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WELCOME AND INTRODUCTIONS 
 
Prof Dhansay (NSTF Chairperson) opened the meeting and welcomed everyone. In striving towards 
the Sustainable Development Goals (SDGs), it is important to involve all sectors in South Africa, which 
the NSTF Discussion Forums aim to do.  
 
OUTLINE OF THE PURPOSE OF THE MEETING AND ITS INTENDED OUTCOMES (MS JANSIE 
NIEHAUS, EXECUTIVE DIRECTOR: NSTF) 
 
Ms Niehaus thanked Dow Southern Africa for the use of the venue and the Department of Science and 
Technology (DST) for sponsoring the event. The DST provides South Africa’s link with UNESCO, which 
promotes the SDGs and the International Year of the Periodic Table (IYPT) on behalf of the UN. 
 
The Discussion Forums aim to address relevant, current and cross-cutting socioeconomic topics, and 
to consider the interface between science and society, and entail policy engagement. There had been 
two previous Discussion Forums on the periodic table: one of these focused on rare elements for new 
technologies, and the other on managing elements for nutrition and safety. 
 
The present Discussion Forum was the third that the NSTF had convened on the periodic table. The 
purpose of the Discussion Forums is to identify priorities in science for South Africa; consider how to 
meet the SDGs, how to prioritise for economic development in the country and how to improve the 
quality of life of South Africans; and identify issues for public awareness and those that need further 
discussion. The NSTF was partnering with the South African National Convention Bureau (SANCB) to 
encourage hosting scientific meetings in South Africa for the exchange of knowledge and to promote 
tourism. Ms Amanda Nhlapo-Kotze (Chief Convention Bureau Officer) gave a presentation on the 
services offered by SANCB, a division of SA Tourism. 
 
HARNESSING THE SOUTH AFRICAN CHEMICAL SECTOR FOR CONTRIBUTION TO SDGS (DR 
MAHLORI MASHIMBYE, DEPARTMENT OF SCIENCE AND TECHNOLOGY) 
 
The five pillars of the SDGs are: 

• Prosperity, including affordable and green energy; decent work and economic growth; industry, 
innovation and infrastructure; reducing inequality; and sustainable cities and communities 

• Planet, including clean water and sanitation; responsible consumption and production; climate 
action; life below water; and life on land  

• Partnership for the goals 

• Peace, including eliminating poverty; gender equality; and peaceful and inclusive societies 

• People, including zero hunger; good health and well-being; and quality education. 
 
According to the DST’s DDG: Socio-Economic Innovation Partnerships in a presentation to the 
parliamentary monitoring group on 31 October 2018, the South African National System of Innovation 
could support the SDGs in four ways: 

• Generating and packaging data for monitoring targets, planning, tracking progress and helping 
government and stakeholders to make informed decisions 

• Allowing the generation of knowledge and analysis for policy, planning and delivery 

• Assisting in the development and localisation of technological solutions to help boost the 
achievement of the SDGs 

• Accommodating the demonstration, testing and diffusion of technological solutions. 
 
The progress of the National Research Foundation (NRF) with regard to the Research Chairs and 
Centres of Excellence in relation to the SDGs can be mapped in order to try to provide more support 
for achieving the goals. The science, technology and innovation community could create research 
programmes that span across the SDGs, as they are not mutually exclusive. The NRF seems to be the 
only science council that has taken conscious strides towards developing human capital to address the 
SDGs. Some chairs were established before the launch of the SDGs. The initiatives of the DST and the 
science councils that contribute towards the SDGs include: 

• SDG 6 (Clean water and sanitation): The NRF has funded two research chairs that address this 
SDG. Research infrastructure has been established, and the Water Demonstration in Evaluation 
and Research (WADER) initiative has been launched, which has gained significant traction with 
municipalities. The South African Sanitation Technology Innovation Programme, the Sanitation 
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Innovation Standards, the use of clean water technologies and the incorporation of innovation into 
national water and sanitation policy form part of the contribution to technology development, piloting 
and localisation. This initiative is led by the Department of Water and Sanitation. 

• SDG 12 (Responsible consumption and production): The Department of Trade and Industry 
(the dti) performs most of the work on this SDG, which revolves around four research chairs funded 
through the NRF, a Centre of Excellence, a national research facility, the South African Institute for 
Aquatic Biodiversity (SAIAB), and the National Cleaner Production Centre at the CSIR. The White 
Paper on Science, Technology and Innovation accounts for the increased contribution of the DST 
towards attaining this goal. 

• SDG 13 (Climate action): The contributions of the DST include ten research chairs funded through 
the NRF, a national research facility, the South African Environmental Observation Network 
(SAEON), the South African Risk and Vulnerability Atlas and the adaptation of research efforts. 

• SDG 14 (Life below water): South Africa has strong capabilities in this area. In order to address 
the aim of this SDG to conserve and sustainably use the oceans, seas and marine resources for 
sustainable development, seven research chairs were funded through the NRF, and one of the 
Centres of Excellence and a national research facility contribute towards attaining this SDG. The 
DST boasts cutting-edge research related to coastal monitoring. 

• SDG 15 (Life on land): The DST contributes towards protecting, restoring and promoting the 
sustainable use of terrestrial ecosystems, sustainably managed forests, combating desertification, 
halting and reversing land degradation and halting biodiversity loss. The DST boasts four research 
chairs funded through the NRF, four Centres of Excellence and a national research facility, with 
SAEON playing an important role. 

• SDG 17 (Partnerships for the goals): In order to strengthen implementation and revitalise the 
global partnership for sustainable development, the DST acknowledged that it needed to be more 
strategic in tapping into international funding. Negotiations with developed countries were tough 
and complex, and were exacerbated by geopolitical developments. Technology transfer was 
considered among the means for implementation, which included four research chairs, the South 
African SDG Knowledge Hub at the University of Pretoria, R&D and innovation surveys, and 
international collaboration agreements in science and technology. 

 
The focus areas with most relevance for the chemical sector with respect to the SDGs are SDG 6 (Clean 
water and sanitation), SDG 8 (Decent work and economic growth), SDG 9 (Industry innovation and 
infrastructure), SDG 11 (Sustainable cities and communities), SDG 12 (Responsible consumption and 
production), SDG 13 (Climate action), SDG 14 (Life below water) and SDG 15 (Life on land). 
 
The chemical industry is very pervasive, in that chemicals are used daily in almost every facet of life. 
Not all chemically produced products are biodegradable. There are two possible approaches for the 
chemical sector towards the SDGs: 

• Remediation: South Africa has an initiative led by the Department of Environmental Affairs (DEA) 
that entails banning the use of chemicals that are toxic and unhealthy to the environment, 
developing databases of the profile of hazardous chemicals in South Africa, and legislation aimed 
at restricting the use, manufacture and importation of environmentally unfriendly chemical products. 

• R&D and industrial development: The DST and the dti are involved in developing new 
environmentally friendly chemical products, developing alternatives to toxic and unhealthy chemical 
products, developing safer and non-hazardous methods of synthesising chemical products (i.e. the 
sustainable chemical approach to chemical management usually referred to as ‘green chemistry’), 
establishing new businesses that produce and formulate new and environmentally friendly 
chemicals, and generating chemical feedstock from renewable materials. 

 
The initiatives led by the DEA include participation in the Multi-Stakeholder Committee on Chemical 
Management (MCCM), Multilateral Environmental Agreements (MEA) for chemicals and waste, the 
National Implementation Plan for Persistent Organic Pollutants (POPs), mercury eradication, 
regulations and monitoring of lead in paint by the South African Paint Manufacturing Association, hydro 
chlorofluorocarbon (HCFC) stakeholder meetings aimed at regulating ozone-depleting substances, 
malaria control involving DEA as well as the Department of Health (DoH) and the Department of 
Agriculture, Forestry and Fisheries (DAFF), and coordinating chemical management towards achieving 
the SDGs. 
 
The R&D and industrial development initiatives include: 
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• Green chemistry and sustainable chemistry, involving workshops, promoting green chemistry R&D 
at tertiary institutions and developing a global network of green chemistry researchers. This is an 
initiative of the National Cleaner Production Centre of South Africa. 

• Biotechnology Strategy, which entails the use of bio-catalysis to produce a variety of organic 
molecules, the establishment of the enzyme bank for local researchers, and using organic waste 
as sources of chemical feedstocks. The DST in partnership with SAPPI established a biorefinery 
pilot plant at the Durban CSIR campus to produce a variety of chemical feedstocks. 

• Sterile insect technique, which is being implemented by the National Institute of Communicable 
Diseases (NICD) of the National Health Laboratory Services with major financial support from the 
DST and the R&D initiative of the International Atomic Energy Agency for malaria eradication 
initiative. Male Anopheles arabiensis are irradiated and released in mosquito-infested areas to 
interact with female mosquitoes and reduce the fertilisation of females. 

• Discussions aimed at capturing carbon dioxide and converting it to ethanol are ongoing between 
government institutions and industry. 

 
The recommendations of the DST’s DDG: Socio-Economic Innovation Partnerships remain vital for 
science, technology and innovation, and research, technology and innovation (RDI) institutions to 
contribute effectively to the SDG goals. RDI initiatives are ongoing, although uncoordinated, especially 
human capital development led by the NRF. The DEA’s MCCM programme is an effective remediation 
approach. The Biotechnology Strategy involves aspects of green chemistry. South Africa could do more 
to emulate initiatives by the World Business Council for Sustainable Development and develop a similar 
chemical sector roadmap for the country. Green chemistry is sustainable chemistry; supporting this 
initiative could contribute towards attaining the SDG goals. 
 
Discussion 
 
Mr Jonathan Dean (Highveld Biotech): The establishment of enzyme banks as part of the 
Biotechnology Strategy was mentioned. Have other types of banks been considered, such as cell banks 
for plant and mammalian tissue culture. Has the use of microbes for water treatment been considered, 
and the use of bioprocessing to make chemicals for the chemical industry? 
 
Response – Dr Mahlori Mahimbye: At a biotechnology workshop earlier in 2019, there was a 
presentation on using microbes for the biodegradation of lignin. There are ideas in place, and areas of 
application will be explored. 
 
Unidentified speaker: Would interfering with the reproduction of mosquitoes, as suggested, cause 
imbalance in the ecosystem? 
 
Response – Dr Mahlori Mahimbye: The elimination of mosquitoes has to be weighed up against the 
annual human death toll from malaria, which involves making a choice. Human health is a priority, which 
entails destroying mosquitoes by making them sterile and then releasing them to the environment. 
 
Ms Jansie Niehaus (NSTF): Is DDT still being used to combat malaria mosquitoes? 
 
Response – Dr Mahlori Mahimbye: DDT is still being used, because the alternatives are less effective. 
South Africa has permission still to use DDT even though it has been banned in other countries. Thus 
far, DDT is the only solution against malaria mosquitoes that is working. 
 
Ms Jansie Niehaus (NSTF): Are there any limits on the use of DDT? 
 
Response – Dr Mahlori Mahimbye: DAFF and DEA control the use of DDT in South Africa. 
 
Dr Ali Dhansay: What is your view on the approach of the present US administration to mercury, since 
mercury eradication was listed as a remediation goal for South Africa. 
 
Response – Dr Mahlori Mahimbye: Mercury is problematic in South Africa, as the gold purification 
process still uses mercury. There are efforts to involve Eskom, Sasol and the mining industry, which 
are the major contributors to mercury pollution. This will be properly addressed in the long term through 
the mercury eradication plan, which will limit further release into the atmosphere. 
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Ms Rebone Ntsie (Department of Health): Are the regulations with respect to lead in paint effective; 
are they enforced; is compliance monitored; and do companies comply? There are concerns around 
lead paint in relation to early childhood development.  
 
Response – Dr Mahlori Mahimbye: Paint is not yet lead-free, but there are initiatives to develop 
alternatives to lead in paint and eliminate lead in paint. 
 
Mr Themba Mawela (Saibong): What plans are in place to harness the South African chemical sector 
to contribute to the SDGs? Does the chemical sector have any recognised initiatives, or are the 
initiatives driven by government with the intention of engaging with the chemical sector later? 
 
Response – Dr Mahlori Mahimbye: The major initiative has been the development of the 
Biotechnology Strategy, which relates to the way in which a variety of raw materials are produced. 
Another initiative has been the implementation of the Bioeconomy Strategy at the CSIR, based in 
Durban. Lignin from Sappi products is being converted to a variety of organic feedstocks. Another 
initiative that is under consideration is to convert carbon dioxide effluent to ethanol. In this regard, the 
DST and the dti are engaging with a private company. The enzyme bank is a long-term idea. 
 
Ms Wanda Bruce (Smart Attitude Marketing): It is shocking that South Africa is still using DDT. Are 
there any greening initiatives in relation to lead and mercury, and if so, what is the timeframe? 
 
Response – Dr Mahlori Mahimbye: There are programmes in place related to lead and mercury. 
There is currently no solution to eliminating the use of DDT. The use of this chemical has been banned 
globally, but South Africa applies for permission every three years to continue using DDT. Other 
solutions to preventing malaria include using mosquito nets and insect repellents, but these are not as 
effective as DDT. Research by the University of Pretoria has found defects in children in Limpopo where 
DDT is used, as it pollutes via breast milk. 
 
Ms Rebone Ntsie (Department of Health): The Minister of Health is still advocating the use of DDT to 
prevent malaria. Are there discussions with the Minister of Health to stop using DDT? 
 
Response – Dr Mahlori Mahimbye: DDT is still the most effective means of combating malaria and 
will continue to be used until an effective alternative is found. 
 
Ms Jansie Niehaus: There have been calls for effective coordination of government efforts to address 
the SDGs. The participation of the DST in partnerships and efforts to coordinate are therefore 
encouraging. 
 
CRITICAL RAW MATERIALS, ‘HYPE CYCLES’ AND THE 4TH INDUSTRIAL REVOLUTION (PROF 
PAUL NEX, UNIVERSITY OF THE WITWATERSRAND) 
 
Critical metals are metals whose availability is essential for high-technology, green and defence 
applications, but vulnerable to politically or economically driven fluctuations in supply. The text ‘high-
technology, green and defence applications’ would not have been included in definitions dating back 
ten years or more. Any definition depends on a particular country, the technology or industry in which 
one is interested, the perceived risk of future supply, and perceived demand, all of which are subject to 
change. The cynical definition would be any metal or material that can be so declared to enhance the 
‘spin’ produced by a junior exploration company, or to increase the chances of obtaining research 
funding in the academic environment, or to enable producing companies to increase prices, or to justify 
in-depth studies by government departments.  
 
Since 2010, there has been growing awareness of critical metals not only among academics and 
geologists, but more widely. However, there is nothing new in the concept of critical or strategic metals. 
It is highly likely that the Romans invaded Britain in 55 BC to obtain tin. During the Second World War, 
tungsten was a strategic metal for munitions, and Panasqueira (Portugal) was the main producer for 
both sides of the conflict. In 1983 the US Congress produced a paper on ‘Strategic and Critical Nonfuel 
Minerals: Problems and Policy Alternatives’. This was largely in response to the ‘oil crisis’ of 1973 when 
OAPEC proclaimed an oil embargo, which highlighted a dependency on raw materials.  
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In 2010, an EU report identified 14 critical materials – rare earth elements (REE), platinum group metals 
(PGM), niobium (Nb), germanium (Ge), magnesium (Mg), gallium (Ga), antimony (Sb), indium (In), 
tungsten (W), fluorine (F), beryllium (Be), cobalt (Co), tantalum (Ta) and graphite) – out of 41 that were 
defined as critical based on economic importance and supply risk. South Africa is the main producer of 
PGMs. The presentation highlights lithium, cobalt and graphite, which are particularly important in the 
electronic vehicle industry, as well as REE, which is important for electronic vehicles and in the windfarm 
industry. In 2011, antimony, rhenium (Re) and germanium were identified as the three most critical 
metals for German industry. Countries are now producing risk lists, for example, the annual risk list 
produced by the British Geological Survey (BGS). In 2011, the BGS placed platinum group elements 
(PGEs) high on the risk list, but by 2012 the BGS classified PGEs as far less risky. The main producer 
of most of the BGS critical metals identified in 2012 and 2015 was China, with geopolitical implications, 
especially for Europe, the USA and Japan. Surprisingly, lithium was not listed as critical in 2011 or 2012.  
 
In 2013, an EU review of the original 14 critical metals was undertaken, and 20 critical materials were 
identified out of 54. Additional metals that were included were REEs split into light and heavy, borates, 
chromium, coking coal, magnesite, phosphate rock and silicon metal, and graphite was changed to 
natural graphite. With the exception of heavy REEs (HREE), the supply risk as well as the geopolitical 
risk decreased for most of the commodities from the 2010 study. There is no agreement on how to 
calculate these metrics, and no consensus on how long the Earth’s natural resources will last. Most of 
the minerals are beneath seawater, so the extraction of such minerals will have to be considered. 
 
In 2017, a new EU list was published with nine more commodities than the 2014 list, but lithium was 
still not regarded as critical, despite the anticipated increased demand for lithium ion batteries in 
electronic vehicles.  
 
The ‘hype cycle’ was developed by Fenn (1995) working for the Gartner Group to describe the 
performance of emerging technologies. The concept is somewhat ‘Zen-like’ in terminology, and is not 
really a cycle as it does not predict what happens to the emerging technology; there is only one 
outcome, whereas there are in fact myriads of possibilities, including the failure of the technology. It is 
possibly better envisaged as a feedback loop than as a cycle. According to the hype cycle, the R&D 
phase of emerging technologies moves through the innovation trigger, peak of inflated expectations, 
trough of disillusionment, slope of enlightenment and plateau of productivity. The hype cycle could also 
be applied to commodity and share prices, and scientific citations on particular topics reflect similar 
trends. Lithium ion batteries and REE in wind turbines were not yet considered critical elements in 2012, 
but tantalum had reached the plateau of productivity. Tantalum is typically obtained from tantalite and 
rare-metal pegmatites. There was some production from pyrochlore in carbonatites, and co-production 
from tin deposits until the tin crisis of the early 1980s. The principal uses of tantalite are in electronic 
capacitors, cell phones, hard drives, hearing aids and pacemakers. Production and price are not 
transparent due to individual contracts between producers and processors, and published statistics for 
tantalum frequently being combined with niobium. Until the mid-2000s, production was dominated by 
Tanco mine in Canada, and Wodgina and Greenbushes mines in Australia. Since the 1960s, there have 
been three hype cycles for tantalum as the electronics industry developed. In the early 2000s, the 
rapidly growing demand for tantalum was based on the unfounded belief that a tantalum shortage was 
imminent. Demand decreased, but prices tumbled since there was no shortage. 
 
Rare earth elements are not rare but difficult to extract. Between 1965 and 1985, most REE production 
was from Mountain Pass in California. In 1984, China started producing REEs, and from 1988 most of 
the world’s production of REEs was from China. In 2002, Mountain Pass mine closed. In 2010, the 
Senkaku incident took place in the Sea of Japan when a Chinese fishing trawler was detained by 
Japanese coastguards due to disagreement over which country owned the waters in which the vessel 
was fishing. This was not resolved, but the Chinese trawler captain was detained by the Japanese and 
there were rumours that China would no longer supply Japan with REEs. This gave rise to panic in the 
Japanese motor industry. By 2012, there were 200 junior exploration companies looking for REE 
deposits. A single geopolitical incident stimulated vast expenditure in the geological and mining 
community. According to the BRGM French geological survey in 2010, major crises in the supply and 
demand of minerals are predictable.  
 
Southern Africa is rich in carbonatites and REE deposits, which were added to resource inventories 
between 2010 and 2016. The defined mineral resources of REE outside China doubled between 2011 
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and 2015. However, none of the REE deposits in southern Africa have become mines because the 
exploitation costs are too high at present and Chinese production is still satisfying the demand.  
 
Commodity prices and stock prices show sympathetic trends. From a commercial perspective, timing 
is crucial, but if one misses the first hype cycle, one might catch the next one. 
 
Lithium is obtained from brines in the Lithium Triangle in South America, or pegmatites which are more 
uniformly distributed across the Earth. Lithium is used for lithium ion batteries in electronic vehicles. 
Recent legislation and concerns over climate change have influenced demand for electronic vehicles. 
The Rubicon and Helicon lithium mines in Namibia have not been mined since the early 1990s, but 
reopening the mines is being considered since lithium prices are soaring. The exploration expenditure 
figures are difficult to quantify, but there was definitely a hard-rock lithium exploration boom in 2017–
2018. The newly determined hard-rock resources of lithium in Africa equate to approximately three 
million tons (in the context of the global production of lithium in the region of 80,000 tons per annum). 
Similar trends are observed in share prices of companies involved in lithium exploitation. The effects of 
the hype cycle are to stimulate exploration and increase the resource base. 
 
Published information on resources and reserves are not sufficient for forecasting. For example, Bikita 
mine in Zimbabwe is the third-largest producer of lithium in the world, but since it is owned by a private 
company that is not required to release information on the size of the reserves, it is not taken into 
account in resource calculations. The resource base can be used to estimate the size of the mineral 
resource based on upper crustal abundance, but unfortunately the Earth is considered as a whole in 
these calculations. To generate information on resources or reserves requires exploration and money. 
If a deposit has not been drilled, sampled, analysed and understood by geologists, mining engineers 
and metallurgists, it does not appear in the statistics. To convert a mineral resource to a reserve that 
can be mined requires further investment as well as legal compliance.  
 
Critical raw materials vary with time and place. Perceived shortages are typically a reaction by the 
uninformed. The materials that are defined as ‘critical’ have been considered from a European, 
American and Japanese perspective. Africa could respond by producing raw materials that are 
beneficiated mostly outside Africa, but Africa and South Africa need to concentrate on the raw materials 
that are critical to their own interests. Africa could attempt to beneficiate raw materials but the quantities 
required are very small, so it does not make economic or environmental sense to locate processing 
plants, for example for lithium, scattered around the world. It is more efficient to locate a processing 
plant in a single place, where the environmental impacts can be constrained. Unfortunately, this means 
that unless a country has a developed facility for critical raw materials, it is difficult to initiate processing. 
In order to develop infrastructure in Africa and South Africa, the critical materials in the short term are 
water, phosphates, cement, iron, steel and glass sand. Africa has a large variety of critical raw material 
resources and many potential deposits.  
 
Exploitation and production that are conscious of the environment could take place in Africa. Green 
energy requires more mining rather than less. For example, to manufacture an electronic vehicle 
requires four times the amount of copper required for a vehicle powered by an internal combustion 
engine. Discoveries of copper in western DRC in 2016 were disregarded by many companies due to 
unfavourable stratigraphy, but this is the world’s largest undeveloped high-grade copper discovery, with 
a total indicated mineral resource of 1387 million tons at a grade of 2.64% copper, compared with typical 
copper deposits of 1% in the Pacific Ring of Fire in South America. 
 
It is difficult to make accurate predictions. For example, in 1943, Thomas Watson, president of IBM 
believed that there was a world market for only about five computers. Today, almost all elements of the 
periodic table are used in manufacturing components for computers. 
 
Lithium cobalt and graphite are used in lithium ion batteries, compared with PGEs in fuel cells. The 
major current use of PGEs is in catalytic converters in internal combustion engines. More platinum is 
used in catalytic convertors for diesel vehicles than palladium. The reduction in diesel vehicle 
manufacturing will definitely affect the platinum price and the platinum industry, with significant 
consequences for South Africa’s PGE mining industry. Cities in Europe are banning diesel vehicles. By 
2040, the EU will cease production of vehicles with internal combustion engines. 
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Hydrogen is transforming the Orkney islands off the Scottish coast. Surplus energy from wind and water 
is used to generate hydrogen by splitting water. Hydrogen is stored as compressed gas and used to 
power fuel cells in vehicles and buildings as required. The demise of the PGE extraction industry may 
thus not happen, as there could be new sources of demand. Many different kinds of batteries are being 
developed, and vanadium batteries are a possibility. 
 
The Fourth Industrial Revolution and a carbon-free or low-carbon economy are likely to develop 
together. The materials that will be required will depend on rapidly changing technology over the next 
five to ten years. Renewable energy will require greater quantities of raw materials, at least in the short 
and medium terms. It is a misconception that there are shortages of the minerals required to provide 
elements for 21st century ‘civilised’ life. 
 
The mining industry is ahead of the curve in using autonomous vehicles. Rio Tinto in Australia, for 
example, already has a regular scheduled autonomous train taking 28,000 tons of iron ore on a journey 
of 280 km from the mine to the port. It is controlled by an operations centre 1500 km away. The train is 
2.4 km in length. This is the world’s first fully autonomous, long distance, heavy-haul rail network. If 
South Africa is to prepare itself for autonomous railways, education will be the key. We need a society 
that is comfortable with autonomous vehicles, and people who are educated to build, maintain and run 
such systems.  
 
The question was posed whether ‘disruptive technology’ and the ‘Fourth Industrial Revolution’ are 
merely buzzwords or reality. There are probably elements of both. BMW and Daimler, two giants in the 
automobile sector, are pooling their resources in a joint mobility effort that spans autonomous cars, ride-
hailing, electric scooters, car-sharing and electric car charging. Their vision for the future is that 
individual ownership of private vehicles will cease and be replaced by a ride-hailing system that uses 
autonomous vehicles. The two companies recently announced that they intend to spend $1.13 billion 
on the venture, an eye-popping sum designed to make the rest of the industry sit up and take notice. 
 
Is it a coincidence that the potential lack of REE caused tremors in the car industry in 2010? Perhaps 
the industry does not want to be caught in an uncertain future again. If private vehicle ownership were 
to cease, this would have implications for infrastructure development and ways of life. This is perhaps 
one of the most important aspects of the Fourth Industrial Revolution. 
 
Discussion 
 
Mr Jonathan Dean (Highveld Biotech): Is South Africa moving from a linear to a circular economy 
and gradually recovering rare earth metals from electronic waste and batteries, as happens abroad? 
This would require circuit boards and electronic components that can be broken apart. 
 
Response – Prof Paul Nex: I am not aware if this is already taking place in South Africa, but it will 
have to be introduced. There will have to be a focus on manufacturing components that are more 
recyclable. One of the problems is that the quantities of critical raw materials used in many components 
are so small that it is difficult for recycling to be economically viable. Indium tin oxide, which provides 
conductive properties on a computer touch screen, is very difficult to recycle. It would be better to make 
the material more recyclable at the start of the manufacturing process. 
 
Prof Thibedi Ramontja (Orbit Resources): It was mentioned that resources and reserves cannot be 
used to determine the depletion of minerals. How can the economic value of resources be determined? 
 
Response – Prof Paul Nex: Reserves and resources are the only figures available to determine the 
value of a particular project, area or mine. Reliable figures are available on resources and reserves in 
places where drilling has taken place. However, the resources and reserves in a greenfields area that 
has not yet been drilled cannot be valued in a way that would be acceptable to a stock exchange. In 
relation to the global depletion of lithium, for example, resources and reserves are the only available 
figures, but better approaches are needed.  
 
Prof Thibedi Ramontja (Orbit Resources): What are the critical minerals for South Africa, since the 
notion of criticality has been defined by developed countries that do not have their own mineral supplies. 
South Africa is a supplier rather than a consumer of critical minerals.  
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Response – Prof Paul Nex: The critical minerals for South Africa will depend on what the country 
envisages for the future, for example, whether South Africa wants to produce raw materials for export 
to other countries, or extract raw materials for beneficiation in South Africa. South Africa would probably 
prefer to extract and beneficiate raw materials, but this would be economically challenging because 
smelters for beneficiation already exist around the world. There are two main REE plants in the world, 
in Malaysia and in China. To build another smelter in South Africa would be difficult because of the 
requirement for relatively uniform feedstock. If there are mineralogical differences between the various 
deposits, they cannot be treated uniformly in the processing plant. Malaysia depends on feedstock from 
Mount Weld mine in Australia, and China depends on feedstock from Bayan Obo mine in Inner 
Mongolia. It is easy to extract REE from ion-adsorption clay deposits, but REEs do not occur in this 
form in South Africa. It would be very challenging to set up an expensive processing plant in South 
Africa that is not justified by the underlying geology or the abundance of deposits in the area, or by 
offtake agreements with mines elsewhere. Another factor would be which manufacturing industries 
South Africa considers most important and what raw materials they require (apart from raw materials 
required for constructing infrastructure). 
 
Ms Jansie Niehaus (NSTF): The automotive industry is possibly one of South Africa’s most important 
industries. 
 
Response – Prof Paul Nex: Is the South African automotive industry considering electronic vehicles 
and fuel cells? Most of South Africa’s automotive producers are subsidiaries of companies abroad. The 
question is whether the parent companies would consider manufacturing electronic vehicles in South 
Africa, or continue manufacturing vehicles with internal combustion engines in South Africa and 
electronic vehicles in Europe, the USA and Japan. South Africa ought to encourage companies to 
manufacture electronic vehicles in South Africa as well, even if the infrastructure for such vehicles exists 
only in the major cities. South African cities could consider a public transport system based on electronic 
vehicles. 
 
Mr Freddy Chaba (Limpopo Economic Development Agency): What would the role of the South 
African government and its agencies be in taking advantage of the opportunities presented by electronic 
vehicles? 
 
Response – Prof Paul Nex: There are several levels at which encouragement can take place. The 
DST/NRF Centres of Excellence are making a positive contribution. The Centre of Excellence for 
Integrated Mineral and Energy Resource Analysis (CIMERA), at the universities of the Witwatersrand 
and Johannesburg, is a community of almost 60 academic geologists, all of whom are supervising 
students and benefitting from research funding. My own research interests are in germanium and 
antimony, which are potentially critical raw materials. Information from academic research will feed into 
the South African knowledge base.  
 
The Council for Geoscience is important in disseminating geological information to the exploration and 
mining environment. Mintek is important in disseminating metallurgical information, and undertaking 
mineralogical and metallurgical research.  
 
The political questions are more difficult to answer, namely the type of environment required to attract 
investment by exploration companies, and how South Africa wants to proceed with its relationship with 
major and junior mining companies. Countries such as Canada and Australia have a significant junior 
mining environment, with many small exploration companies. If South Africa would like to take a similar 
approach, one way of initiating this would be to make it easier and cheaper for such companies to 
access information and knowledge. 
 
THE INTERLINK BETWEEN THE PERIODIC TABLE AND WATER TREATMENT: A 
NANOTECHNOLOGY PERSPECTIVE (PROF EDWARD NXUMALO, NANOTECHNOLOGY AND 
WATER SUSTAINABILITY RESEARCH UNIT, UNIVERSITY OF SOUTH AFRICA) 
 
The research focus of the Unisa Nanotechnology and Water Sustainability Research Unit includes:  
Membrane Science and Technology:  

• Membranes for ultrafiltration, nanofiltration, reverse osmosis and forward osmosis, and mixed 
matrix membranes, embedded with nanocatalysts and strong nanomaterials for drinking, sea water 
and wastewater purification. 
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• Fabrication and modification of ceramic, ceramic polymeric and hollow fibre membranes. 

• Fabrication, advanced characterisation and transport properties of carbon nanomembranes 
 
Composites, bio-nanocomposites and nanomaterials for water purification and detection 

• Nanostructured polymeric adsorbents, nanofibres and nanocomposite materials 

• Synthesis, doping and applications of carbon-based nanomaterials (e.g. carbon nanotubes, 
graphene oxide, carbon spheres) 

• Green synthesis and application of nanostructured materials 

• Synthesis of photocatalytic nanostructured materials 
 
Analytical and environmental research 

• Environmental analysis of persistent organic pollutants (PoPs) and emerging pollutants in the water 
treatment train 

• Assessment and understanding of the nature of emerging inorganic contaminants in water 

• Toxicology and nanotoxicology: analysis and remediation of biotoxins 

• Emerging aquatic pathogens and water microbiology 

• Development of analytical methods and protocols for the analysis and quantification of analytes 
 
Urban water cycle and rural community development 

• Drinking and wastewater treatment using conventional and new integrated technologies based on 
nanotechnology. 

• New water: water recycling, water reclamation and wastewater treatment 

• Natural organic matter in water systems: characterization, treatability and removal 

• Water energy food nexus 

• Energy-efficient water purification technologies 
 
Bioremediation and analysis 

• Aquatic toxicology (harmful algae, biotoxins analysis, monitoring, remediation) 

• Constructed wetlands 

• Fabrication and application of passive sampling devices for environmental monitoring 

• Method development for the analysis of organic and inorganic molecules in various matrices 

• Nanomaterials for detection of pollutants in water 
 
The goals of SDG 6 (Clean water and sanitation) are to: 

• Improve water quality by reducing pollution, eliminating dumping and minimising the release of 
hazardous chemicals and materials, halving the proportion of untreated wastewater and 
substantially increasing recycling and safe reuse globally  

• Substantially increase water use efficiency across all sectors and ensuring sustainable withdrawals 
and supply of freshwater to address water scarcity and substantially reduce the number of people 
suffering from water scarcity  

• Expand international cooperation and capacity building support to developing countries in water 
and sanitation related activities and programmes including water harvesting, desalination, water 
efficiency, wastewater treatment, recycling and reuse technologies  

• Support and strengthen the participation of local communities in improving water and sanitation 
management. 

 
South Africa faces several challenges related to water, including: 

• South Africa is the thirtieth driest country in the world. 

• There have been increases in the prices of staple foods. 

• Thirty-seven per cent of drinkable water is lost. 

• South Africa recently experienced the worst drought in 23 years. 

• Agriculture, mining and chemical industries present emerging types of pollutants. 
 
There are clear links between the periodic table and water treatment. Water treatment entails a series 
of steps before raw water is suitable for drinking. These steps may differ slightly from country to country. 
In South Africa the water treatment process for public drinking water is applied as follows: 

• Primary disinfection and oxidation using chlorine dioxide 

• Absorption using powdered activated carbon 
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• Coagulation, flocculation and sedimentation using alum and polymer 

• Chlorination (addition of chlorine) 

• Filtration 

• Water fluoridation (addition of fluoride) 

• Treated water storage 

• Chlorination. 
 
The drivers of new technologies in water treatment include emerging new contaminants such as 
micropollutants, and advancement in technology and enabling technologies. 
 
Examples of potential nanotechnology applications in water treatment include membranes and 
membrane processes; nano adsorption processes; photocatalysis; disinfection and microbial control; 
multifunctional nanodevices for sensing, determination and monitoring; and energy capture and 
storage. 
 
Carbon is an unusual element with various allotropes, including diamond and graphite. Using 
nanotechnology, various new nanoscale carbon materials have been developed, including graphene, 
carbon-60 fullerene and carbon nanotubes. Carbon materials are based on a graphene sheet. Nano 
carbon is very flexible and can be rolled, stacked, bent, doped or functionalised. Chemical vapour 
deposition is a vacuum deposition method used to produce high-quality, high-performance, solid 
materials including carbon nanostructures. The process uses dinitrogen (N2) and acetylene (C2H2), 
passed through a substrate at high temperature between 400°C and 700°C. The nanostructured 
carbons that are formed using this process have diverse morphologies, including spherical, tubular and 
vertically aligned. 
 
The properties of carbon-based nanosorbents make them suitable for use in water treatment; these 
properties include their high surface area, highly accessible adsorption sites, diverse interactions 
between contaminants and carbon nanotubes (CNT), modifiable surface chemistry and easy reuse. 
CNT membranes help to combat agglomeration, improve dispersion and promote vertical alignment. 
 
It is important for carbon nanotubes to be stable. In casting CNTs using the phase inversion method, it 
is therefore important to use a stable casting solution. Casting solutions containing oxidised multi-walled 
carbon nanotubes (O-MWCNTs) remain thoroughly mixed with polymer after a period time. Hydrogen 
bond interaction between O-MWCNTs and sulfonated polysulfone polymer matrix allows for good and 
stable dispersion of O-MWCNTs. The contact angle decreases with an increase in O-MWCNT content 
and hydrophilicity is enhanced. Mechanical strength is improved with increments in O-MWCNT content. 
Membrane porosity increases to a certain extent with an increase in O-MWCNT content, and reduces 
with further increments. Pure water flux initially increases with the inclusion of O-MWCNT and then 
reduces with further increments. There is a combined effect of enhanced hydrophilicity and 
agglomeration of O-MWCNTs at higher loadings.  
 
The use of new technologies in water treatment applications is escalating, and nanotechnology and 
membrane technology are at the forefront. Emerging contaminants such as micropollutants can be 
tackled with these advanced techniques. The periodic table continues to be critical in the design of new 
materials such as carbon nanomaterials to address current issues such as water pollution. 
 
MINERALS FOR HEALTH (NATHALIE MAT, NATHALIE MAT DIETICIANS) 
 
In taking a whole body approach, a human being is seen as a composition of various organs and 
systems, tissues, cells, organelles, macromolecules, molecules and atoms. The body is composed of 
elements found in the periodic table. The body’s protein, carbohydrate and fat architecture is made up 
of the four main ingredients of oxygen (65.0% of body weight), carbon (18.5%), hydrogen (9.5%) and 
nitrogen (3.3%). Other key elements are calcium (1.5%), phosphorus (1.0%), potassium (0.4%), sulphur 
(0.3%), chlorine (0.2%), magnesium (0.1%) and trace amounts of iodine, iron and zinc.  
 
The levels of sufficiency of various minerals in the human body range from toxicity, to optimal levels, 
suboptimal but still in the normal range, decreased stores, deficient, and frank deficiency. Measuring 
levels using a blood test does not indicate the levels of the minerals in the tissues. The phenomenon of 
hidden hunger is well documented in South Africa, which entails having sufficient food, but insufficient 
vitamins and minerals.  
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Nutrient metabolism was presented for the main minerals needed by the human body: 
 
Calcium 
 

• Calcium is a crucial component of bone. An average adult male body has about 1.4 kg of bone, 
compared to 1.2 kg in an adult female body. Other functions include intracellular and hormone-like 
signalling, neurotransmission and muscle contraction.  

• Calcium is absorbed with 15–70% efficacy in the small intestine. The efficacy of absorption is 
dependent on vitamin D status, age, amount ingested and concentration of other compounds in the 
meal. Vitamin D is a potent stimulus for calcium absorption. Phosphate (which occurs in milk, meat, 
colas and many processed food) inhibits absorption. Oxalate and phytates, which are found in many 
dark green leafy vegetables and some fibrous foods, also inhibit absorption. 

• Losses of calcium occur through high salt intake, which increases urinary calcium loss. Profuse 
sweating also increases losses significantly. 

• Significant food sources of calcium include broccoli, spinach, green beans, milk, yoghurt, cheddar 
cheese, Swiss cheese and sardines. 

• Excessive intake can cause renal stone formation in some people. If supplementing, around 500 mg 
of calcium is needed a day; more may be detrimental. 

 
Potassium 
 

• Potassium is the main cationic osmolyte within cells, and is important for neuronal signalling and 
heart impulse transmission. Other functions include nutrient and metabolite transport (across cell 
membranes) and enzyme activation.  

• The DASH (Dietary Approaches to Stop Hypertension) diet helps to reduce blood pressure when 
increased potassium intake is balanced with decreased sodium. 

• Nearly all potassium is absorbed in the small intestine. 

• Some medications (laxatives and some diuretics) increase losses. 

• Significant food sources of potassium include potatoes, tomatoes, acorn squash, broccoli, 
artichoke, spinach, green beans, carrots, watermelon, strawberries, grapefruit, avocado, milk and 
cod. 

• Excessive intake leads to muscle weakness, possible irregular heart beat and death due to cardiac 
arrest. 

 
Sodium 
 

• Sodium is the main cationic osmolyte in the blood and extracellular fluid. Other functions include 
the transport of nutrients and metabolite in intestines, kidneys and many other tissues. 

• There is near complete absorption due to several absorption mechanisms.  

• Sodium is lost mostly through urine and sweat. One hour of strenuous activity results in the loss of 
approximately 500 ml of sweat and 0.6 g of sodium. 

• Significant food sources of sodium include soy sauce, salt, milk, meat and bread. South Africa had 
among the saltiest bread in the world until recently when government regulations to decrease salt 
intake were implemented. The average South African consumes about 11 g of salt per day, about 
half of which is from salty foods, and the remainder from salt added to food. 

• Higher than minimal intake can increase blood pressure, especially in genetically susceptible 
people.  

 
Magnesium 
 

• Magnesium is an essential cofactor in many reactions, helping about 300 enzymes to function in 
the human body. Other functions include muscle and nerve depolarisation and the stabilisation of 
DNA. Magnesium is a component of bone. 

• About 30–60% of magnesium is absorbed. Phosphate and phytate inhibit absorption, but calcium 
does not. 

• Increased usage of magnesium occurs during stress, physical activity and alcohol intake. 

• The symptoms of magnesium deficiency include depression, muscle contractions and cramps, 
tingling, numbness, hypertension and abnormal heart rhythms. 
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• Significant food sources of magnesium include spinach, broccoli, tomato, artichoke, tofu, black-
eyed peas, cashews, whole grains and fish. 

• Toxicity is only likely from supplements, leading to irregular heartbeat, nausea, diarrhoea, appetite 
loss and extremely low blood pressure. 

 
Iodine 
 

• The main function of iodine is thyroid hormone production. 

• In South Africa, table salt is fortified with iodine. Most iodine in table salt is absorbed. In unfortified 
foods, absorption is around 20%. 

• Loss through urine is the main means of regulating body levels of iodine. 

• Deficiency symptoms include spontaneous abortion and birth defects, and irreversible impairment 
in the brain and physical development of the foetus and young child. In adults, the deficiency 
symptoms include goitre; slower metabolic rate, mental and cardiac function; and feelings of fatigue 
and cold intolerance. 

• Significant food sources of iodine include salt, milk (from udder antiseptics), yoghurt, seafood and 
bread. 

• In the Wolff-Chaikoff effect, the ingestion of a large dose of iodine rapidly decreases thyroid 
hormone production. Sudden increases in iodine intake (e.g. seaweed snacks) should be avoided. 

 
Iron 
 

• The main function of iron is oxygen transport. 

• Other functions include energy production in mitochondria, free radical metabolism (an excess of 
iron is detrimental), DNA synthesis, alcohol metabolism and thyroid hormone metabolism. 

• There are several mechanisms of iron absorption. Absorption is improved by vitamin C, and 
decreased by tannins, caffeine, phytates and fibre. In a mixed diet 14–18% of iron is absorbed, and 
5–12% in a vegetarian diet. 

• Iron is lost through bile, skin and urine, and in women the discharge of menses is a factor in iron 
loss. Other sources of iron loss that tend to be ignored include intestinal blood loss via the digestive 
system often caused by worm infection. 

• Significant food sources of iron include spinach, artichoke, green beans, tomatoes, tofu, clams, 
beef liver and shrimp. 

• Deficiency of iron causes anaemia and impaired immune function. Iron deficiency in children slows 
growth and cognitive development. 

• Supplementation can interfere with the absorption of medications including thyroid medication, 
some antibiotics and medications for Parkinson’s disease. 

 
Zinc 
 

• Zinc is a cofactor for several hundred enzymes; 16% of all enzymes need zinc. Zinc is a cofactor 
for enzymes that digest food and alcohol. Other main functions include DNA replication and 
function, immune function and free radical metabolism. 

• More than 70% of small doses of zinc are absorbed. Zinc is mostly unaffected by the presence of 
other minerals. 

• Between 2% and 10% of zinc is lost through urine. 

• Significant food sources of zinc include spinach, broccoli, green beans, tomatoes, yoghurt, ricotta 
cheese, Swiss cheese, turkey, shrimp, crab, lean ham, lean ground beef, lean sirloin steak, oysters 
and tofu. 

• Excessive intake may deplete copper stores, impair immune function and lower HDL levels. 
 
SUSTAINABLE USE OF FERTILISERS: A CLOSER LOOK AT NITROGEN, PHOSPHORUS AND 
POTASSIUM (MR HARRY DUBE, DEPARTMENT OF AGRICULTURE, FORESTRY AND 
FISHERIES) 
 
The mandate of the DAFF Agriculture Inputs Control Directorate is to implement the Fertilizers, Farm 
Feeds, Agricultural Remedies and Stock Remedies Act (No. 36 of 1947). This role entails supporting 
innovation, and expediting time to market for safe and quality pesticides, animal medicine, fertiliser and 
animal feeds in agricultural production, to further the well-being of South Africa’s people, environment, 
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and economy. This is achieved by making sure that agricultural inputs in the country are registered and 
have a unique registration number. The registration process ensures that any product used in the 
agricultural sector is fit for purpose, effective and safe for use by humans and animals, and that it does 
not cause harm to the environment. 
 
The current regulatory model works in conjunction with the Department of Health (with respect to 
maximum residue limits), the Department of Environmental Affairs (with respect to the National 
Environmental Management Act No. 107 of 1998, and the National Environmental Management: 
Biodiversity Act No. 10 of 2004), the South African Police Service (Explosives Act No. 26 of 1956). 
International protocols that South Africa has ratified also have to be considered, including the Stockholm 
Convention (on POPs), Rotterdam Conventions (on hazardous chemicals and pesticides), Basel 
Convention (movement of hazardous waste and disposal) and Montreal Protocol (on substances that 
deplete the ozone). DAFF collaborates with regulators abroad including the US Environmental 
Protection Agency, as well as regulators in the EU, Japan and Australia. 
 
In terms of Act No. 36 of 1947, fertiliser is defined as any substance which is intended or offered to be 
used for improving or maintaining the growth of plants or the productivity of soil. It includes natural or 
synthetic product applied to plant tissue or directly to soil to benefit plants direct or indirectly (e.g. 
inorganic fertilisers, organic fertilisers, plant growth regulators, copolymers, urease inhibitors, plant 
extracts, sea weed products, amino acids, chelating and complexing agents. 
 
Good productive soils maintain a healthy balance of the following essential nutrients together with soil 
biota and organic matter: 

• Structural plant nutrients: obtained from water and the atmosphere (hydrogen, carbon and oxygen) 

• Macro nutrients: three primary (nitrogen, phosphorus, potassium) and three secondary (calcium, 
magnesium, sulphur) 

• Micronutrients: chlorine, boron, manganese, iron, copper, zinc, molybdenum, cobalt, nickel. Cobalt 
and nickel are also regarded as toxic elements of concern because they can be toxic both to plants 
and human beings. Zinc, copper and phosphorus in excess can also be toxic to plants and human 
beings. 

 
Most of the sources of plant macro and micro nutrients are from mining, with the exception of nitrogen 
(which is obtained through the Haber-Bosch process) and sulphur (most of which is obtained through 
cleaning of fossil fuels).  
 
The six macro nutrients are extracted by plants at neutral soil pH conditions. Of the five main plant 
nutrients, three are critical for human survival, namely nitrogen, phosphorus and potassium. The 
production of this plant nutrients started in earnest during the industrial revolution. After the great wars. 
companies that produced explosives had to seek new markets for products such as nitrates, and found 
these by producing fertilisers. In South Africa, the fertiliser industry is linked to the mining sector through 
companies such as Sasol, Omnia and Foskor. 
 
Nitrogen 
 
Nitrogen is the most abundant gas in the atmosphere, constituting close to 78%. However, it is in 
unavailable form due to the strong triple covalent bonds. It can only be produced industrially (through 
the Harber-Bosch process which accounts for over 80% of nitrogen in agriculture) or fixed by 
leguminous plants or by lightning. Without the industrial production of nitrogen, agricultural production 
at current scale would not have been possible.  
 
The disadvantages of using nitrogen as a fertiliser are that it acidifies soils, kills soil biota and contributes 
to eutrophication of water sources. Most soils in South Africa are acidic and are rendered less 
productive due to overuse of nitrogen fertilisers, the depletion of soil organic matter and the release of 
toxic metals such as manganese, iron, copper. This gives rise to environmental concerns and increases 
the cost of crop production, which increases food prices. Soil acidity increases with rainfall. Soils in the 
wetter eastern parts of South Africa are more acidic than in the west. In the rest of Africa, soils in tropical 
Africa are particularly acidic. Returning acidic soils to productive states is enormously expensive. In 
well-resourced Western countries, lime has been used effectively to combat the acidification of soils 
due to fertilisation.  
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Fertilisers contribute about 30% of total world ammonia emission, including both nitric and nitrous oxide. 
Ammonia is a greenhouse gas. Even though ammonia contributes only about 1% of greenhouse gas 
emission, it is still a concern. In the interests of sustainable agriculture, the way in which nitrogen 
fertilisers are used will have to be reconsidered in the future.  
 
Phosphorus 
 
Among the major plant nutrients, phosphorus is the most deficient in soils. Soils generally have enough 
phosphorus, but it is unavailable due strong bonds with metals such as manganese, iron and zinc. Low 
soil pH releases more metals, which in turn fix more phosphorus, and hence less phosphorus is 
available in the soil. As a result, more liming might be required to make phosphorus available to plants. 
 
Phosphorus has been shown to exponentially increase the crop yield of soybeans, maize, wheat and 
other crops. Unlike nitrogen, phosphorus is mined mainly as rock phosphate, which is generally 
unreactive in soils. Phosphorus is usually treated with hydrochloric acid to make it reactive and create 
superphosphate. Another form of phosphorus is the organic phosphorus found in decaying plant and 
animal matter. Because phosphorus is a finite resource, it needs to be managed carefully. Global 
reserves of phosphorus occur in four main countries: Morocco (38%), China (27%), South Africa (10%) 
and the USA (8%). South Africa exports most of the phosphorus produced in the country. Several years 
ago, China increased its exports tariffs of phosphorus by about 200%.  
 
Using excessive phosphorus can lead to phosphorus poisoning in soils. Soluble forms can be leached 
into groundwater and reduce its quality. Phosphorus may also accumulate in water bodies, leading to 
eutrophication of dams and lakes. 
 
Potassium 
 
Potassium is a fairly common mineral nutrient in soils; about 2.3% of the Earth’s crust comprises 
potassium. On average plants remove about 300 kg/ha, necessitating fertilisation. The shortage of 
potassium limits the uptake ability of plants. Canada accounts for 46% of global potash reserves and 
Russia for 35%. Brazil and Belarus each have 8% of world reserves. South African soils contain no 
potassium. 
 
Conclusion 
 
It is apparent that the minerals nitrogen and phosphorus are finite. The question is not if but when they 
will be depleted, given the extent to which the global population is growing. To continue food production 
in a sustainable way, we need to relook how we use fertilisers and use more organic fertilisers. Better 
regulations are needed to monitor the use of nitrogen fertilisers on farms. The USA and Europe have 
already introduced nitrogen budgeting: agronomists visit farms and conduct soil analysis to determine 
how much nitrogen, phosphorus and potassium are required to avoid applying excess fertilisers that 
could contaminate the environment. 
 
The use of more animal manure and human excreta as fertilisers will have to be explored; in the USA, 
biosolids are already being used in large quantities. Eighty per cent of the solid waste that enters 
municipal landfills is organic waste material that could be used in the nutrient cycle. Other practices that 
will have to be better implemented are rotating cereal and legume crops, protecting soils from erosion, 
using organic fertilisers (especially for small-scale production), embracing nature farming and zero 
tillage for improved soil organic matter. 
 
SOUTH AFRICA’S SKILLS POSITION FOR ACHIEVING SUSTAINABLE DEVELOPMENT: WHAT 
IS FEASIBLE FOR DRIVING THE PHARMACEUTICAL OR VACCINE PRODUCTION INDUSTRY 
(DR PALESA SEKHEJANE, HUMAN SCIENCES RESEARCH COUNCIL) 
 
Evidence from South Africa shows that vaccination accounts for significantly reduced infant mortality 
and hospitalisation cases linked to pneumonia. For instance, the use of pneumonia-targeted vaccine 
decreased the hospitalisation of HIV-infected children by almost 40%, and by 33% for children that were 
not infected. 
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Some of the challenges around the supply and availability of vaccines are addressed through the local 
production of some vaccines, thereby shortening the supply chains. Local production mobilises the 
human capital base that can feed into regional vaccine production value chains, making a significant 
contribution to the continental objective of advancing the Science, Technology and Innovation Strategy 
for Africa (STISA 2024) and ultimately achieving of some of the aspirations of Agenda 2063 (the Africa 
We Want) and related global agendas. STISA identifies the prevention and control of preventable 
diseases (both communicable and non-communicable) as a priority area for investment and 
development.  
 
South Africa has lost its capacity to produce human vaccines. South Africa used to produce vaccines 
for tuberculosis (BCG), diphtheria-tetanus-pertussis (DTP), polio (OPV), rabies and tetanus, but has 
not produced human vaccines since the mid-1990s. Africa produces less than 0.1% of vaccines 
worldwide. BRICS countries are increasing vaccine production capacity for diseases with high global 
demand and those required specifically for the developing world. Among the BRICS countries, vaccine 
production is led by India and China. In 2012, Indian manufacturers supplied 95% of vaccines produced 
in BRICS countries. Vaccine production is a major global business encompassing four functional areas: 
clinical studies, vaccine R&D, regulation and standardisation, and production. At the 2018 BRICS 
Summit, South Africa was granted permission to establish a state-of-the-art vaccine centre in the 
country. Leaders from Brazil, China, India and Russia all agreed that the centre would be based in 
South Africa as a research platform for BRICS-affiliated countries and those on the African continent in 
order to tackle the burden of disease that plagues developing countries. 
 
Progress made within BRICS indicates dynamic progress towards innovation and development. South 
Africa could learn from India and China. Both these countries also have a strong medicinal indigenous 
knowledge footprint. The establishment of the vaccine centre in South Africa would provide an 
opportunity to encourage and invest in local manufacturers. South Africa stands to gain regionally due 
to lack of competition in the region. The new vaccine centre would require technical investment. 
 
It is unlikely that South Africa will fully and effectively exploit its BRICS mandate of producing a broad 
range of human vaccines to serves its needs, the needs of SADC and BRICS nations, let alone others 
outside these boundaries. South Africa has not identified strategies to develop the much-needed 
capacity to realise this industry as one of the key drivers of economic growth. Policies and institutions 
of higher learning are not integrated and thus appear chaotic. Analysis of the policy environment does 
not afford appropriate conditions to address some basic fundamentals for South Africa to play a deeper 
role in the vaccine production space. Human capital is an important factor in this regard. 
 
The South African government needs to start driving the initiative to galvanise science and engineering 
skills towards vaccine production. Targeted policy is required to ensure that the skills that are developed 
by higher education institutions are absorbed. Policies are also required for working with BRICS 
networks and with local business networks in South Africa.  
 
Discussion 
 
Mr Jonathan Dean (Highveld Biotech): Cape Bio Pharms is a spin-off company from the University 
of Cape Town that uses a plant-based platform to produce a wide variety of proteins. The genetic 
material of vaccines can be inserted into plants, cultivated as a crop and taken orally. Costs are lower 
than for conventional vaccine production, and the vaccines can be grown in less than two weeks which 
is faster than for egg-based or reactor systems. Is government promoting this technology, which would 
put South Africa ahead of competitors abroad in terms of biotechnology and vaccine-production 
technology? 
 
Response – Dr Palesa Sekhejane: There is no documentary evidence that the South African 
government is promoting this kind of biotechnology. India and Brazil are also trying innovative vaccine 
production. India produces vaccines but has challenges with storage and distribution, and hence low 
local uptake. Novel methods of vaccine production would have to involve the Department of Health. 
The DST supports the development of new technologies, but South Africa has challenges in integrating 
these into the work of other government departments.  
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Ms Debbie Schultz: South Africa has skills, and there is talk of policies that would facilitate the 
establishment of a vaccine-producing facility, but the country lacks policies at present. How can South 
Africa address the gaps and move forward? 
 
Response – Dr Palesa Sekhejane: The BRICS bloc and has made progress in vaccine production, 
and South Africa has been given a mandate to establish a local vaccine facility. South Africa already 
has the capability to produce vaccines through existing companies such as Biovac, which is currently a 
vaccine packager and distributor. There is a gap in the lack of a targeted policy to reach similar levels 
of vaccine production as countries such as India, China or Brazil. Another gap is that university curricula 
are not geared towards using knowledge and skills for vaccine production. The gaps could be 
addressed through a targeted approach involving partnerships and changes in university curricula. 
 
Ms Jansie Niehaus (NSTF): Has there been any research to establish the extent of resistance to 
vaccination? 
 
Response – Dr Palesa Sekhejane: I have looked at the controversies around vaccines but have not 
found any solid evidence that vaccines cause autism or other conditions that are sometimes attributed 
to vaccination.  
 
Dr Ali Dhansay (NSTF Chairperson): In light of vaccine hesitancy, perhaps the HSRC should look 
into the views of mothers and caregivers towards the vaccination of children. It seems that mothers who 
attend public sector primary health care clinics are not properly informed about the vaccines that 
children under the age of five receive, but the situation is different for mothers and children receiving 
medical treatment in the private sector.  
 
Ms Wanda Bruce (Smart Attitude Marketing): There has been much research abroad against 
vaccines, which has credibility. There have also been many case studies and stories from mothers. A 
child is not permitted to be enrolled at school without a complete and up-to-date vaccination card with 
at least 27 stamps. It is questionable whether this level of vaccination is required for a child to be healthy. 
 
Response – Dr Palesa Sekhejane: There are various factors involved in vaccine hesitancy. In China, 
for example, a recent incident of officials tampering with the formulation of the vaccine is cause for 
concern and begs the questions how often such incidents occur in vaccine production around the world, 
and how effective regulatory frameworks and bodies are. However, I would not like to take a stance on 
whether on not a child should be vaccinated with a vaccine that is properly formulated and complies 
with regulations. A child who has not been vaccinated is at risk of infection. 
 
Ms Jansie Niehaus (NSTF): Perhaps the topic of vaccine resistance requires further attention at a 
future Discussion Forum. 
 
FROM CHEMISTRY’S BIG BANG TO ONE-WORLD CHEMISTRY: A STORY FOR CHEMICAL 
EDUCATION (PROF JOHN BRADLEY, UNIVERSITY OF THE WITWATERSRAND) 
 
The history of the development of chemistry tends to be overlooked in most school curricula. 
 
The chemistry ‘big bang’ (1770–1870) 
 
Antoine Lavoisier (1743–1794) is considered to be the ‘father of chemistry’. The idea of elements had 
been around since the time of the ancient Greek philosophers, but Lavoisier was the first person to 
define elements as substances that cannot be broken down to simpler substances by chemical practice 
and to develop a method of testing whether or not a substance was an element. The importance of this 
great break-through in chemistry cannot be overemphasised and started the ‘chemistry big bang’. This 
derived from Lavoisier’s discovery of the law of conservation of mass and measuring mass to follow 
chemical changes, and led to the binary nomenclature of compounds (e.g. sodium chloride instead of 
salt to indicate that it comprises two elements). In 1789, Lavoisier published the textbook Traité 
élémentaire de chimie, which contained the first list of chemical elements, totalling 33 elements grouped 
into gases, metals, non-metals and earths. This was the genesis of the eventual periodic table. Lavoisier 
was guillotined in the reign of terror during the French revolution. 
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The next significant chemist in the development of the periodic table was John Dalton (1766–1844), 
who was a school teacher in Manchester, England. He continued work on the ancient Greek idea of 
atoms. He discovered that all the atoms of one element are the same, that atoms of different elements 
differ in weight, and that atoms of different elements combine in simple ratios of 1:1 unless otherwise 
indicated. Dalton used a quantitative analysis of compounds to determine the relative weights of atoms 
(relative to hydrogen=1). He published A New System of Chemical Philosophy in 1808.  
 
By 1808, both the atom and the element had thus been identified as useable concepts and taken up by 
a number of highly regarded scientists: 

• Avogadro (1811) distinguished between atoms and molecules and found that like atoms could 
combine to form molecules. He discovered that all gases contain the same numbers of molecules 
(at the same volume, temperature and pressure). 

• Faraday (1834) discovered the laws of electrolysis, linking valency with electricity. 

• Cannizzaro (1860), at the 1st International Congress of Chemists in Karlsruhe, resolved many 
atomic weight contradictions using Avogadro’s ideas.  

• Mendeleev (1869) proposed the periodic law relating element properties (especially valency) with 
atomic weights. He is recognised for developing the periodic table. 

 
Significant developments in chemistry during the period leading up to the establishment of the periodic 
table included: 

• Agricultural revolution (starting in Europe in the 17th century and continuing until the 19th century) 

• Electrochemistry (1800) 

• Synthetic chemistry (1840s–1850s) 

• Biochemistry (1860–1864). 
 
The benefits of chemistry (1870–1970) 
 
When the UN General Assembly announced in 2017 that the year 2019 would be proclaimed as the 
International Year of the Periodic Table, the International Union of Pure and Applied Chemistry (IUPAC) 
released a statement: 

The development of the Periodic Table of the Elements is one of the most significant 
achievements in science and a uniting scientific concept, with broad implications in Astronomy, 
Chemistry, Physics, Biology and other natural sciences…It is a unique tool enabling scientists 
to predict the appearance and properties of matter on Earth and in the Universe. Many chemical 
elements are crucial to enhance the value and performance of products necessary for 
humankind, our planet, and industrial endeavours. 

 
In the century following the establishment of the periodic table, there were significant developments in 
chemistry that stimulated industrial development in a number of fields, including: 

• Polymers and plastics (1839–1934) 

• Medicinal chemistry (1897–1909), including analgesics and antibiotics 

• Agrochemistry (1909–1939), including nitrogen fixation and DDT insecticide 

• Solid state chemistry (1833–1940s) including the semiconductor effect and transistors. 
 
Over the same period, there were exponential increase in global GDP per capita and life expectancy. 
 
Despite all the benefits of chemistry, there have been growing concerns about the effects of chemical 
industry on humans and the environment, as extracts from some recent reports indicate: 

• The 2019 Global Environmental Report of the United Nations Environment Programme (UNEP) 
reported that nine million people per annum are killed by pollution, and that 80% of these deaths 
are related to air pollution. The report pointed out that modern society is living in the most chemical-
intensive era in human history: the pace of production of new chemicals largely surpasses the 
capacity to fully assess their potential adverse impacts on human health and ecosystems. 

• A 2019 report by the UN Forum on Climate Change concluded that climate change presents the 
single biggest threat to sustainable development everywhere, and its widespread, unprecedented 
impacts disproportionately burden the poorest and most vulnerable. The report called for urgent 
action to halt climate change and deal with its impacts, as is integral to the successful 
implementation of the SDGs. In fact, SDG 12 is to ensure sustainable consumption and production 
patterns. 
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The school system has largely ignored educating learners about sustainable development. 
 
One-world chemistry and sustainable development (1970–2070) 
 
The International Organization for Chemical Sciences in Development (IOCD) has taken the position of 
one-world chemistry and systems thinking. The IOCD calls for chemistry to reconsider itself, not 
because it is bad but because it is incomplete and not yet sufficiently sophisticated to meet current and 
future needs. The position of the IOCD is that chemistry cannot be separated from the context in which 
it is conducted, and its practice must be considered in relation to its impacts on many interconnected 
systems. Chemistry, which is often referred to the ‘central science’ lying between physics and biology, 
must become a ‘central sustainability science’. The IOCD advocates that both teaching and practice 
must be informed by systems thinking and consequently embrace approaches that cross disciplinary 
boundaries. 
 
Implications for chemistry education in the International Year of the Periodic Table 
 
There are many problems in the South African school system that challenge the country to produce the 
skills it needs. In South African secondary schools, the teaching of chemistry is embedded in the subject 
Physical Sciences. FET Physical Sciences comprises 50% physics and 50% chemistry. The curriculum 
document defines knowledge areas (KAs) that are studied from Grade 10 to Grade 12. There is no 
curricular linkage between KAs and no reference to Life Sciences. The KA Chemical Systems 
comprised 18.75% of the NCS Physical Sciences curriculum introduced in 2003, but this was reduced 
to 4.5% in the CAPS revision in 2011. 
 
It is wrong to continue to perpetuate a curriculum that reflects an outmoded vision of science in relation 
to what is required of science at present and in the future for which the education system is preparing 
young people. Moving towards systems thinking is required in structuring the school science curriculum. 
One-world chemistry does not argue for the abandonment of teaching individual sciences in favour of 
an undifferentiated ‘general science’. It does argue for stressing the unity of scientific principles and 
thought processes from the earliest stages of science education, embedding chemistry education from 
a very early stage, and a growing awareness of how chemistry interconnects with other disciplines.  
 
Between 2010 and 2015, the InterAcademy Project focused on the goals of science education and 
recommended that science education should be conceived, not in terms of a body of facts and theories, 
but as a progression towards understanding key ideas of relevance to students’ lives during and beyond 
their school years. Science is about understanding the unity of scientific principles and thought 
processes, and finding the cause or causes of phenomena in the natural world. For example, the 
concept that all matter in the universe is made of very small particles must be introduced very early in 
the teaching of science and advanced throughout the science curriculum. 
 
Inquiry-based science education pedagogy entails that when trying to make sense of new experience, 
whether within the classroom or outside, learners start from the ideas they already have, as indeed 
scientists do. In science, understanding of the natural and made world is developed through seeking 
answers to questions by collecting data, reasoning and reviewing evidence. By engaging in such 
activities and making them conscious, students develop their ideas about science. 
 
According to the American Chemical Society in 2014, ‘The crisis of sustainability, the fit between 
humanity and its habitat, is manifest in varying ways and degrees everywhere on Earth…Sustainability 
is about the terms and conditions of human survival, and yet, we still educate at all levels as if no such 
crisis existed.’  
 
The story ‘From chemistry’s big bang to one-world chemistry’ is one that can be exploited in a new 
school science curriculum that is conceived in terms of the big ideas of science education, inquiry-based 
science education and systems thinking and clearly linked with the SDGs. 
 
Recommendations 
 
Humanity today finds itself in the crisis of existence. In view of the urgent imperatives of the SDGs, the 
NSTF should convene a Discussion Forum devoted to the ‘Reconstruction of Science Curricula in South 
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Africa’. As a contribution to the urgent need to create awareness, the NSTF should support and 
coordinate the development of materials for teachers and teacher educators in South Africa that exploit 
the story behind the IYPT.  
 
Discussion 
 
Mr Jonathan Dean (Highveld Biotech): The point was raised that there is not enough 
crossdisciplinarily in science education at present. Scientists should not work in silos but should 
communicate and collaborate at the interfaces of the various fields of science. In reconstructing the 
curriculum, it is important to ensure that learners understand how various microorganisms and systems 
interact in order to help them live better lives. The presentations on nutrition and fertilisers did not 
mention microorganisms, despite these being a major constituent of the body and soil. 
 
Ms Jansie Niehaus (NSTF): What is systems thinking? 
 
Response – Prof John Bradley: Chemistry tends to be taught within an extremely narrow framework 
in the science curriculum. The teachers generally have this narrow conceptual framework themselves, 
and it is reinforced by textbooks. In the past, school science textbooks used to include an applications 
section at the end of each chapter, which provided some insight into how science was studied in the 
laboratory and the kinds of results that could be obtained and published. This approach gave rise to 
large benefits, but the image of science confined to the laboratory is no longer good enough for young 
people. It is important to be constantly aware that the chemistry taught in schools is an element of the 
greater whole. Questions need to posed whether students have awareness of the environmental impact 
of what they are doing, but they are never asked such questions. The pattern of behaviour of learners 
in the chemistry laboratory tends to be casual and unconcerned with the bigger picture, and focused on 
complying with what is required of them in the immediate context. Often the working space of learners 
in the laboratory is littered with chemicals, pieces of paper and rubber gloves, and they toss any remains 
down the sink. These patterns demonstrate a lifestyle that is free of any kind of systems thinking. We 
are failing in conveying systems thinking in relation to other people and the world at large; for example, 
the idea that atoms never disappear, and that what is discarded down the sink is merely scattered and 
will come to rest somewhere else. From an education perspective, people have to learn from an early 
age that they are part of a system and have to behave accordingly. Researchers have to understand 
systems thinking on a far larger scale. 
 
Ms Jansie Niehaus (NSTF): It would be difficult for each teacher to develop systems thinking, and it 
and cannot be done alone. 
 
Response – Prof John Bradley: Teachers often have very limited experience. They come from school, 
pass through a BEd degree programme, and are then deployed as teachers in schools. Only about 25% 
of learners have visited a chemical plant even this is a requirement of the school curriculum. Such visits 
are essential, even if they are difficult to organise, in order for learners to gain personal awareness of 
what this implies. Learners who visit a chemical plant are exposed to systems thinking through the 
concerns of such a plant with their environmental impact and adherence to environmental regulations. 
Teachers are not in a position to engage in systems thinking on a large scale, but can do so in small 
ways such as how to run a clean laboratory. 
 
Dr Divine Anokam (Tshwane University of Technology): Do you think that current circumstances 
exist for the development of systems thinking? 
 
Response – Prof John Bradley: I do. The current structure of the physical science curriculum is out 
of step with systems thinking and with what the SDGs call for. It is widely believed that we are 
approaching a crisis and not moving fast enough to address the impacts of climate change. 
Sustainability is the key to our future, but the education system is not aware of that. In the science and 
technology community, there should be pressure to address the idea that we are not teaching science 
in accordance with the needs. Teachers need to be adequately informed and trained to deliver on that. 
This is a huge project, and we need to start as soon as possible. 
 
Ms Jansie Niehaus (NSTF): The Department of Planning, Monitoring and Evaluation (DPME) is 
supposed to be the government department that addresses these kinds of issues. Dr Mashimbye’s 



National Science and Technology Forum 

20 
Proceedings of Discussion Forum: Sustainable development and the chemical elements 

presentation captured the growing coordination among government departments to address the SDGs, 
but there is still a need for coordination with the broader society. 
 
DISCUSSION AND RECOMMENDATIONS 
 
Participants were invited to suggest how to harness the South African chemical sector to contribute to 
the SDGs. 
 
Mr Matome Mokgolo (Tompi Seleka College of Agriculture): I am a soil scientist and my research 
is on the use of organic fertilisers rather than commercial fertilisers. For sustainable production, we 
should encourage farmers, especially smallholder farmers, to use organic fertilisers. 
 
Dr Palesa Sekhejane (HSRC): We need to know which chemicals South Africa has the potential to 
produce and for what purposes, and how such chemicals could contribute to rehabilitating the national 
economy.  
 
Dr Mduduzi Cele (North-West University): My research is on converting carbon dioxide to methanol, 
but this could be expanded to ethanol. My main interest is to understand the carbon cycle in order to 
contribute to sustainable energy, because carbon dioxide can be converted back to fuel again. 
 
Mr Jonathan Dean (Highveld Biotech):  

• Scientists tend to interact only with those in their particular field. There is a need for a platform for 
professionals to interact with those from different disciplines.  

• The world is made up of living chemistry. We need to apply that approach to find green chemistry 
solutions; for example, it is possible to create value from waste removed through the process of 
treating polluted water. 

 
Ms Jansie Niehaus (NSTF): The NSTF serves as a platform for networking among different disciplines, 
as many professional associations are members of the NSTF. 
 
Ms Charlotte Mohlabi (Limpopo Department of Agriculture and Rural Development): The 
presentation by Mr Dube showed how fertilisers end up in rivers and dams if they are overused. 
Government needs to revisit the way in which it provides support to farmers. Scientists should visit 
farms, conduct tests and give farmers what they actually need, not what they think they need. 
 
Richard Chuene (Limpopo Department of Agriculture): Smallholder farmers should be encouraged 
to use chicken manure to improve their soil, as they cannot afford organic fertiliser.  
 
Unidentified speaker: There are many people who can make a big difference to sustainability, which 
is very important. I have done a lot of reading about the endocannabinoid system, which is reflected by 
phytocannabinoids (i.e. the chemical compounds found in cannabis). The endocannabinoid system, 
which is one of the systems that regulates homeostasis in the human body, is not included in the training 
curriculum for doctors anywhere in the world. Very little research has been done in this field, mostly in 
Israel and America, and more research is required in order to bring systems back into harmony. 
 
Ms Wanda Bruce (Smart Attitude Marketing):  

• There are gaps in standards and regulatory compliance in order for agriculture to meet the UN goal 
of food security (SDG 2: Zero hunger). Desertification and the scarcity of water are other issues 
that need attention in the interests of food security in Africa.  

• Smart Attitude Marketing is looking for sites to assist farmers to feed future generations. As a 
consultant to assist farmers with regulatory compliance, I have found that the water in Limpopo is 
very salty. The only method to address this would be desalination, which is very expensive. 

• We need to find ways to assist people out of poverty, given the very high unemployment rate in 
South Africa. Medical cannabis and hemp growing could provide a sustainable future for many 
people. We need more research in this area. 

 
Ms Jansie Niehaus (NSTF): Cannabis was the topic of one the NSTF’s previous Discussion Forums. 
Research in this field is being done at the University of the Free State and Stellenbosch University, but 
cannabis has only recently been legalised under certain conditions. Cannabis has thus been difficult to 
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obtain for research purposes, and research in this field has been unpopular because cannabis was 
demonised. Perhaps this is a topic that the NSTF needs to revisit. 
 
Ms Debbie Schultz: Systems thinking, as referred to by Prof Bradley, requires multidisciplinarity and 
collaboration. The NSTF is a platform for that purpose, but there needs to be more drive from 
government to overcome the various departments acting in silos.  
 
Miss Cynthia Mapatlare (DAFF): Rather than harnessing the chemical sector to contribute to 
sustainability, we should explore indigenous or traditional cultivation methods or ways of mitigating 
pesticides.  
 
Mr Sphelele Sosibo (North-West University): One does not need chemicals to study chemistry. Using 
computational chemistry, it is possible to study chemical interactions on a computer. This reduces the 
chemicals required in the laboratory as the results can be envisaged before being tested in the 
laboratory. It might be possible to apply chemical reduction techniques in agriculture (e.g. by applying 
permaculture rather than using commercial fertilisers). Villagers know how to grow plants sustainably 
without using fertilisers. 
 
Ms Rebone Ntsie (Department of Health): Health issues include obesity and non-communicable 
diseases. How could chemical elements be used to address or reduce these issues? I would appreciate 
a Discussion Forum on non-communicable diseases and obesity. 
 
Prof Thibedi Ramontja (Orbit Resources): Everything we need in life for sustainability revolves 
around the periodic table. Children need to be taught about the periodic table starting in kindergarten, 
and learning must be fun. We need to find innovative ways of exposing children to the periodic table 
(e.g. taxis could be painted with the periodic table). The school education system does not foster people 
who can be innovative about addressing societal needs. 
 
Mr Thapelo Kepadisa (DST): The DST is very supportive of the NSTF and the UN Year of the Periodic 
Table. A Discussion Forum on food security would be interesting. Stimulating interest in chemical 
elements could be used to attract learners into science.  
 
Mr Freddy Chaba (Limpopo Economic Development Agency): The future must be green in terms 
of green energy, green housing and a green economy. South Africa needs to take research forward to 
commercialisation. The main challenges facing the country are investment promotion and 
industrialisation. We need to develop huge plans for industrialisation and then find investment to realise 
the goals. Local mineral beneficiation is needed to grow the economy and create jobs. The Discussion 
Forum should go beyond mere talk. 
 
CLOSURE 
 
In closing the Discussion Forum, Ms Niehaus announced that the NSTF was working on a newspaper 
supplement that would focus on the IYPT and include a wall chart of the periodic table. The supplement 
was scheduled to be published in the Business Report towards the end of July 2019. This initiative 
formed part of the NSTF’s collaboration with the DST on the IYPT.  
 
The outcomes of the three Discussion Forums on the periodic table would be compiled, including 
summaries and recommendations. 
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APPENDIX 1: LIST OF ACRONYMS 

 
BEd Bachelor of Education 
BGS British Geological Survey 
BRGM Geological Survey of France (Bureau de recherches géologiques et minières) 
BRICS Brazil, Russia, India, China and South Africa 
CAPS National Curriculum and Assessment Policy Statement 
CNT Carbon nanotube 
CSIR Council for Scientific and Industrial Research 
DAFF Department of Agriculture, Forestry and Fisheries 
DDG Deputy Director- General 
DDT Dichlorodiphenyltrichloroethane 
DEA Department of Environmental Affairs 
DoH Department of Health 
DST Department of Science and Technology 
EU European Union 
FET Further Education and Training 
GDP Gross domestic product 
HDL High-density lipoprotein 
HIV Human immunodeficiency virus 
HSRC Human Sciences Research Council 
IOCD Organization for Chemical Sciences in Development 
KA Knowledge area 
MMCM Multi-Stakeholder Committee on Chemical Management 
NCS National Curriculum Statement 
NRF National Research Foundation 
NSTF National Science and Technology Forum 
OAPEC Organization of Arab Petroleum Exporting Countries 
O-MWCNT Oxidised multi-walled carbon nanotube 
PGE Platinum group element 
PGM Rare earth element 
POP Persistent organic pollutant 
R&D Research and development 
RDI Research, technology and innovation 
REE Rare earth element 
SADC Southern African Development Community 
SANCB South African National Convention Bureau 
SA South Africa/ South African 
SDG Sustainable Development Goals 
STISA Science, Technology and Innovation Strategy for Africa 
the dti Department of Trade and Industry 
UN United Nations 
UNESCO United Nations Educational, Scientific and Cultural Organization 
Unisa University of South Africa 
US/ USA United States of America 
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APPENDIX 2: LIST OF ATTENDEES 

 
Mr David Modiba Anglo American Platinum 
Ms Brianna Kock CAIA 
Ms Lebogang Ramonetha Chemyx 
Ms Reedah Mampana Department of Agriculture 
Miss Cynthia Mapatlare  Department of Agriculture, Forestry and Fisheries (DAFF) 
Mr Harry Dube DAFF 
Ms Rebone Ntsie Department of Health 
Mr Thapelo Kepadisa Department of Science and Technology (DST) 
Mrs Sikhonzile Sikhosana DST 
Dr Mahlori Mashimbye DST 
Ms Wilna du Plessis DST 
Mr Lindelani Lalumbe Department of Water and Sanitation 
Mr Jarod Davis Dow Southern Africa 
Mr Brad Ross-Jones Eskom 
Mr Jonathan Dean Highveld Biotech (Pty) Ltd 
Dr Palesa Sekhejane  Human Sciences Research Council 
Mr Corrie de Jager  Hydrox Holdings Ltd 
Mr Richard Chuene Limpopo Department of Agriculture 
Ms Charlotte Mohlabi  Limpopo Department of Agriculture and Rural Development  
Mr Freddy Chaba Limpopo Economic Development Agency 
Ms Nathalie Mat Nathalie Mat Dietitians 
Dr Mduduzi Cele North-West University (NWU) 
Mr Sphelele Sosibo NWU 
Prof Thibedi Ramontja Orbit Resources  
Mr Themba Mawela  Saibong 
Mr Hlanganisa Madonsela Sci Bono Discovery Centre  
Ms Mary-Ann Makama Sci Bono Discovery Centre  
Ms Wanda Bruce Smart Attitude Marketing cc 
Mrs Amanda Nhlapo-Kotze South African National Convention Centre (SANCB) 
Mr Tshepo Maseko SANCB 
Dr Gerda Botha South African Council for Natural Scientific Professions 
Prof Hannes Rautenbach South African Weather Service 
Mr Dayanandan Naidoo Technology Innovation Agency 
Mr Matome Mokgolo Tompi Seleka College of Agriculture  
Dr Divine Anokam Tshwane University of Technology 
Prof Edward Nxumalo University of South Africa 
Prof Paul Nex University of the Witwatersrand (Wits) 
Prof John Bradley Wits 
Ms Mokibelwana Ledwaba Vaal University of Technology 

 
  



National Science and Technology Forum 

24 
Proceedings of Discussion Forum: Sustainable development and the chemical elements 

APPENDIX 3: SUMMARY OF POLICY ISSUES 

 
South African initiatives to address the SDGs 
 
There have been calls for effective coordination of government efforts to address the SDGs. The 
participation of the DST in partnerships and efforts to coordinate are therefore encouraging. 
 
The South African National System of Innovation needs to support the SDGs in four ways: 

• Generating and packaging data for monitoring targets, planning, tracking progress and helping 
government and stakeholders to make informed decisions 

• Allowing the generation of knowledge and analysis for policy, planning and delivery 

• Assisting in the development and localisation of technological solutions to help boost the 
achievement of the SDGs 

• Accommodating the demonstration, testing and diffusion of technological solutions. 
 
Biotechnology industry  
 
In addition to the initiatives already under consideration, South Africa could consider: 

• Establishing cell banks for plant and mammalian tissue culture 

• Using microbes for water treatment  

• Using bioprocessing to make chemicals for the chemical industry 
 
Mining industry  
 
South Africa needs to take strategic decisions about the manufacturing industries that are, or will 
become, most important for the country and how to supply the raw materials they require. 
 
South Africa needs to consider the type of environment required to attract investment by exploration 
companies, and how the country wants to proceed in relation to major and junior mining companies. 
Countries such as Canada and Australia have a significant junior mining environment, with many small 
exploration companies. If South Africa would like to take a similar approach, one way of initiating this 
would be to make it easier and cheaper for such companies to access information and knowledge. 
 
Electronics industry  
 
There must be a focus on manufacturing electronic components that are more recyclable. 
 
Automotive Industry 
 
Since South Africa is already a producer in the automotive industry, the country must take advantage 
of the opportunities presented by electronic vehicles. South Africa ought to encourage companies to 
manufacture electronic vehicles in South Africa as well as those powered by internal combustion 
engines, even if the infrastructure for such vehicles exists only in the major cities. South African cities 
could consider a public transport system based on electronic vehicles, in conjunction with the 
automotive industry. 
 
Agricultural sector 
 

• The minerals nitrogen and phosphorus are finite and will ultimately be depleted. To continue food 
production in a sustainable way, we need to relook how we use fertilisers and use more organic 
fertilisers.  

• Better regulations are needed to monitor the use of nitrogen fertilisers on farms. South Africa could 
learn from the USA and Europe, which have already introduced nitrogen budgeting. 

• Government needs to revisit the way in which it provides support to farmers. There are lessons to 
be learnt from the USA and Europe, where agronomists visit farms and conduct soil analysis to 
determine how much nitrogen, phosphorus and potassium are required to avoid applying excess 
fertilisers that could contaminate the environment. 

• The use of more animal manure and human excreta as fertilisers will have to be explored; in the 
USA, biosolids are already being used in large quantities.  
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• Eighty per cent of the solid waste that enters municipal landfills is organic waste material that could 
be used in the nutrient cycle.  

• In order not to deplete soils of nutrients and to help soils recover, several measures are 
recommended: 

o Rotating cereal and legume crops 
o Protecting soils from erosion 
o Using organic fertilisers (especially for small-scale production) 
o Embracing nature farming 
o Zero tillage for improved soil organic matter. 

• Indigenous or traditional cultivation methods or ways of mitigating pesticides should be explored. 

• South Africa needs to find ways to assist people out of poverty, given the very high unemployment 
rate. Medical cannabis and hemp growing could provide a sustainable future for many people. We 
need research in this area. 

 
Establishment of South African vaccine facility 
 
In order to effectively exploit the mandate that South Africa has received from the BRICS bloc to 
establish a local vaccine facility, the country will have to take action: 
The South African government needs to start driving the initiative to galvanise science and engineering 
skills towards vaccine production. 
Strategies and policies are required to develop the much-needed capacity to realise this industry as 
one of the key drivers of economic growth. Targeted policy is required to ensure that the skills that are 
developed by higher education institutions are absorbed. 
The new vaccine centre will require technical investment. The establishment of the vaccine centre would 
provide an opportunity to encourage and invest in local manufacturers. 
Policies are also required for working with BRICS networks and with local business networks in South 
Africa. 
South Africa could learn from India and China. Both these countries also have a strong medicinal 
indigenous knowledge footprint.  
 
Novel vaccine production 
 
Novel methods of vaccine production would have to involve not only the Department of Science and 
Technology but also the Department of Health. 
 
Cape Bio Pharms, a spin-off company from the University of Cape Town, uses a plant-based platform 
to produce a wide variety of proteins. Using this approach, the genetic material of vaccines can be 
inserted into plants, cultivated as a crop and taken orally. Costs are lower and timeframes shorter than 
for conventional vaccine production. Government might consider supporting the commercial 
development of this technology, which would put South Africa ahead of competitors abroad in terms 
vaccine-production technology. 
 
Vaccine resistance 
 
In light of vaccine hesitancy, perhaps the HSRC should look into the views of mothers and caregivers 
towards the vaccination of children.  
 
Public sector clinics need to be equipped to provide accurate information to mothers about vaccination. 
 
Science education (with a focus on chemistry education) 
 
The school education system is failing to produce people who can be innovative about addressing 
societal needs. Chemistry tends to be taught within an extremely narrow framework in the science 
curriculum. In reconstructing the curriculum, it is important to ensure that learners understand how 
various microorganisms and systems interact in order to help them live better lives. 
 
The story ‘From chemistry’s big bang to one-world chemistry’ is one that can be exploited in a new 
school science curriculum that is conceived in terms of the big ideas of science education, inquiry-based 
science education and systems thinking and clearly linked with the SDGs. 
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From an education perspective, people have to learn from an early age that they are part of a system 
and have to behave accordingly in the interests of a sustainable future.  
Teachers are not in a position to engage in systems thinking on a large scale, but can do so in small 
ways such as how to run a clean laboratory. 
 
As a contribution to the urgent need to create awareness, the NSTF should support and coordinate the 
development of materials for teachers and teacher educators in South Africa that exploit the story 
behind the IYPT. 
 
Everything we need in life for sustainability revolves around the periodic table. Children need to be 
taught about the periodic table starting in kindergarten, and learning must be fun. We need to find 
innovative ways of exposing children to the periodic table (e.g. taxis could be painted with the periodic 
table).  
 
Future Discussion Forums 
 
The following topics were suggested for future NSTF Discussion Forums: 

• Vaccine resistance and hesitancy 

• Reconstruction of science curricula in South Africa 

• Non-communicable diseases and obesity 

• Food security 

• Cannabis (revisiting this topic) 
 
 


