustainable pattern of development is supported by a complex web 

of mainstream scientific disciplines, institutionalised professional practices, 
institutional relationships and technologies.  Examples include classical economics, 
where environmental resources are not accounted for, and the inertia within the 
engineering professions, which favour infrastructure-heavy approaches to solving 
environmental and even social problems.  In our view it is clear that for a sustainable 
pattern of development to become the main stream, most if not all of these disciplines 
will need to be steadily transformed. 

 
Our analysis of the likely unfolding of a sustainable South Africa indicates that it is 

crucial for us to understand and integrate certain specific tools as soon as possible.  
These include Life Cycle Assessment, Environmental Economics, Resource Use 
Minimisation, Clean Production, Labour Intensity Assessment and Industrial Ecology.  
In addition we believe that, since technologies are often the 'upstream' source of 
eventual environmental problems, it would make a great difference if new technologies 
— whether imported or home-made — were critically assessed according to agreed 
sustainability criteria.  This assessment would in itself become a vital new technology, 
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enabling the state to slow down or even prohibit the introduction of potentially 
harmful technologies and to fast-track those that promise to make a significant 
contribution to the country's sustainability. 

 
Attractiveness 18; Feasibility 16 

Key constraints with regard to this theme are the lack of a skilled human resources 
component and a weak implementation framework. 

 
Key technologies 
• Tools such as Life Cycle Analysis, Environmental Economics, Resource Use 

Minimisation, Clean Production, Labour Intensity Assessment and Industrial Ecology. 
• Criteria and procedures for evaluating technologies from a sustainability 

perspective. 
 

Theme 6 
Educating for Sustainability  

Statements 10, 11 
 
We recommend that the formal education sector be mandated and supported to 
ensure that secondary education students have a good understanding of the basis 
for, and importance of, environmental sustainability.  At the tertiary level we 
recommend the development of a teachable discipline of environmental assessment 
and management. 
 
The development of human capacity is seen as the single most important issue in 

improving our ability to manage our country sustainably.  Not only will we need large 
numbers of graduates skilled in environmental management, assessment, remediation, 
etc.; we will also need the emerging generations of young adults to have a basic 
grounding in the principles of sustainable development. 

 
If this outcome were achieved we would be in a good position to manage the many 

complex environmental issues that confront us.  We would also be well placed to 
exploit the commercial opportunities that will emerge as we move from our present 
unsustainable way of life to one more in line with the limits and laws of our natural 
systems. 

All levels of the formal education system have an important contribution to make 
towards achieving this outcome.  At the primary and secondary levels the basics of 
environmental awareness can be taught in ways that link them to most other aspects 
of the curriculum.  At the tertiary level we have the skills and professional capacity to 
substantially enhance the teaching of environmental assessment and management.  
Indeed, we believe the time has come for these subjects to be formalised into 
teachable disciplines.   
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Attractiveness 16; Feasibility 24 
A weak implementation framework is the greatest constraint in this respect. 
 

Key technologies 
• Innovative and appropriate methodologies for teaching sustainability and 

environmental awareness to schoolchildren. 
• Developing academic disciplines of environmental assessment and management. 

 
Theme 7 
Training and Accreditation of Environmental Practitioners 

Statement 4 
 
We recommend the creation of a national training and accreditation scheme to 
ensure that officials with responsibility for resource management and 
environmental decision-making are adequately skilled. 
 
It has become a common complaint amongst developers, civil society organisations 

and the environmental professionals that advise both of these that the quality and 
efficiency of environmental decision-making is frequently impaired by the low levels of 
competence found among responsible officials in local, provincial and even national 
government.  This often has negative repercussions on both economic development 
and the protection of the environment. 

 
We believe it is well within this country's capabilities to create and operate an 

effective scheme whereby government officials are trained and accredited to handle 
their environmental responsibilities well.  There is an adequate supply of skilled 
environmental and other professionals to teach the necessary competencies.  What is 
needed is simply a focused effort involving the relevant public and private sector 
stakeholders.  We believe the benefits would become apparent within a relatively short 
space of time. 

 
Attractiveness 14; Feasibility 24 

There are no major constraints in this respect. 
 

Key technologies 
• Development of a training and accreditation programme for government officials 

with environmental responsibilities. 
 

Medium to high feasibility or attractiveness 
 

Theme 8 
Renewable Energy  
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Statement 18 
 
We recommend systematically reducing our dependence on the use of fossil fuels 
while at the same time making a substantial investment in research into renewable 
energies, such as solar and wind energy. 
 
This recommendation is driven by the seriousness of both macro-level pollution 

(i.e.  pollution of the air, land and water as a result of the extraction, processing and 
combustion of fossil fuels) and micro-level pollution (e.g. indoor air pollution caused 
by domestic coal burning).  The effects of this pollution are widespread and serious, 
involving a variety of lung-related and other chronic diseases that affect large numbers 
of people. 

 
We see this area as one of critical importance to South Africa's future development.  

There are significant environmental and health costs associated with the mining and 
burning of fossil fuels, yet these costs are currently not included in the price of the 
resultant energy.  Thus development that relies on, for example, intensive use of coal-
fired electricity may appear relatively inexpensive at present but may be creating very 
significant costs for the future that society at that time may be unable or unwilling to 
pay for.  This cannot be a sound basis for sustainable development. 

 
While we believe the shift is necessary, will take time and must not be undertaken at 

the expense of the country's economic sustainability, every step in that direction now 
will pay rich dividends in the years to come.  This outlook is based on our 
understanding that globally a steady shift away from heavy reliance on fossil fuels is 
inevitable. 

 
Since in South Africa we have the advantage of exceptionally high solar power 

potential coupled with good localised wind opportunities, we believe there are strong 
economic arguments for starting now to build the platforms we will need (in terms of 
research, skills capacity and infrastructure) to be able in due course to make the shift 
as easily as possible.  In the interim, however, it is crucial to develop technologies that 
allow the cleaner use of fossil fuels. 

 
In addition, we see a niche requirement for research and technology development 

aimed at alleviating the grave health problems associated with domestic coal burning.  
We envisage that the possible solutions lie in technologies for both pollution 
abatement and alternative methods of domestic heating/cooking. 

 
Following this course will enable us to exploit the substantial opportunities that lie 

ahead for countries that take a lead within Africa in the application of renewable 
energy technologies. 
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Attractiveness 17; Feasibility 17 
Weak policy and implementation environments are the major constraints. 
 

Key technologies 
• Renewable and environmentally sustainable generation of electricity (large and small 

scale). 
• Use of methane as an energy source. 
• Treatment of fossil fuels to reduce emissions. 
• Developing alternative low-pollution fuels for domestic consumption. 

 
 

Theme 9 
Community-Based Environmental Management Systems  

Statements 5, 8, 13, 14  
 
We recommend that a substantial strategic initiative be launched to provide 

communities with the information and technological access necessary to understand 
and manage their own environment. 

 
A great deal of environmental damage is caused inadvertently by ordinary people 

through their daily actions and through the choices they make.  It is our belief that this 
is primarily due to a lack of understanding of the significance of certain choices and 
actions in relation to our life-supporting systems, coupled with the absence of viable 
and less harmful alternatives. 

 
Our vision is one of South African society moving steadily towards a point where all 

citizens have a basic understanding of the ways in which their environment supports 
them, of how their choices and actions can affect the health of their environment and 
how in turn the health of their environment can affect their own health and livelihood.  
This will require a systematic approach to raising environmental awareness and 
teaching basic environmental understanding. 

 
At the same time we believe this must go hand in hand with the development of 

technologies which communities can use to manage their own environment effectively 
(for example, inexpensive technologies for the treatment and storage of drinking 
water). 

 
Attractiveness 17; Feasibility 15 

There are a number of constraints in this respect, including the lack of a skilled 
human resource base, a lack of available finances to support the work and a weak 
implementation framework. 

 
Key technologies 
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• Methodologies for teaching basic environmental principles in ways that people at all 
educational levels can readily understand and incorporate into their daily living. 

• Sharing experiences amongst communities in relation to natural resource 
management. 

• Development of technologies that assist communities to sustainably manage their 
natural resources and environmental quality. 
 

Theme 10 
Use of Indigenous Plant Resources  

Statement 46 
 
We recommend that a significant research effort be put into identifying potential 

sustainable uses for South Africa's plant resources and developing appropriate 
commercial pathways to market them. 

 
South Africa is home to an enormous diversity of plant species, many of which have 

commercial potential as the basis for fibres, foods or medicines.  We also have a good 
quality of research capacity in the botanical field but lack adequate research and 
development that can bring the fruits of botanical research into widespread use. 

 
While we see indigenous plants contributing in a variety of ways to the national 

economy in the future, we realise that such a contribution could easily come at a high 
environmental or social cost if poorly planned, monitored and regulated.  Integrated 
and strategic planning would ensure the sustainable development of South Africa's 
plant resources. 

 
Attractiveness 16; Feasibility 17 

The key constraints are weak policy and implementation frameworks. 
 

Key technologies 
• Development and marketing of useful products from plants. 
• Development of sustainable and equitable systems for incorporating the interests of 

local communities into commercial plant processing ventures. 
 

Theme 11 
Environmental Entrepreneurship 

Statement 6 
 
We recommend the development of environmental entrepreneurship training and 
support programmes. 
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As we enter the 21st century it is clear that the world of business wields 
unprecedented power to shape our common future.  We believe that an essential 
ingredient in bringing about a sustainable South Africa will be the evolution of a critical 
mass of 'environmental entrepreneurs'.  These will be men and women who run 
businesses that either specifically address environmental problems in innovative ways 
or are concerned with other aspects of the economy but deliver their products and 
services in ways that actively support sustainability.  We also see this as making a 
significant contribution to the economic empowerment of previously disadvantaged 
sectors of society. 

 
Although there are a number of such entrepreneurs already active in the country we 

anticipate the need for many times that number in the years to come.  Some 
entrepreneurs by their nature find their own feet, while others benefit from a range of 
training and support programmes.  We see the need for two kinds of approach: 

 
• Giving targeted assistance to those businesses that are environmental in their aims, 

products and services.  This means positively identifying such businesses and 
developing support programmes that ensure they have as high a survival rate as 
possible. 

 
• Providing environmental training to other categories of entrepreneurs, not only to 

encourage them to adopt more environmentally friendly practices in their 
businesses but also to help them identify emerging opportunities in the 
environmental or sustainability field, which they might otherwise not be aware of.  
Often it will be found, for example, that a modest adaptation to an existing 
business could cause it to become a significant contributor to the sustainable 
economy, opening up new markets here and overseas and simultaneously reducing 
its impact on the environment. 
 

Attractiveness 14, Feasibility 18 
There is a lack of skilled human resources to facilitate this, and the implementation 

framework is inadequate. 
 

Key technologies 
• Entrepreneurship training and support in the field of environmental business. 
• Environmental training for small and micro business owners and managers. 

 
Theme 12  
Monitoring Systems   

Statements 14, 17, 53 
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We recommend developing the capacity of South Africans both at the community 
and the professional scientific levels to monitor key aspects of the health of the 
environment. 

 
It is well understood that one of the main weaknesses in the country's 

environmental management systems is the poor level of monitoring.  Whereas impact 
assessment has become a well-integrated part of the development process, 
subsequent monitoring to see whether accepted conditions have been complied with 
and to assess other changes over time is inadequate.  This undoes much of the good 
work done earlier in the process and leaves people and the environment exposed to 
negative impacts. 

 
There are two aspects to this recommendation: 
 

• The communities that are suffering a particular environmental impact are in the 
best position to monitor that impact, yet they are seldom equipped with either the 
information or the technology to do so.  In many cases of water, soil and even air 
pollution the technologies required can be mastered by local people with a certain 
amount of training and support.  We look to the development of a cadre of 'para-
professional' environmental monitors to track key environmental indicators in their 
areas and to make that information available to both their communities and to 
relevant government officials.  They would also develop a role as advisers and first-
order problem-solvers close to the source of problems.  The social and economic 
advantages of empowering local people to become skilled and responsible monitors 
in their area are, in our view, numerous and compelling. 
 

• There is a need in some cases to develop appropriate technologies, systems and 
instrumentation to enable this kind of community-based monitoring to take place.  
We believe South Africa has the research capacity and field experience to do this.  
We see significant potential for such technologies to be shared with other 
developing countries. 
 

Attractiveness 15; Feasibility 14 
Key constraints are the lack of financial support, weak cluster synergy and a poor 

implementation framework. 
 

Key technologies 
• Affordable, locally appropriate technologies for monitoring key environmental 

indicators (air, marine, water, soil, health). 
• Training and support methodologies to create a cadre of para-professional 

community-based environmental monitors. 
 

Theme 13 
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Environmentally Friendly Materials  
Statements 30, 32 
 
We recommend the development and commercial application of innovative, 

environmentally friendly materials. 
 
A critical step towards enabling businesses, government departments and 

individuals to reduce their environmental impact is to provide alternative, less 
environmentally damaging materials.  This helps to deal with the problem 'upstream' 
rather than 'downstream' when the materials have become waste or pollutants.  A 
current example is the steady replacement of carcinogenic asbestos as a strengthening 
and fire-retarding agent with other building materials.  Another area where materials 
selection has a large impact on downstream pollution is in the packaging sector. 

 
South Africa is a major producer of raw materials, particularly minerals, a large 

percentage of which are sent out of the country to be processed.  Given the presence 
in our economy of rich supplies of raw materials, a growing need (here and in other 
countries) for environmentally friendly materials and a certain level of technical 
expertise, we believe there is an important strategic opportunity to exploit. 

 
Attractiveness 13; Feasibility 18 

The low score on attractiveness is attributable to a low impact on poverty 
eradication and the meeting of basic human needs.  On the other hand, financial 
viability is high and South Africa has a relatively good human resource base from which 
to work. 

 
Key technologies 
• Development of advanced, environmentally friendly materials. 
• Development of biodegradable plastics. 
• Development of environmentally friendly materials from local raw materials.  

 
Theme 14 
Development of Specialist Scientific Disciplines  

Statements 12, 24 
 
We recommend the rapid development of scientific and technological capacity at 

tertiary level in several key disciplines that contribute to effective environmental 
management and to the understanding of ecosystem functioning. 

 
The assessment of environmental impacts and environmental management are 

activities that can be performed by professionals with a broad range of skills.  Indeed, 
by their nature, these tasks call for the deployment a variety of perspectives and 
knowledge bases.  For this reason environmental impact assessors and environmental 



 66

managers tend to start from one discipline (e.g. the chemistry they studied at 
university) and then to steadily broaden their competency tobecome reasonably skilled 
in a wide range of fields.  This is desirable and appropriate for those professionals who 
have management or project responsibility but there will always be situations that call 
for a depth of knowledge on specific issues that these people cannot be expected to 
have. 

 
The natural response to such situations is for the more generalist professionals to 

turn for advice or analysis to specialist scientists.  It is here that we perceive a critical 
gap — and an important opportunity.  For environmental management and impact 
assessment to remain viable and grow as professional competencies in South Africa 
the supporting specialist disciplines need to be strengthened.  Otherwise we will be 
obliged either to import expensive and inappropriate foreign specialist advice or to 
lower our standards. 

 
These disciplines include environmental chemistry, toxicology, atmospheric science, 

acoustic engineering and environmental health. 
 

Attractiveness 14; Feasibility 13 
There is a weak skills base in this field, and a poor cluster synergy and 

implementation framework also present constraints that must be overcome. 
 

Key technologies 
• Database development for South African ecosystems. 
• Advanced-level teaching and research in these disciplines. 
• Advanced ecosystem modelling. 

 
High attractiveness or feasibility 

 
Theme 15 
Pollution Remediation  

Statements 22, 23 
 
We recommend that South Africa develop an enhanced capacity to detoxify and 

rehabilitate polluted land, air and water. 
 
While a significant part of the nation's attention should, in our view, be directed at 

solving environmental problems at source by replacing polluting systems, technologies 
and approaches with less damaging ones, there are large areas that have already been 
polluted.  Not only do they pose serious environmental health challenges and, in many 
cases, place critical constraints on future development, but rehabilitating them also 
holds large commercial potential.   
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We believe this is an area of expertise that South Africa would do well to develop 
domestically, since currently the more developed countries stand poised to profit from 
African rehabilitation at the expense of our own ability to profit from it.  We believe we 
have the potential to generate, adopt and adapt the necessary technologies for many 
of the tasks concerned and to offer these to our neighbours in Africa. 

 
There are obvious economic benefits to rehabilitating polluted land and water, 

thereby bringing them back into productive use.  We also see significant commercial 
potential from the development of capacity in this field, both domestically and in other 
African countries. 

 
Attractiveness 17; Feasibility 12 

The group felt that a number of the elements that would contribute to making this 
work were currently lacking, including a suitable policy and implementation 
environment, and sufficient local skills and knowledge. 

 
Key technologies 
• Bio-remediation of land and water. 
• Extraction of minerals and clean water from polluted or sea water (see Themes 1 

and 2 as well). 
• Artificial photosynthesis for air remediation. 

 
 

Theme 16 
Commercial Use of Inshore Marine Resources 

Statements 50, 51 
 
We recommend the development of sustainable local capacity to grow, harvest and 

process inshore marine resources, including seaweed and shellfish. 
 
The South African coastline, particularly the West Coast, is exceptionally rich in 

marine resources.  While the commercial potential of some species is being developed 
by individual businesses (e.g.  mussel-growing in Saldanha Bay), there is inadequate 
support for such initiatives.  We believe there is scope for the development of a 
significant number of small businesses in growing, harvesting or processing marine 
products, and of a greater number of small enterprises in supplying the latter.   

 
There are important socio-economic advantages to such a strategy, since many of 

the relevant coastal communities have few economic options at present.  There are 
also indications that foreign investment would be available, particularly from the 
nations that consume such products.  At the same time, the environmental risks 
associated with the inappropriate commercialisation of these resources are significant 
and would need to be understood and minimised. 
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Attractiveness 9; Feasibility 17 

It was not felt that the development of marine resources would, of necessity, be of 
great benefit to sustainable development, it would however make some contribution, 
and is supported by both financial viability and sufficient existing knowledge. 

 
Key technologies 
• Researching species that are potentially commercially viable. 
• Developing cultivation, harvesting and processing technologies for local species and 

conditions. 
• Developing models for involving local communities in the sustainable use of inshore 

coastal resources. 
 

Theme 17 
Atmospheric Modelling  

Statements 19, 41 
 
We recommend significantly improving our ability to model atmospheric circulation 

at a variety of levels, from local to regional, and our accuracy in predicting droughts 
and extreme weather conditions. 

 
Given the significant impact of industrial development that South Africa has 

experienced in recent decades, the need to be able to model and predict the 
movement of pollutants through the air on a regional basis is becoming urgent.  This 
is particularly critical if we are effectively to address air-quality problem areas such as 
those around Johannesburg and the Highveld — which we believe we have to do.  
These skills are required to support the effective planning of new developments to 
minimise impacts.   

 
At the same time the prevalence of drought and extreme weather conditions (such 

as floods and tornadoes) — extreme weather conditions that are increasing in 
frequency for complex reasons, including global warming — poses a great challenge.  
Because of the enormous potential damage caused by such extreme events, with 
attendant high economic, social and ecological costs, we believe it is essential that 
research efforts be directed at improving our predictive accuracy.  This increased 
accuracy, should it be secured, must also be linked to improved decision-making at 
national and local level so that the warning information is used to optimal effect.   

 
Attractiveness 7; Feasibility 12 

It was felt that the risk involved in not doing this was low, and that there were 
constraints in most of the areas considered, including policy, implementation, skills 
base and financial feasibility. 
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Key technologies 
• Meteorological modelling programmes and the skills to use them. 
• Air-flow modelling (in general and for specific parts of the country). 
• Locally appropriate dispersion models. 

 
5.2 Human Resource Development 

 
One of the key elements that surfaced time and time again in discussions and 

workshops was that fundamental to sustainable development is the development of 
human resources, at the community, school and professional levels.  Without the 
creation of an innovative and competent human resource base, the move towards 
sustainable development will remain out of our reach. 

 

Chapter 6: 
Conclusion 

 
This first South African Foresight project provided for all participants and 

participant organisations a unique learning opportunity and a unique opportunity to 
contribute to forward thinking in South Africa.  The completion of this first cycle is, 
however, only the first step and the real value of the tool lies in the reinforcement or 
re-evaluation of priorities in future cycles. 

 
Many of this sector's recommendations reinforce key priority areas identified in 

international trends, yet there are some key points of difference.  Possibly the most 
important is that the South African study has identified the need to build capacity and 
human resources as an overarching critical success factor in all the fields identified.  
This capacity needs to be built at all levels — community, professional and specialist. 

 
We have developed a high policy competency in South Africa and the recognition of 

the shortage of capacity to implement many of these innovative and well-thought-
through policies and strategies has been borne out in the analyses of the Foresight 
environment sector working group. 

 
A further point of difference is that the South African study has bridged, in some 

ways, the dichotomy between the developed and the underdeveloped sectors of the 
economy and society that exist side by side in South Africa.  Many of the key issues 
identified impact directly on the quality of life of poor South Africans, and the 
eradication of poverty is seen as one of the key elements of a sustainable development 
strategy. 
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The ideas presented in this report are a first contribution to an ongoing process of 
thinking and planning around the future of research and technology in South Africa. 

 
"Modern civilisation is at the turn of the century, which  brings with it major 
changes for the purposes of future survival.  This exercise is a guide for the 
management of that very change and therefore a necessity for future existence." 
(Working Group Member) 
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Appendix 1:   
Names and Affiliations of the 
Environment Sector Working Group 

 
 

Name Organisation 
Barbara Schreiner (Chairperson)Department of Water Affairs and Forestry  
Debra Roberts................................................................... Durban Metro 
Kuku Voyi ........................................................................................AECI 
Innocent Msibi ............................................ Water Research Commission 
Peter Willis ....................................... Group or Environmental Monitoring 
Muna Lakhani ............................................................................ Catalyst 
Pelelo Mangane...............................................................................CWIU 
John Howard ........................................................................Mgeni Water 
Peter Zawada ................................................................................... CGS 
Fred Kruger......................................................................................CSIR 
Fred Goede ....................................................................... Sastech, Sasol 
Greg Tosen .................................................................................. Eskom 
Ian Hopewell ......................................................................... Enviroserve 
Fuad Fredericks .............................................................................. UWC 
Penny Govender............................................................................. SAPPI 
Alex Weaver................... International Association of Impact Assessment 
John Kilani ..................................................................Chamber of Mines 
Andile Ningi.................................................................................SANCO 
Dave Macdevette.............................................................................EASD 
Rudi Pretorius ................................................................................ DEAT 
Nondumiso Ranagua........................Port Elizabeth Environmental Forum 
Laura James .................................................................................... NUM 
Brian Gore.................................................................................... Eskom 
John Raimondo .................................................................................AES 
Heila Lotz ...................................................................................EEC, RU 
Shirley Miller ...................................................................................CWIU 
Karen Ireton....................................................................................... IEF 
Sue Posnik ..................................................... Sue Posnik and Associates 
Dhesigen Naidoo .................. Foresight Environment Sector Coordinator 

Philemon Mjwara Foresight Project Director 
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Appendix 3: Attractiveness and Feasibility Ratings 
 Foresight Environment Theme Scores for Attractiveness

 Theme A B C D E F

 1 Optimising the water resources 5 5 4 3 4 21

 2 Industrial ecology 5 5 3 3 3 19

 3 Sustainable land-use practices 5 4 4 3 2 18

 4 Decision support for planners 5 5 2 3 3 18

 5 Pract it ioner’s toolbox for sustainable development 5 5 3 2 3 18

 6 Educating for sustainability 4 5 2 3 2 16

 7 Training and accreditat ion of environmental pract it ioners 4 5 2 2 1 14

 8 Renewable energy 4 5 3 2 3 17

 9 Community-based environmental management systems 4 5 3 3 2 17

 10 Use of indigenous plant resources 3 3 4 3 3 16

 11 Environmental entrepreneurship 2 2 2 4 4 14

 
12 Monitoring systems 5 4 3 1 2 15

 
13 Environmentally friendly materials 4 3 2 2 2 13

 
14 Development of specialist scientific disciplines 3 4 2 2 3 14

 
15 Pollution remediat ion 5 4 3 2 3 17

 
16 Commercial use of inshore marine resources 2 1 1 3 2 9

 
17 Atmospheric modelling 1 2 0 2 2 7

A: The size of the existing skilled human resources base in that field in South Africa.  
B: Financial viability, including the availability of funding and commercial viability. 
C: Level of relevant and currently available knowledge /technology. 
D: Potential for cluster synergy with other sectors. 
E: The existence of an enabling policy environment. 
F: The existence of a framework or mechanisms likely to facilitate implementation. 
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13 Environmentally friendly materials 4 3 2 2 2 13
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15 Pollution remediat ion 5 4 3 2 3 17

 16 Commercial use of inshore marine resources 2 1 1 3 2 9

 
 

17 Atmospheric modelling 1 2 0 2 2 7
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A: Contribution to the maintenance of the natural resource base. B: Contribution to regional (Southern African) sustainable development.C: The 
degree of risk involved in NOT doing it. D: Direct contribution to meeting basic human needs. E: Contribution to developing sustainable 
livelihoods and the reduction of poverty. 


