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OPENING AND WELCOME 
 
Ms Jansie Niehaus, Executive Director of the NSTF (National Science and Technology Forum), 
welcomed everyone to the Discussion Forum on Sustainable Energy for All. 
 
The NSTF is a not-for-profit organisation that came into being after the Convention for a Democratic 
South Africa (CODESA) talks, and serves as an umbrella organisation for science, technology and 
engineering and a voice to lobby government in these areas.  
 
POSITIONING OF SUSTAINABLE ENERGY WITHIN SOUTH AFRICAN POLICY – DEBBI 
SCHULTZ, COMMUNICATIONS OFFICER, NSTF 
 
The National Development Plan (NDP) was accepted by Cabinet in 2012 as the long-term vision for 
South Africa and aims at reducing poverty and inequality in the country by 2030. In the interests of 
promoting the understanding of this important document, the NSTF has published a summarised 
version on its website. 
 
Of relevance to the discussion at this forum is the reference in the 2017 update to the NDP to the 
transition to a low carbon economy using clean renewable energy. The implementation of the NDP is 
lagging despite the introduction of Operation Phakisa (Phakisa means ‘hurry up’ in Sesotho). In 2018 
South Africa is still the most unequal country in the world according to the Gini index prepared by the 
World Bank. 
 
The NDP is clear about the effects of climate change and the link between environmental threats and 
poverty. A low carbon future is positioned as the only realistic option, but there are political challenges 
to developing policies and regulatory initiatives for improved resource management to assist with the 
transition. The NDP envisions that by 2030 South Africa will have an integrated energy sector with 
adequate investment in infrastructure, providing energy services at competitive rates and energy 
security to more than 90% of South Africans. 
 
It is envisioned that coal will contribute proportionately less to the energy mix. Given the need for 
economic sustainability, there will be a larger focus on renewable energy sources. Underlying all 
initiatives in the climate and energy area is the need to ensure that all measures that are adopted 
balance with the needs of South African people with regard to imperatives such as job creation, 
education and health. The NDP acknowledges the possible use of nuclear energy, but states that this 
needs further in-depth investigation.  
 
The NDP commits to reducing carbon emissions below a baseline of 34% by 2020 and 42% by 2025. 
Transitioning South Africa to a low carbon economy and meeting targets will need to be through 
consensus with all interested and affected parties and will definitely require trade-offs. It is essential 
for South Africa to focus on climate change and mitigate the risks, but at the same time we need to 
look after our people and the planet. 
 
The transition from the historical focus on minerals and energy will be challenging. Where the policy 
environment now focuses on minerals and energy, there is a need for structural change in order to 
move to a lower carbon economy whilst still remaining competitive. The NDP acknowledges this and 
also the shortage of skills and capacity, and notes that a more detailed analysis will be necessary to 
determine the ultimate mix of mitigation measures and trade-offs that is required. The NDP supports 
the possibility of a carbon tax, but acknowledges that specific planning needs to take place in this 
regard. 
 
The NDP is aligned to the United Nations Sustainable Development Goals. Goal No. 7 calls for 
Affordable and Clean Energy for all. In the context of development, clean and sustainable energy is 
viewed as an opportunity that transforms lives, economies and the planet. It is also fully recognised by 
the United Nations and the recently formed Sustainable Energy Forum that achieving Goal No. 7 is 
dependent on collaboration globally, nationally and locally and on benchmarking, and identifying and 
involving stakeholders. 
  
In South Africa coal accounts for 68% of primary energy sources, and Eskom provides 95% of all 
energy consumed in the country. This mix will inevitably change to align with the goals of the NDP.  
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Energy receives a lot of coverage in the media. In the last month some of the topics that have been in 
the news include: the stance of the labour unions on the use of renewables; the need for reducing 
emissions; bids to block the use of renewables; the energy mix; the energy challenge; carbon tax and 
foreign investment in off grid solar. 
 
THE JOURNEY IN DEVELOPING A LOW CARBON ECONOMY FOR SOUTH AFRICA – DR 
REBECCA MASERUMULE, DEPARTMENT OF SCIENCE AND TECHNOLOGY (DST), CHIEF 
DIRECTOR: HYDROGEN AND ENERGY 
 
The National Development Plan is the overarching plan for South Africa, and all government 
departments are responsible for its implementation and for feedback on progress. Several guiding 
frameworks have been established to facilitate the execution of the NDP, such the National Climate 
Change Response Strategy, the Industrial Policy Action Plan, the National Energy Policy and the 
Innovation Policy.  
 
In the context of South Africa’s climate change response, it should be noted that South Africa has 
ratified the Paris Agreement. In response a White Paper was developed in 2011 that outlined near-
term climate change flagship programmes, which included the Renewable Energy Flagship 
Programme (including solar, biofuels and wind); the Energy Efficiency and Energy Demand 
Management Flagship Programme; the Transport Flagship Programme; and the National Hydrogen 
and Fuel Cells Research, Development and Innovation (HySA) Flagship Programme. 
 
Decarbonisation of the energy and transport sectors is critical for South Africa’s transition to a low 
carbon economy. In this regard renewable energy is now an integral part of South Africa’s energy mix. 
Hydrogen and fuel cell technology is recognised as having the potential to contribute a great deal to 
the decarbonisation of these sectors, and battery electric vehicles are being introduced into the South 
African transport system for mass transport vehicles such as buses. A green transport strategy is 
under development. 
 
The Department of Science and Technology (DST) is committed to the provision of prosperity through 
science, technology and innovation. These aims are pursued through leadership and research 
funding research at various institutions. The vision of the DST aligns with the global consensus that 
research and development (R&D) contribute to the reduction of the cost of the provision of energy. 
 
In 2008 the country was plagued by power outages, which presented a considerable challenge. 
Although there has been an improvement in energy provision, there are still challenges. Given South 
Africa’s energy supply strategy based on coal, the challenges will remain for at least a decade. It is 
essential that South Africa look to the beneficiation of our mineral resources to improve our energy 
situation. The race is on for a safe, clean, affordable and reliable energy supply, and South Africa 
must meet its medium-term energy supply requirements while innovating for the long term in clean 
coal technologies, nuclear energy, renewable energy and the promise of a hydrogen economy.  
 
Progress to a knowledge-based economy will largely be driven by four elements: increased 
generation of knowledge that is protected by appropriate patents; human capital development; the 
establishment of a knowledge infrastructure (including well-equipped laboratories) and the provision 
of enablers to address the innovation chasm and the commercialisation of research outputs. 
 
In support of the national energy targets and initiatives, the DST has introduced flagship programmes 
in the domains of hydrogen, renewables, energy storage, biofuels, energy systems and analysis, and 
energy efficiency and demand side management.  
 
In 2010 the South African government promulgated the Integrated Resource Plan aimed at achieving 
42% of newly added electricity generation from renewable energy sources by 2030. An intense 
development and deployment pipeline has been set in motion in the country. Research, development 
and innovation (RDI) clusters working in this domain include: policy and strategic planning, systems 
integration, solar thermal, solar photovoltaic panels and local manufacture. Research is not only in 
support of government but also industry. 
 
Many organisations are involved in this initiative, including the South African National Energy 
Development Institute (SANEDI), and several universities and science councils. DST support for 
research in the solar thermal domain in the next five years will be largely on funding a demonstration 
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facility in the North West province. In addition there will be a focus on battery technology and third 
generation novel materials, and on the improvement of the efficiency in photovoltaic panels. A solar 
resource mapping framework is being developed. 
 
In the energy storage domain, the RDI objectives will focus on the beneficiation of local minerals to 
not only cut costs but also boost the value of exports. Electric vehicle research is ongoing, and a 
demonstration project is under way at the Nelson Mandela Bay University. The DST supports the 
Biofuels Industrial Strategy of 2007 and has established Research Chairs at both Stellenbosch and 
North-West universities. A demonstration programme has been established for the production of 
algae, which when added to coal fines will increase the calorific value of the coal. 
 
The implementation phases for the Hydrogen Fuel Cell Development Programme (HySA), which 
started in 2008 and runs until 2023, are firstly the establishment of R&D capability, the demonstration 
and validation of the technology and the commercialisation of South African innovation. Three centres 
of excellence have been established covering infrastructure, catalysis and systems. Several 
universities and science councils are collaborating on this initiative.  
 
Fuel cells for stationary applications have, through public–private partnerships, been demonstrated in 
several applications including the provision of primary and backup power in rural schools; backup 
power in health facilities, underground mining equipment and material handling equipment; and 
extending the range of electric-powered scooters. 
 
South Africa is gearing up for a low carbon future, and the transport and energy sectors have an 
important role to play in reaching current targets. The use of alternative fuels and technologies will be 
key to transforming this sector. The DST is building high-level capacity to support this transition 
through the development of skills and the unlocking of innovations and technologies that will enable 
South Africa to leapfrog and catch up with the developed world. 
 
Discussion 
 
Questions/Comments: 
Logan Pillay, Eskom: Having driven an electric vehicle for a while, it proved to be not entirely effective 
because of the need to charge frequently for long-distance travel. Also filling with traditional fuels is 
quick, whereas charging takes time. There would appear to be a huge opportunity in the storage area, 
and in the transport sector there should be an integration of technologies. 
 
Precious Mpepele, South 32: How do you strike a balance with regard to water requirements for 
power generation? 
 
Prof Eloff, SAASA: Should there be more of a focus on applied research? What is the energy cost of 
producing the hydrogen, and is it a positive balance? Are hybrid cars still being produced? 
 
Response from Dr Maserumule 

• From the water perspective, recycling of the water is possible so the impact is small, 

• In the domain of electric vehicles, there are different types of vehicle, each with a specific 
function. Charging points are growing. With regard to batteries, the DST is focusing on battery 
development and storage. This programme is in the early stages in terms of materials 
identification. 

• The DST does not fund basic research, but only applied research. With regard to the hybrid car, I 
do not know if development has stopped but many places are moving away from the internal 
combustion engine.  

 
Questions/Comments: 
Amanda Muchedzi, Innovation Hub: The challenge is in skills development – what is the perspective 
on energy jobs, for example in local manufacturing? 
 
Prof Sampson Mamphweli, University of Stellenbosch uses an electric vehicle to commute about 30 
km to and from work. The solar panels are mounted on the carport roof and the charger has been 
modified so that it can be plugged in anywhere for easy charging at home. There is a need to look at 
innovation in the South African context and how this can be successfully moved to the business 
domain. 
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Henerica Tazvinga, CSIR: Are the fuel cell technologies for schools an economic solution for off-grid 
power? 
 
Response from Dr Maserumule:  

• Fuel cells for schools are economically viable if combined with batteries, but since most parts of 
South Africa are electrified it was not possible to create economies of scale. Moreover, there are 
socioeconomic issues regarding usage. 

• On the issue of jobs, the DST partners particularly with universities of technology, and all 
graduates in engineering, chemical engineering and similar disciplines are employed. The DST 
focusses on creating opportunities. 

• It is essential that more money is made available for research, but the research must be relevant. 
The DST has been successful in competing with other research programmes for funding. 

 
Comment from Chair: There was a great deal of scepticism about hydrogen fuel cells when the DST 
started promoting these in 2006. Fortunately the department persisted with the inclusion of this area 
in its programmes, as it is important in the world and also in expanding the scope of the DST 
mandate. 
 
WASTE NOT WANT NOT: WASTE-TO-ENERGY, A SUSTAINABLE TECHNOLOGY FOR ALL – 
PROF DIANE HILDEBRAND, DIRECTOR: INSTITUTE FOR THE DEVELOPMENT OF ENERGY 
FOR AFRICAN SUSTAINABILITY (IDEAS), UNISA 
 
The Institute for the Development of Energy for African Sustainability (IDEAS) is part of the University 
of South Africa (Unisa), housed at a state-of-the-art facility in Florida, Johannesburg. The vision of the 
institute is to change the landscape by turning waste and other underutilised resources into fuel, 
electricity and jobs through strategic partnerships, particularly in the developing world. The institute 
focuses on demonstrating environmentally responsible chemical conversion technologies utilising 
resources such as municipal waste and sewage. Priority is given to developing modular and flexible 
small-scale solutions matched to the availability of resources. 
 
The current situation in informal settlements in South Africa is that the government is unable to 
provide appropriate services, and waste management systems are inadequate. These conditions 
pose a serious health and safety risk and exacerbate the marginalisation of the communities. Access 
to energy in informal settlements is a major issue. Many households spend a disproportionate amount 
of money on fuel for food preparation and water heating. Energy poverty leads to illegal and unsafe 
electrical connections.  
 
Is waste a problem or an opportunity? Waste can be split into dry waste or wet waste, and both can 
be processed to provide cleaner energy – wet waste by digestion and dry waste by combustion.  
 
Interestingly, human waste could provide one-hundredth of the world’s energy needs. It has also been 
demonstrated that the manure from a single cow could provide enough fuel to cook for two to four 
hours per day, and the manure combined with human waste could fuel a two-plate stove for two hours 
and heat up to 40 litres of water. Apart from the advantages of energy efficiency, the digestion system 
sterilises the waste matter and thus solves an environmental problem. All organic waste can be used. 
 
Why do we not use waste? Is it technically difficult, economically unfeasible or not robust? Does it 
have social issues or any other potential problems? IDEAS has put together a multidisciplinary team 
that includes social scientists working in communities, business experts, psychologists, engineers and 
biotechnology specialists to look at the reasons why we do not use waste. 
 
The commercial use of biogas has not been very successful in South Africa. Some of the difficulties in 
implementing this technology include: the transportation of waste which is not economical; the difficult 
legal framework; the lack of policy support for biogas; the lack of financial mechanisms; and the 
complex administrative processes, especially at municipal level and with registration with the National 
Energy Regulator of South Africa (NERSA) to sell power back to the grid. 
 
Small-scale biodigesters would provide a solution to the difficulties of implementing biogas systems. 
Individual farmers would feed all waste into a digester, which would then provide energy for cooking, 
lighting and water heating. The slurry formed by the overflow from the digester is an excellent 
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fertiliser. The advantages are clear, including free fuel, reduced need for fertilisers and easy disposal 
of animal waste.  
 
The implementation of digesters by Unisa, working with the local Engineers Without Borders chapter, 
has shown that a small-scale digester working on a half bucket of manure every second day can 
supply the energy needs of a small-scale farmer. Further pilot projects are being installed in the 
Eastern Cape and Gauteng.  
 
In developing the business case for supplying biogas to informal settlements, the IDEAS has been 
working with an overseas company that currently produces toilets for use in applications such as 
refugee camps. The energy produced could be used for households or public facilities such as clinics 
or schools. A pilot system for 20 households is being proposed, using a cartridge system which when 
supplemented with manure could provide two to three hours of gas per day to each household. The 
cartridge system has the added advantage of not needing running water and of limiting other 
contaminants. The business case would be that the municipality would contribute what it currently 
costs to empty pit latrines to cover costs such as collection of the cartridges, and the community 
would sell the fertiliser which is a by-product of the process and also sell the gas produced. This 
would provide jobs to the community, and the payback period for the system would be approximately 
five years. 
 
Which dry waste can be processed? Anything containing carbon is a potential source of energy. Dry 
waste is typically converted using high temperature gasification. The gas that is produced can be 
converted to electrical power, fuel and heat, and thus waste becomes a resource. Sources of carbon 
for waste-to- liquid include waste residue oil, waste plastics, biomass, wood chips and stranded gas. 
Syngas from various sources can be made using different catalysts. A demonstration of a biomass-to-
syncrude process has been successfully commissioned in China and Australia employing this 
technology. Small-scale gasification is also a viable proposition for South Africa and is being tested at 
Unisa. Unisa has laboratory facilities at the South African Nuclear Energy Corporation (NECSA) 
where, in addition to analytical work, catalysts are being developed that will reduce costs 
considerably. 
 
There is a need for new thinking, and a paradigm shift to new companies that think small and think 
differently regarding the possibility of obtaining fuel, electricity, heat and fertilisers from waste. 
Solutions need to be socially acceptable, environmentally friendly, efficient, cheap, simple and robust, 
and could hugely benefit Africa and the developing world. 
 
Discussion 
 
Questions/Comments: 
Debbi Schultz, NSTF: Is there a market for this system? Why build in China and Australia and not in 
South Africa? Does the system have any disadvantages? 
 
Response from Prof Hildebrandt: It is not our technology. The technology is ready, but there are 
social issues. The Chinese government has money and is prepared to pilot. South Africa is spending 
a lot of time looking for the ultimate solution. On the plastic side, it is important to make the emissions 
safe.  
 
University of Pretoria, Economics: Excellent work that is not only helping with a social problem but 
also furthering social education. How do the big utilities perceive the option of waste? 
 
Response from Prof Hildebrandt: With big companies there is a complete mismatch when it comes to 
waste we are almost looking for a different set of companies and the problem is to get the first one up 
and running. 
 
Prof Maseke Lesaoana, University of Limpopo is about to launch a water and sanitation project in 125 
schools in Limpopo and would like to work with Unisa.  
 
Response from Prof Hildebrandt: There is energy and cash in waste, and schools are a good place to 
start. 
 
Candice Gibson, Cliffe Dekker Hofmeyr: What is the impact on carbon emissions? 
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Response from Prof Hildebrandt: Carbon emissions from biomass are not a problem, and plastics 
gasification is a short-term option only.  
 
Amanda Muchedzi, Innovation Hub: What are the sources of financial support, and is it possible to 
bring new ideas and companies into the Unisa portfolio? 
 
Response from Prof Hildebrandt: We are looking for new ideas. On the issue of funding, it is 
necessary to get buy in for the projects from the community even though not all can be involved. We 
are looking at a business case that could, for example, give credits on such things as airtime.  
 
Prof Eloff, SAASA: This is an interesting process. Does it depend on micro-organisms and is an 
inoculant used, or is it dependent on natural organisms? 
 
Response from Prof Hildebrandt: The organisms are from the animal gut where the process starts 
through bacterial action. Work is being done on superbugs, but we are aiming for robustness and do 
not want to complicate the process.  
 
Logan Pillay, Eskom: South Africa underachieves with regard to commercialisation. In China final-
year electrical engineering students are required to develop a product that is ready for 
commercialisation. Government companies have been created to commercialise and fund these 
products. In South Africa nobody is prepared to fund first-off prototypes, and we need to have 
government entities that are willing to take the initial risk.  
 
ENERGY ACCESSIBILITY AND AFFORDABILITY ISSUES: R&D AS A CATALYST TO THE 
FUTURE – PROF ROULA INGLESI-LOTZ, PRESIDENT, SOUTH AFRICAN ASSOCIATION FOR 
ENERGY ECONOMICS 
 
The World Bank has linked poverty to the lower level of energy use, and South Africa is shown to be 
low on energy use and high on the poverty index. In statistics showing access to electricity in Africa 
and the world in 2014, South Africa is closer to middle-income countries and higher than most 
countries in sub-Saharan Africa. There can be no economic development with water, energy and 
food. 
 
Is energy poverty only a lack of access? The definition of energy poverty as presented by Reddy 
(2000) is “the absence of sufficient choice in accessing adequate, affordable, reliable, high-quality, 
safe and environmentally benign energy services to support economic and human development”. This 
definition acknowledges a number of specific elements for further analysis such as absence of choice, 
the role of affordable technology and adequate technology. 
 
Energy poverty has many different impacts, not only lighting and cooking but also communications 
technology and knowledge. Currently most of the thinking on energy provision has been ‘inside the 
box’ and many possible technological solutions do not go any further than the laboratory. There is a 
need for ‘out-of-the-box’ thinking and technological improvement backed by quality research, new 
knowledge and funding.  
 
Statistics released by the International Energy Agency (IEA) in 2017 show that of the 1.2 billion 
people who have gained access to energy since 2000, nearly all have gained access via connection 
to the main grid, with 70% of people getting access through power generated from fossil fuels (45% 
coal, 19% natural gas and 7% oil). However, the declining costs of renewables, as well as efficient 
end-user appliance are having an impact, especially in rural areas. Over the last five years, 
renewables have started to gain ground, as have off-grid and mini-grid systems, and this shift is 
expected to accelerate.  
 
Providing electricity for all by 2030 would require an annual investment of $52 billion per year, more 
than twice the level mobilised under current and planned policies. Of the additional investment, 95% 
needs to be directed to sub-Saharan Africa. Detailed geospatial modelling suggests that decentralised 
systems, led by solar photovoltaic in off-grid systems and mini-grids, are the least-cost solution for 
three-quarters of the additional connections needed in sub-Saharan Africa. 
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Scaling up investment in electricity access will require that the right policies and investment 
frameworks are in place. Similarly, reaping broader social and economic benefits will require a 
perspective on access that extends beyond household connections to include electricity for productive 
uses, such as businesses, agriculture and industry. This can create anchor loads to attract 
investment, lowering the average cost of household connections, improving food security and creating 
job opportunities, notably for women. 
 
In order to determine the level of energy research in countries around the world, research publications 
were used as an indication. The top ten countries were found to be Spain, Australia, France, Canada, 
the USA, Germany, the UK, Japan, the Netherlands and Italy. In these countries energy research 
generally increased from 1990 to 2011, and energy-related published papers have also shown a 
marked increase in the same period. The question is whether GDP is not the sole determinant of 
research output, but more complicated indicators, such as the R&D intensity (defined as the R&D 
expenditures as a ratio to GDP) and the R&D return rate (defined as the number of papers per 
monetary unit of R&D spent), potentially play an inhibiting role in the research trends.  
 
In looking at the average share of different forms of energy R&D to total energy research spend 
during the period 1985–2012, seven technology categories of the International Energy Agency were 
considered: energy efficiency; fossil fuels, renewables, nuclear, hydrogen and fuel cells, other power 
and storage, and other cross cutting. Nuclear research received a large share of R&D funding in all 
countries, with some focus on renewables. The issue is not only energy R&D in total but also where 
we spend the energy R&D.  
 
When did the trends change? The period 1981–2011 was characterised by drastic changes in 
economic growth and in the interests of the literature in energy-related fields. Since the 2000s, the 
consequences of climate change as well as issues in energy security have attracted attention from 
researchers, and there is an increase in the number of energy-related papers from the beginning of 
the 2000s. Prior to 2000 the biggest contributor to R&D spend was GDP; after 2000 GDP did not play 
a role and the focus was on return on investment. It is not just the amount of R&D spend that is 
important but also the return from the R&D spend. 
 
Points to take away: 

• Accessibility and affordability of energy requires new and innovative solutions, as the traditional 
way of thinking is costly and is not working, 

• Digitalisation is already improving the safety, productivity, accessibility and sustainability of 
energy systems, creating security risks. 

• The improvement of old and the development of new technologies is the way forward. 

• Investment in R&D might have more socioeconomic, energy and environmental benefits than 
actually increasing energy production. 

• Caution is required because non-appropriate allocation of energy R&D funds to various 
technologies, or ignoring the R&D productivity and research quality might create more problems 
than it would solve.  
 

In the energy sector it is necessary to collaborate widely. We need dialogues in order to understand 
how multidisciplinary and cross-disciplinary the energy sector is.  
 
Discussion 
 
Questions/Comments: 
Logan Pillay, Eskom: In the new R&D dialogue, which also includes innovation, it will be important to 
first identify the problem and then work towards a solution. There is a need to train the next 
generation in this thinking – the luxury of throwing money at R&D does not exist anymore.  
 
Response from Prof Inglesi-Lotz: It is important to have demonstrable returns from R&D, and the 
development of human capital is a direct result of investment in R&D. Quality research is also 
essential. 
 
Prof Rebecca Maserumule, DST: It could assist the planning of the DST to know the proportion of 
research spend on energy and its impact. The challenges in South Africa relate not only to funding but 
also to procurement. 
 



NSTF Discussion Forum: Sustainable Energy for all in South Africa 

8 

Proceedings of 16–17 April 2018 

Response from Prof Inglesi-Lotz: There is a need to understand each of the issues in order to make 
meaningful changes. 
 
Prof Philip de Vaal, University of Pretoria: Are there links to streamlining commercialisation and 
private sector investment?  
 
Response from Prof Inglesi-Lotz: Some countries produce R&D and then sell it to other countries, so 
it is difficult to view R&D in isolation.  
 
TRACK A: ENVIRONMENTAL SUSTAINABILITY OF ENERGY SOURCES 
Chair: Ms Jansie Niehaus, Executive Office, NSTF 
 
Advantages and disadvantages of biofuels and other clean fuels – Prof Sanette Marx, North-
West University, Chair in Biofuels and Other Clean Alternative Fuels 
 
Should the world be looking at biofuels? From a 2015 study that looked at available resources, what 
is currently being used and where abuse is taking place, it is obvious that that question is not whether 
we should be investing in biofuels but how we should be investing in them. In the assessment by the 
Global Footprint Network, South Africa was above the World Biocapacity line in 2011 and thus 
damaging the planet. The country’s ecological footprint has worsened since the 1960s, and is still 
declining, due to the increase in mining and industrial expansion in South Africa.  
 
Petroleum alternatives are either bio-ethanol, which is more widely used, or bio-butanol and diesel 
alternatives and other fuels such as bio-jet fuel, biogas and bio-coal can also be produced. Other bio-
based products, such as fertilisers, bio-based materials and bio-electricity, should be included in 
considering bio-options.  
 
There are three generations of feedstock options. Firstly, edible plants and oils, starch and sugar and 
edible virgin oil; secondly, agricultural residues, municipal waste and used cooking oil; and thirdly, 
micro algae, and macro algae. All three generations have advantages (including availability, costs and 
the simplicity of proven technology) and disadvantages (including the water footprint, carbon footprint 
and the debate over food versus energy). 
 
With regard to price, the use of biofuels is directly linked to the cost of traditional fuels, because fossil 
fuels are used to produce the biofuel feedstock. In the food versus energy debate, the effect of using 
feedstock that would normally be used for human consumption for fuel has a direct cost impact on 
food costs and availability. Moreover, the input in relation to the amount of energy generated is 
sometimes very high, which cuts energy efficiency. In general, the carbon footprint for biomass is low, 
but the change in land use to produce fuel feedstock can affect the amount of carbon dioxide 
absorbed.  
 
In considering the introduction of biomass technologies, it is important to look at social, economic and 
environmental issues. The introduction of biotechnologies needs to be equitable, sustainable and 
tolerable. How much damage will we tolerate for convenience? 
 
The South African reality is that we have a lot of coal, with reserves estimated at more than 200 
years. Coal is an economical source of energy, although it is not socially acceptable, but could be 
made more acceptable through clean coal technologies. We also have biomass or biochar and need 
to decide which feedstock we should use that is socially and environmentally acceptable. The current 
thinking of the research group favours hydrothermal liquefaction, which can use food waste, 
lignocellulose or municipal waste, which with the addition of water produces biochar. Early results are 
available from the hydrothermal liquefaction research related to increasing energy efficiency and 
providing energy for all through assistance to local communities that struggle to make ends meet. The 
advantages include the management of landfill sites, provision of services to informal settlements, 
reduced emissions and better environmental living conditions. 
 
What is the significance for South Africa? Significantly less biochar would be required to meet energy 
needs and it would be possible to co-feed from bio-oil with crude oil to reduce emissions. Research 
on hydrothermal liquefaction will continue, as will the link to biogas with the aim of producing cheap 
energy and creating jobs through the introduction of new technology. 
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Environmentally responsible methods to mitigate the use of coal in the sustainable energy mix 

– Prof Rosemary Falcon and Dr Samson Bada, SARChI Chair in Clean Coal Technology, 

University of the Witwatersrand 

 
In outlining the strategic context of coal, it is essential to think on a global level. Internationally coal 
technologies are linked to the Sustainable Development Goals (SDGs), nationally linked to the 
National Development Plan. In the southern African region, Botswana, Zimbabwe and Mozambique 
all have significant coal programmes. Future coal usage is expected to remain unchanged, but the 
needs will rise and the gap will be taken up by renewables. 
 
The economic context of coal is important in the coal debate. South Africa is the seventh largest 
producer and exporter of coal in the world and a major supplier to the Middle East, India and the Far 
East, with some exports to Europe and Africa.  
 
Coal in South Africa accounts for the highest foreign exchange earnings in the country (R50 billion in 
2017), and is the largest mining income earner, exceeding gold, platinum and diamonds. Coal is 
responsible for more than 91% of South African energy production and 81% of the region’s energy, 
100% of carbon reductants in the metallurgical industry, more than 33% of liquid fuels and more than 
200 major chemicals for thousands of carbon-based products. 
 
The socioeconomic factors related to coal are extensive. In South Africa there are over 255,000 direct 
employees in coal mining, power generation, Sasol and the metallurgical sector, and there are over 
6,000 coal-fired boilers in manufacturing industries. Coal is the main support in most major towns in 
Mpumalanga and Limpopo, and some in KwaZulu-Natal. 
 
At the 2009 UN Climate Change talks, South Africa undertook to reduce the country’s carbon dioxide 
emissions by 34% by 2020, and by 42% by 2025 subject to financial and technical support. Meeting 
these levels of reduction will be extremely challenging. Contributing to the difficulties are the high 
relative costs of abatement, considerable water requirements, lack of suitable geology to store carbon 
dioxide and the planned introduction of a carbon tax.  
 
Options for the environmentally responsible use of coal require high efficiency and low emissions. 
Methods for the mitigation of carbon dioxide include increased efficiency, which includes beneficiation 
and the use of higher-grade coals; co-firing of coal with carbon neutral renewables; co-generation and 
the use of excess heat for additional power, carbon capture and storage which is limited because of 
lack of suitable capture sites; carbon capture and utilisation of carbon dioxide. 
 

Circulating fluidised bed combustion (CFBC) is the preferred technology for larger-scale power 
production globally and is considered to be one of the most sustainable clean coal technology 
solutions, since it is an efficient method of addressing escalating environmental constraints and 
tolerates wide fuel flexibility and quality variation. In pulverised coal boilers temperatures vary in 
different parts of the boiler, whereas in circulating fluidised bed boilers particles are circulated until 
they are completely burnt out with more efficient heat transfer throughout the whole process, and 
there is no slagging. 
 

There are many successful CFBC installations in Europe, the USA, the Far East and Near East, which 
are proving to be very efficient and reduce both sulphur oxide and nitrogen oxide emissions. Sulphur 
oxide is captured in the combustion bed, which precludes the need for flu gas desulphurisation. 
Circulating fluidised bed technology offers fuel flexibility, high reliability and low emissions with 
minimum backend equipment. 
 
For the co-firing of biomass with coal for carbon dioxide reduction in an integrated system, bamboo is 
the biomass of choice. This crop has a high growth rate and is renewable; it fully matures within four 
to six years and can be harvested within two to three years. New bamboo forests can sequestrate up 
to 15 tons of carbon dioxide per hectare. 
 
Bamboo species have a calorific value comparable to coal and considerably lower ash content. In 
addition bamboo has higher volatile matter than coal and lower nitrogen and sulphur content. The 
firing of bamboo (alone or co-fired with coal) can be expected to generate lower sulphur oxide and 
nitrogen oxide emissions than coal, as demonstrated by the UK’s Drax full-scale biomass burning 
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power plant. With simple heat treatment, mature four-year-old bamboo matched bituminous coal for 
grindability, high density, energy yield fuel properties and peak burning potential. The biogenic carbon 
dioxide emissions during the combustion of biomass are eventually balanced by the uptake of carbon 
dioxide in the bamboo plantations. Co-firing is considered to be the most cost competitive compared 
with offshore wind and solar installations. 
 
The conclusions of current research show that the growth of bamboo plantations have the additional 
benefits of phytoremediation, rehabilitation of mine land, alternate usage beyond power generation, 
and socioeconomic benefits through the development of micro industries. 
 
In conclusion, contrary to popular belief that coal is dead, South Africa’s coal resources are abundant 
and can provide sustainable power into the future with the introduction of the correct technology. 
Circulating fluidised bed combustion is the boiler technology of choice, since it is flexible and tolerant 
of a wide range of materials with limited emissions. 
 
Nuclear energy and the environment – Dr Pulane Molokwane, National Planning Commission 
 
South Africa has well-established and mature nuclear industry experience. Environmental 
sustainability through the reduction of pollution and mitigation of the effects of climate change are 
non-negotiable, as are the aims to reduce carbon emissions. Nuclear energy has the smallest carbon 
and physical footprint of any energy form.  
 
One of the environmental issues with respect to nuclear technology is the impact of radioactive waste, 
which includes any material that is either intrinsically radioactive, or has been contaminated by 
radioactivity. Every radionuclide has a half-life – the time taken for half of its atoms to decay, and thus 
for it to lose half of its radioactivity. Eventually all radioactive waste decays into non-radioactive 
elements; the more radioactive an isotope is, the faster it decays. 
 
Radioactive waste is typically classified as either low level generated from hospitals and industry; 
intermediate level comprising resins, chemical sludge and metal fuel cladding; or high level from the 
‘burning’ of uranium fuel in a nuclear reactor. Waste is classified primarily on the basis of its level of 
radioactivity. 
 
Prior to disposal, nuclear waste has to be in a solid form and resistant to leaching. It is important that 
the packaging of waste should be appropriate, and high-activity waste requires shielding. Treatment 
and conditioning processes are used to convert a wide variety of radioactive waste materials into 
forms that are suitable for their subsequent management. The aims of the waste-handling processes 
are to minimise the volume of waste requiring management and reduce potential hazards through 
containment. 
 
Treatment processes such as compaction and incineration reduce the volume of waste, but the 
amount of radioactivity is not reduced. Conditioning processes such as cementation and vitrification 
are used to convert waste into a stable solid form that is insoluble and will prevent dispersion to the 
surrounding environment. High-level waste (HLW) is the main focus of attention, although it 
comprises only about one per cent of all radioactive waste by volume. The main scope for volume 
reduction is within low-level waste (LLW) and intermediate-level waste (ILW). Both ILW and HLW 
require shielding, so the handling and conditioning may be in hot cells of various kinds to provide that. 
 
The nuclear industry is highly regulated with very stringent licence and operational requirements, but 
concerns about the safety of high-level and low-level nuclear waste are real. In the 28 years of 
operation at Koeberg, the total spent fuel assemblies produced by the 1800 MW power plant could fit 
on less than half a tennis court. This waste is stored at the Koeberg site as the volumes are so small. 
However, South Africa should embark on waste-minimisation processes. Research is needed on 
reprocessing the spent fuel, which would further reduce the volume of waste. 
 
Together with wind, nuclear is the lowest carbon emitter of all energy sources at 12 g of carbon 
dioxide per kWh consumed. The Electricity Map (available at www.electricitymap.org) shows in real 
time the energy mix and carbon dioxide emissions of various countries around the world. 
 

http://www.electricitymap.org/
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With regard to safety, it is impossible to forget incidents such as Chernobyl, Three Mile Island and 
Fukushima, but in fact these accidents resulted in very few deaths or injuries. In statistics released by 
the World Health Organisation, nuclear energy is rated as the safest form of energy production.  
 
Take home points: 

• Nuclear energy has the lowest carbon footprint of all. It also has the lowest physical footprint, 
limiting the environmental impact to a smaller area even better with modular reactors.  

• Nuclear energy has the highest capacity factor (available electricity at all times). 

• It has the lowest mortality rate of all energy sources.  

• It also produces the least amount of waste of any energy source.  

• It lasts up to three times longer than other power plant technologies. 

• Wind and nuclear are the smallest polluters of all energy sources. 

• The mortality rate due to nuclear energy is lower than any other energy source. 

• There is a need to educate all stakeholders and deal with the fear of nuclear.  
 
Discussion  
 
Questions/Comments 
Prof Elvis Fosso-Kankeu, North-West University: What are the limitations of fluidised bed technology 
and why power stations not all adopting the technology? 
 
Response from Prof Sanette Marx 
Existing plants are too old to convert. Newer plants are using this technology.  
 
Prof Eloff, SAASA: How does liquefaction work; what chemical reaction is required and is the water 
used recyclable? 
  
Response from Prof Sanette Marx 
A mix of carbon and oxygen is employed in the liquefaction process. The water is not recyclable.  
 
Question: If only publishing at this stage of the research, how has it been possible to get funding to 
carry on?  
 
Response from Prof Sanette Marx 
Only some relevant publications have been mentioned here; there are many more publications 
covering this work. There is considerable interest from industry, which has assisted in getting funding, 
and the North-West University has an excellent knowledge transfer office.  
 
Ms Jansie Niehaus, NSTF: Universities have commercialisation offices, but there is a need to 
publicise what is happening at universities. That will perhaps encourage investment. 
 
Dr Pulane Molokwane, National Planning Commission: There is room for all energy sources in the 
mix. The discussion around nuclear is not about the technology but is political. Politics and science 
need to be separated. There are worries about safety with regard to nuclear energy, but the figures 
show that this is not an issue. There will always be space for nuclear in the energy mix. It has been 
shown across the world that thriving economies have doubled or trebled their nuclear investment. 
There are some industries that cannot be run on renewables, so there must be room for all energy 
sources and we should not play one off against another. Cost comparisons are very difficult as 
renewables that piggy back on existing infrastructure do not take account of the full cost of provision 
to consumers. Costing needs to be reviewed, especially of Eskom tariffs. 
 
Response from Prof Sanette Marx: There is a fit-for-purpose scenario for all energy sources, and 
care should be taken to assess fit before any technology is employed.  
 
Lindiwe Bakopane, Central University of Technology: The information presented at the discussion 
forum will be shared with students at the Central University of Technology. In the presentations there 
has been much vindication for nuclear, since it is shown to be a space and energy saver. It is clear 
that there is a need for a balance of renewables, nuclear and co-firing of coal in the provision of 
sustainable energy. What are the levels of exposure to radioactivity from nuclear energy?  
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Response from Dr Pulane Molokwane 
South Africa has very stringent regulations regarding radioactive material. Storage depends on the 
type of radioactive material and includes specialist storage tanks. All radioactive materials and waste 
are safely stored.  
 
Prof Eloff, SAASA: what happened with the pebble bed reactor? 
 

Response from Dr Pulane Molokwane 
Eskom is researching an improved version of the pebble bed reactor. Nationally it is important to 
prioritise funding for initiatives like the pebble bed reactor. 
 
TRACK B: ECONOMIC SUSTAINABILITY OF ENERGY SOURCES 
Chair: Ms Debbi Schulz, NSTF Communication 

 
Questioning the existence of an economic producible shale gas resource in the southern Main 
Karoo Basin based on results of the CIMERA-KARIN drilling project – Prof. Nicolas Beukes, 
DST-NRF Centre of excellence for Integrated Mineral and Energy Resource Analysis (CIMERA), 
University of Johannesburg 
 
One of the eight research focus areas of the Centre of Excellence for Integrated Mineral and Energy 
Resource Analysis (CIMERA) is fossil energy resources of the Karoo-aged basins. Prof. Beukes 
presented a research project, the Karoo Research Initiative (KARIN), which looked at methane gas 
potential from fracking in the Karoo.  
 
Numerous collaborators were involved in the project, the main aim of which was to establish the 
maturity and shale gas potential of the Ecca Group in the Main Karoo Basin, focusing on a specific 
rock succession known as the Whitehill Formation, through direct measurement of gas content. Core 
material drilled by the previous South African Oil and Gas Corporation in the 1960s and 1970s was 
unusable. In addition, data from other areas in the world could not be used because Karoo 
succession is unique and no modern desorbed or adsorbed gas measurements, and very few rock 
evaluation analyses, were available. Current estimates of shale gas resources in the southern Main 
Karoo Basin are at best speculative or inferred and highly varied.  
 
After ten years of speculation, the assumption remains that South Africa does have an economic 
shale gas resource and thus should prepare for developing this resource. Exploration permits have 
not been awarded, and the basic question of whether the Whitehill Formation really contains an 
economically extractable resource of shale gas remains unresolved.  
 
The CIMERA-KARIN drilling project drilled two deep cores, investigated another core near Colesberg 
and did the first true desorbed gas measurements on site followed by adsorbed gas measurements in 
the laboratory. The project was completed within 21 months and proved to be cost effective. About 
ten students continued to do work on different aspects of the drill cores, and further publications were 
anticipated. It was concluded that the shale gas potential may be much lower than initially estimated. 
The rocks are over-mature; only dead carbon remained and the gas had been expelled, with small 
trapped pockets possibly remaining. Perhaps small resources of natural gas have been preserved, 
but this type of exploration differs altogether from shale gas exploration. The lowest shale gas 
resource estimates of approximately 13 trillion cubic feet (Tcf) (40 to 30 times lower than original 
estimates) are currently the most realistic, noting that this is calculated in an area where the Whitehill 
Formation is deeper than 1500 metres; the percentage of dolerite intrusion is less than 20%; and 
vitrinite reflectance values are less than 3.5% Ro. 
 
In the light of the conclusions, the question of whether South Africa actually has an economically 
viable shale gas resource becomes very relevant and of utmost importance to answer. The main 
concern was that an economic resource of shale gas should be concentrated in a very small area of 
900 km2 (producing 0.2 Tcf) and not over the vast 70,000–90,000 km2 as required for the calculation 
of 19–23 Tcf according to the Academy of Science of South Africa (ASSAf) report of 2016, ‘South 
Africa’s Technical Readiness to Support the Shale Gas Industry’.  
 
In order to decide whether or not the shale gas potential is sufficiently promising, it would be 
necessary to convince the public about the need for first phase exploration (done by a big oil 
company under very strict conditions), based on the fact that initial true shale gas measurements, 
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combined with the over-maturity of organic matter, indicate that there is little chance that an 
economically viable shale gas resource is actually present. Such a step would avoid unnecessary 
environmental concerns and legal battles that merely delay things further. It would also be necessary 
to issue licences urgently to interested companies to properly evaluate the shale gas resource 
potential through first phase exploration under regulations, as prescribed in the ASSAf report.  
 
Prof. Beukes suggested that more information on shale gas potential in South Africa was essential, 
particularly as the discovery of substantial shale gas resources would have an important impact on 
the country’s economy. However, efforts to establish shale gas resources in the Karoo have possibly 
been overtaken by recent developments, such as Shell’s statement that its explorations in the Karoo 
would be cut down whilst clarity on the Minerals and Petroleum Resources Development Act, 
technical regulations and an exploration right award decision were awaited, and that it would consider 
continuing its Karoo project should exploration rights be awarded and a clear and supportive 
legislative and regulatory framework as well as competitive commercial terms be put in place. The 
Council for Geoscience core (near Beaufort West and in the middle of the area of concern), which has 
not yet been drilled, was possibly the only hope to further investigate the shale gas potential of the 
southern Karoo Basin. 
 
Discussion 
 
Question: Was the work done on the KARIN project shared with the project led by the CSIR that 
used ‘no gas, small gas and big gas’ thinking?  
 
Response: The authors of the CSIR report based all their work on things that were already published. 
The results of the KARIN project were published in October 2015. Shale gas fits into the small gas 
category where there is enough concentration in a very small area to ensure economic viability. 
 
Question: Is the gas south of Mossel Bay in the same geological area as the shale gas? 
 
Response: The gas in Mossel Bay is a very big reserve (not a resource) estimated to be 1 Tcf, 
whereas the lowest estimate for shale gas is 13 Tcf, but it is found in an altogether different geological 
succession. 
 
Economic aspects of the country’s energy mix – Mr Jarred Wright, CSIR Energy Centre 
 
The context of Mr Wright’s presentation was research completed at the beginning of 2017 as well as 
new research in the electrical sector. 
 
The deployment of solar photovoltaic and wind technologies in terms of global annual new capacity 
grew significantly between 2000 and 2017. Subsidy-driven programmes around the world have 
brought down the costs of these technologies as the volumes deployed started to increase. The result 
was that the technologies have become cost competitive with the alternatives (i.e. any new build 
technologies) over the last four to five years. At the end of 2017, about 540 gigawatts (GW) of wind 
and 400 GW of solar were deployed globally, driven mainly by China and Europe, while 2.1 GW of 
wind and 1.5 GW of solar photovoltaic (PV) and concentrated solar power (CSP) were installed in 
South Africa.  
 
The South African energy supply is dominated by domestic coal, while most oil and liquid fuels are 
imported. Electricity makes up about one quarter of the country’s overall energy consumption with an 
annual electricity demand of about 235 terawatt hours (TWh). The Department of Energy’s (DoE’s) 
Renewable Energy Independent Power Producer Procurement Programme showed that wind, solar 
PV and CSP have had substantial cost reductions over a four-year period. Residual load is 
predominantly coal-fired, but also comprises electrical capacity from nuclear, diesel fuel and gas. 
Available wind and solar PV resources that have already been applied for by businesses and 
developers and within renewable energy development zones were assessed in the CSIR’s research. 
 
The work done to assess the economic impacts of the various energy mixes for the country formed 
part of the DoE’s central energy planning framework for South Africa and looked at three scenarios 
using different mixes to fill the gap between the high and low demand forecasts, applying cost 
principles and addressing reliability constraints to ensure energy availability at all times. Declining 
technology costs have a considerable impact on long-term planning outcomes.  
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The draft Integrated Resource Plan (IRP) 2016 base case scenario progresses towards a mix of one-
third each of coal, nuclear and renewable energy by 2050. The draft IRP 2016 carbon budget 
scenario takes into account more strict carbon limits placed on the power system in the future, and 
therefore employs no new coal, nuclear, a lot of wind and solar PV as well as gas. Inherent limits are 
placed on the annual build-up that the country is assumed to be able to deploy in terms of solar PV 
and wind. The least-cost scenario deploys considerable solar PV and wind as well as flexibility with no 
new investments in coal and nuclear capacity. It aggressively pursues the use of renewables and 
provides only slightly less coal in 2030 than in 2016. All scenarios being put into the public domain 
and being considered by the DoE have a significant gas requirement whether sourced from domestic 
shale or from imported liquefied natural gas. An important policy decision would have to be taken in 
this regard. In addition, wind and solar PV are needed in different volumes across all the scenarios. 
Similarly, hydro capacity is built into all the scenarios.  
 
Conservatively, by 2030 the least-cost scenario will cost about R370 billion per year, the carbon 
budget scenario about R400 billion per year and the base case scenario about R380 billion per year. 
By 2040, when the power system would have grown and more least-cost technologies are deployed, 
the least-cost scenario would cost about R35 to R40 billion per year less than the other two options. 
By 2050, if the least-cost scenario is deployed, total electricity system costs would be R627 billion per 
year, significantly cheaper than the alternative options. 
 
All the scenarios are well below the peak plateau decline (PPD). The PPD commitment made by 
South Africa is not very ambitious and more could be done to decrease carbon dioxide emissions. 
The least-cost scenario emits 15% less carbon dioxide than the carbon budget scenario and 65% less 
than the base case scenario by 2050. 
 
Water usage in the electricity sector is set to decline towards 2050 as the coal fleet is 
decommissioned.  
 
The research also looked at potential job creation opportunities (direct and supplier jobs) from the 
three scenarios. Job opportunities are expected to increase as renewable energy is increasingly 
deployed and the country transitions away from coal in the long term. It is important to realise that the 
coal sector will not disappear completely, even in the long term, although a more aggressive PPD 
might be necessary. The least-cost scenario would create 10–20% more jobs by 2050 relative to the 
other two scenarios, and the absolute number of jobs that can be created in the sector would grow 
because of a growing power system. There is still time to make decisions about the social plans 
needed in the country in order to transition away from coal to future alternative renewable energy 
options, and put the necessary policies in place to ensure that people who are displaced in that 
industry can be re-trained and re-skilled or placed in more sustainable industries in the future. 
 
If it is assumed that battery storage costs will come down significantly in the future and solar PV and 
wind are more aggressively deployed in terms of their costs, the share of renewables would grow to 
over 85% by 2050, and gas would be displaced. A significant deployment of storage would result in 
the consequent deployment of solar PV and the displacement of gas. Expected renewable energy 
and storage cost reductions would mean a slightly faster reduction in carbon dioxide emissions and 
water usage, and lower emissions by 2050. 
 
Conclusions: 

• Favourable technology costs, a world-class solar and wind resource and large geographical land 
areas mean that new build capacity in South Africa should predominantly be solar PV or wind, 
complemented by flexibility.  

• Energy mix transitioning to a considerable percentage of renewable energy by 2050 can be 
achieved in South Africa at least cost with less carbon dioxide emissions, lower water usage and 
opportunities for increased job creation. 

• Battery storage does not change outcomes in the electricity sector as it is generally believed, but 
notable differences do occur, particularly in terms of future gas requirements.  

 
The CSIR Energy Centre will be doing research on ‘sector coupling’ opportunities using excess solar 
PV and wind. 
 



NSTF Discussion Forum: Sustainable Energy for all in South Africa 

15 

Proceedings of 16–17 April 2018 

Discussion 
 
Question: In order to benefit optimally from using PV, should the panels be mounted on the roof or 
on the ground? 
 
Response: This topic is being actively researched. There is no answer yet as to what the share 
should be. The resource is not as good in urban settlement areas as in places such as the Northern 
Cape. Costs are higher if used in sub-optimal resource areas. It is a much more professional product 
at utility scale, perfectly aligned with the sun. Other dimensions apart from cost need to be 
considered. Community-owned solar PV provides a big opportunity for rural areas that the grid does 
not reach.  
 
Question: As more and more renewables are being used, how does future grid connectivity look? Are 
any regulatory reforms required?  
 
Response: There will have to be enabling regulations to do this. The democratisation of the entire 
energy space will become a future focus. Alternative energy as opposed to just electricity is another 
issue. The deployment of liquid petroleum gas (LPG) as opposed to trying to extend the grid to every 
household is something that the DoE is strongly considering.  
 
Question: Much has been said in the popular press about investing in nuclear. What do the possible 
case scenarios present about nuclear energy?  
 
Response: Looking at the differences between three energy mixes, the least-cost system does not 
have nuclear. It should be implicitly assumed that the least costly system would be chosen. However, 
the broader socioeconomic impacts of a nuclear investment could be argued, and whether that could 
compensate for the cost difference. It would be difficult to justify an energy mix that is not as cheap as 
it could possibly be, particularly in a developing country. 
 
Question: Conventional steam generation is a reliable source of energy whereas wind, for example, 
is far more variable. One argument is that wind is almost impossible to manage from the perspective 
of the grid. Is this factor considered the cost equation and if so, how?  
 
Response: Typically, power systems operate from a base supply of energy (coal and nuclear) that is 
very capital intensive and is run as much as possible. Other sources of energy (such as wind) are not 
baseload and have to be filled by kilowatt hour (kWh) from baseload. Variable energy supply, such as 
wind, can be scheduled day to day at an operational level from forecasts. Uncertainty is taken into 
account. It possible to manage variable resources from a power systems perspective, ensuring 
energy reserves co-optimisation. The question that needs to be asked is about the cost of forecasting 
the resources relative to using only baseload. An adequate power system (as a high level) can be 
achieved if peak demand requirements can be met with dispatchable capacity (i.e. can be relied on all 
the time), such as hydro and gas.  
 
Question: In terms of the renewable energy mix that is part of the DoE’s procurement programme, 
not all the renewable energy has a 20-year lifespan. Has this been taken into account in the 
modelling? 
 
Response: The long-term energy planning process explicitly considers the technical and economic 
lifetime of any project, and all these aspects are included in the modelling approach. The least-cost 
outcome then chooses the best things that would meet energy requirements into the future. The 
modelling uses the same approach and software tool used by the DoE, using different assumptions.  
 
Question: Has any of the integrated Southern African Power Pool perspective been taken into 
account in the modelling? 
 
Response: The approach is to meet national needs first as opposed to looking at regional needs and 
possible imports, with some exceptions in relation to hydro. Regional integration and synergies 
between countries have not yet been looked at (some countries have better resources than others). 
This will be the next step in the research, depending on funding. Master planning is done at the 
regional level, but it has not been revised for several years. The CSIR is interested in doing a revision 
at regional level. 
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Question: Has the sustainable supply of material (such as scarce metals, lithium, rare earth 
elements) to make the technology required for renewables been taken into consideration? 
 
Response: This aspect has not been taken into account. It would be interesting to include it in the 
cost projections. 
 
Question: The market for rooftop PV with storage for residential use has moved slowly, and prices 
have increased. Much R&D is being done in technology for storage. Will PV with storage (going off 
the grid) have an effect on the modelling if the prices come down? 
 
Response: Yes, it will. The CSIR is investigating this in detail. Analyses are being done to look at 
tipping points at which it is optimal for different types of end-users to go off the grid and become more 
energy self-sufficient. This could be expanded to look at the impact on municipalities and Eskom. It is 
likely that more end-users will start adopting PV with storage if costs come down. Electrification of the 
transportation sector and the use of that storage is probably where the cost drivers will come from. 
Batteries in electric vehicles will push the costs down. A fleet of electric vehicles is a large storage 
mechanism that can be used. There will be substantial benefits if this is aggregated for use on the 
power system, and could displace the gas requirement in the energy mix model.  
 
Question: Who funded this research and where is it disseminated? 
 
Response: The work is sponsored by the CSIR and is available on the CSIR Energy Centre website. 
This research formed part of the CSIR’s comments to the DoE in 2017 as part of the IRP process, 
and has been shared at national government level and is publically available. 
 
Question: Have ancillary services and the cost of automation for load shifting, energy management 
and electric vehicle management been factored into the models? 
 
Response: Ancillary services, at least the reserve requirements, have been factored into the models. 
Frequency control is presented as separate work. The outcomes could be shared. The overall cost 
impacts were found to be in the region of an increase of 0.7% to 1.4 % by 2050.  
 
Interpreting carbon tax – Ms Candice Gibson, Cliffe Dekker Hofmeyr 
 
The electricity sector produces most of South Africa’s carbon dioxide emissions. Reliance on low-cost 
fossil fuel-based electricity generation is one of the main reasons for the carbon-intensive nature of 
South Africa’s economy. A decrease in the emission of greenhouse gases (GHGs) or carbon dioxide 
equivalents into the atmosphere will assist with improving sustainable development and assist in 
decreasing the effects of climate change. The implementation of carbon tax is said to allow South 
Africa to meet its nationally determined contributions (NDCs) as required by the Paris Agreement on 
Climate Change. 
 
Carbon tax is levied on the sum of GHG emissions of a taxpayer, expressed as the carbon dioxide 
equivalent of those GHG emissions. Tax is based on fossil fuel inputs and the use of approved 
methods stipulated in the National GHG Reporting Regulations published by the Department of 
Environmental Affairs (DEA). The proposed rate of tax is R120 per ton of carbon dioxide equivalents 
on the GHG emissions of a taxpayer. National Treasury has indicated that there are approved 
procedures or emission factors available to quantify carbon dioxide equivalents with a relatively high 
level of accuracy for various processes and sectors. 
 
South Africa’s Carbon Tax Policy process began in 2006 with a discussion paper. Since the 2009 UN 
Conference on Climate Change, when South Africa committed to reduce GHG emissions by 34% in 
2020 and 42% in 2025, the Carbon Tax Policy Paper, Draft Carbon Offset Regulations and Draft 
Carbon Tax Bill have been published. In 2016, South Africa ratified the Paris Agreement, which 
comes into operation in 2020 and aims to collectively address the threat of climate change in the 
context of sustainable development, and includes efforts to eradicate poverty. The Paris Agreement 
seeks to reduce carbon emissions globally and ensure that the globe does not exceed temperature 
increases of 2°C. Following the 2018 Budget Speech, it was indicated that the Carbon Tax Bill could 
be expected to be enacted by the end of the year, and the proposal to implement carbon tax would 
take effect from 1 January 2019. 
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Carbon tax would be implemented in two phases. The first phase is expected to last between four and 
five years from the date of implementation of carbon tax and will include the roll out of numerous tax 
incentives and revenue recycling measures without a resulting knock-on effect on the price of 
electricity and related costs. The aim is for carbon tax to be revenue neutral in the first phase, 
allowing for any revenue generated during this time to be recycled to fund measures to assist with the 
transition to a lower carbon economy. During the second phase, new regulatory instruments would be 
included in future climate change legislation. Design features of the proposed carbon tax in the first 
phase provide for the following revenue/tax free allowances:  

• Basic tax-free threshold of 60% 

• Industrial process emissions allowance of 10% 

• Fugitive emissions allowance of 10% 

• Trade exposure allowance of between 5% and 10% 

• Performance allowance not exceeding 5% of the total general GHG emissions of the taxpayer 

• Carbon budget allowance of 5% 

• Carbon offset allowance of 5–10% 

• No impact on the price of electricity during the first phase. 
 
The thresholds allow businesses to adapt and transition to low carbon alternatives during the first 
phase. Carbon offset is an external investment that allows a firm to access GHG mitigation options at 
a lower cost than investment into its current operations through approved projects that would be likely 
to generate sustainable development benefits and employment opportunities in South Africa by 
encouraging investment in energy efficiency and renewable energy and rural development projects, 
amongst others. Carbon offsets can be generated through investments outside a taxable entity’s 
activities that result in quantifiable GHG emissions reduction. The Designated National Authority 
within the DoE will be responsible for administering the carbon offset scheme. Revenue recycling 
measures include: 

• Energy-efficient tax incentives 

• Credit against Eskom’s carbon tax liability for the renewable energy premium built into the 
electricity tariffs 

• Credit for the electricity levy 

• Support for the installation of solar water geysers 

• Enhanced free basic electricity/energy for low-income households 

• Improved public passenger transport and support for shifting freight from road to rail. 
 
Anyone who conducts an activity resulting in GHG emissions above the threshold determined in 
Schedule 2 of the Carbon Tax Bill is liable for carbon tax. The Carbon Tax Bill suggests that carbon 
tax be treated as an environmental levy in terms of the Customs and Excise Act, which requires that 
environmental levy accounts and payments must be submitted biannually. The administration of 
carbon tax will largely lie with the South African Revenue Service (SARS) working together with the 
DEA and the DoE. 
 
The first round of public hearings in respect of the Carbon Tax Bill was held on 14 March 2018. 
Numerous participates submitted submissions, made representations setting out comments and 
reservations in respect of the Carbon Tax Bill, and made proposals for consideration in respect of the 
implementation of the Carbon Tax Bill. Key stakeholders indicated their support for South Africa’s 
transition to a lower-carbon, more climate-resilient economy and raised concerns. Numerous 
recommendations were proposed by participants. Issues for consideration include: 

• The detrimental financial impact that the implementation of carbon tax could have on struggling 
business and sectors. 

• Emission-intensive goods becoming more expensive than those that are less emission intensive, 
affecting South Africa’s already struggling economy  

• Alignment with the GHG reporting regulations and SARS enforcement capabilities due to the fact 
that carbon tax is administered through self-assessment  

• Potential health benefits due to improvements in respect of air pollution and traffic congestion, the 
health of ecosystems and access to modern energy, as opposed to financial impacts resulting 
from carbon tax. 

 



NSTF Discussion Forum: Sustainable Energy for all in South Africa 

18 

Proceedings of 16–17 April 2018 

Discussion 
 
Question: What is the difference between a performance allowance and carbon offset allowance?  
 
Response: The schedules will indicate either a performance allowance or a carbon offset allowance 
in terms of a specific activity related to a particular sector. There could be areas of overlap.  
 
Question: Why not consider alternative instruments/tools to complement tax that is already difficult to 
implement in difficult economic conditions, especially as consumers will carry the increased costs? 
 
Response: Although some countries that have already implemented a carbon tax are seeing results, 
many people are under the impression that carbon tax is the only way forward. Alternative options 
need to be explored particularly in overtaxed economies. 
 
Questions: Is it correct that large companies can afford the implications of carbon tax, while smaller 
companies will struggle? Do you think that carbon tax will be implemented?  
 
Response: No. DEA is more likely to focus on compliance of the big mining houses and large 
companies, and it will be easier for SARS to track the emissions of larger businesses. Carbon tax in 
some form will go ahead, but possibly not to the extent that the Bill is currently drafted. 
 
IMPLEMENTATION OF CLIMATE CHANGE ACTIONS IN SOUTH AFRICA – DAVID MOTSEPE 
CHIEF DIRECTORATE: NEAR-TERM PRIORITY CLIMATE CHANGE FLAGSHIP, DEPARTMENT 
OF ENVIRONMENTAL AFFAIRS 
 
From the perspective of the Department of Environmental Affairs (DEA), the UN Conference of the 
Parties (COP17) and Kyoto Protocol (CMP7) conference held in South Africa in 2011 set a milestone 
for South Africa and led to the ratification of the Paris Agreement in 2015.  
 
In ratifying the Paris Agreement, South Africa committed to:  

• The submission of a progressively ambitious nationally determined contribution (NDC) every five 
years. The first NDC was submitted in 2015 covering 2025–2030 and included adaptation, 
mitigation and a support component for national scale programmes requiring implementation 
support 

• The development of scale-up policies and measures to implement the NDCs 

• Accounting for the extent to which the goals of the NDC have been met 

• The submission of regular reports including biennial reports to the UN Framework Convention on 
Climate Change (UNFCCC) on development in implementing the national climate response 
including adaptation 

• The development of a long-term low carbon development strategy. A pathway for the reduction of 
emissions has been developed. 

 
The South African government has developed an overall governance framework for the reduction of 
greenhouse gases (GHGs). This framework is based on the assumption that GHG emissions will 
peak in 2025, plateau between 2025 and 2035, and decline thereafter within an emission trajectory 
range of 398 to 614 metric tons of carbon dioxide equivalent. The governance framework comprises 
four key elements that will be implemented in phases, namely: mitigation potential analysis, carbon 
budgets, mitigation plans and GHG reporting system. 
 
Climate change action and scale-up will be through the Climate Change Flagship Programmes, which 
will provide a project pipeline and rollout mechanism. The flagship programmes include national, 
provincial and local authorities and all sectors of the energy economy. Monitoring and Evaluation will 
be an inherent part of the Flagships’ mandate. 
 
The flagships that have been established are: 

• Agriculture, food systems and food security 

• Energy efficiency and demand management 

• Carbon capture and storage 

• Land, oceans, biodiversity and ecosystems 

• Low carbon, climate resilient built environment 
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• Low carbon resilient transport systems 

• Renewable energy 

• Waste management 

• Water conservation and water demand management  

 
The climate change flagship programmes respond to the three key challenges facing South Africa and 
other countries as global efforts to address climate change intensify:  

• Demonstrating the course of actions needed to respond to climate change effectively and 
efficiently, and unlocking and realising significant social and economic benefits 

• Attracting resources at the scale required to enable meaningful transformation (i.e. at the scale 
that effectively limits atmospheric GHG emissions and/or enables adaptation to the impacts of 
unavoidable climate change)  

• Igniting national-scale action at the speed required to respond to climate change (i.e. limiting 
GHG emissions and/or enabling adaptation change with the necessary urgency).  

 
South Africa already has a well-developed base for mitigating climate change and building climate 
resilience. 
 
There is increasing sophistication with regard to the emerging climate finance landscape, involving 
market mechanisms, finance instruments, climate funds, risk-mitigation tools, enhanced access to 
funding and South Africa’s Green Climate Fund Strategic Framework. 
 
With respect to energy efficiency in public infrastructure and buildings programme, all spheres of the 
South African government (national, provincial and municipal) have contributed measurably to 
national GHG mitigation and energy-efficiency targets. This contribution was made by applying cost-
effective mechanisms for energy-efficiency interventions in public infrastructure and buildings, and 
demonstrated that GHG mitigation targets can be met and flagship programmes can be implemented. 
 
A loan book model has been developed for linking the Global Climate Fund (GCF) to the Climate 
Change Flagship Programmes, which provides a structure for loans. Funds will be managed by the 
Industrial Development Corporation (IDC) through Energy Services Companies (ESCOs) and an 
Energy Efficiency Project Support Office. According to the model, there will be guaranteed savings. 
The model is designed to unlock opportunities for projects that can reduce emissions.  
 
South Africa’s climate change response includes the NDCs to UNFCCC, the establishment of the 
GCF national programme and the development of a tool to develop a portfolio of Nationally 
Appropriate Mitigation Actions (NAMAs). The loan book model has been developed to minimise risk to 
all, including the private sector, and will hopefully attract participation. Applications for funding have 
been made to the GCF.  
 
Discussion 
 
Questions/Comments 
Debbi Schultz, NSTF: When you talk of, transformation is this transformation of the industry or is this 
from the BEE perspective? Apart from carbon tax, you mentioned carbon trading. Could you please 
explain this? 
 
Prof Elvis Fosso-Kankeu, North-West University: What is the basis for the 2030 baseline, and are we 
likely to meet the baseline emissions target? 
 
Joseph Lephallo, African Technological Solutions (Pty) Ltd/VUT: Is waste management included, and 
how could one get involved in recycling? 
 
Jermyn Madonsela, African Technological Solutions (Pty) Ltd/VUT: You spoke about reducing GHG 
emissions. Is this a shift towards new technology, and what will be done about the carbon dioxide 
already in the atmosphere? 
 
Response by Mr David Motsepe, Department of Environmental Affairs (DEA): Transformation in this 
context relates to transforming to a lower carbon economy, not to black economic empowerment. 
New technologies will be employed to reduce carbon emissions but this is only one part of the 
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initiative, and issues such as carpooling and the use of alternative transport systems will also be 
important. Waste is a critical component of mitigation measures, and demonstrations of technologies 
and processes will be part of the means of assisting municipalities in this regard. Involvement from all 
would be welcomed. The baseline for emissions is based on pre-1998 statistics. We do not anticipate 
that the targets will not be met. Carbon trading is still under discussion. DEA plays a coordinating role 
in the climate change domain and can refer experts to the appropriate departments if required. 
 
Question 
Prof Maseka Lesaoana, University of Limpopo: Waste water management in Limpopo is dysfunctional 
and we have been unable to get a response from the Department of Environmental Affairs in the 
province. How can we ensure that the legislation is enforce? 
 
Response from Mr Motsepe, DEA: A study on waste water has been conducted by the Water 
Research Commission. Addressing water-related problems is the responsibility of the Department of 
Water and Sanitation. 
 
Response from Dr Tsepang Makholela, DEA: The DEA could put you in touch with the appropriate 
people so that they can inform what they are doing to correct the situation. 
 
Question 
Debbi Schultz, NSTF: It is important to involve the business sector in the NSTF discussion forums. In 
order to do so it is important that they are informed of how to approach government, whether 
government is interested in their offerings, and how they access funding. Could you assist with this? 
 
Response from Mr Motsepe, DEA: In the area of energy efficiency, the SANEDI and the Department 
of Energy issue calls for proposals. Companies can then register on the ESCO website. Once NAMA 
is fully operational, municipalities will also be listed as well as the SME sector. Government has 
mechanisms such as the Small Enterprise Programme that can assist. 
 
Response from Dr Tsepang Makholela, DEA: To fast track any enquiry, it could be sent directly to the 
Minister, who will pass it on to the line department concerned.  
 
Question 
Mr Jarrad Wright, CSIR: Since 70% of emissions come from the electricity sector, could we not focus 
on that sector in order to fast track the reduction of emissions? Since 70% of emissions are in the 
electricity sector, could we focus on that sector in order to fast track emissions? 
 
Response from Mr Motsepe, DEA: With the new policies, it will be possible to reduce emissions in the 
energy sector. 
 
EFFICIENT ELECTRIFICATION INITIATIVE UPDATE – BARRY MACCOLL, SENIOR REGIONAL 
MANAGER, ELECTRIC POWER RESEARCH INSTITUTE (EPRI), EFFICIENT ELECTRIFICATION 
INITIATIVE 
 
The Electric Power Research Institute (EPRI) recently published a report in the USA on energy-
efficiency electrification, which provides useful information for energy planning. This study could be 
replicated for the African region. 
 
Three key aspects of EPRI and of why they can make a contribution to the debate on energy and 
electricity are: 

• It is an independent organisation and therefore objective, and provides scientifically based results 
that address reliability, efficiency, affordability, health, safety and the environment 

• EPRI has no shareholders and is a non-profit organisation. Membership fees cover expenses, not 
profit generation. The charter of the organisation is to serve the public benefit. 

• The collaborative model of EPRI, with approximately 400 past and present members, brings 
together scientists, engineers, academic researchers and industry experts. 

 
EPRI members generate approximately 90% of electricity in the USA, but the organisation is 
transforming from its American roots, and 30% of its members are now international (rather than from 
the USA. EPRI would like to increase its knowledge base in Africa and to contribute to the knowledge 
base in African countries. There is a preference to work not only with electricity producers such as 
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Eskom but also with other bodies who have a presence in the region. Funding agencies might also be 
prepared to provide funding in the light of the impact on climate change.  
 
According to the findings of the US National Electrification Assessment, it would appear that 
electrification is good for the planet. Electricity is an efficient way of powering what is needed and is 
good for society and for the environment if used and produced efficiently, and also good for the 
economy because of its efficiency as an energy source. The full report is available at 
http://www.epri.com/#/pages/sa/us_national_electrification_assesment 
 
Input to the Regional Economic Greenhouse Gas Energy Model (REGEN) employed four tasks to 
assess State and Utility Electrification: 

• Task 1 Energy system assessment supply and demand of electricity data hungry 

• Task 2 – Environmental Assessment - GHG Emissions and Air Quality 

• Task 3: High-level transmissions impact assessment  

• Task 4: Utility-level electrification Assessment and Implementation Plan 
 
The outputs of the model are in the three areas of transportation, buildings and industry (which 
includes agriculture). 
 
Outputs of the study indicate that the biggest use of energy is the transport sector: 

• Transport 44% (96% of which is from fossil fuels) 

• Buildings 30% (56% of which is from fossil fuels) 

• Industry 26% (61% of which is from fossil fuels). 
 
The potential for efficient electrification varies by end-use application. In developing the energy mix 
and mitigation strategies, it is important to know where energy is being used. Four scenarios were 
developed for the electric sector generation mix over time by technology, namely: conservative, 
reference, progressive and transformation. The use of coal declines in all these scenarios, nuclear 
energy stays constant but does not grow, and renewables show good growth. Electricity has grown 
steadily from 3% of total energy consumption in the USA in 1950 to 21% today, but it is predicted that 
there will be a gradual decline in energy consumption in the USA by 2050. 
 
The drop in energy consumption is partly structural, for example, the use of carpooling or mass 
transport, but also social with more people working from home. In the USA there is a move by 
organisations to establish themselves in more moderate climate zones, thus using less heating and 
cooling. Efficiency improvements will also contribute to the drop in consumption of electricity, for 
example, smaller cars, energy-efficient light bulbs and clever electrification such as heat pumps. 
 
In the four scenarios, final energy demand will go down, electricity will grow and natural gas use will 
grow in some scenarios. Carbon dioxide in the USA will drop in all four scenarios.  
 
Future energy-saving technologies include: 

• Future space/water heating opportunities, including next-generation heat pump water heating, 
alternatives to natural gas or electric on-demand systems, and community advanced geothermal 
heat pump systems 

• Infrastructure options for heavy duty electric vehicles, including in-route intermittent overhead 
charging, in-route wide gap inductive charging between road and vehicle, continuous overhead 
and destination of depot charging 

• Electric heavy duty trucks: The Tesla Semi shows excellent progress in efficiency. 
 
There will be growth of electrification in the transport domain. 
 
Seven critical success factors are required to address energy poverty in southern Africa: 
1. Leadership: Country level leadership from the President down 
2. Funding: Investment risk and business planning to attract investment 
3. Master plan: Agreement is needed across the energy sector on a mix of renewables and grid 

electricity as well as micro grid and off-grid solutions. An energy CODESA is suggested. 
4. Expertise: EPRI can provide knowledge and expertise 
5. Technology 
6. Project management or project capacity to roll out large infrastructure projects 
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7. Community involvement: Unless the community favours the solution, it will not succeed. 
 
Discussion 
 
Questions/Comments 
Debbi Shultz, NSTF: What is the difference between what does EPRI does as opposed to local 
organisations? 
 
Prof Elvis Fosso-Kankeu, North-West University: What would be the relevance and approach of EPRI 
in Africa given that Africa is so different from the USA? There is very little data on energy 
consumption on the African continent.  
 
Philip de Vaal, University of Pretoria: The model that was shown is strongly US focused. If the model 
were rolled out in Africa, would solutions to energy-related problems in Europe, especially Northern 
Europe, also be considered? 
 
Jarrad Wright, CSIR: It would be important to ensure that open modelling is used in South Africa. 
 
Precious Mpepele, South 32: How can we help Eskom to focus and forecast better?  
 
Response 
EPRI has great respect for the modelling being done at the CSIR and other institutions in South Africa 
and would seek to work with these parties to model regional information. Open source and open 
access would be important considerations. On the issue of collaboration it is sometimes necessary to 
remind EPRI that it works in two directions – listening and telling. There are many institutions in Africa 
that could share information with EPRI and from which EPRI could learn about local conditions. 
 
It is important not to take a US model and plug it into Africa. EPRI has extensive technological ability 
but not necessarily contextual information regarding Africa. It would be important to first establish the 
context and then design the technology. In the spirit of the dialogue, there should be a focus on using 
open data and open models. 
 
REGEN is a data-gathering and modelling process designed for the USA, but it is adaptable and 
would have to be reworked to incorporate African realities.  
 
TRACK A FEEDBACK: ENVIRONMENTAL SUSTAINABILITY 
Ms Jansie Niehaus, Executive Officer, NSTF 
 
Track A breakaway group heard three presentations.  
 
The first, by Prof Sanette Marx (North-West University), considered the advantages and 
disadvantages of biofuels and other clean fuels. The use of biofuels is like fitting a round peg into a 
square hole. There are many forms of biofuels and feedstock options. First-generation biofuels, 
comprising mostly edible plants and edible virgin oil, compete with food production. Second-
generation feedstocks comprise agricultural residue, municipal waste and used cooking oil and have 
issues of suitable technology to use waste productively. Third-generation feedstocks are micro and 
macro algae with a high growth rate, but more research is needed into any possible negative effects. 
All biofuels have a high water content and water footprint.  
 
Case studies on the economic effects of using crops for biofuels indicate that, for example, in Brazil 
an increase in ethanol production from sugar caused a very steep price rise in the cost of sugar. 
There can also be radical environmental effects from changing natural vegetation for the planting of 
biofuel crops. An example of this is the felling of the forests in the Amazon basin for the cultivation of 
sugar. 
  
South African has coal for at least 200 years. Using coal for power generation is economical and 
partially socially acceptable, but not environmentally acceptable, although it is possible to make coal 
environmentally acceptable with clean coal technologies. 
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Eskom uses a great deal of coal with high ash content. If this were replaced with biochar, such as the 
product developed by North-West University, efficiencies would be greatly increased, and co-feeding 
bio-oil from this plant with crude oil would reduce emissions and obviate the need for blending. 
 
The second presentation by Prof Rosemary Falcon (University of the Witwatersrand) focused on 
environmentally responsible methods to mitigate the use of coal in a sustainable energy mix. The 
conclusions drawn by Prof Falcon summarise the current thinking on the use of coal as follows: 

• Contrary to the popular belief that ‘coal is dead’, South Africa’s coal resources are abundant and 
can provide low-emitting cost-effective, reliable and sustainable power well into the future with the 
correct technology 

• Circulating fluidised bed combustion (CFBC) is the technology of choice in energy-intensive 
countries 

• CFBC is efficient, flexible, tolerant, water constrained and can be applied to ensure optimal use of 
a wide range of low-grade materials 

• Emissions are significantly reduced through the use of CFBC.  
 
CFBC boiler technology and co-firing of coal with biomass offers a vital, practical, affordable and 
environmentally responsible and innovative solution to mitigate future use of coal in South Africa and 
to address the energy, water and waste problems of the country.  
 
In the national context, predictions with respect to future energy sources are that the use of 
renewables will increase, but the amount of coal used will remain stable. South Africa is not 
relinquishing coal, and the 2010 Integrated Resource Plan for Clean Coal allows for up to 5000 MW of 
coal-fired generation by Eskom.  
 
In the economic context of coal, South Africa is the seventh largest producer and exporter of coal in 
the world and is a major supplier to India, the Middle East and the Far East. Coal accounts for South 
Africa’s highest foreign exchange earnings and the largest mining income, beating gold, platinum and 
diamonds. More than 91% of energy production in South Africa and 81% of the energy in the region 
comes from coal. Coal provides 100% of carbon reductants, 33% of liquid fuels and is the base for 
more than 200 other chemical products. Coal mining and related industries provide many jobs and the 
principal support for many towns in Mpumalanga and KwaZulu-Natal.  
 
Emissions from South Africa account for 1.1% of total global carbon dioxide emissions, but South 
Africa has committed to reducing its emissions by 42% within the next eight years. South Africa has 
little or no suitable geology to store carbon dioxide. Carbon capture and storage are always 
considered as options but geological problems and transport costs would make this difficult in South 
Africa. The introduction of a carbon tax could have a detrimental effect on industrial development, 
particularly on small and medium enterprises. 
 
In order to significantly reduce emissions and increase efficiency, it is essential to use carbon capture 
and storage (CCS) systems, which are not a viable option for South Africa. CCS technology can 
produce up to 30% savings, although they cause a loss of efficiency in boilers.  
 
Several methods could be employed to mitigate carbon dioxide: 

• Increased efficiency of coal combustion 

• Co-firing carbon neutral renewables with fluidised bed technology 

• Co-generation using excess heat. 
 
Circulating fluidised bed boilers are the most efficient method of addressing escalating environmental 
issues and tolerate wide fuel flexibility and fuel variation. The technology has a low ash yield and low 
greenhouse gas emissions. 
 
In considering co-firing biomass with coal for carbon dioxide reduction, the presentation concentrated 
on the use of bamboo. The advantages of this crop are its high growth rate and renewability, reaching 
full maturity more quickly than other crops, producing a high annual yield and can sequestrate carbon 
dioxide. Bamboo holds much promise and is suitable for cultivation on the South African Highveld and 
emissions are balanced by the carbon uptake of carbon dioxide in the plantations. Co-firing of 
bamboo and coal is competitive with offshore wind generation and solar energy. 
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The final presentation in this Track by Dr Pulane Elsie Molokwane (National Planning Commission) 
looked at nuclear energy and the environment. 
 
Nuclear energy has the lowest carbon footprint of all sources of energy and also the lowest physical 
footprint. Nuclear also has the highest capacity factor, providing electricity at all times, the lowest 
mortality rate and the least amount of waste. There is a need to educate all stakeholders on the 
advantages of nuclear energy and to deal with the fear of nuclear energy. 
 
Radioactive waste is one of the perceived dangers in the nuclear domain. Waste is typically classified 
as low level (LLW), intermediate level (ILW) or high level (HLW) based primarily on its level of 
radioactivity. 
 
High-level waste (HLW) is the main focus of attention, although it comprises only about 1% of all 
radioactive waste by volume. The main scope for volume reduction is in LLW and ILW. Concerns 
regarding radioactivity are real, but every care is taken to ensure that waste is properly packaged and 
stored to mitigate danger.  
 
The nuclear industry in South Africa is highly regulated with very stringent licence and operational 
requirements, including its impact on the environment. In 28 years of operations at Koeberg, the total 
spent fuel assemblies produced by the 1800 MW power plant could fit into less than half of a tennis 
court. This small volume of waste is still stored at Koeberg. The quantities of waste are small, but 
South Africa should nevertheless embark on waste-minimisation processes and should also research 
ways of reprocessing the spent fuel. 
 
Real-time statistics on the energy mix across the world can be accessed via the Electricity Map 
(available at www.electricitymap.org). 
 
TRACK B FEEDBACK: ECONOMIC SUSTAINABILITY OF ENERGY SOURCES 
Debbi Schultz, NSTF Communications Officer 
 
The first of the three presentations in this Track by Prof Nicolas Beukes (Director, DST-NRF Centre of 
Excellence for Integrated Mineral and Energy Resource Analysis, University of Johannesburg) 
questioned the existence of an economically viable shale gas resource in the southern Main Karoo 
Basin based on results of the Centre of Excellence for Integrated Mineral and Energy Resource 
Analysis (CIMERA) and Karoo Research Initiative (KARIN) drilling project.  
 
CIMERA collaborated with a large number of South African universities and science councils on the 
KARIN project, which was aimed at establishing the shale gas potential focus of the Whitehill 
Formation. Other factors, including environmental issues, are secondary until the existence of an 
economically viable gas resource is proven.  
 
Previous reports assumed the existence of shale gas, but the KARIN study concluded that there is no 
shale gas. The rocks are over-mature and there is only dead carbon remaining since all the gas was 
expelled. Perhaps small pockets of shale gas still remain, but these would not be economically viable. 
There is low potential for shale gas and fracking, but further exploration is needed. 
 
It is necessary to convince the public of the need for first phase exploration based on the fact that 
initial true shale gas measurements, combined with the over-maturity of organic matter, indicate that 
there is little chance of the existence of an economically viable shale gas resource. This would avoid 
unnecessary environmental concerns and legal battles that merely delay the matter further. 
 
Licences should be urgently issued to interested companies to properly evaluate the shale gas 
resource potential through first phase exploration. 
 
Before debating the merits of shale gas exploration in the Karoo, it is necessary to establish whether 
there is anything to debate by scientifically establishing the facts. 
 
The second presentation by Candice Gibson (Cliffe Dekker Hofmeyr) interpreted the carbon tax. The 
main issues relate to the cost of such a tax to companies and what is passed on to consumers. There 
is also concern about the processes and alignment with current policies. The issues are complex and 
raise difficult issues. The presenter clarified that individuals driving private vehicles would not be 
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affected by this tax, which is aimed at the carbon emissions of large companies. Many concerns have 
been raised at the public hearings on carbon tax and there is a lack of clarity on implementation. The 
planned implementation date is 2019, but it would seem that this will not be achieved due to 
unresolved issues.  
 
The third presentation by Jarrad Wright (CSIR Energy Centre) considered the economic impacts of 
South Africa’s energy mix. There have been significant worldwide cost reductions in solar and wind 
power in the last five to eight years. The world has been adding wind capacity that equals the entire 
South African energy use.  
 
Energy generation in South Africa is dominated by coal, with end-use in transport, electricity and 
heating/cooling. The DoE’s Renewable Energy Independent Power Producer Procurement 
Programme has resulted in considerable reductions in tariffs for new wind, solar PV and CSP in South 
Africa. 
 
Electricity infrastructure investment is needed in South Africa, whether a high or low demand forecast 
is expected . There is a need to fill the gap in the least-cost manner (subject to reliability constraints) 
to meet the new demand. 
 
Least cost is largely based on wind and solar PV, complemented by flexibility (including existing coal, 
new gas, hydro and CSP). Coal will remain part of the energy mix, but will be a smaller percentage of 
the total. There will be no new investment in coal or nuclear energy.  
 
Conservatively, the least-cost energy mix would cost R20–35 billion per year less than the status quo 
(base case) and carbon budget by 2030, R35–40 billion less by 2040 and R60–75 billion less by 
2050. 
 
The research drew the following conclusions: 

• Favourable technology costs, a world class solar/wind resource and large geographical land area 
means that new-build capacity in South Africa should predominantly be solar PV and wind, 
complemented by flexibility 

• Energy-mix transitioning to a sizeable renewable energy share by 2050 can be achieved in South 
Africa at least cost with lower carbon dioxide emissions, lower water usage and an opportunity for 
job creation 

• The future of battery storage is not clear. It is not expected to change overall outcomes in the 
electricity sector as most people think, but there could be notable cost differences. 

• Sector coupling using excess solar PV or wind generation is being researched, and considerable 
opportunities are expected.  

 
The scenarios were developed for the Department of Energy’s Integrated Resource Plan 2016. 
 
Discussion 
 
Questions/Comments 
Precious Mpepele, South 32: What are the cost constraints of concentrated solar power (CSP) 
technology? 
 
Response: CSP is a highly engineered product, so it is difficult to bring the cost down. If costs come 
down, it will be very competitive. 
 
RECOMMENDATIONS 
 

• A joint conversation is needed to discuss the competition between renewable energy and fossil 
fuels. 

• Public understanding of nuclear energy is required. 

• Further research is needed on nuclear waste-reduction technologies. 

• The lack of clarity around responsibilities should be dealt; for example, it is not clear which party 
(e.g. NERSA or the Department of Energy) should take responsibility for the way in which coal is 
used in boilers and co-firing. 
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• It is suggested that the Technology Innovation Agency should develop a synchronised repository 
to coordinate research and avoid duplication of effort. 

• Energy research needs to be nationally organised, including the setting of priorities.  

• Decisions are needed on the use of technology that will be employed and how this will be funded. 

• More shale gas exploration is needed. 

• Carbon tax is complicated and not well understood in the South African context.  

• An ‘Energy CODESA’ should be organised to reach consensus on the way forward. 

• There is a need for a roadmap to provide a complete picture of what is being done. The 
Department of Trade and Industry or the IDC could perhaps take the lead. 

• There is a need for integration of the pipeline of commercialisation in the public domain to create 
an environment to encourage commercialisation. 

• The promotion, research, infrastructure and planning related to wind and solar power need 
consideration, as well as the role of various government departments in this regard. 

• Discussion is needed on the availability and cost of minerals for advanced storage options. 
 
CLOSURE AND WAY FORWARD 
 
Ms Jansie Niehaus thanked everyone for their participation in the discussion forum. The presentations 
would be available on the NSTF website along with a summary, a video, photographs, a media 
release and the proceedings.  
 
In order to maximise the results of the discussion forum, a task team would review the 
recommendations and advise on the next steps in bringing the proposals to the attention of the 
appropriate directors general. The task team would comprise: 

• Dr Rebecca Maserumule, Department of Science and Technology 

• Prof Rosemary Falcon, SARChi Chair in Clean Coal Technology, University of the Witwatersrand  

• Prof Diane Hildebrandt, Director, Institute for the Development of Energy for African 
Sustainability, Unisa 

• Mr Jarrad Wright, Energy Centre, CSIR 

• Prof Roula Inglesi-Lotz, Faculty of Economic and Management Sciences, University of Pretoria 

• Mr Barry MacColl, Electric Power Research Institute 

• Mr David Motsepe, Department of Environmental Affairs 

• NSTF. 
 
Ms Niehaus announced forthcoming events planned by the NSTF: 

• Discussion forum on the water–food–energy nexus 

• Discussion forum on the fourth industrial revolution, possibly in conjunction with the DST 

• Two-day discussion on science, technology, engineering and mathematics education with a focus 
on the mathematics education curriculum and teaching, technology education and a project to 
develop an interactive cartoon in which the NSTF is involved. 

 
Notice of these events will be featured in the NSTF newsletter. 
 
THE ROLE OF ESKOM RESEARCH, TESTING AND DEVELOPMENT TO CONTRIBUTE TO THE 
ADVANCEMENTOF RENEWABLE SOURCES OF ENERGY – MS SUMAYA NASSIEP, ACTING 
GENERAL MANAGER: RESEARCH, TESTING AND DEVELOPMENT (RT&D), ESKOM 
 
A video showing a micro-grid project in Ficksburg highlighted the work that Eskom Research, Testing 
and Development (RT&D) has been doing in this area. 
 
South Africa is in the top three countries in the world with respect to the availability of solar radiation. 
Rural electrification rates in the country are, high but there are still an estimated three million people 
without electricity in the country. There are challenges in the electrification of deep rural areas due to 
high costs, low income levels and low-density populations. Micro-grid systems are seen as a solution 
to the provision of power to these areas. 
 
Modular, reliable and sustainable micro-grid systems have been developed that harness solar energy 
and convert this to usable energy. The low voltage supply is made available to rural customers, and 
the remaining power is stored in lithium ion batteries. Many new technologies were demonstrated in 
the Ficksburg pilot, including security and energy management systems and the supply of basic 
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energy for lighting and refrigeration, which have had considerable positive impact on uplifting the 
community. 
 
Systems information is fed live to the Smart Grid Visualisation Control Room, which enables pre-
emptive rather than reactive management of the system. The micro-grid system has provided a good 
solution for sparsely populated areas far from the grid. 
 
The community was fully involved in the project.  
 
Discussion 
 
Questions/comments 
Jansie Niehaus, NSTF: How many such projects are currently under way? 
 
Response 
Currently this is the only one as it is still in the testing phase. Once testing is complete, decisions 
regarding roll out will be made. There is currently no charge for the electricity, as it is a pilot and the 
tariffs have not been determined. Consideration is also being given to buying storage capability 
compared with the possibility of local manufacture. 
 
Prof Diane Hildebrandt, Unisa: Working with solar power, batteries and inverters is complicated. 
Could houses not be directly wired for direct current  (DC) power supply?  
 
Response 
The cost of inverters has come down, but different systems still depend on economies of scale. The 
possibility of for separate distribution boards for direct current (DC) and alternating current (AC) 
power, but this option is complicated. Moreover, installations often have to be presented as a first 
phase solution in order not to be seen as sub-standard energy supply. 
 
It is very important to liaise with communities to establish specific needs. 
 
The RT&D group in Eskom have over the years developed specific skills and acquired specialist 
knowledge and services which are available to the whole organisation. The mandate of the group is to 
investigate next horizon technologies, research and testing, and the development of demonstration 
projects. The group has several chemical and mechanical certified laboratories providing services to 
the organisation and the value statement to the organisation is the development of solutions that will 
enable management to make informed decisions. 
 
Eskom will need to move from selling electricity in terms of kilowatts per hour to selling value-added 
services. With this move from historically only providing electricity, the RT&D group will need to create 
new knowledge and provide specialist skills.  
 
The RT&D group is divided into five departments:  

• Technology Strategy and Research Management 

• Sustainability 

• Power Delivery and Utilisation 

• Plant Performance and Optimisation 

• Business Enablement Middle Manager. 
 
The group employs 105 engineers, 57 scientists and 124 technologists, and 240 learners were trained 
between 2012 and 2017. 
 
Based on local and international trends and in order to have more impact on the organisation, RT&D 
has developed 12 grand challenges in three broad areas, to guide the research programme for the 
next three to five years, namely: 

• Future generation mix, which includes coal, water, clean coal, gas, nuclear and renewables 

• Supporting the existing business, focusing on generation performance aimed at a maximum of 
80% availability, 10% planned maintenance and 10% unplanned downtime, transmission asset 
management, transmission build and distribution performance based on the interruption disruption 
index. 
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• Focus on new business, with a focus on future customers,  smarter and faster service and a 
flexible real-time trading environment. With defection to renewables and off-grid energy, load 
following will eventually be non-effective. 

 
RT&D has historically not been involved in new business development; this is a new area for the 
group. 
 
Planned research allocations include 5% on renewables and 11% on future customer research, which 
also includes some work on renewables. 
 
A virtual reality tour of the Eskom facilities was made available to delegates.  
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APPENDIX A: LIST OF DELEGATES 

Title Name Surname Organisation 

Dr Tebogo Mabotha Academy of Science of South Africa  

Mr Joseph Lephallo African Technological Solutions (Pty) Ltd/VUT 

Mr Jerman Madonsela African Technological Solutions (Pty) Ltd/VUT 

Mr Thapelo Mofokeng African Technological Solutions (Pty) Ltd/Wits 

Ms Lindiwe Bokopane Central University of Technology 

Ms Candice Gibson Cliffe Dekker Hofmeyr 

Dr Thakane Ntholi Council for Geoscience 

Mr Mothusi Thabiso Boihang CSIR 

Dr Henerica Tazvinga CSIR 

Mr Jarrad Wright CSIR 

Ms Hulisani Malinda Department of Agriculture, Forestry and Fisheries 

Mr Mathala Mokwele Department of Agriculture, Forestry and Fisheries 

Miss Patience Mphumbude Department of Agriculture, Forestry and Fisheries 

Ms Jayanthi Maharaj Department of Basic Education 

Ms Mokgadi Modise Department of Energy 

Ms TP Nxumalo Department of Energy 

Ms Tsepang Makholela Department of Environmental Affairs 

Mr David Motsepe Department of Environmental Affairs 

Dr Rebecca Maserumula Department of Science and Technology 

Mr Cobs Pillay Department of Trade and Industry 

Mr Barry MacColl Electric Power Research Institute International Inc 

Mr Kurt Dedekind Eskom 

Mr Neelesh Maharaj Eskom 

Mr Logan Pillay Eskom  

Mrs Tembi Plaatjie Eskom 

Mrs Vas Reddy Eskom 

Ms Kammy Young Eskom 

Mr Buhle Bujela Eskom/South African Institution of Electrical Engineers 

Ms Sibongile Chawe Eskom/South African Institution of Electrical Engineers 

Mr Leon Faurie Gauteng Department of Education 

Mr Johan De Koker Institute of Professional and Engineering Technologists 

Mr Trevor Nzimande Justice & Peace 

Dr Pulane Elsie Molokwane National Planning Commission 

Dr Pulane Elsie Molokwane National Planning Commission 

Ms Wilna Eksteen National Science and Technology Forum 

Ms Jansi Niehaus National Science and Technology Forum 

Ms Debbi Schultz National Science and Technology Forum 

Ms Bokgabo Tlhaku National Science and Technology Forum 

Mr Wiseman Tseisa National Science and Technology Forum 

Prof Elvis Fosso-Kankeu North-West University 

Mr Arthur Van Nel Northern Cape Region TVET College 

Prof Sanette Marx North-West University  

Mr Julius Olubodun ORT SA 

Ms Brenda Biddulph Photographer 
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Title Name Surname Organisation 

Prof Kobus Eloff South African Academy of Arts and Science 

Mr Denis Hunt South African Chamber of Commerce and Industry 

Mrs Precious Mpepele South32 

Dr Prince Lunga Nzo Mambu Southern African Development Community 

Prof Sampson Mamphweli Stellenbosch University 

Mrs Amanda Muchedzi The Innovation Hub 

Prof Nicolas Beukes University of Johannesburg 

Mrs Erica Joao University of Johannesburg 

Dr Kristy Langerman University of Johannesburg 

Mr Phumlani Msomi University of Johannesburg 

Mr Siven Naicker University of Johannesburg 

Prof Maseke Lesaoana  University of Limpopo 

Mr Trevor Mulaudzi University of Limpopo 

Prof Philip De Vaal University of Pretoria 

Prof Roula Inglesi-Lotz University of Pretoria 

Mr Paul Sonnendecker University of Pretoria 

Dr Xianming Ye University of Pretoria 

Prof Diane Hildebrandt University of South Africa 

Prof Rosemary Falcon University of the Witwatersrand 

Prof LM Falcon University of the Witwatersrand 

Ms Heather Erasmus Write Connection (Scribe) 

Ms Cynthia Malan Write Connection (Scribe) 
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APPENDIX B: LIST OF ACRONYMS 

ASSAf Academy of Science of South Africa 

CCS Carbon capture and storage 

CFBC Circulating fluidised bed combustion 

CIMERA Centre of Excellence for Integrated Mineral and Energy Resource Analysis 

CODESA Convention for a Democratic South Africa 

COP UN Conference of the Parties  

CSIR Council for Scientific and Industrial Research 

CSP Concentrated Solar Power 

DEA Department of Environmental Affairs 

DoE Department of Energy 

DST Department of Science and Technology 

EPRI Electric Power Research Institute 

ESCO Energy Services Companies 

GCF Global Climate Fund 

GDP Gross domestic product 

GHG Greenhouse gas 

HLW High-level waste 

HySA National Hydrogen and Fuel Cells Research, Development and Innovation 

IDC Industrial Development Corporation 

IDEAS Institute for the Development of Energy for African Sustainability 

ILW Intermediate-level waste 

IRP Integrated Resource Plan 

KARIN Karoo Research Initiative 

LLW Low-level waste 

LPG Liquid Petroleum Gas 

NAMA Nationally Appropriate Mitigation Actions 

NDC Nationally Determined Contribution 

NDP National Development Plan 

NERSA National Energy Regulator of South Africa 

NRF National Research Foundation 

NSTF National Science and Technology Forum 

PPD Peak plateau decline 

PV Photovoltaic 

R&D Research and Development 

RDI Research, Development and Innovation 

REGEN Regional Economic Greenhouse Energy Model 

RT&D Research, testing and development 

SANEDI South African National Energy Development Institute 

SARChI South African Research Chairs Initiative 

SARS South African Revenue Service 

SDG Sustainable Development Goal 

SME Small or medium enterprise 

UK United Kingdom 

UN United Nations 

UNFCCC United Nations Convention on Climate Change 

Unisa University of South Africa 

US/ USA United States of America 

 


