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Executive summary

Through its research, published in the book South Africa and the
Global Hydrogen Economy: The Strategic Role of Platinum Group
Metals in 2013, the Mapungubwe Institute for Strategic Reflection
(MISTRA) identified that although there were developments in the
platinum group metals (PGM) industry, there was limited collaboration and strained communication between stakeholders. In order
to address this issue, MISTRA convened multiple actors to take
stock of developments in the sector and to anticipate and assess
emerging themes, with the purpose of promoting PGM beneficiation in South Africa.
This roundtable series, which provides a neutral platform for
stakeholders to report back and seek collaboration, has become
an annual event, held in Johannesburg since 2016. The actors that
have been active in the roundtables include government, through
the Department of Science and Innovation (DSI) (previously the
Department of Science and Technology, DST), the Department of
Trade, Industry and Competition (DTIC) (previously the Department
of Trade and Industry, DTI), the Department of Public Enterprises
and the Department of Energy; platinum producers from Anglo
American Platinum (Amplats), Impala Platinum (Implats) and
Sibanye Stillwater; and institutions such as the Mitochondria Energy
vii
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Company, which provides sustainable-energy services, EcoPartners,
a consulting, advisory and training company specialising in mineral resources, manufacturing and the environment, and others. The
deliberations equipped all stakeholders to lobby for policy changes
and programmes specific to growing the PGM sector.
This report aims to provide a meta-analysis and overview of the
focused discussions and leading themes and resolutions of the PGM
annual roundtables from 2016 to 2019 (Figure 1).

2016
Formation of the
triple-helix approach.

2017
Will the political
economy allow for
industrialisation?

2018
Planning what
needs to be done,
by whom, by when
and how.

2019
Policy rationale
for financial
beneficiation:
unpacking the PGM
value chain.

Figure 1: Schematic representation of the PGM Roundtable roadmap from 2016 to 2019.

The first PGM Roundtable, held in 2016, resolved that a ‘triple-helix’
approach – a partnership between research institutions, the private
sector and government – was imperative in moving towards PGM
beneficiation, with particular focus on fuel-cell technology. The
critical work done by Hydrogen South Africa (HySA) was noted: its
research outputs had increased the knowledge economy of the PGM
sector. There was consensus on the need for investment in building a
knowledge economy to support the development of the market. There
was also agreement that market development should encompass the
development of small-business innovation and new technologies.
The second PGM Roundtable, in 2017, looked specifically at the
political economy in the PGM sector. It was established that the
threads of the triple helix were not yet aligned, and that the primary
cause was that the private sector was in a financially dire state, while
the government strand needed investment in both research and
demand development. This contestation for resources between the
stakeholders was attributed to the unequitable distribution of benefits
from the mining industry. To help resolve these issues, strategies to
viii
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enable equitable benefit sharing and more investment in market development were identified as essential for international competition.
The third PGM Roundtable, in 2018, had a policy and industrial
focus. The participants agreed that fuel-cell technology should form
part of the Integrated Resource Plan (IRP), which sets out the longterm planning of power (electricity) generation from various energy
resources in South Africa. It was recommended that the components
of the PGM value chain be unpacked. A case for further fuel-cell
deployments in South Africa was made and assessed. The success of
PGM beneficiation would rely heavily on public-private partnerships
(PPPs), some of which had been commendable.
The fourth PGM Roundtable was held in 2019, when globally the
hydrogen economy – an economy that relies on hydrogen, as opposed
to fossil fuels such as coal – was picking up momentum. Practical
steps towards PGM beneficiation had to be taken, including the establishment of new global partnerships. The research on the feasibility of
a PGM Exchange in South Africa was presented for the first time. One
of the key benefits a PGM Exchange would offer was opening up a
value chain that, up to that point, had remained narrow. A longer and
broader PGM value chain would in turn unlock the multiplier effect
in the broader economy.
Key themes were prevalent throughout the roundtables and their
progress was tracked through these gatherings. They included the
influence the hydrogen economy has had on energy-policy development, the HySA project, and the case for a PGM Exchange.
The information and strategies brought to the PGM roundtables
enabled stakeholders to lobby for policy changes in their respective
sectors.
Goals and some learning milestones were achieved, including:
❏ Steps taken towards transforming the South African energy
sector using the hydrogen economy. Hydrogen (the only byproduct of which is water) is produced from other compounds
such as natural gas, biomass, alcohols or water; the generation
ix

m istra p gm rou ndtables 2016–2 019
of hydrogen by solar power and electrolysers is helped by platinum and iridium; and the hydrogen produced by electrolysers
can, in turn, be sent to a fuel cell, where more platinum and
sometimes ruthenium can be put to work to coax the hydrogen
into generating electricity. South Africa has large endowments
of PGMs, and the development of sustainable fuel-cell technologies added an additional energy solution to the options
considered in the 2019 IRP.
❏ The HySA project, which aims to provide support and to
enhance South Africa’s participation in fuel-cell and hydrogen
technologies, and strives to develop South Africa’s knowledge
economy by fuelling research within the industry, is, on various fronts, in the commercialisation phase – the third of three
phases. The PGM roundtables have been critical in assessing
HySA’s progress. The project has transitioned from theoretical
research to initial technology-testing phases, including partnerships in initiatives in schools, primary health services, the
post-office network and mining sites.
❏
MISTRA, in partnership with the Johannesburg Stock
Exchange (JSE) and Pan-African Investment and Research
Services (PAIRS), launched a research report on the desirability and practicability of setting up a PGM Exchange in
South Africa. The research concluded that a PGM Exchange
would be a critical step in terms of financial aspects of PGM
beneficiation.

x

SECTION I

Introduction and Background

Introduction

Platinum group metals (PGMs) are significant and valued because of
their physical and chemical properties which enable them to have a
broad spectrum of uses and applications. There has been continuous
global demand for PGMs since the early 1900s, and a proliferation
of technologies and opportunities in the sector meant that demand
increased from the 1960s onwards.
The global supply of PGMs is predominantly in Southern Africa,
particularly in South Africa and Zimbabwe. Other deposits are
located in Russia, Canada and the USA. PGM deposits are estimated
to be able to supply the global demand of PGMs for the next century
(Cawthorn, 2010).
The need for a PGM roundtable for industry stakeholders in South
Africa arose as a response to the contradiction of the country owning
the majority of global PGM resources, but lagging behind in terms
of global beneficiation initiatives, particularly in relation to fuel-cell
technology. The need to convene various stakeholders within the
PGM industry for much-needed interaction arose because there was
a sense that South Africa was at the cusp of a breakthrough in terms
of PGMs and that a forum for ideas-sharing would be advantageous.
For these reasons, since 2016 MISTRA has been hosting annual
PGM roundtables, convening multiple stakeholders to take stock of
3

m istra p gm rou ndtables 2016–2 019
developments in the sector and to anticipate and assess emerging
themes with the purpose of promoting PGM beneficiation in South
Africa.
Through the PGM Roundtable series, MISTRA has provided –
and continues to provide – a neutral platform on which competing
producers and government can articulate their concerns and identify
opportunities for the PGM industry. The series has yielded strategic outcomes, central to which is the intensification of discourse on
the political economy of the South African PGM sector and on the
hydrogen economy. It has had the additional benefit of enabling a
discussion and consensus on the significance of the PGM industry
as a national interest.
This report explores the discussions and agreements from each of
the roundtables, as well as the activities that led to those resolutions.
It provides an analysis of the participating organisations as well as the
evolution of their programmes and roles in the PGM value chain. It
explores the formation of strategic partnerships and results obtained
from those partnerships.

Background: Platinum group metals
PGMs comprise six elements that are similar in chemical and physical
properties, and as a result are clustered together on the periodic table.
They are platinum (Pt), palladium (Pd), rhodium (Rh), ruthenium
(Ru), osmium (Os) and iridium (Ir).
PGMs have gained exceptional utility because of their unique qualities: their high melting point, their ability to remain stable at varying
temperatures, their extensive chemical inertness, and their good catalytic properties. These properties have given them global significance,
and made them a vital component of many industrial and chemical
applications, to the extent that they have been referred to as ‘the vitamin of modern industry’ (Panda et al., 2018).

4
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PGM production
Although PGM deposits are scattered globally, the largest deposits
are in South Africa, Russia, Zimbabwe, Canada and the USA. The
six platinum metals occur naturally in close association with one
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Figure 2: Global mine production of platinum, 2015–2019 (in metric tons).
Source: Garside, 2020a
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Figure 3: Global mine production of palladium, 2015–2019 (in metric tons).
Source: Garside, 2020b
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another, or with nickel, because they have strong chemical similarities (Darling, 1973). Because of their economic importance, platinum
and palladium are mined primarily, while the other four – ruthenium,
rhodium, osmium and iridium – are extracted as by-products.
The largest producers of platinum are South Africa, Russia,
Zimbabwe, Canada and the USA (Figure 2), while the largest sources
of palladium are Russia and South Africa (Figure 3).

Uses of and demand for PGMs
PGM products exist in various forms and are embedded in many
products used daily, from computers and medical devices to glassware and jewellery. Figure 4 shows the usage of PGMs by industry in
2010; Figure 5 shows global platinum demand by area of application
in 2019; and Figure 6 represents the distribution between industries
for the years 2017 to 2019.
An element of dialogue at all the PGM roundtables has been the
application of PGMs in autocatalysts, due mainly to the sustained
and growing use of PGMs in the automobile industry. Automobile
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Figure 4: PGM usage by industry, 2010.
Source: Bossi and Gediga, 2017

6

2%

Other

1%

Petroleum
refining

5%

Chemical

1%

Medical &
biomedical

i n trodu cti on
Autocatalyst

36.61%

Jewellery

26.1%

Investment

10.02%

Chemical

6.67%

Glass

4.41%

Petroleum

3.39%

Electrical

3.16%
2.67%

Medical & biomedical

6.97%

Other
0%

5%

10%

15%

20%

25%

30%

35%

40%

45%
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catalytic converters are pollution-control devices fitted to cars, trucks
and motorcycles – platinum, palladium and rhodium are coated onto
a substrate housed in the exhaust system and act as catalysts to reduce
levels of exhaust emissions (Bossi, 2012).
Significant focus in the discussions has been on the growing fuelcell industry for both mobile and stationary applications: platinum
fuel cells are attractive because when hydrogen is used as an energy
carrier, the by-products are heat and water vapour. This renders the
generation of heat, electricity and drive-train energy more environmentally sustainable.
Because of their unique chemical and physical properties, PGMs
can be recycled and restored to a pure form, making recycling a substantial source of secondary PGMs. Although there are challenges in
PGM recycling, mainly in the collection of the scrap metal for reuse,
a third of the global PGM demand is met by recycling (Cowley, 2018).
The sectors that recycle the most are those in industrial applications,
such as fine-chemicals production or petrochemical processing,
and PGM equipment used in the glass industry; automotive and
electronic applications do not measure significant recycled PGMs
(Hagelüken, 2012).

PGM mining in South Africa
Mining has had a colossal impact on the evolution of the South
African economy yet its role in the future is often the source of fiery
debates. The question that frequently arises is whether mining is a
sunrise industry, characterised by a high degree of innovation, or a
sunset industry, with dim long-term prospects.
Mining at present continues to play an important role in the economy (MISTRA, 2018). In 2018 the mining sector alone contributed
about 7 per cent towards South Africa’s gross domestic product (GDP),
which is the total value of goods produced and services provided in
the country during one year (MCSA, 2018).
Although PGMs are only a fraction of the 53 minerals mined in South
Africa, PGM mining is the largest employer, both directly and indirectly
8
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(Figure 7). PGMs as a mineral group constitutes the second-largest volume of mining production in South Africa, after manganese (Figure 8).
For the long-term success and relevance of the industry, it is important to reimagine the PGM value chain and seize the vast opportunities
offered by opening up and extending this value chain.
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Figure 7: Distribution of those employed in the mining industry, 2015
(total workforce 490 146 individuals).
Source: Stats SA, 2018a
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Background: The MISTRA PGM Roundtables
In 2013, MISTRA published its research report South Africa and the
Global Hydrogen Economy: The Strategic Role of Platinum Group
Metals. In the wake of the publication, the PGM industry underwent
great change. MISTRA consequently saw the need not only to pursue
the discourse on the hydrogen economy but also to bring together
key roleplayers in the industry to reflect on these new developments,
which included:
❏ A 1.5 per cent decrease in mining production in 2014 when
compared with 2013, and a 14.9 per cent drop in PGM production in 2014 (Stats SA, 2014). This was a result of protest activity
in the PGM mining sector in 2012 and 2014 (Bohlmann et al.,
2015).
❏
The 2014 formation of the World Platinum Investment
Council (WPIC), a key milestone in the PGM industry.
The WPIC develops the market for and provides insights to
advance platinum investment, giving investors information
to support informed decisions regarding platinum. Members
of the WPIC include Anglo American Platinum (Amplats),
Northam Platinum Limited, Impala Platinum (Implats), Royal
Bafokeng Platinum and Lonmin.
❏ Guided by the 2015 Mining Phakisa (a government initiative
based on a quick-results methodology that brought together all
stakeholders in the industry with the aim of identifying constraints and developing a shared long-term vision and growth
strategy), in 2016 the Centre for Scientific and Industrial
Research (CSIR) established the Mandela Mining Precinct
(MMP), which was tasked with mining research, development
and innovation. The MMP aims to facilitate and safeguard
the future of South Africa’s mining industry through developing new people-centred technologies and techniques that will
empower mines and prepare them for modern mining methods. This significant key initiative was made possible through
10
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a partnership between government and the Minerals Council
South Africa (MCSA).
These activities, among others in vehicle manufacturing and fuel-cell
development within HySA, were occurring sporadically and in isolation from each other. MISTRA saw it necessary to gather roleplayers
under one roof and get thought-provoking engagement on these and
other developments.
The first PGM Roundtable on 28 November 2016 discussed PGM
beneficiation and helped position this as a central part of the political,
social and environmental discourse in the country. There have since
been four roundtables, each with a specific set of aims (Figure 1).
Held at the Protea Hotel in Midrand, the 2016 Roundtable sought to
provide a platform for stakeholders to reflect on the PGM industry
and provide feedback on their role in the evolution of the hydrogen
economy. The discussions were more rigorous than anticipated. The
outcomes centred around a strong need to forge relationships and
form a ‘triple-helix’ approach, comprising a research strand, a government strand and a business strand, to manage PGM beneficiation,
particularly in the fuel-cell industry. A knowledge economy – one
with high-level investment in innovation, intensive use of technology,
and a highly educated workforce – was pinpointed as a priority for
South Africa because it is directly linked with market development
for PGMs. The discussion made it clear that market development of
PGMs must go hand-in-hand with small-business innovation and
new technologies.
The second instalment of the PGM Roundtable, which was held
on 8 November 2017 at the Gallagher Convention Centre in Midrand,
explored the political economy of PGM mining, as well as the
implementation of PGM beneficiation specifically through fuel-cell
technologies. The resolutions included the need to develop a roadmap
towards PGM beneficiation that was socially inclusive, environmentally sensitive and economically viable. It was noted that the triple
11
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helix was important, but the partners (especially business and labour)
seemed to suffer from a deficit of trust.
The third PGM Roundtable was held on 27 September 2018 at the
Gallagher Convention Centre in Midrand. It took forward the discussions on fuel-cell technology under the theme ‘What needs to be
done, by whom, by when and how?’ The discussions were on demandside management, particularly cultivating a market for PGM-based
fuel cells, including rural electrification and other areas for opportunity. Supply-side management opportunities and challenges in
fuel-cell manufacturing were also discussed, including the progress
of the Hydrogen South Africa (HySA) centres of competence of the
Department of Science and Technology (DST); original equipment
manufacturers (OEMs – companies that produce parts and equipment
that may be marketed by another manufacturer); and the initiation of PGM-based Special Economic Zones (SEZs) and Industrial
Development Zones (IDZs) – geographically designated areas set
aside for specifically targeted economic activities.
The fourth Roundtable was held on 25 November 2019 at the JSE.
Its theme was ‘Reimagining PGM value chains for effective beneficiation’. The aim was to review progress in operationalising ideas in the
fuel-cell technology strategies of the various partners, and to gauge
how far the sectors had gone towards effective beneficiation. The discussions began with a reflection of the progress from the first PGM
Roundtable in 2016, to track and identify gaps in some of the execution. The year 2019 was also the launch of the research report A South
African PGM Exchange: Policy Rationale for Financial Beneficiation,
produced in a partnership between MISTRA, the JSE and PAIRS, in
consultation with PGM value-chain stakeholders.

Challenges in the PGM industry in South Africa
Roundtable participants felt that the major challenges within the
PGM industry required strategic intervention from the stakeholders.
These challenges emphasised the need for the triple-helix approach
and for beneficiation of PGMs. These imperatives set the tone at the
12
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first roundtable and continued to be points of reflection at each subsequent roundtable.
Five main challenges were cited by participants across the four
roundtables.
1. The social cost of PGM mining.
2. The environmental burden of PGM mining.
3. Poor inclusion in the energy debate.
4. A weak knowledge economy.
5. The economic implications of the ‘resource curse’.
Based on the narratives provided by participants in the roundtable
discussions, these challenges were attributed to an array of conditions.
The social cost of PGM mining
The legacy of apartheid in the mining industry continues to have
detrimental impacts. It is evident that the major benefits of mining
continue to accrue to a small section of society, while major burdens
are borne by the black majority, including workers as well as laboursending and mining communities. Between 2017 and 2018 the PGM
mining industry suffered a 3 per cent drop in direct employment, even
as the demand for production dropped by only 1.2 per cent.
These social costs are deeply embedded in the communities surrounding the mines, which rely on the mines indirectly, and those
who lose the fertile land and whose freshwater resources are polluted
by mine activities. Health problems are typically prevalent in mining
communities and cities such as Rustenburg and Marikana.
These issues have led to a lack of trust between stakeholders.
The environmental burden of PGM mining
The natural environment bears the costs of the mining industry, which
requires that the natural environment be physically destroyed for the
minerals to be extracted. This further deepens social impacts.
On the other hand, in platinum mining, the use of PGMs as a
component in autocatalysts and their application in fuel cells combat
greenhouse-gas emissions.
13
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Although there is a plethora of statutes in South Africa that govern
how mines relate to the natural environment, and these have helped
to limit the environmental damage caused, the application of sustainability principles is still a very complex task (Glaister & Mudd, 2010).
Poor inclusion in the energy debate
Fuel-cell technology is not yet central in the debate on energy production in South Africa. The introduction of PGM fuel cells – in which
technology platinum is a critical component – into South Africa’s
energy mix (Figure 9) will diversify the prevailing coal-dominated
status of energy production.

Nuclear
5.2%
Natural gas
3.2%
Coal
85,7%

237 006
gigawatt-hours

Diesel
1.7%
Solar
0.9%
Wind
0.9%
Other
2.4%

Figure 9: Total electricity generated by source, 2016.
Stats SA, 2018c

A weak knowledge economy
The low levels of intellectual property being produced by South
Africans in the PGM industry is a challenge: Figure 10 illustrates that
Africa contributes only one per cent towards PGM-related research.
This implies that international discourse on PGM does not sufficiently
include ideas from South Africa, a majority PGM producer. Therefore,
14
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Figure 10: Journal publications on PGMs by world region, 1998 and 2008.
Source: Makuvela & Msimang, 2013

the needs of the South African PGM industry are not centred, and
most global PGM research is done without the South African context
in mind.
The economic implications of the ‘resource curse’
The resource curse is a phenomenon South Africa and many other
countries are at risk of experiencing or already suffer from. There are
four explanations for such a curse, according to Ross (2018). These
include poor economic linkages between non-resource (manufacturing and services) and resource sectors; volatility of international
commodity markets; and the so-called ‘Dutch Disease’, whereby the
growth of the resource sector causes a decline or poor development
in other sectors.
The USA and the Nordic countries have had great success through
focusing on knowledge creation that aided the exploration of mineral
resources, while countries that failed to overcome the resource curse,
15
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such as some in Africa and Latin America, were lacking in a knowledge base and infrastructural setup that promotes learning (Djeflat &
Lundvall, 2016).

Platinum Group Metals beneficiation
According to A Beneficiation Strategy for the Minerals Industry of
South Africa published by the Department of Mineral Resources, beneficiation entails the transformation of a mineral (or a combination of
minerals) into a higher-value product which can be either consumed
locally or exported. The term ‘beneficiation’ is used interchangeably
with ‘value-addition’. (DMR, 2011)
Given the immense concentration of PGM endowments in
Southern and South Africa, there is a need for an expansion in how
PGM beneficiation strategies are conceived. The massive potential for
beneficiation should be extended beyond the limits of downstream
processes. PGM beneficiation must generate value-added linkages
from the primary-production process to the final stages of contracting, trade and finance, where most of the value-add currently occurs.
What drives a country’s competitiveness in beneficiation, in relation to any product, commodity or beneficiation-related process, is
the investment in the country’s development, technology mastery, and
investment in an enabling environment. The value of PGMs is fundamentally tied to the level of intellectual-property investment that
converts PGMs from an ordinary precious metal into a globally useful
and commercialised product.
The beneficiation strategy may be contested for several reasons
(Ramantsima, 2016): because the debates around beneficiation concern ideology and politics; due to these debates dividing the state,
private capital and labour; and because the debates ignore the fact
that all stakeholders are an integral part of the mineral-energy complex and that there are sharp divisions in interests between actors
in different economic classes. It appears appropriate, then, that any
16
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developmental coalition should drive a comprehensive programme
with a range of strategic programmes to build bridges between stakeholders and move forward on a clear basis (Ritchken, 2018).
In the MISTRA publication The Future of Mining in South Africa:
Sunset or Sunrise? (2018), Ritchken explains the importance of there
being respect among key stakeholders and how this respect is earned.
The basis of this lies in ethical initiatives, and in community development and transformation principles being executed. Another key area
is sustainable investment in the mining value chain, because mining is
a cyclical industry that requires continuous investment for productivity to be sustained. A third key area is investment in the applications
and uses of PGMs, and their market development. In addition, a focus
on PGM mining as a driver of industrialisation is essential.
With these key areas directing the PGM cluster, there is bound
to be as much potential for it to become instrumental in the development and industrialisation of the South African economy in the
21st century as gold did in the 20th century (Ritchken, 2018).

Methodology
This report was compiled with the aim of gathering qualitative data
from the PGM roundtables from 2016 to 2019. The proceedings of
each meeting were recorded, and transcriptions of the recordings
were analysed to extract recommendations and relevant deductions.
The presentations and debates at each of the annual roundtables
since 2016 are summarised in this book. Any data in statistics, graphs
and tables are representative of the time of the relevant roundtable. By
the same token, while some of the organisations that participated in
the proceedings have changed their institutional identities and strategies over the years, their names are presented in this document as they
were at the time of the relevant meeting.
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SECTION II

PGM Roundtable Proceedings

This section unpacks each of the roundtable proceedings from 2016 to
2019. The roundtables are summarised into key themes, supported by
the statements made at each meeting.
Some of the consistent themes are HySA project developments,
market development discussions, PGM beneficiation, and grappling
with the PGM value chain.
Key outcomes and recommendations are summarised at the end of
each chapter.

PGM Roundtable 2016
A call for a triple-helix approach in the PGM industry

2016
Formation of the
triple-helix approach

2017

2018

2019

Figure 11: PGM Roundtable roadmap – 2016.

The primary question for the first of the roundtables was how South
Africa could beneficiate the country’s large endowment of PGMs.
Setting up this meeting was a MISTRA initiative, with the participation of the major public- and private-sector stakeholders such as the
DSI (formerly the DST), the DTI, Amplats, Sibanye Stillwater and
Implats.
Stakeholders were invited to share details of their respective activities within the PGM industry, the strides that had been made and
milestones achieved, and, importantly, the challenges faced.
This roundtable included a focus on the theme ‘What would it take
to forge successful partnerships in PGM fuel cells locally, regionally and
internationally?’ Providing an overview of PGM fuel-cell activities in
government were the deputy director-general of technology innovation
at the DST, Mmboneni Muofhe; the director of alternative energy at the
DSI, Dr Cosmas Chiteme; and the chief director SEZs at the DTI, Alfred
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Tau. From the private sector were the head of market development at
Amplats, Kleantha Pillay, and Fahmida Smith, a fuel-cell coordinator from Implats. The session was facilitated by Wilson Manganyi, a
researcher and the coordinator of PGM projects at MISTRA.
The origins and goals of HySA, a government initiative, were
introduced.
The participants felt the need to increase the knowledge economy
and take a triple-helix approach to PGM activities. Market development for PGMs was pivotal in establishing a position within the value
chain. The future of employment was a concern for participants, as well
as the precarious position of small businesses in PGM beneficiation.

Hydrogen South Africa
Following cabinet approval in May 2007, the DST developed the
national hydrogen and fuel-cell technologies (HFCT) strategy, and
the research, development and innovation (RDI) strategy, which were
branded as Hydrogen South Africa (HySA). HySA aims to provide
support for and to enhance South Africa’s participation in fuel-cell
and hydrogen technologies. The HySA strategy was central to the
MISTRA PGM Roundtable discussions.
HySA strives to develop South Africa’s knowledge economy by
fuelling research within the industry. The target was for South Africa
to supply 25 per cent of the fuel-cell catalyst global demand by 2020
(Bessarabov et al., 2012).
HySA was envisaged as a 15-year project in three phases: the
research phase (phase I), the pilot phase (phase II) and the commercialisation phase (phase III). The overall purpose of phase I was
to foster proactive innovation and to develop human resources,
intellectual property, knowledge, products, prototypes, components
and processes that would support South Africa’s participation in the
global PGM market.
HySA’s projected outcomes comprise overall increased economic
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growth for South Africa, improvement of the country’s skills, positioning South Africa as a contributor in combating the global
climate-change challenge, and preventing any possible future carbonrelated penalties placed on its exports (Bessarabov et al., 2012).
Mmboneni Muofhe provided a broad background on the principles behind HySA, and the strategic need for HySA as a project in
the PGM industry and for South Africa. The principles of HySA were
aligned with the narrative to lead and drive the knowledge economy
and develop human capital. Muofhe gave positive feedback on the
progress of the project, including milestones reached, and positive
indicators from pilot projects. He also highlighted the challenge of
running out of funds.
HySA had these three phases, 2008 to 2023, basically wanting to focus on building the foundation, recruit[ing] the staff,
identify[ing] the markets, [and] develop[ing] the first pre-commercialisation technologies. We [the DST] are now in the second
stage of HySA, looking at demonstration [and] validation of the
technology, and then the last stage will be going big, going commercial. We have done a review of our first phase and we have
had a mixed bag, [but] predominantly [a] positive one. [It was]
a mix in the sense that we realised as we did the review that the
amount of investment we have made was not going to make us to
achieve some of the goals that we wanted to achieve by 2023. So,
as a result, we either have to get more funding to improve that or
revise our timeframes.

However, he did add that some of the achievements of phase I were
actually supposed to have been achieved in phase II, which indicated
much better progress than initially anticipated.
HySA has been set up in three ‘centres of competence’, research and
development centres hosted in universities and research institutes
in South Africa. Centres-of-competence models promote targeted
investment in well-defined areas of technology (in this case, hydrogen-based technologies), aimed at gaining global competitiveness to
support industrialisation.
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Hydrogen South Africa
(DST)
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(North-West University/CSIR)
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(UWC)

HySA
Catalysis
(UCT/Mintek)

Figure 12: The HySA structure and its partner institutions of higher learning.
Source: HySA Systems, 2018

The three centres are HySA Infrastructure, HySA Systems
Integration & Technology Validation, and HySA Catalysis (Figure 12).
Each of these centres of competence has a specific mandate and is
placed strategically within the programme and PGM industry at different sites in the country, as Muofhe explained.
When we started this programme, we had three different centres. We had HySA Infrastructure, [necessary to] move into a
hydrogen economy, and then the institutions that were involved
[from] North-West University and the CSIR. Then we’ve got
HySA Catalysis, which is the University of Cape Town [UCT] and
[national mineral research organisation] Mintek.
HySA Systems, which is the University of the Western Cape
[UWC], [is] basically looking from left to right at the production
of hydrogen, and we have been able to prove that we can do that.
The next stage [is] looking at hydrogen catalysis, [and] it’s
working. So [are] various processes and membrane electrode
assemblies. And then ultimately we want everything to be integrated into a functional system and that is where the University of
the Western Cape comes in.
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Figure 13: Key programmes (KPs) of the HySA centres of competence, 2012.
Source: Bessarabov et al., 2012

Figure 13 shows what each of the centres of competence is focused on
and maps out the key programmes. HySA Catalysis is focused on portable power solutions. The focus of HySA Systems is combined heat
and power (CHP) and fuel-cell vehicles (FCVs). HySA Infrastructure
focuses on hydrogen production technology, storage and safety.
While each of the HySA centres of competence serves a specific
directive, they weave into each other in a unique way to serve the
overall mandate. The ultimate goal is for South Africa to transform
from a resource-based economy to a knowledge-based economy, and
in doing so add high value to the country’s mineral wealth.

HySA Infrastructure, North-West University
The mandate of the HySA Infrastructure centre of competence is to
deliver novel technologies applicable in the production of hydrogen,
its storage and its distribution (Figure 14). These technologies focus
on safety, robustness, reliability and functionality, and ensure a strong
focus on local needs and opportunities (Bessabrov et al., 2012).
The production of hydrogen from natural gas can address issues
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Compressed Hydrogen
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Figure 14: HySA Infrastructure programme scope and roadmap.
Source: Bessabrov et al., 2012

of environmental sustainability and energy security. It is an attractive option, as hydrogen is ubiquitous in the atmosphere and there
are many methods to split a water molecule to produce hydrogen. The
drawback is the formation of carbon dioxide (CO2) in some of those
methods (Turner, 2004); and the resulting carbon sequestration – the
process by which CO2 is removed from the atmosphere and held in
solid or liquid form – is energy intensive.
The molecular structure of hydrogen on conversion is highly
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unstable and requires further technology for storage. HySA saw this
– to find sustainable technologies for hydrogen location, production and storage – as a strategic focus for research, development and
innovation.
This centre of competence also has a focus on electrolyser integration with renewable energy sources, which is done in a project
structure with sound project management and a system engineering
approach (Bessabrov et al., 2012).
Alongside this is the development of a proton exchange
membrane (PEM) water electrolyser and sulphate electrolyser
development. For hydrogen storage, in line with the agenda of
HySA, the storage materials must use the unique properties of
PGMs to enlarge storage capacity and limit charge and discharge
times (Bessabrov et al., 2012).

HySA Systems Integration & Technology Validation,
University of the Western Cape
The main objectives in the HySA Systems centre of competence are
to develop hydrogen and fuel-cell systems, and demonstrate them in
prototypes and products; to perform technology validation and verification; and to focus on the system-oriented materials research on
CHP and hydrogen-fuelled vehicles (HFVs) (Figure 15).
The HySA Systems approach leans heavily towards commercial
domestic and global partnerships, demonstrations of prototypes and
product development.
From 2013 onwards, a large emphasis has been on implementing
and advancing research and development (R&D) into vehicular system integration and broadening systems-engineering activities to
improve HySA technology maturity and commercialisation.
The two key programmes within this centre of competence are
CHP technologies and HFVs (Pollet et al., 2014). In these areas,
developments in high-temperature membrane electrode assembly (HT-MEA) technology and stack design are making progress
towards allowing a simplified design of fuel-cell systems especially
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• Pd-membranes
• Power Modules for Hybrid Hydrogen
Fuel Cell Vehicles

Hydrogen-Fuelled Vehicles
Power Module
PEMFC Stack
System Integration
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Figure 15: HySA Systems programme scope and roadmap.
Source: Pollet et al., 2014

suitable for small-scale applications. Improved hydrogen storage
and purification, based on PGM technologies, will also enable the
cost of hydrogen fuel to be reduced. Work is ongoing in all these
areas. (Pollet et al., 2014)
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HySA Catalysis, University of Cape Town
The focus of HySA Catalysis is on portable power, and the development of membrane electrode assembles (MEAs) and fuel-cell catalysts.
The MEAs are for low-temperature polymer electrolyte membranes
and fuel processors.
In particular, the responsibility of this centre of competence is to
develop a ‘national competency in hydrocarbon fuel processors for
the production of hydrogen as well as catalytic fuel-cell components,
viz, electrocatalysts, MEAs and fuel cell stacks’, according to the South
African Agency for Science and Technology Advancement (SAASTA),
a business unit of the National Research Foundation with the mandate
to advance public awareness, appreciation and engagement of science, engineering, innovation and technology in South Africa. (The
National Research Foundation is an independent government agency
that promotes and supports research in order to facilitate the creation
of knowledge, innovation and development in all fields of science and
technology in South Africa.)
On portable power, the aim is to invent hydrogen-storage technologies and small-scale reformers that are suitable for a wide range of
applications and fuels.

Fuel-cell components for portable power systems.
Source: SAASTA
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Building the knowledge economy and increasing research capacity in
South Africa
There was a strong notion in the roundtable debates that the only hope
for South Africa is to invest in building a credible knowledge economy
that will be a strong part of the global PGM industry. This idea is in
line with the principles of the DST.
In his speech at the launch of the MISTRA research report South
Africa and the Global Hydrogen Economy in August 2013, the minister
in the DST, Derek Hanekom, argued for an enhanced and growing
knowledge economy in South Africa:
Our approach includes an aggressive capacity-development
programme, involving, inter alia, three newly established centres of competence located in science councils and universities;
a partnership and institution-building strategy spanning the
country and beyond; an ambitious commercialisation strategy
that seeks to exploit every conceivable angle associated with
the emerging hydrogen and fuel-cell economy; and a spatial
industry-development aspect, so that we can institutionalise
innovation and ensure that manufacturing costs are driven
down as quickly as possible.

The knowledge economy needs to be developed in three areas in
order to build a hydrogen economy. The first component is to drive
research into methods for the location, development, production, storage, supply feedstock and transportation of hydrogen in a
carbon-emission-less technology, with CO2 being produced during
the conversion of natural gas into hydrogen. The second area is in
the development of PGM-specific markets that would capitalise on
the comparative advantage South Africa has internationally. And the
third area is in the innovation and advancement of new technologies
that utilise PGMs and would be able to position South Africa at a strategic point in the value chain.
Muofhe reiterated the importance of the development of a South
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African knowledge economy, stating that in some instances capacity
from outside the country may be utilised to ‘build our own capital, but then also develop our own technologies’. The job of South
Africa would then be to ensure that our own technologies are fully
developed.
He argued that this same principle should be applied to the HySA
programme, in which the HySA centres of competence should work
towards the objectives of increasing local R&D in the hydrogen
economy.
When we started HySA we had a vision to create knowledge and
human-resource capacity that would develop high-value commercial activities in hydrogen and fuel-cell technologies utilising
local resources and existing know-how. As the Department of
Science and Technology, our job is to make sure that this country
can develop its own human capital.

It was important for participants to keep in mind that the quality
and standard of research was expected to be exceptional, such that it
could compete globally. The participants felt that the outputs from the
research should be applicable across markets and countries, and have
endurance. As the international arena continues to develop new technologies for PGM applications, South Africa’s technologies must be
able to surpass those of other countries. New collaborations and new
fields of knowledge are required, alongside old ones, across departments, borders and policies.

The formation of the triple helix
The creation of new forms of knowledge-intensive networks needs
the analysis of the complex but beneficial interdependence between
private institutions, institutions of research and higher learning, and
government departments (Kruss, 2008). It was noted that PGM activity was occurring in silos and was not coordinated. The ‘triple-helix’
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approach refers to a partnership between research institutions, private
industry and government.
Alfred Tau indicated that a triple-helix approach would have to be
adopted in order to move into an upward trajectory in what he called
‘the four-E strategy’:
When we started HySA we had a vision to create knowledge and
human-resource capacity that [would] become an economy that
is going to live up to its capacity, not talk about punching below
our weight. We know that a lot can be achieved by academia, government and industry working together as a team. The four key
areas that people are pursuing this helix [for are] energy security,
environmental protection, contribution to economic growth, and
energy efficiency.

The issue of little trust between stakeholders within the PGM industry
emerged. This trust deficit was due to the history of the country, which
had resulted in the uneven distribution of capital to some parties and
social costs to others. A triple-helix approach towards PGM beneficiation, it was argued, would help ensure that the R&D undertaken at
research institutions and institutions of higher learning encompassed
and were driven by the needs of society. While focusing on societal
needs, this research and development would have to be funded and
supported by the state and the private sector.
The triple helix was important for an emerging industry such as the
PGM industry as it had more benefits than risks, as Joel Netshitenzhe,
the executive director of MISTRA, argued:
If you want to establish a new industry, you need interaction and
cooperation among the various partners in the public sector, in
the private sector as well as in research. Why? Because we believe
that the emergence of a new industry [requires] a network-based
approach. Both the risks and the rewards are quite high, and
therefore we need to work together to avoid duplication, to ensure
that we share information and benefit from one another.
The emergence of a new industry also needs a new cognitive
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frame, new values and a new culture. New industries don’t just
emerge on their own. But [we are] not suggesting that we expect all
who are involved in the PGM industry to be one big happy family.
It is natural that in relationships of this kind you will have various dynamics. These will range from cooperation to competition.
The relationships will be both market and non-market [related].
In some instances, they will be formal. In other instances, they
will be informal.
But all of us need to operate on the basis of sufficient information about what is happening, so that each of us can identify a
niche that we can occupy to make a contribution.

A market for platinum group metals
In his opening remarks at the 2016 roundtable, Joel Netshitenzhe
prompted a discussion on the value of PGMs in South Africa and how
it is up to South Africa to create a market.
There’s the whole world out there but as owners of these endowments we’ve got a responsibility within South Africa to ensure
that we expand market demand. How do we ensure that the
various initiatives in the PGM mining industry utilise fuel cells,
mobile application and electricity generation? How do we ensure
that that is extended to other subsectors of mining and perhaps
the economy as a whole?

The work on aspects of research into rural electrification was
acknowledged by Netshitenzhe, who noted that ‘it has demonstrated
that over a few years it would in fact become cheaper to provide electricity using fuel cells to far-flung villages as compared to extending
the national grid’. There were therefore substantial, well-documented
grounds for government to investigate ways of increasing the market
demand for PGMs.
Kleantha Pillay highlighted that market development needed to be
for all the PGMs, stating that ‘besides mining platinum and palladium,
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we also have rhodium, iridium and ruthenium that come out of our
ore, and these are also important metals for us to find markets for’.
There was good potential for unique markets to be developed.
It was pointed out that the main market-development initiatives at
the time were for rural electrification and within the development of
mining equipment.

Rural electrification
Since 1994 much progress had been made in the distribution of electricity to most of South Africa. By 2014, 86 per cent of households
had access to electricity (Figure 16). However, some rural households
did not have access to electricity, and continued to use wood, paraffin, candles, car batteries and unreticulated electricity for cooking and
light (Madubansi & Shackleton, 2006).
Electricity is not only a means of energy in the South African household – it also elevates quality of living, directly and indirectly. For
example, the introduction of electricity in rural households increased
employment of women by 13.5 per cent by alleviating the burden of
fetching firewood (a chore undertaken by women ordinarily) and
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Figure 16: Access to electricity in South Africa, 2004–2014 (% of population).
Source: Trading Economics, 2020
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enabling them to diversify and get employment (Dinkelman, 2008).
Fuel-cell technology could be effectively utilised to fill the gap in
South Africa’s electrification difficulties. It could be deployed to rural
and off-grid areas of the country, and also exported to other developing countries. The potential for this application appeared to be high
when looking from a technical, economic and environmental pers
pective (Bauen et al., 2003).
Pillay highlighted further benefits that could be realised through
the deployment of fuel cells for rural electrification:
We believe that there’s obviously the environmental upside of having fuel cells rather than other technologies, like diesel or petrol,
but what we really think the key is for the South African industry
is developing a new industry, creating jobs and at the same time
enabling social benefits as well.

Pillay provided examples of successful trials that have been run
in the country, one of which was the world’s first fuel-cell microgrid which was run in the Free State province in 2014 (see sidebar).
Although this particular system was run on methanol (rather than
directly from hydrogen), it increased the attractiveness of fuel-cellbased technologies as solutions for rural communities.
Pillay mentioned the collaboration between Ballard Power Systems,
a Canadian developer and manufacturer of proton exchange membrane (PEM) fuel-cell products, which provided the technology, and
the University of the Witwatersrand (Wits), which ensured that the
data collection and the development of the key performance indicators were done for the micro-grid.
We’ve been running this [micro-grid] since August 2014. It being
the first one in the world, we had a few glitches and teething problems, which were very easily solved together with Ballard … as
well as with Wits University. We’ve had fairly strong results over
the last two years and we’re looking at decommissioning this unit
in November this year [2016]. The system’s been available for
80 per cent of the time, and at peak load for 60 per cent of the
project. In the last 25 months … in which time we improved the
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actual measurement devices, we’ve had over 95 per cent availability in 15 of those 25 months. It’s our hope that by the time we hit
the end of the field trial in November, the [Department of Energy]
has sufficient data to make a decision on whether these systems
are technically feasible and something they would like to use to
electrify rural areas.

This micro-grid trial was successful, and the data from it should
give insight into whether these systems are technically feasible. The
mini-grid offered capacities beyond those available on existing energy
distribution systems.
Pillay noted:
We believe that 600 000 households in South Africa could benefit from something like this, as opposed to rolling out more
transmission lines or solar-powered equipment. And what’s good
about this system is that the fuel cell allows you to use lighting and
charge devices … it also allows you to cook, to refrigerate, to iron,
to watch your television and to boil your kettle.

Mining equipment
The mining sector is energy intensive and relies largely on heavy
machinery. The introduction of fuel-cell technology in the miningequipment division as an energy-secure opportunity is a strategic move
to save energy. Without the use of electricity, the process becomes
economical and environmentally benign, as the operation does not
emit noxious gases (Miller et al., 2011).
Haulage (traction) for underground-mining activities had been
a challenge. Conventional technologies were able to satisfy the
technically required traction but they were not always productive,
hazard-free or clean. Diesel-powered vehicles have a high-power
density and are productive, but there are high degrees of greenhousegas emissions. Battery-powered vehicles maintain low emissions
and good mobility underground, but their productivity is low due
to onboard energy-storage limitations, and they require time to
recharge (Miller et al., 2011).
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The world’s first fuel-cell micro-grid in the Free State
Amplats and Ballard Power Systems, in partnership with South
Africa’s Department of Energy and the country’s power utility
Eskom, developed the world’s first fuel-cell micro-grid. The field
trial was launched in August 2014 in the Kroonstad community in
the southern part of the Fezile Dabi District of the Free State. A
total of 34 households formed part of the field trial that ran for 12
months (Kotze, 2004).
The

trial

utilised

Ballard’s

commercially

proven

5kW

ElectraGen-ME fuel-cell system, integrated by local engineering
suppliers into a complete prototype off-grid solution, including a
battery bank and inverter operating within a micro-grid. The system was designed to provide a total of 15kW of fuel-cell-generated
electric power and could generate peak power of 70kW with the
support of batteries. Monthly delivery of liquid-methanol fuel to
an external storage tank enabled uninterrupted primary power to
these homes.
At the launch of the micro-grid, Amplats’s executive head of
marketing Andrew Hinkly said, ‘The use of platinum fuel cells will
support the demand for South African platinum, which is key
to the sustainability of the platinum mining industry, as well as
hundreds of thousands of direct and indirect jobs.’ This was to
highlight the possible positive outcomes of platinum fuel cells.

Platinum-using fuel-cell mini-grid electrification field trial
(photograph by Duane Daws).
Source: Kotze, 2004
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The three mining-related fuel-cell-based technologies that had
been applied in the industry were the fuel-cell locomotive, the fuelcell dozer and the load-haul dumper (see sidebar). They had proven
to be productive, and had low emissions and longevity underground,
according to Pillay.
We have three to five pieces of equipment that we’re now running
in test phases as hydrogen powered, rather than diesel or lead-acidbattery powered. The locomotive is something that started many
years ago. The proof-of-concept testing was completed last year,
and for a new piece of equipment there were quite a few iterations.
These are now being deployed at our Twickenham Mine for actual
production testing. So, in a fleet of … ten to twelve locos, three of
these will be running on fuel cell.
The fuel-cell dozer is interesting. It’s a remote-controlled
machine – we don’t want humans at that interface because of the
safety issues in mining – and it’s under 50 cm in height – a lot of
our stopes are very low. It can access stopes that people can’t, and
it can be done without any people at the stope. [It] has been retrofitted with a fuel-cell stack.
The fuel-cell loco-powered train was designed and built in
the US, [while] the one for the dozer was designed and built in
South Africa, and this is exactly what we’re trying to do in terms
of local development, local skills and building up the industry
locally.
The third piece of equipment is actually quite new and it’s
being assembled by [global engineering group] Sandvik. This is
a load-haul dumper which will also be retrofitted with a fuel-cell
power train. One interesting thing to note is that the hydrogen has
always been stored on the piece of equipment in a metal-hydride
bed and this has created a few problems for us. The hydrogen was
never able to be released quickly enough for the fuel to be delivered to the fuel cell.
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Fuel-cell-based technologies in mining vehicles
The three vehicles initially earmarked for development and retrofitting by Amplats were the fuel-cell locomotive, the mining dozer
and the eight-ton load-haul dumper.
The fuel-cell locomotive and dozer have all the advantages of
the equipment that has been used traditionally, while avoiding
their negative impacts and disadvantages. They possess environmental benefits over their electric counterparts, with higher
overall energy efficiency and similar infrastructure costs to their
diesel counterparts. (Valicek & Fourie, 2014)

The fuel-cell-powered mine locomotive of Vehicle Projects Inc, utilising the
PEM fuel cell and reversible metal-hydride storage.

The remote-controlled Dok-Ing ultra-low-profile mining dozer’s traction
power and energy were provided solely by PEM fuel cells and hydrogen
stored in a reversible metal-hydride bed. It was designed and built in
South Africa. (Valicek & Fourie, 2014)
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The future of employment in PGM mining
The political economy of mining, including employment, was discussed. Participants were concerned because the unemployment
statistics for South Africa were among the highest in the world,
sitting at the time at 27.1 per cent in the narrow definition (people
who are unemployed and actively seeking work) and 38 per cent
in the broad definition (people who are unemployed and available
to work but are not taking active steps to look for work) (Stats SA,
2017a). The South African economy had been creating jobs, but the
rate of unemployment had not decreased. This was partly as a result
of increased numbers of potential workers entering the workforce
each year – a variable over which monetary policy has no influence
(Vermeulen, 2017).
The mining sector employed 438 000 people in the third quarter of
2016, which is 2.76 per cent of the total employment in South Africa at
the time (Table 1). There are also many more people who are dependent on the mining sector for indirect opportunities in the mining
cities and communities (Stats SA, 2017b).
The PGM mining subsector was the largest employer within the mining sector. For this reason, as was highlighted at the 2016 Roundtable,
the PGM industry should ensure that the labour force was protected.
This applied to not only those directly employed by the mines but also
those whose livelihoods depended on the mining industry.
These principles formed part of the high-temperature membrane
electrode assembly (HT-MEA) hydrogen and fuel-cell technologies
(HFCT) strategy. The aim was not to create these technologies alone
but to collaborate with others while ensuring that the South African
context was taken into consideration. The technologies must ensure
a positive social, economic and environmental impact in line with
sustainable-development goals. The sector should have increased economic growth as well as an improved skills base for South Africa that
would feed into job creation and foster new job markets (Bessarabov
et al., 2012).
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Table 1: Employment by industry in South Africa 2015–2016 (in thousands)
Industry
Total*

Jul–Sep 2015

Apr–Jun 2016

Jul–Sep 2016

15 828

15 545

15 833

Mining

446

447

438

Agriculture

897

825

881

1 774

1 712

1 683

127

111

118

Construction

1 460

1 388

1 491

Trade

3 200

3 136

3 198

898

862

915

2 160

2 200

2 323

Community and social services

3 582

3 544

3 499

Private households

1 280

1 296

1 281

Manufacturing
Utilities

Transport
Finance and other business services

* Total includes ‘other’ industry; due to rounding, numbers do not necessarily add up to totals
Source: Stats SA, 2017a

In line with this, Alfred Tau highlighted that the technologies that
were being developed and advanced, such as fuel cells, must ensure job
creation. Although many of these technologies were specialised and
were in expert-knowledge areas, the community should be upskilled
in order to fully benefit from them. He highlighted that while there
were ‘top block’ careers, there were levels in the value chain that could
be penetrated for job creation:
Our local fuel-cell market must mean that we have local jobs and
local industries created. If you look at the first sort of top block
that says primary supply chain, a lot of that is highly automated
high-tech-type assembly, and we don’t believe that there are many
jobs to be created in putting together a fuel-cell stack.
However, the second line of deployment services is where
we believe the bulk of the jobs would come from. With regard
to service jobs, you must have fuel-cell deployment, so someone
actually has to buy these units and use them. And once they do
that, you’ll have jobs in installation, commissioning, fuelling,
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operations and maintenance. We need to use the systems and create the market in order to get the benefit of the jobs.

Tau then posed the question of whether the PGM industry could
be a place for social cohesion, which posited the requirement of more
commitment from stakeholders.
Can we have South Africa recognised as a place where the best
skills in anything that has to do with PGMs and related knowledge
systems are there, whether you’re talking about artisans, technicians or scientists that can make magic out of nothing? How do
we bring all of those things together? Can we have concepts where
people live, work, play in the same place?

If the answer was ‘yes’, then the concepts must come from the people in the communities. This signified the need to obtain the skills and
transfer them into the communities where these technologies would
be placed. Local job creation would ensure that if the new hydrogen-economy technologies like fuel cells required maintenance and
upkeep, this could be done by management and artisans from that
location.

Small, medium and micro enterprises in the hydrogen economy
Some participants queried the role of local small, medium and
micro enterprises (SMMEs) in the development of the PGM industry. It was later resolved that SMMEs should position themselves and
drive the transition through technology and innovation, as they had
a pivotal role to play in the triple-helix approach to successful PGM
beneficiation.
The last phase of the HySA programme was ‘commercialisation of
the technologies’, and this was the opportunity for small businesses
and entrepreneurs to be at the forefront.
The government had initiatives that supported SMMEs, and small
businesses should seek out and align their programmes with those of
initiatives. According to Tau:
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There are various initiatives that government is taking but they are
not necessarily addressing the issue of nurturing small businesses
so that they become [positioned] at the centre of the development
of this particular industry. If you go to particularly the States
and other countries, your small businesses are actually central in
terms of driving this, particularly from grants that government
gives them. So one of the aspects that we should also begin to look
at is to say what is the alignment of the various programmes that
government is saying that it’s providing?

Mmboneni Muofhe explained that there were partnerships between
government (the DTI), and organisations like the Black Business
Council (an independent organisation that advocates for transformation of the South African economy through thought leadership
and policy change) and the SiMODiSA Association (an industry-led
initiative to address what can be done to overcome the barriers that
face SMMEs and startups), which had been formed with the aim of
entrenching entrepreneurship in government’s programmes:
We’ve got a partnership with the Black Business Council. We did
some work on the solar-radiation map [which determines the
solar patterns of South Africa], and out of that work a company
was spun out and it is doing well here and even on the continent.
And what we are beginning to do now is to say, if we can make
people and various entrepreneurs aware of what we’re developing,
then the intellectual property will be available. The issue is how
you make arrangements for the [intellectual property] holders
to exploit their intellectual property, and then you can see if you
can get access to other support instruments to take that particular issue forward. So that work is hopefully going to help in the
uptake of local technology by local entrepreneurs.
We also have partnerships with other entities, like SiMODiSA,
which is also looking at nursing entrepreneurs, and again we’re
raising awareness of these technologies.
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The government had committed to supporting SMMEs but how could
this be elevated to ensure black industrialists were brought into the
PGM space?
Wilson Manganyi cautioned the government representatives
at the meeting that new programmes may be forming but none
was creating new industries for SMMEs. He urged those present
to open up the industry and bring in small businesses and black
industrialists.

Key outcomes and resolutions – 2016
❏ The 2016 Roundtable resolved that MISTRA should continue
to pioneer these stakeholder engagements for the PGM industry. Motivations included that gatherings of this nature were
instrumental because they built trust between stakeholders;
accountability was fostered with regard to programmes, initiatives and strategies across stakeholders; and programmes
could be implemented and future initiatives deliberated,
focusing on a common goal.
❏ There was a strong notion that the only hope for South Africa’s
PGM industry was to invest in the building of a credible
knowledge economy that could penetrate the global PGM
industry. The knowledge economy should be increased in
terms of technology advancements but also in market-development initiatives.
❏ The triple-helix approach, comprising a research strand, a government strand and business strand, was adopted as the one
that would be most impactful in the sector towards PGM beneficiation. The conversation did lack a perspective from black
industrialists. MISTRA was tasked with bringing black industrialists into the conversation.
❏ It was resolved that SMMEs must be nurtured by government.
While there were various government initiatives for SMMEs,
there was no alignment between the two parties. A relationship
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must be created and principles aligned in order for small businesses to enter the PGM industry.
❏ It was resolved that market development must go hand-inhand with small-business innovation and new technologies.
More research should go into answering the questions ‘how
will these technologies be absorbed by world industries?’ and
‘how do the technologies interface with government initiatives
at national, provincial and local levels?’ This would serve to
ensure that new markets were being utilised efficiently. Africa
was a big market to explore, so research should also consider
African needs, and how minerals and technologies could be
utilised to fulfil these needs.
❏ The strategic plan for the platinum industry should be driven
by South Africa’s interests. Fuel-cell technologies must be
able to bring change to the lives of communities in South
Africa. Communities in mining cities such as Rustenburg and
Marikana should benefit the most from the minerals; they
must be upskilled and educated. Rural-electrification projects
and other applications in the transport sector must be further
developed.
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PGM Roundtable 2017
Will the political economy allow for industrialisation?

2017
2016

Will the political
economy allow for
industrialisation?

2018

2019

Figure 17: PGM Roundtable roadmap – 2017.

The goal of the second MISTRA PGM Roundtable, in 2017, was to
monitor the progress of stakeholders a year after the first roundtable
and to determine the implementation status of the resolutions taken.
With the ongoing high-level engagement by the stakeholders, it was
also to continue planning for the future of the PGM industry, given
known opportunities and problems.
From the resolutions discussed at the 2016 Roundtable, the key
questions put forward to structure the discussions for the 2017 instalment were: Will the political economy allow for industrialisation?
What is next in the PGM industry? Where are the institutional gaps in
the PGM value chain and can they be filled? What devices are needed
to take South Africa towards higher levels of PGM beneficiation?
The 2017 meeting had participation from the DST, Wits University’s
School of Economic and Business Sciences, the DTI, Amplats, Sibanye
Stillwater, Implats, the Association of Mineworkers and Construction
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Union (AMCU), the Department of Public Enterprises, the Mining
Pakisa, and government-owned asset-management outfit the Public
Investment Corporation (PIC). This conglomerate of stakeholders
within the PGM industry explored the development of a roadmap
towards PGM beneficiation that would be socially inclusive, environmentally sensitive and economically viable.
The meeting was opened by MISTRA executive director Joel
Netshitenzhe. He stressed that the guiding paradigms in the PGM
industry, as in life generally, may need what is illustrated in the words
of Shakespeare’s Julius Caesar:
There is a tide in the affairs of men.
Which, taken at the flood, leads on to fortune;
Omitted, all the voyage of their life
Is bound in shallows and in miseries.
On such a full sea are we now afloat,
And we must take the current when it serves,
Or lose our ventures.

This served to urge the 2017 Roundtable participants to realise that
it was an occasion for them to commit themselves to action that would
lead to success; and if they failed to commit to actions and the opportunity passed by, there would be mediocrity and disappointment.
Key deliberations and arguments included funding-related challenges in the PGM sector and why they remained a concern for all
stakeholders, illegal mining in South Africa in relation to the PGM
sector, progress on the HySA programme, and what was happening in
the SEZs and the local jewellery industry.
On the panel discussion ‘Political economy of PGM mining: State of
the industry and stakeholder relations’, Stephen Bullock, technical
assistant to the Amplats CEO, provided an overview. To respond there
were Joseph Mathunjwa, president of AMCU, Dr Edwin Ritchken,
strategy advisor at the Department of Public Enterprises and coordinator of the Mining Phakisa, and Mmboneni Muofhe, deputy
director-general of technology innovation at the DST. Dr Gilad Isaacs
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Panel on the political economy of PGM mining, from left, Joseph Mathunjwa,
Mmboneni Muofhe, Edwin Ritchken, Stephen Bullock and Gilad Isaacs.

from the Wits School of Economic and Business Science facilitated
the discussion.
Heidi Sternberg, sector specialist: mining, beneficiation and energy
at the PIC, facilitated the discussion ‘Taking forward initiatives
on PGM beneficiation, including fuel-cell technology’. Dr Cosmas
Chiteme, director of hydrogen and energy at the DST, provided a compelling presentation on fuel-cell technology as an initiative towards
PGM beneficiation. To respond, there were Anthea Bath, vice-president of strategic market development and supply chain at Sibanye
Stillwater, Garth Strachan, deputy director-general: industrial development policy at the DTI, and Labi Akapo, CEO of Akapo Jewels.

Panel on taking forward initiatives on PGM beneficiation, from left, Labi Akapo,
Anthea Bath, Garth Strachan, Heidi Sternberg and Dr Cosmas Chiteme.
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Hydrogen South Africa
The status and progress of the HySA project since the previous meeting was the focus of Dr Chiteme’s presentation. He said the progress
made was encouraging as HySA prepared for its tenth anniversary the
following year.

Phase II: Pilot technologies
The programme ran in three phases (Figure 18): phase I aimed to
increase the knowledge economy, phase II aimed to apply and validate the research technologies, and phase III aimed to commercialise
the technologies.
Dr Chiteme outlined milestones that had been reached by the project in 2017, noting that while in phase I the focus was on ‘things like
publications and supporting students’, HySA was now starting to get
into the commercial space through spinoff companies as well as more
technology products. Applications had been happening in the stationary sector, he said, referring to on-site applications of fuel cells,

PHASE I

PHASE II

PHASE III

Increasing the knowledge
economy

Application and validation
of research

Commercialisation of
technologies

HySA Infrastructure
HySA Systems
HySA Catalysis

Pilot studies for new
technologies

HySA Public Awareness

Technology development
Academic publications
and patents

Market development
Technology demonstrations
on site

Spinoff companies

Capacity building
(technicians and artisan
training)

Figure 18: The three phases of HySA.
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for example, in buildings such as hospitals, schools and office parks,
either connected to the electricity grid (distributed generation) to provide supplemental power and as emergency power systems for critical
areas, or installed as grid-independent generators.
Dr Chiteme highlighted some of the technologies that had been
trialled through government collaboration with business and were
changing the lives of people around the country. The Cofimvaba Schools
initiative in the Eastern Cape had been successful in the community;
the Windsor East Clinic in Randburg, Johannesburg had also shown
excellent results for the applicability of fuel-cell technology; and the
fuel-cell forklift was a key technology in industrial utility (see sidebars).
Dr Chiteme provided further details:
We [HySA] started off with a project in which we partnered
with Anglo and Air Products in piloting this technology in three
schools in the Eastern Cape where the fuel cells were used to support infrastructure… [One] of the challenges that we then came
up against was that after demonstrating the technology, [there]
was the lack of buy-in from the provincial governments, and we
would want to see that improving going forward.
We’ve got a unit at Windsor East Clinic in Randburg … [that]
is being used as a backup power unit. We installed that unit at a
time when there were challenges with power outages and therefore with TB [tuberculosis] medication – if you expose that
medication to high temperatures, even for a very short time, the
medication expires. So that’s an area of potential growth in terms
of supporting delivery of health services.
Then we have got another unit that we’ll be installing at a
school in North West province. It’s going to involve hydrogen production on site from solar PVs [photovoltaics]. The solar panels
are already there and … the fuel-cell unit. The only delay we have
had is preparing the groundwork that needs to host the fuel-cell
container – because issues of safety, and issues of making sure that
the unit is not tampered with, are very important.
In terms of moving towards fuel-cell mobility we started off
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with [a] tricycle as far back as 2012, then moved to [a] golf cart
where the fuel-cell [was] used to extend the range. Then … the
fuel-cell forklift was launched at Impala Platinum Refineries in
2016. Then we are also looking at a potential project of range
extension of electric scooters with one of the state-owned entities.

Cofimvaba education programme, Eastern Cape
Amplats, together with the South African Agency for Science and
Technology Advancement (SAASTA) and Young Engineers and
Scientists of Africa (an initiative aimed at creating a pipeline for
innovation in science, technology, engineering, arts and mathematics), developed a complementary education programme
aimed at improving the community’s understanding of fuel-cell
technology and obtaining maximum benefit from the project on
their doorstep. In 2015 the programme had 3 500 learners from
26 schools in the region (Anglo American, 2015).
At the launch event in June 2015, Andrew Hinkly, executive
head of marketing for Amplats, highlighted the importance of
the project: ‘Not only are we generating power to support the
schools’ basic energy requirements, but, as importantly, the supporting educational initiative has been an inspiration to learners,
enhancing their aspirations for vocations in science, technology,
engineering, mathematics and innovation.’

Pupils at Mvuzo Junior Secondary School learn and benefit from the
Cofimvaba project.
Sources: Anglo American, 2015; HySA Public Awareness, 2015
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Backup power at Windsor East Clinic, Johannesburg
Windsor East Clinic is Johannesburg’s primary healthcare clinic in
the Windsor East area, serving a large population of 33 000 people.
If offers mother and child health services, TB and HIV screening,
and treatment for HIV-positive and TB patients (IT Web, 2015).
It is imperative for TB medication to be kept at low temperatures, so refrigeration is vital. At the time there were frequent cable
thefts and power outages in the area. Ordinarily, a diesel generator
would be used as backup power, but this would soon be stolen.
The DST, the City of Johannesburg, Air Products South Africa (a
company that manufactures, supplies and distributes industrial
and speciality gas products to the Southern African region) and
Clean Energy Investments (a South African company co-owned by
the DST and Amplats) partnered to produce an innovative solution – the installation of a fuel-cell unit at the clinic.
The 5kW Altergy FPS fuel cell was supplied by Powertech
Systems Integrators (a systems-engineering business operating in
the power and energy sectors), along with a hydrogen supply and
monitoring service from Air Products South Africa. This project
was launched as a pilot.
At the launch event in September 2015, Dr Refik Bismilla, executive director of health in the City of Johannesburg, highlighted the
additional benefits of the project: ‘There is no material that criminals may be attracted to: [the fuel-cell unit] has no battery, cables or
diesel, and powers itself, and has nothing of interest for thieves to steal.’

The Altergy fuel cell at the Windsor East Clinic.
Source: Crown Publications, 2015
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Fuel-cell forklift
The hydrogen fuel-cell forklift prototype was the result of a collaboration between Impala Refining Services and HySA Systems. The
prototype, which cost R12 million, focused on building local skills
through the production of the hydrogen and the fuel-cell products using locally produced material from Air Products, integrated
energy and chemical company Sasol, African power management
and control electronics company Hot Platinum, and mechanicaldesign firm TF Design (Implats, 2016).
This forklift system operates using a metal-hydride hydrogen
storage extension tank in a commercial GenDrive 1600-80CEA
fuel-cell power module provided by Plug Power Inc, which was
installed in a 3-ton STILL electric forklift. Its main performances,
according to the VDI-60 protocol, is the quick refuelling time (less
than 15 minutes) and the low hydrogen-fuel consumption; the
forklift with both the power module and the MH tank can achieve
83 per cent of maximum hydrogen storage (Lototskyy et al., 2016a).
Although this was a first for South Africa, this technology is
already in advanced stages internationally (Mayyas et al., 2016) and
there have been successful applications in the USA and Canada. In
the USA there have been more than 6 200 fuel-cell-powered forklift installations since 2003, totalling almost 56MW; 5 881 of those
were proton exchange membrane (PEM) fuel cells and 405 direct
methanol fuel cells.

In March 2016 the hydrogen fuel-cell forklift prototype was unveiled in
Johannesburg. Source: Creamer, 2016
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The first step in driving polymer-electrolyte membrane and fuel-cell
processor (PEMFC) vehicles was handling units or forklifts, as they
had been identified as a promising early market for the industry. The
fuel-cell-powered forklift was better than the battery-powered forklift
because of lower total logistics cost (Lototskyy et al., 2016a). There
were some technical and economic challenges delaying the commercialisation of hydrogen-fuelled forklifts, including the high expense
of hydrogen-refuelling infrastructure arising from the components of
on-site hydrogen production and hydrogen compression. Lototskyy
and colleagues (2016a) concluded that applying hydrogen storage
based on metal-hydride technologies was the best option.

HySA Public Awareness, Demonstration and Education Platform
The HySA Public Awareness, Demonstration and Education Platform
(PADEP) is responsible for marketing, educating, creating awareness and visibility, and gaining acceptance in industry (including the
alternative-energy industry), society and small business. Formed as
the programme moved towards the commercialisation phase, the
PADEP is responsible for the introduction of the field of technology
to the youth, by showcasing cutting-edge technology, market gaps

The HySA PADEP programme at the launch of an HFCT project at Poelano Secondary
School in Ventersdorp, North West, had a strong focus on the youth and technology.
Source: HySA Public Awareness, n.d.
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and future career options. It will ensure the equitable dissemination
of new technologies, and that they will be absorbed by the public.
This, Dr Chiteme pointed out, would ensure successful buy-in from
all stakeholders.
The key aims of the HySA PADEP are to optimise exposure of fuelcell installations at science centres around South Africa, to inform and
engage the public on the safety, benefits and challenges of hydrogen
and fuel-cell technologies (HFCT), and to ensure that the technologies are visible and that they’re accepted by entrepreneurs.

HySA’s objective to increase world catalyst demand
Dr Ritchken raised the issue of progress towards capturing the world
market:
HySA has set themselves the objective of having 25 per cent of
world fuel-cell demand by 2020. What percentage of the world
market … have you captured thus far [by late 2017]? South Africa
is absolutely the right country to develop PGM catalysis capabilities, skills ….

In response, Dr Chiteme from the DST mentioned that the ambitious goal had been set prior to economic crises and other hindrances,
and pointed out the need to appreciate that when the strategy document was written in 2007, ‘we didn’t expect that we were going to
have an economic crisis’. Although the technology wasn’t where it was
projected to have been, the technologies had been validated and international experts had been working on the programme.
He added:
We have done a review of the programme, in 2014/15, including a
review for the global market – you have got to validate your technologies in your domestic market first. I think that is where the
biggest challenge with HySA is at now, because we seem to want
to leverage on what has been done elsewhere. But there’s been a lot
of funding from government that has gone into validating technology. And we are aware of the fuel-cell technology status; some
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of that technology has been demonstrated in a commercial environment. There are still gaps that need to be addressed.
[W]hen we started the HySA programme [it wasn’t] from a
point … right from the beginning: we recruited people who were
experts internationally to come and lead this research and technology development, knowing that they were aware of where the
gaps were [and] what we could capitalise on as a country. And in
terms of technology development we are not behind, particularly
not in those areas that we have focused on in catalyst development.

HySA programme structure challenge
HySA is based in universities, and this gave rise to implications for the
way the programme was designed and organised.
According to Dr Chiteme:
I think one of the challenges to date is that our programme is structured in such a way that it’s funded at universities, and you know
with [intellectual property], how it’s owned and so forth… I think
[the] private sector will probably be more interested in investing
if we had a private structure where they can get something out of
it, either equity or some return on investment that they can trust,
because currently you find that university implications are, your
return on investment will be more difficult to guarantee, so we are
looking at restructuring. Restructuring the programme by moving
it away from institutions of higher learning may motivate the private sector to invest more resources in the programme.
However, if we looked at the other models, like the German
model, they have a hydro-fuel-cell programme at about two to
three billion [euros] a year. Half comes from industry, half comes
from government, but what government says is that they invest
on behalf of industry, so Anglo Platinum will say, I need X, Y, Z,
so they put [in] their portion, [and] government puts [in] their
portion. I think we need to … find a way to restructure, how we
set the priorities in terms of funding on behalf of the industry, not
necessarily from the government-centric point of view.
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Financial challenges in the PGM mining industry
The 2017 Roundtable was convened at a time when the mining industry was in a financial crisis. There had been some significant negative
markers in the industry in the period 2012–2015 which had long-term
economic consequences.
In the platinum-mining industry, the strike activity in Marikana in
2012 and the 2014 platinum strike had dire effects on the production
and price of PGMs. These were highlighted by participants in the 2017
Roundtable as the reason there was a lack of trust between the stakeholders, and an associated lack of resource-sharing.
The first financial challenge related to platinum producers working at a loss and South Africa thus exporting PGMs at a cost to the
country. The second concerned the lack of trust between stakeholders.
One of the strands of the debate was that corruption, and lack of
investment and commitment from the private sector, would lead to
government dependence on international funding.
Stephen Bullock unpacked reasons why platinum producers were
working at a loss after the strike activity of 2014:
The industry was getting into an ever-deepening financial crisis,
because of the fact that commodity prices were declining, and
input costs on things such as labour costs, electricity costs, all
sorts of other input costs, were increasing above inflation, eroding margins and, as a result, the industry was not going to be in a
sustainable financial position.

Joseph Mathunjwa, in turn, highlighted that the poor financial state of
the mining industry was because the economic policies in place were
not fully tending to the essential challenges in the country:
Our economic policies are … rehashed. [They] don’t address
the real issues of this country – you will remember that the
Reconstruction and Development Programme [an integrated
socioeconomic policy framework that sought the final eradication of apartheid and the building of a democratic, non-racial and
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non-sexist future for the country] was aborted. All those policies
were moving from a socialist kind of approach to a neoliberal type
of approach, all of which couldn’t address the fundamental issues
that are challenging South Africa. [It happens] in such a way that
whatever extracts that we get, what we mine here, [are] shipped
out of the country without proper beneficiation ….

The financial status of the mining sector as mentioned by Bullock
was a cause for concern, as the entire mining sector was seemingly on
financial trial. In 2016 the mining-sector companies collectively were
part of the group of worst-performing companies on the JSE (Business
Tech, 2015) (Table 2).
Table 2: Top five worst-performing companies on the JSE, 2015
Company
MTN
South 32
Anglo Platinum
Glencore
Anglo American

January Share Price
(ZAR)

December Share Price
(ZAR)

Change

217.00

139.00

-35.9%

20.24

12.00

-40.7%

349.00

197.84

-43.3%

53.11

20.79

-60.9%

213.70

74.14

-65.3%

Source: Business Tech, 2015

A close look at Amplats as a platinum producer on the JSE (Figure 19)
illustrates that the period 2015–2016 constituted a downward trend for
the company. This trend had international consequences, according
to the Johnson Matthey PGM Market Demand Report of 2016: due to
lower South African supplies in 2016, PGMs had to be bought from
Zimbabwe and Russia.
Primary platinum supplies were flat for the period 2015–2017, while
there was growth in the demand for both industrial and autocatalyst
consumption from 2016 to 2017 (Table 3). The shortfall was offset by
Chinese jewellery-makers sourcing platinum from recycling.
Although PGM production increased after the 2014 platinum strike
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Figure 19: Share price trends for Amplats, 2014-2017 (in rands).
Source: JSE, 2019

Table 3: Global platinum supply and demand, 2015–2017 (in thousand ounces)
2015

2016

2017

4 571

4 392

4 383

Russia

670

723

668

Others

8 680

988

960

Total

6 109

6 103

6 011

Supply
South Africa

Demand
Autocatalyst

3 264

3 318

3 164

Jewellery

2 824

2 446

2 341

Industrial

1 732

1 848

1 881

451

620

220

Total (gross)

8 271

8 227

7 606

Recycling

-1 713

-1 922

-1 897

Total (net)

6 558

6 305

5 709

Movement in stocks

-449

-202

302

Investment

Source: Cowley, 2017
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Figure 20: Production of PGMs, 2004–2017 (in tonnes).
Source: MCSA, 2019
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Figure 21: Platinum price, 2014–2017 (US$ per ounce).
Source: Macrotrends, n.d.

(Figure 20), the price of platinum continued to decrease (Figure 21).
These trends affirmed Bullock’s statement that the PGM sector
operated at a loss, while PGMs remained significant in South Africa’s
economy. South Africa exported approximately 85 per cent of the PGMs
produced every year (MCSA, 2018), which resulted in a loss to the country, because they were sold at a price less than the production costs.
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Despite these problems, in 2017 South African mineral sales were
largely from coal (28 per cent) and PGMS (21 per cent), followed by
gold (15 per cent) (Stats SA, 2017b).
Stephen Bullock elaborated on these contradictions:
They [the producers] are not going to be able to, in perpetuity,
recapitalise loss-making PGM mines. That’s from a shareholder
perspective, but if you think about it from a country perspective,
we are currently getting rid of our platinum group metals into
the world market at a cost to the country. We are not making any
money as a country out of these PGMs that we are releasing onto
the global market. So ‘South Africa Inc’ is actually bearing the
cost of this and therefore we need to change the situation around.
What I’m sharing today is certainly not just an Anglo American
Platinum perspective. All of the primary producers of metal in
South Africa have flagged, in one way or another, the difficult
financial times and what could be the possible implications for
[mining] operations.

These financial troubles elicited different responses from stakeholders. Private industry, which is one strand of the triple helix, continued

Dr Edwin Ritchken, strategy advisor at the Department of Public Enterprises and
coordinator of the Mining Phakisa.
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to invest in market development as a means to grow the demand for
PGMs internationally. Another strand of the triple helix, the government, was looking for global partnerships due to the lack of financial
contributions from the private sector. From the labour perspective,
Mathunjwa reiterated that prioritising export of minerals and the
increase in outsourcing operational activities outside of South Africa
did not maximise benefits for the country, instead mostly favouring
other countries.
In this context, Dr Ritchken highlighted the need to increase global
partnerships. The resources were important globally, and South
Africa’s standard of research must be raised to an international standard to compete at that level, he argued.
However, the way of production would need to change, he said:
We want global partnerships. PGM is an area where there are
global technology leaders who’ve spent billions of dollars over fifty
years developing their [intellectual property]. We in South Africa
can’t spend one per cent of their R&D expenditure; we don’t have
the resources. We need to partner with them, get them to set up
shop here. When we talk about fuel cells, what is the programme
to have manufacturing of fuel cells or catalysts in South Africa?

This dearth of constructive dialogue continued to be the achilles’ heel
of PGM beneficiation in South Africa. At the root of constructive
dialogue was the realisation that the ‘business as usual’ approach to
mining in South Africa was not sustainable nor desirable for taking the
industry and the country to a higher trajectory for all the stakeholders involved. The business of mining should ideally be as malleable
as its context, in this way capacitating it to respond accordingly to its
externalities.
The resource-related challenges in the PGM industry had implications for the triple-helix approach between stakeholders, as argued by
Mathunjwa:
We say we need to work together collectively, but the ground
is not level. They are saying we must run a hundred metres but
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already others are close to the [finish] line …. It cannot [work].
There are fundamental issues that have to change in this country.
Economic policies have to change.

Special Economic Zones
A prevalent theme that arose as a matter to be discussed for the
PGM industry value chain was Special Economic Zones (SEZs) and
Industrial Development Zones (IDZs). The aim of these projects of
the DTI was to attract foreign direct investment and to promote the
export of value-added commodities. This would reposition South
Africa in the global economy.
Economic zones were a growing phenomenon in Sub-Saharan Africa,
with most programmes initiated in the 1990s (Farole, 2011), although
they were rigorously pursued for decades before that (Nel & Rogerson,
2013). There had been a debate on whether these economic zones were
of any value, as the majority of such zones in Africa were underperforming, with the exception of those in Kenya, Mauritius, and possibly
Madagascar and Lesotho (Farole, 2011). However, SEZs were essential as
a developmental tool for South Africa (Scheepers, 2013).
South Africa’s SEZ programme began in 2007. It was premised
on reflections on the 2007 National Industrial Policy Framework
(which set out the government’s policy approach to the industrial
development of the South African economy) and the government’s
2010 New Growth Path (which set job creation as a country priority)
(DTIC, n.d.).
In terms of the Special Economic Zones Act No 16 of 2014, SEZs
have the functions of economic growth and export support.
At the time of the 2017 PGM Roundtable there were ten economic
zones spread across South Africa: the Coega IDZ and the East London
IDZ in the Eastern Cape; the Richards Bay IDZ and the Dube Tradeport
in KwaZulu-Natal; the Saldanha Bay IDZ and the Atlantis SEZ in the
Western Cape; the Maluti-a-Phofung SEZ in the Free State; the OR
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Tambo IDZ in Gauteng; the Musina/Makhado SEZ in Limpopo; and
the Nkomazi SEZ in Mpumalanga) (DTIC, n.d.). There was a proposed SEZ for the North West province called Platinum Valley.
At the 2016 Roundtable, Alfred Tau had introduced the programme as
a tool for industrialisation in South Africa:
The case for industrialisation has been strongly made, so at
least we are no longer debating that. What we are dealing with
is what instruments, what mechanisms do we employ to make it
happen? The Special Economic Zone programme is just one of
several instruments in government to promote manufacturing in
particular and related services. We are dealing largely with three
groups of issues that need to be clarified.
One, obviously, is clarifying the type of industrial capabilities
we are pursuing …
The middle part is about where exactly we make these things
happen. So here we really are faced with choices about which
regions, which areas are ideal. And this is not about excluding
other regions, it’s about where can we best start – so that these
things that we do are not aborted.
The last element there is how decision-makers process d
 ecisionmaking and the speed with which they make their decisions, the
quality of those decisions, [and] the impact of those decisions on
development …

By 2017 decisions still had to be made by the DTI on how to move
ahead and, with regard to the IDZs, on the mechanics that had to be
employed to realise the SEZs.
There were incentives for organisations to occupy space in the SEZs
which included a preferential corporate-tax rate, a building allowance, an employment incentive, a customs-controlled area, and a tax
allowance incentive designed to support ‘greenfield’ investments (new
industrial projects that utilise only new and unused manufacturing
assets) and ‘brownfield’ investments (expansions or upgrades of existing industrial projects) (DTIC, n.d.).
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Tau pointed out that the National Treasury had agreed that, for
qualifying investors, there were several incentives:
Anyone who locates in an SEZ would pay 15 per cent corporate tax
instead of the normal [rate]. By all standards that is good. Even
if you look at the performance of the old industrial development
zones in the country, this is the thing that turned those [zones]
around. Coega [IDZ] today is flying in terms of investment
performance, largely because of the introduction of [reduced corporate tax rates]. This has given us the space to compete with lots
of other regions across the country, the world …

Despite these incentives, there were still challenges with industrial
zones, including the issues of land and infrastructure, land ownership
and communities, skills and institutional arrangements, and lack of
buy-in from the private sector. According to Tau:
The challenge that we have at the moment is around land and
infrastructure. So we are now engaging with the North West government to debate a few issues. There are a number of [traditional
communities] in that Rustenburg region and they, essentially all
of them, want this [SEZ] to start on their land. But we are also
engaging with other communities there. The Bafokeng people have said, here’s land, can you do something on that? The
Rustenburg Municipality [is] also willing to do the same. So, yes,
we do have land parcels available and options. And all that we
need to do then is to make it happen.
National Treasury will remind us that we can’t afford all these
things [tools for the development of the region] at the same time.
So the issue is where do we start, what infrastructure can we work
with?
Our biggest challenge … has been our mistakes in institutional
arrangements. The current arrangements have been such that
provinces would create vehicles or agencies that would drive [the
SEZs]. Where we are at the moment is largely that all those provincial initiatives are struggling. This is an area where we really
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have to do a lot of work and we might have to look at partnerships,
even with the private sector.

The lack of buy-in from the private sector was noted from the previous
meeting in 2016; and investor traction was discussed in an optimistic
tone by Garth Strachan, the DTI’s deputy director-general of industrial development:
Investor traction, there’s some good work happening in this area.
At the moment, at least, all the major roleplayers/investors globally are keen to come and do business in South Africa. And maybe
this is an area where we come from the other angle from DST.
What we would want to see is that all the major players in PGMs
and fuel cells need to be able to see South Africa as the place
where they would be able to do business, make money, etcetera.
And therefore our efforts are about attracting, through [foreign
direct investment], the foreign know-how and capabilities to
complement the local initiatives. Partnerships [are crucial]; I can’t
overemphasise this.

Strachan highlighted the lack of funding for SEZs as a major issue:
Investment in the SEZs … has been extremely poor. It gets to the
very important point that if we see the necessity for investment
downstream, including by global OEMs [original equipment
manufacturers], and we want to explore the complementarities
between HySA and global OEMs, then we’ve got to look at what
the value proposition is. It can’t just be about incentives and SEZs.
It’s got to be [about] raising aggregate domestic demand through
public-sector instruments, getting the private sector in to raise
demand for static and mobile applications, putting in the infrastructure, getting the gas in.

Platinum Valley
There were plans in the North West province for the Platinum Valley
SEZ, also known as the Bojanala SEZ (see sidebar).
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Tau explained the principles behind Platinum Valley in the context
of its being an innovation platform rather than an industrial complex:
The concept of a Platinum Valley … it’s not so much that we’re
looking for an industrial park or an industrial complex. Yes, that
industrial complex will be part of [it] but in essence we [the DTI]
are thinking of an innovation platform, an industrial innovation
platform where all the ingredients that are required to drive the
value chains … are at work. But [we also focus on] the interplay
of those ingredients: it’s such that they produce better outcomes
in that interaction.
So the issue is not so much [about whether] you have an industrial park, or you have a research centre there, or a university,
or a cluster of financiers …. The issue is, how do these different
ingredients come together? So … we’re looking for knowledgegeneration systems and this – if you take the area where we’re
trying to have this Platinum Valley, Bojanala, or let’s just say
Rustenburg – the reality is that knowledge-generation systems are
very weak and to a large extent nonexistent. So how do we ensure
that we have the right universities in that area, we have the right
research centres in that area?

Platinum Valley aimed to be the space, therefore, for skilled and
specialist knowledge in the PGM industry. The objective was to control the PGM narrative with local research and skillsets that would
attract international attention. Tau further discussed the theme:
How do we ensure that in that area we are able to attract the best
talent from around the world? Can we have that area recognised as
a place where the best skills in anything that has to do with PGMs
and related knowledge systems are present – whether you’re talking about artisans, technicians or scientists, who can make magic
out of nothing? How do we bring all of those things together?
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The Platinum Valley SEZ
This SEZ was to be placed in a 100-hectare site in the Bodirelo
Industrial Park in Mogwase in the Bojanala District Municipality
of the North West Province. The SEZ would focus exclusively
on PGM beneficiation industries, and valuable opportunities
included automotive catalytic converters (catalysts), electronic
components, pharmaceutical products, biomedical products,
high-performance alloys, jewellery and fuel cells (North West
Development Corporation, n.d.a.).
The aims for the SEZ were to increase investment (local and
foreign) in the Bojanala district, and increase exports of valueadded goods from the district; to ensure that employment was
created and that there were skills development and technology
transfers; to create economic linkages through supplier development; and to ensure further industrial development regionally
while promoting industrial agglomeration in the North West.
The SEZ also aimed to promote coordination between government agencies, and to build the industrial infrastructure in the
Bojanala District.

Plan of the main hub of the Bojanala SEZ in the Bodirelo Industrial Park.
Source: North West Development Corporation, n.d.b.
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Informal artisanal mining
One area of tension among stakeholders was how government treated
illegal miners, and how these miners had allegedly been exploited by
the private sector.
Informal artisanal miners in South Africa, also known as
amaZamaZama, typically mined precious minerals like gold and diamonds, but industrial minerals and construction materials formed
part of their activity, and that activity was important to the rural economy (Ledwaba & Mutemeri, 2016). They worked in hostile and unsafe
conditions, without any working infrastructure. Their safety and
knowledge of the risks underground were dependent on the group’s
interpersonal and information-sharing principles (MISTRA, 2018).
Artisanal and small-scale mining (ASM) in South Africa was
defined as a mining activity employing less than 50 people and with
an annual turnover of less than R10 million, with fixed and moveable assets of less than R15 million (Scott et al., 1998). ASM cannot
easily be categorised as informal or formal, legal or illegal (Kassa,
2018). However, Figure 22 aims to provide a framework for the mining groups that lie outside of the large-scale mining operations. This

Minimal compliance

Increasing compliance continuum

Fully compliant

Legal

ASM

Illegal
Criminal

Increasing tolerance continuum

Informal

Figure 22: ASM framework and amaZamaZama mining.
Source: Ledwaba & Mutemeri, 20167
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group contributed significantly to the economy: this type of mining
had also been identified as a platform for disadvantaged individuals to
participate in the economy (Ledwaba & Nhlengetwa, 2016).
Joseph Mathunjwa highlighted the need for amaZamaZama to be
absorbed into the mainstream economy:
If the companies are concerned about deaths, if they can invest
billions in preventing illegal mining and the ZamaZama, why
can’t they join hands to assist AMCU to prevent these deaths?
It is because it doesn’t benefit us [AMCU] but it benefits capital,
because once you have a weaker union in the industry, it benefits
the purse of capital at the end of the day. We are facing a very serious issue here in South Africa.

The ASM subsector was formally recognised in 1998 in the Minerals
and Mining Policy of South Africa. The inclusion of ASM in the
Mineral and Petroleum Resources Development Act 28 of 2002 led
to the establishment of structures that would support the sector
(Ledwaba & Nhlengetwa, 2016). For these miners in South Africa,
decriminalisation was a key intervention, and the focus should be on
not only permits to access minerals sites, but also on ensuring finance
and support for technology (Valiani & Ndebele, 2018).
Among possible solutions for amaZamaZama and their incorporation into the formal economy would be to absorb them into the
waste-management strategy for mines. In the words of one of the participants from the floor, Elizabeth Mokothong:
The first [possible initiative is] looking at the story of the
ZamaZama and looking at also the whole waste-management
strategy and waste-management plan. [In that sector I don’t see
a] … concerted effort, maybe from the government or from the
mining house, to say, what alternative formalised approaches do
we come up with in terms of the Waste Act and the delinking of
mining and the mining dumps? How do you delink that and give
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access to these [or] other people who may be in one way formally
or informally creating their own job empire by recovering some
of the minerals?

There had been laudable interventions for the subsector, such as
the acknowledgement of ASM in the main legislative framework –
although the legislation was hampered by its failure to distinguish
between ASM and large-scale mining, and this had resulted in negative ripple effects to the subsector (Ledwaba & Nhlengetwa, 2016).
Also, introducing a ‘special permit’ for small-scale miners as a way
of accommodating them in the industry was a progressive initiative.
This was meant to be an affordable and simplified option for them.
Unfortunately, the opposite had proved true, in that this special permit
was not easy to obtain or affordable for the targeted group (Ledwaba
& Nhlengetwa, 2016). In short, the policy did not work because it
did not speak to the needs of the ASM subsector. South Africa has,
over the years, used an umbrella approach in addressing ASM-related
issues.

The jewellery industry as an area for market development
The CEO of Akapo Jewels, Labi Akapo, made a compelling case
for investment in the jewellery sector as part of promoting market
demand. Over the preceding thirty years or so, jewellery and consumer applications had played a leading role in the PGM sector, as
they were no longer simply ‘industrial metals’, although they were
often still called this (Hagelüken, 2006).
As mentioned, the jewellery industry was a prominent consumer
internationally of PGMs, mainly platinum – it was the second-largest
consumer of platinum in the world (see Figure 4). This international
trend was also observable in South Africa (Table 4), where the largest
application was in the autocatalyst sector, the second in the jewellery
sector, and then in investment and chemical usage.
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Table 4: Annual platinum demand by application, 2016–2017 (in tonnes)

Autocatalyst

Gross
Recycling

Chemical
Electrical

Gross
Recycling

Glass
Investment
Jewellery

Gross
Recycling

Medical and Biomedical

2016

2017

103.3

102.4

(35.8)

(39.9)

17.0

15.7

7.3

7.3

(1.0)

(1.0)

7.5

11.3

19.3

11.1

76.1

71.4

(23.0)

(19.8)

6.8

6.8

Petroleum

4.4

6.9

Other

14.4

14.8

Total net demand

196.3

187.0

Movements in stocks

(10.4)

(0.2)

Source: MCSA, 2018

In the early 2000s China replaced Japan as the biggest purchaser of
platinum for jewellery production (Hagelüken, 2006). The other large
buyers of PGMs for jewellery are Japan, North America and Europe
(Skinner, 2018).
As a means of downstream value for platinum, there must be more
R&D into jewellery as a market. This was the case made by Akapo,
who argued that South Africa was strategically located to become one
of the African leaders in jewellery-making:
So we believe that South Africa should be the leading country on
the continent in the manufacturing of jewellery, [given the] gold
and platinum industry here, and we’d like to see it start up as soon
as possible.

The jewellery market was, however, complicated, as well as being
riddled with short-term fashion trends, which were both difficult
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to grasp and not easy to measure (Skinner, 2018).
Organisations that position the global platinum jewellery market as
a new demand source for platinum, such as marketing outfit Platinum
Guild International, had to continue to develop this market. Amplats
had also dedicated resources to the development of platinum jewellery, supporting designers and the manufacturing capacity of local
jewellers.

Key outcomes and resolutions – 2017
❏ There was a substantial focus on the triple-helix approach, taking forward the resolution from the 2016 meeting. The helix,
though, was not working successfully – a consequence of the
sector’s political economy. The private-sector strand proclaimed its dire financial state. The government strand needed
investment in both research and demand development, and
had worked closely with institutions of higher learning and
explored the commercialisation and industrialisation aspects.
This contestation between the stakeholders was based on the
unequitable distribution of benefits from the mining industry.
The wall between the stakeholders was a result of the atmosphere surrounding the PGM industry being highly charged.
It was perceived as an industry of a few, a common feature of
enclave economies (business sectors in a localised region that
evince profound differences from the surrounding areas and
economy; enclave economies typically develop when foreign
investors invest heavily in a specific region with the intent of
manufacturing products for export). This had caused a discourse that embodied a lack of trust between the stakeholders,
because of the position and varied views each strand held in
the PGM political economy.
In turn, the union perspective highlighted that the people
weren’t a priority for any of the strands, as they were impacted
through heavy workloads and other unfavourable working
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conditions. That said, there were progressive programmes that
did run where there was some consensus between the stakeholders relating to making working conditions safer and more
reliable, or delivering healthcare services promptly, or in electrification of houses.
❏ The progress of the HySA programme was noted as encouraging, as a platform for South Africa to build its own demand.
HySA should not be positioned as an exclusive government
entity; it should move towards other kinds of industrial policy
which include partnerships, technology transfers and technology licences.
HySA would not reach its goal of 25 per cent global fuel-cell
demand while the investment in R&D was low. HySA therefore had to be positioned adequately. There were areas where
HySA would not be able to compete internationally, but there
may be avenues for a complementary technology partnership.
❏ With regard to market demand, a closer look at captive markets was encouraged. Captive markets for hydrogen fuel
cells should be identified as a means to create demand. More
research must be done in order to fill and dominate niche
spaces – the post office, for example. Public transportation
had the potential to be such an industry; the fuel-cell bus
programme was financially constrained previously, but investments were now being actively looked for.
❏ The MISTRA Annual Roundtable initiative was applauded as
a platform for coordination among stakeholders. Stakeholder
activities occurred largely in silos and gatherings such as this
roundtable were pivotal for cohesion in the PGM industry.
There was a call for a higher level of engagement for policy
makers alongside technical experts and the Chamber of Mines,
and a focus on PGM strategy.
❏ Looking at global paradigms and the success of industry in
countries like China, Korea and Brazil, the need for catch-up
emerged. Some ways for local fuel-cell technology to attain
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maturity, like the catalyst industry, were by inviting global
partnerships, ensuring technology transfers and building
national capabilities. Partnering with global original equipment manufacturers (OEMs) would be a significant step. After
20-25 years South Africa would have gained enough knowledge for it to act autonomously.
Partnerships should nevertheless be approached with caution as South Africa’s capacity and interests should not be
compromised when international organisations set up business
locally, and South Africa became a consumer. Conditionalities
had to be in place.
The creation of black industrialists in the PGM sector was
important for South Africa. It was recommended that this discussion point be taken up at the 2018 Roundtable.
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PGMs and fuel-cell applications
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Figure 23: PGM Roundtable roadmap – 2018.

The third PGM Roundtable was held in 2018. The goal for this meeting was to convey new information on the recommendations from
the 2017 instalment, discuss them and derive concrete proposals for
the way forward. It was also to track progress of the sector from the
previous two roundtables, to note trends and to move ahead on an
upward trajectory.
From the resolutions discussed at the 2017 Roundtable, the key
questions put forward to structure the 2018 instalment were: What
needs to be done next, by whom, by when and how?
The 2018 meeting had participation from the Department of Energy,
Implats, the DST, the Mitochondria Energy Company and the Gauteng
IDZ. The discussions focused on supply- and demand-side management in the PGM industry, with the aim of cultivating a market for
PGM-based fuel cells. Subthemes were mining policies in South Africa,
rural electrification projects and South Africa’s energy mix.
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Key themes and the arguments put forward included the commercialisation of HySA and the need for more partnerships, the policy
and legislative recommendations for rural electrification and the
Integrated Resource Plan (IRP), plans and hopes for the Platinum
Valley SEZ, and the feasibility of OEMs.
In his opening remarks, MISTRA executive director Joel Netshitenzhe
highlighted the unilluminating status of the PGM industry at the time
of this roundtable. He urged participants to focus not only on longterm vision but also on how to fix the situation at hand:
We need to accept that the situation facing the industry is not
edifying: low prices, declining demand or oversupply, tensions
in the workplace and in relation to communities are all conspiring to undermine the performance of the subsector. And so … a
variety of immediate interventions are required in PGM mining,
for instance, intensifying promotion of PGMs, besides the longterm prospects of the hydrogen economy.

MISTRA executive director Joel Netshitenzhe addresses the 2018 PGM Roundtable.
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The panel discussion ‘Demand-side management: Cultivating a market for PGM-based fuel cells’ featured Matthews Bantsijang, director
of electricity and energy efficiency regulation at the Department of
Energy, and Fahmida Smith, market development manager at Implats.
The panel discussion ‘Supply-side management: Opportunities and
challenges in fuel-cell manufacturing’ featured Dr Cosmas Chiteme,
director of hydrogen and energy at the DST, Fana Marivate, chief
financial officer at the Mitochondria Energy Company, and Maidei
Matika, chief investment officer at the Gauteng IDZ.

Hydrogen South Africa
The 2018 Roundtable convened at a point when phase II of HySA
was ending and phase III (commercialisation) was set to begin (see
Figure 18).
Before outlining phase III, Dr Cosmas Chiteme provided an overview of HySA’s accomplishments over the preceding ten-year period,
including the outcomes of the previous two phases. The outcomes of
phase I included numerous research-paper publications, conference
presentations, books and chapters, with several students supported
through the programme. Figure 24 shows the high levels of outputs
within the HySA project as of 2018: Phase I of HySA resulted in 90 publications, 49 graduate students, 4 patents, 2 prototypes and 3 in-field
demonstrations. This was ongoing within the centres of competence
while the other phases began. The HySA project had been engaged in
advancing the knowledge economy through supporting students in
each of the centres of competence.
Figure 25 shows the growing performance in the decade from 2008
to 2018.
Phase II had also reached certain goals, and its overall performance
in 2018 was decent, as can be seen in Figure 26. Structural milestones
were reached for the project, including hiring a coordinator for the
centres, 117 published papers, 35 postgraduate students, 7 patents,
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Figure 24: HySA phase I results, 2018.
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Figure 25: Research outputs within HySA Systems, 2008–2018.
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Figure 26: HySA phase II results, 2018.

20 prototypes in the lab, 6 in-field technology demonstrations and
3 spinoff companies.
Dr Chiteme added:
We have recently established a programme office, which is currently hosted at Mintek, to coordinate the activities of the three
centres [of competence] in their various mandates. We also conducted an independent assessment of the technology portfolio
that was developed in the programme’s last financial year, and
we’ll be sharing that report with key stakeholders soon. We are
also focused on creating knowledge in this area, and in phase I the
focus was on things like publications and supporting students and
so forth, but we are also now starting to get into the commercial
space. [This is happening] through the spinoff companies as well
as more technology products.

The HySA strategy highlighted that the aim was wealth creation
through value-added manufacturing of PGM catalysis, and the goal
was to supply 25 per cent of international demand for PGM fuel cells
by 2020.
The HySA project had produced several outputs between its launch
in September 2008 and the 2018 roundtable (including several milestones discussed at the 2017 proceedings).
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Netshitenzhe applauded the work that had been done by the HySA
centres of competence:
Hydrogen South Africa centres of competence have not only
made progress on research and pilot studies … Practical partnerships for commercialisation have been entered into with global
players from Europe and Japan. This includes agreements for the
manufacture within South Africa of proton exchange membrane
fuel-cell components and systems providing the required momentum towards commercially viable local fuel-cell manufacture.

There had been successes in market development research and technology development. Phase III would require more partnerships,
explained Dr Chiteme, and the new partnerships would commercialise the technologies for the global market. They would promote equity
and inclusion in the economic benefits of South Africa’s resources.
Dr Chiteme emphasised that, over and above the technologies, the
programme also looked at value added-components.

Dr Cosmas Chiteme, director of hydrogen and energy at the DST, at the 2018 PGM
Roundtable.
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Phase III: membrane electrode assembly and fuel-cell stacks
Dr Chiteme briefly unpacked the technologies that were ready for
HySA phase III: membrane electrode assemblies (MEAs) (see sidebar
on page 84) and fuel-cell stacks.
The fuel-cell stacks, a technology development that fell under HySA
Systems, was the ‘engine’ of the fuel cell, Dr Chiteme explained. A
single fuel cell consisted of an MEA and two flowfield plates which
could deliver low voltage (0.5-1V). These cells were stacked in order to
obtain a higher voltage and power (Spiegel, 2017), making a fuel-cell
stack (see sidebar on page 85).
The performance of the HySA high-temperature membrane electrode assemblies (HT-MEAs) had been successful and was found to
be comparable to MEAs already on the market.

HySA Systems’ HT-MEA.
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Dr Chiteme also urged the use of the technology to create a new
industry, by integrating the technologies into existing systems.
Although there wasn’t enough expertise in the country at the time, we
could leverage on what we had, he said:
[I]t becomes an area where we can leverage on the engineering
expertise that exists within the country to integrate these [fuel
stacks] into systems that can be beneficial and lead to the creation
of industries in South Africa. So most of the expertise we do have
in the country, and it is important to note that all we need to do is
just to coordinate and leverage on that existing expertise.

A PEM fuel-cell stack by HySA Catalysis, with the HySA MEAs that produce the
2.5kW energy system at Poelano Secondary School in the North West.
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HySA technologies: MEAs
HT-MEAs were developed using new component materials operating at temperatures of 120-200°C. Research into HT-MEAs is
important because they constitute a very promising alternative
device for power generation globally, as opposed to low-temperature MEAs. Their advantage lies in their fast electrode kinetics,
their low dependency on a cooling system, their high amount of
reusable heat energy, their high tolerance to pollutants like carbon monoxide, and their high practicability in mixed hydrogen
systems (Su et al., 2013).
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The MEA is one of the more important components of the
polymer-electrolyte membrane and fuel-cell processor (PEMFC).
The assembly (the structure of the MEA) comprises catalyst layers, two gas-diffusion layers and an electrolyte membrane. The
electrochemical reaction for the cathode and the anode occurs in
the MEA, a triple-phase boundary (where the elements, which are
in three different phases – liquid, solid, gas – are in contact with
each other during the reaction), where the catalyst particles, the
reactant and electrolyte contact together. (Liang et al., 2015)

HySA technologies: fuel-cell stacks
Within HySA Systems the objective was to model, design, machine,
assemble, test, validate and manufacture internationally competitive high- and low-temperature polymer electrolyte membrane
and fuel cell processor (HT-PEMFC and LT-PEMFC) stacks for the
combined heat and power (CHP) and fuel-cell vehicle (FCV) markets. This was achieved, with the highlights being the assembly
and validation of the 1-2kW HT-PEMFC stacks. Although the electrical efficiency of LT-PEMFCs is higher compared to HT-PEMFC,
the overall efficiency (electricity plus heat) is much higher for
HT-PEMFC-based CHP systems (HySA Systems, 2018). Also, major
stack components using state-of-the-art equipment were manufactured. HySA Systems has world-class and state-of-the-art
testing facilities for PEMFC stacks of up to 15kW.

Low-temperature proton-exchange membrane stack.
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Fuel-cell stack testing equipment at HySA.

Metal-based 3kWe stationary fuel-cell stack.

Fuel-cell catalysts
The fuel-cell catalyst enables the reaction of oxygen and hydrogen into
vapour and water (Figure 27). A platinum powder is thinly coated
onto carbon paper or cloth. The catalyst is rough and porous, which
allows for the maximum surface area of the platinum to be exposed to
the hydrogen or oxygen.
The fuel cell breaks down the fuel into electrons and ions, while the
cathode catalyst, often made up of nickel, turns the ions into waste
products such as heat and water. Unlike internal-combustion engines,
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Figure 27: The fuel-cell catalyst of an MEA.
Source: Spiegel, 2017

the fuel is not combusted; the energy is instead released through a
catalysed chemical reaction. This allows fuel cells to be highly energy
efficient, especially if the heat produced by the reaction is also utilised
for other purposes.

Platinum powder used in fuel-cell catalysts.
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HySA Infrastructure: Hydrogen compression, storage and
distribution
The HySA Infrastructure centre of competence had achieved groundbreaking steps towards the development of innovative applications
and solutions for hydrogen production, storage and distribution. This
was a high-interest and challenging field of the hydrogen economy
because of the complexity of the hydrogen molecule.
For hydrogen storage, there were low-pressure on-site hydrogen
storage and high-pressure tube cylinders. These were to be installed
at HySA Infrastructure facilities to increase hydrogen storage capacity. The metal hydrides provided efficient hydrogen storage for diverse
applications (Lototskyy et al., 2016b). This was important in the rollout of fuel cells in South Africa. The metal-hydride storage could be
applied in LT-PEMFCs to provide higher storage capacity per unit
volume, reliability, safety and high purity.
Dr Chiteme highlighted that the hydrogen compression, storage and
distribution tools had been supported by Eskom in the beginning, and
had evolved into anchor technology at Implats:
In terms of hydrogen compression, storage and distribution, we
have got the metal-hydride compressor system. That basically
started as a project that was supported by Eskom at the University
of the Western Cape, and it has grown to be the anchor technology that was used in the fuel-cell refuelling infrastructure at
Impala Platinum.

The electrochemical hydrogen compressors were some of the technologies that had been developed, Dr Chiteme highlighted. The small
electrochemical hydrogen compressor was limited to 20bar(g), while
the larger-scale electrochemical hydrogen compressor was capable
of pressurising 34.2Nl/h of hydrogen up to 150bar(g). These were
advantageous because there were no moving parts. Therefore, there
were no energy losses due to friction, the hydrogen was not contaminated with lubricants, and it was easier to eliminate product losses
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because it was easy to seal, according to Dr Chiteme’s presentation.
We are also looking at electrochemical hydrogen compression,
which is a technology that has [a] minimum of moving parts. You
don’t have oil in that system and therefore it becomes a very efficient way of not only compressing hydrogen but also separating
hydrogen from a mixture with other gases. Hydrogen storage, you
can use it at low pressure; for example, the on-site hydrogen storage like we have at the school.

Electrochemical hydrogen
compressor.

Low-pressure on-site hydrogen storage.

Dr Chiteme highlighted the developments in hydrogen storage:
[W]e have a project where we are developing metal-hydride canisters for hydrogen storage, and these are being used for a project
in collaboration with [the] South African Post Office to refuel
scooters that have been converted from purely battery-electric to
add a fuel cell in order to extend the range.

Metal-hydride hydrogen storage canister.
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Liquid organic hydrogen carriers had been developed for mobile
hydrogen storage and transportation. HySA infrastructure had been
involved in the development of catalytic hydrogenation and dehydrogenation proof-of-concept test rigs. Dr Chiteme explained:
In terms of hydrogen distribution, we are looking at liquid organic
hydrogen carriers which will allow hydrogen to be transported in
liquid form and be available … for use on site. So that becomes
a very cost-effective way of transporting hydrogen across the
country.

Liquid organic hydrogen carrier hydrogenation system.
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Policy and legislature requirements for the hydrogen economy
In his presentation ‘Rural electrification and policy/regulatory require
ments in regard to fuel cells’, Matthews Bantsijang highlighted that
policy formation in the hydrogen economy depended on people,
research and cost implications, as well as the country’s economic state:
The policies are informed by intelligence within the society. They
are informed by figures. They are informed by research that has
been done. They are informed by the status of the cost of whatever product is on the market or that needs to be commercialised.
They are informed by all those aspects, all the economic activities,
all the social activities. So the understanding is this: it may not
have to be the government that leads the way we define a policy or
regulation vacuum. It also up to us as society, as the individuals,
to make sure that we inform the policy, and also as researchers to
a certain extent.

Matthews Bantsijang, director of electricity and energy efficiency regulation at the
Department of Energy.
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Fuel-cell technology in the IRP
In response to Netshitenzhe’s query on the exclusion of fuel-cell technology from the government’s 2018 Integrated Resource Plan (IRP),
Bantsijang said:
The challenge is about IRP 2018. The closing date is next month
[November 2018]. It makes no reference at all to PGM and fuelcell technology and the hydrogen economy, and I do hope that
… the colleagues … have made or will make submissions before
the end of next month on this issue. Quite clearly you can’t, in
the IRP, as they do with other sources, indicate precise gigawatts
that can come out of PGM and fuel cells, but their inclusion will
be an important signal, I think, for everyone who participates in
the value chain.

South Africa produces its energy from fossil fuels, and there was a
call for a diversification of energy production in the country because
South Africa is the fourteenth-highest emitter of greenhouse gases in
the world, having contributed one per cent to global carbon-dioxide
emissions in 2019 (UCSUSA, 2019) (Figure 28).
Figure 29 shows the countries in Africa that were contributing to
greenhouse-gas emissions in 2016. South Africa accounted for 38 per
cent of the continental total, while 46 per cent came from Egypt,
Algeria, Nigeria, Libya and Morocco combined (Boden et al., 2011).
South Africa was a top contributor, with a high per-capita CO2 emission value while its GDP was low.
South Africa had adopted many policies and strategies to aid the control and reduce the amount of greenhouse-gas emissions through
diversifying energy sources, and had already managed to convert
five per cent of energy production into renewable energy without
support from industrialised countries or international organisations
(Rennkamp et al., 2017).
The initial document that encouraged the need to diversify the
country’s power generation from non-renewables to renewable
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Figure 28: Share of global CO2 emissions from fuel combustion, 2019.
Source: UCSUSA, 2019
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energies was the White Paper on the Energy Policy 1998, developed by
the then Department of Minerals and Energy (DME, 1998). Updated
as the Renewable Energy White Paper and published in 2003 by the
DME, it led to developmental programmes like the Renewable Energy
Independent Power Producers Procurement Programme, launched
under the auspices of the National Treasury and the Department of
Energy in 2011, the same year the United Nations Climate Change
Conference (COP17) was held in Durban, to establish a new treaty to
limit carbon emissions. It had been a successful national programme,
with 79 projects that allocated 5 243MW of renewable-energy solar,
wind, biogas and hydroelectricity (Rennkamp et al., 2017).
The IRP, drafted in 2010 and communicated in March 2011 by the
Department of Energy as a 20-year electricity capacity plan, aimed to
provide an indication of the country’s electricity demand, how this
demand would be supplied and what it would cost (DoE, 2010). The
IRP 2010-2030 for electricity provision took a middle road between
low-cost and low-carbon solutions to 2030, and opted for a balanced
scenario that favoured a strong emphasis on new production allocations for renewables (33 per cent) and nuclear (25 per cent). This
draft IRP extended the long-term horizon from 2030 (which was in
accordance with the National Development Plan, a long-term plan to
eliminate poverty and reduce inequality by 2030) to 2050.
The minister in the DMR signed the 2019 IRP in October 2019. This
version of the IRP did consider a diverse energy mix, including hydrogen as an energy carrier; it set out nine policy interventions to ensure
the security of South Africa’s electricity supply.
On the challenges that fuel-cell technologies had to overcome before
they were included in the IRP, Bantsijang mentioned high technology costs, the infrastructure not being in place for hydrogen mobility,
distribution and storage, and the standards for hydrogen not having
been set:
The technology that you choose, we need to consider the issue of
high cost. Even in the present IRP it was based mainly on the cost,
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hence we’re saying that there is a high-cost problem. The issue of
infrastructure also, especially when it comes to other sectors like
transport, is still a serious issue. Academics who deal with hydrogen technology every day will tell you how hydrogen is not safe if
it is not handled properly, and also that we need safety standards
at every stage of the hydrogen value chain, right up to the generation of the electricity.

Noting these challenges, the case for fuel-cell technologies remained
very strong, according to Fahmida Smith. When compared to a
carbon-intensive energy mix that entailed fossil-fuel-derived energy,
nuclear power or diesel for electricity, backup power or heat, fuel-cell
technologies outcompeted them in terms of environmental impact,
energy produced and the efficiency of the technology.
Smith compared fuel-cell technologies to conventional energy-
production technologies such as batteries and combustion engines:

Fahmida Smith, market development manager at Implats, at the 2018 Roundtable.

95

m istra p gm rou ndtables 2016–2 019
Fuel-cell technologies have key benefits over other technologies.
If we compare it to batteries, it is not constrained; as long as you
have a fuel source you’ll be able to generate power, whereas a
battery is limited by the actual block that this particular piece of
equipment can generate.
It is simple. It is clean. It is very efficient. We’re looking at combined efficiency of heat and power, and electricity. So compared
to a normal combustion engine or … a gas turbine, you get much
higher energy efficiencies.

Fuel cells are modular and therefore could be applied at varying
scales. They could provide energy for a small system like a household
as well as for large-scale use, such as in industry, argued Smith:
It is modular and distributable. By that I mean you have a 100kW
system or you have a 400kW system or you have 1MW system.
If you want more power, all you do is you stack more of these
systems next to each other, and you can generate more electricity,
and through this you can then generate for industry, for housing,
etc. So you don’t need large overhanging or overhead infrastructure requirements. It is dispatchable and non-intermittent.

Dispatchable generation refers to sources of electricity that can be
used on demand and dispatched at the request of power grid operators, according to market needs. A non-intermittent energy source is
where the power input is controllable, via the input of fuel, in this case.
Smith compared fuel cells, such as the PureCell, with other renewable technologies (see sidebar). Although the other renewable energy
sources are novel, fuel cells are a more efficient technology.
Solar power is only generated when the sun is out. Wind generation can only be in areas where you get reasonable wind. In South
Africa we are very blessed compared to other areas in Europe. We
have three times the radiation factor, so yes, green technologies
like solar and wind are very good within the South African context, but if you compare it with fuel cells, you can optimise how
efficient that technology is. Basically what we’re saying here is you
are not constrained by the number of hours that the sun is out …
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(A)s long as you have a fuel source, you can generate electricity.
You can generate heat through the system.

Cost implications
Fuel-cell technology did appear to be the ideal solution to the energy
crisis, but the cost challenge was still a concern. Bantsijang made a
clear socioeconomic case for a ‘fee-for-service’ funding model. The
The Doosan PureCell Model 400 System vs renewableenergy systems
The Doosan PureCell system is a clean, reliable, cost-effective way
to generate continuous energy for buildings and micro-grids.
The scalable Doosan PureCell Model 400 operates on natural gas,
generating 460kW of clean electricity and 1.7 million BTU/hour of
useable heat (Doosan, n.d.). It utilises natural gas to generate electricity using a phosphoric-acid system that contains a platinum
fuel cell, combining different elements of electrification, heat,
electricity and backup power.

Fuel cells are simple, clean and more efficient than the combustion engine. Because fuel cells are an energy-transformation
technology, they are a clean technology; they do not damage the
environment, and they have high efficiency and provide uninterrupted energy generation. The output of the PureCell is water and
power energy; this is how fuel cells provide a 41 per cent reduction
in CO2 emissions.
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model eliminated a capital cost to the customer, who was often poor.
The service provider then charged households an affordable fee for
the services, including maintenance. The initial investment was paid
not by the end-user but by the concessionaire or service provider and
government. The government would subsidise the provision of nongrid solar home systems.
The government would subsidise 80 per cent of the total capital cost
of the system. The service provider would pay the remaining 20 per
cent:
[I]n terms of the subsidy that we can get from electrification …
we use the fee-for-service model principle and in that regard the
cost is still an issue. We need to eliminate the capital cost to the
customer … because mainly it is the poor who will be paying this.
For those in rural areas there will be free basic alternative energy,
and also a stepped tariff, to assist those who cannot afford [it]. The
poor cannot afford to bear the investment cost, [which is where]
the department comes in.

Smith also spoke of the cost challenge, and mentioned that fuel-cell costs
were similar to those for solar power when it was first developed. South
Africa must find ways for integration of technologies to reduce costs:
The cost of capital is currently where solar was when it started
off. We’re not saying fuel cells are the be-all and end-all when it
comes to energy. What we’re saying is we need as South Africa to
find the optimum way [to] integrate the various technologies, so
your green generation technologies like solar and wind combine
with your fuel cell. You generate electricity quite cheaply using
solar and wind. You can generate it within certain periods of time.
Where there isn’t a need for excess electricity it can be stored in
batteries, which are expensive and also create other environmental
issues. What we’re recommending is to look at generating hydrogen. You generate hydrogen with the cheaper electricity that you
have, and then you utilise the hydrogen within a fuel-cell system
during peak times to bring down your energy price.
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The role of original equipment manufacturers
One of the key recommendations from the 2017 Roundtable was to
investigate international industrial trends and find which lessons
could be applied in South Africa.
These discussions were reiterated at the 2018 Roundtable, with
Netshitenzhe highlighting global advancements in the hydrogen
economy in the transport industry:
It has been reported that the first hydrogen-powered train is
entering commercial service, and countries such as Germany,
Netherlands, Denmark, France and Canada intend to introduce
these locomotives in large numbers by the turn of this decade.
Many motor manufacturers across the world are scaling up production of fuel-cell vehicles, with China, for instance, targeting
the production of two million platinum-based fuel-cell buses,
trucks, passenger vehicles and so on by 2030.
Hyundai’s Nexus attained pre-order demand that surpassed
even their wildest expectations, and Toyota and its partners have
announced plans to increase fuel-cell stake and hydrogen-tank
production from 3 000 a year to 30 000 a year – that’s ten times
more – and some estimate that the Japanese fuel-cell market
should be worth some US$70 billion by 2050.

Netshitenzhe mentioned the need for global partnerships and cautioned how they were to be approached:
[H]ave we as South African stakeholders clarified our mind on
approaches to partnerships with global players, or are we treating one another as adversaries beyond the normal competition
that needs to take place in the commercial arena, because the
question has arisen, if original equipment manufacturers sense
that we see them as adversaries, will they want to locate in our
country?
[Two], how do we manage the expectation among these original equipment manufacturers … that South Africa should be a
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passive taker of imported technologies, ignoring the capacities
and competencies that we have?
Three, to what extent are the conditions for operation in the
IDZs accommodative of both local and international players?
Four, do we have the required incentives at the level of public
policy to create optimal demand within South Africa in both stationary and mobile applications?

This lay a foundation for Fana Marivate to unpack on original equipment manufacturer (OEMs) and where South Africa is heading. He
pointed to some multinational corporations, such as E4tech and
Fuel Cell Today (Figure 30), to explain to participants that stationary
applications were growing and that transport applications were also
showing more growth:
Starting with the trends, over the past five years stationary has
pretty much held its own, and that’s largely driven by the EneFarm project [the world’s first fuel cell for practical home use]
of residential rollout in Japan; and transport has really come also
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Figure 30: Global shipments by fuel-cell industry, by application, 2012–2017 (in thousands).
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into its own there, and in 2017 just over 10 000 units were shipped
by the various OEMs. Toyota, Hyundai and Honda accounted for
about 50 per cent of those, 3 000 units, and in China buses and
trucks accounted for about 2 500 units, which is basically from
a base of virtually nothing, and that’s part of the Chinese story.
There is also a trend for portable applications, such as chargers
for the military, which soldiers use in backpacks to power their
communications devices.

The picture changed slightly when looking at megawatts shipped by
the two multinational corporations (Figure 31), said Marivate.
The residential is driven mostly by the Ene-Farm project in Japan
– residential, pretty small-scale individual units. But the growth
in transport has outstripped growth in stationary products, and
transport now accounts for the bulk of megawatts shipped across
the world.

Regional trends showed that Asia was dominating, explained
Marivate (due largely to China and the Ene-Farm project in Japan),
followed by North America, with the major nexus on the west coast
(Figure 32).
The automotive sector had a small market; however, OEMs had begun
making FCVs and the sector was growing, said Marivate. The Toyota
Mirai was leading, followed by Honda:
Looking at the transport focus, the market is still relatively small.
The leader is the Toyota Mirai; they shipped 2 300 units in 2017.
Honda accounted for about 600 [units]. Hyundai gets an honourable mention and Daimler has debuted the GLC fuel cell,
but again … there is China. SAIC [Motor], which is the biggest
manufacturer in China, and Great Wall Motors have also started
designing and will soon have fuel-cell cars – if they don’t have
already in 2018.
An interesting statistic from the [2017] KPMG auto executive
survey is that 62 per cent of auto execs expect [battery electric
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The Toyota Mirai fuelled by hydrogen.
Source: Toyota Europe, 2019

vehicles] to fail … 78 per cent expect the [fuel-cell electric vehicle]
to be the ‘golden bullet’ for electric mobility … [KPMG, 2017]

Marivate gave details of the Joint Initiative for Hydrogen Vehicles
across Europe (JIVE).
In Europe the Joint Initiative for Hydrogen Vehicles has done
some interesting work. They’ve put 142 buses in 9 cities across the
UK, Italy, Germany, Latvia and Denmark. US not so much, only
26 buses in operation in 2017, at which point 41 were in planning
and that’s mostly in California. The aim is to eliminate emissions
and the cities are buying into this in a big way.
In comparison, China’s planning for fuel-cell buses is in the
thousands.

Hydrogen refuelling is a challenge for the automobile sector, and
Marivate elaborated on the goals to build hydrogen refuelling stations:
Hydrogen refuelling is a limiting factor. In California they were
aiming at 100 stations by 2020. Japan is on course to [have] 160
refuelling stations by 2020. I’ve seen all of them at Kyoto University
in Japan. Korea intends to go from 12 to 100. Interestingly, Honda
has stuck its oar in with the new smart hydrogen-refuelling station which generates hydrogen on site but has limited quantities
available daily.
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Marivate observed that fuel-cell industries existed only when there
was a government subsidy. The successful industries existed, therefore, when government contributed (Table 5). Europe had excelled
because of its research community, European Commission collaboration, public-private partnerships (PPPs) and the JIVE initiative. The
Chinese were leveraging on funding and policy instruments and had
a five-year ‘new energy vehicles’ plan:
Lack of government support largely explains unwavering high
prices. Large stationary applications for industries are barely existent anywhere in the world, but where they do exist, there are huge
subsidies. In Japan the subsidies started at $13 000 per kilowatt
in 2009; they’ve come down to $4 000 per kilowatt now and they
Table 5: Fuel-cell incentive programmes by country
Type of incentive

Effective
period

All states

Federal Investment
Tax Credit

2016–022

Significant % of project costs

2013–2016

$2 025/kW in 2013

California

Self-generation
Incentive Program
Assembly Bill 8 to
fund 100 hydrogen
refuelling stations
for FCVs

2013–2025

$20 million/year

New York

Renewable
Portfolio Standard
Funding under
Program
Opportunity Notice
(PNO 2157)

$2 000/kW

New Jersey

Public Utility FC
Funding Program

$2 000/kW
Significant % of project costs

Pennsylvania

Alternative Clean
Energy Program

Significant % of project costs
Capped – $2 mil/project

Location
USA

Amount of incentive

Korea

New & Renewable
Energy Program

2012–2022

Significant % of installation costs

Japan

New Energy
& Industrial
Technology
Development
Organization

2009–2016

Initially (2009) $13 000/kW,
gradually reducing to up to
$4 000/kW
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Neale McCulloch, lead technical: hydrometallurgy at Lonmin Platinum, speaks from
the floor.

are being weaned off of the subsidies, but they are still very high.
The Research and Development Community and the European
Commission leverage policy instruments and funding are making
great strides in rolling out fuel-cell buses. In China the goal was
two million units by 2020 in terms of their new energy vehicles
planned: the [new energy vehicles] plan aims that 20 per cent of
all their new vehicles [will] be [new energy] vehicles by 2025. The
impact is that [new energy] vehicles would cost $200 000 but with
the subsidies that China offers, it will cost motorists only $45 000.

From the floor, Neale McCulloch, technical lead of hydrometallurgy
at Lonmin Platinum, shared these sentiments, noting that the DST
and the Department of Energy were already in the arena. He drew on
other countries such as China, South Korea and Japan, often hailed
as success stories because government, business and civil society
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coalesced around a clearly defined vision and goals like a great symphony, then built their strategies around the vision.
A challenge that was noted by another participant from the floor:
One of the original equipment manufacturers was not prepared
to accept components that are manufactured in South Africa by
our centres of competence. How do we deal with that kind of
challenge?

Moving towards PGM Special Economic Zones
In her presentation ‘Establishment of a PGM Value-Add SEZ in
Gauteng Province’, Maidei Matika made strong arguments for the feasibility of SEZs for the PGM industry. She emphasised the fact that a
notable barrier in establishing an SEZ is that South Africa’s current
value-chain process is geared towards the exportation of goods as
opposed to beneficiation.
The SEZ concept itself is around designated geographic areas.
Within the context of South Africa, there are pockets of land that
have been set aside for targeted economic activities where special
arrangements could be put in place. These SEZs are intended to
drive the cost of production down, thereby attracting investors
to investment and increasing the export market. SEZs in South
Africa are geared towards the export market and being able to
drive economic growth, employment creation …

Matika indicated that while the current SEZ incentive structure
was helpful, there must be a new structured incentives programme for
the fuel-cell industry as a new industry. This would enable full access
to the SEZ incentive structure, which would bode well for fuel-cell
localisation.
The current value-chain structure had to change in order to fully
take advantage of the SEZ framework. To bring in the ‘fuel cells OEMs’
was a new type of agreement because they had their own conditions,
107

m istra p gm rou ndtables 2016–2 019
such as location, market and skills development. This was highlighted
by Matika.
It was important to make the South African PGM industry attractive to external investors, building on the country’s large endowment
as an advantage. Matika acknowledged that South Africa currently
did not have the market and would need to search for market growth
opportunities elsewhere in Africa, the Americas and Europe. The call
for alternative energy sources, particularly in transportation, at the
2015 United Nations Climate Change Conference (COP21) made it an
opportune time for fuel-cell uptake.
Matika also cautioned participants against the ‘resource curse’, also
known as ‘the paradox of plenty’: countries with the most abundant
resources (compared to those with fewer natural resources) tend to
have the worst development outcomes and economic growth. Matika
cited Brussels in Belgium as the diamonds business capital of the
world, yet they are not producers of this natural resource. It was up to
producer countries such as South Africa to move from a comparative
advantage to creating a competitive advantage to localise the benefits
of its mammoth PGM reserves.

Public-private partnerships
The success of PGM beneficiation would rely on the strength of the
partnerships formed. As noted in the 2016 Roundtable, each stakeholder was to contribute towards a triple helix. The partnerships may
be between any of the strands, and the outcomes would be beneficial
for the OGM industry.
Some PPPs had worked out successfully, according to Smith and
Chiteme.

University of the Western Cape Nature Reserve
In a partnership between HySA Systems and Hot Platinum, a tested
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The launch of the fuel-cell power generator at UWC in November 2014, with
Dr Phil Mjwara, director-general of the DSI, cutting the ribbon, and (far right)
Dr Cosmas Chiteme.
Source: UWC, n.d.

hydrogen fuel-cell power generator was launched in November 2014.
The fuel-cell power generator, the first such unit developed almost
entirely in South Africa, provides continuous power to the UWC
Nature Reserve building.

Poelano Secondary School
Poelano Secondary School in the Ventersdorp area of the North West
was an example of a successful placement, as the learners were able
to experience fuel-cell technology and also learn from it. The project was launched in April 2018 by the then Minister of Science and
Technology, Mmamoloko Kubayi-Ngubane. The hydrogen and fuelcell technologies (HFCT) system, which provides a total of 2,5kW of
power, enabled the 486 pupils to have access to low-cost off-the-grid
clean energy for their information and communications technology
(ICT) and lighting needs.
This school formed part of the HySA PADEP (Public Awareness,
Demonstration and Education Platform) programmes. The school
runs on combined solar PV and fuel-cell electricity and is off-grid.
109

m istra p gm rou ndtables 2016–2 019

The 2.5kW fuel cell at Poelano Secondary School.

The excess power is used to generate hydrogen on site, and on cloudy
days the hydrogen fuel cell can be used, as Dr Chiteme observed:
The beauty about that technology was the fact that it is combined
with solar PV that can power the school directly, and then the
excess is used to generate hydrogen on site which is also stored
on site at the school – so that in the case of cloudy days you can
then use the hydrogen to run the fuel cell and basically the school
is operating off grid.
And it was … an important intervention in the sense that the
school had run out of their grant that they get from [the Department
of Basic Education] to pay Eskom for electricity provision. But
because of that intervention they started saving about R5 000 a
month. It really improves the quality of learning and it’s a very welcome intervention in terms of [the] sustainability of this school.

Dr Chiteme spoke about the importance of the technologies in
changing the lives of citizens.

Key outcomes and resolutions – 2018
❏ The 2018 Roundtable recommended further research in and
operationalisation of fuel cells in electric vehicles. Some
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international advancements included the first hydrogen train
entering commercial service in Germany. Fuel-cell buses had
been successful in other countries. It was suggested that South
Africa’s first electric fuel-cell bus was scheduled for a trial in
October 2018 by HySA, South African bus designer and manufacturer Busmark and the CSIR.
❏ The major limitation of FCVs was the refuelling technology.
The HySA Systems centre of competence had begun a costbenefit strategy to lower the costs of the technology. It was
recommended that the first trials for electric vehicles be the
large vehicles that travel long distances, eg, trucks, buses and
trains. This was because there were no constraints around
charging time if hydrogen as fuel was available.
❏ The need for monetary resources was a great concern for the
roundtable participants. The high costs of the technologies did
prove to be a challenge for the rural electrification mission.
The DTI had pre-approval for a R50-million critical infrastructure programme grant. However, there was still concern
about the funding of the project.
❏ The participants agreed that fuel-cell technology should form
part of the Integrated Resource Plan (IRP). Despite the low
ministerial determination for renewable energy, the technologies would not compete but rather work collaboratively. The
adoption of fuel cells as a renewable-energy source was not
a threat to other renewable resources. All of the technologies
should work together and deliver energy (power and heat) to
off-grid locations. There must be a development of standards
and measurable laws for fuel-cell technologies.
❏
It was recommended that the industrialisation discussion
be unpacked further. There were many possibilities for the
Platinum Valley SEZ but the programme should be designed
in a niche way to attract the relevant foreign investment and
OEMs.

111

PGM Roundtable 2019
The PGM value chain

2019
2016

2017

2018

Unpacking the
PGM value chain

Figure 33: PGM Roundtable roadmap – 2019.

The focus for the fourth PGM Roundtable, held in 2019, was
‘Reimagining PGM value chains for effective beneficiation’. The aim
was to answer the question ‘How far have we come towards PGM
beneficiation?’ It was also to evaluate the resolutions of the previous
roundtables and assess the progress made by the stakeholders since
the 2018 PGM Roundtable.
The 2019 Roundtable had the participation of the DSI, Anglo
American South Africa and Implats. The discussions were focused on
HySA, demand creation, and beyond-downstream opportunities for
financial beneficiation.
The meeting was opened by MISTRA executive director Joel
Netshitenzhe, who set the scene by declaring that ‘the world is entering the epoch of a hydrogen economy’. The question for South Africa,
and for the participants in particular, was whether they would be
among the ‘early adopters’ or ‘hapless followers’:
112

p g m rou n dta b l e 2 019

Joel Netshitenzhe, MISTRA executive director, at the 2019 PGM Roundtable.

Among the immediate tasks are issues such as becoming lead
actors in fuel-cell and component manufacturing and asserting
our place from the very beginning as part of the global value
chains.

Netshitenzhe made this bold statement in light of many international developments focused on fuel-cell technology as a result of
some of the research being done in South Africa. He encouraged participants to start thinking about the true potential of the hydrogen
economy.
For South Africa to be leaders of the global hydrogen economy, he
said, the next step was to move towards a more practical, implementation-focused phase. However, he warned that implementation needed
to proceed carefully, quoting a Chinese proverb: ‘We will have to cross
the river by feeling the stones.’
It was important to do an analysis of the progress and impact of
the PGM roundtables, so the first part of the 2019 meeting was a
reflection on past PGM roundtables. This was led by Zamanzima
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Zamanzima Mazibuko-Makena, senior researcher at MISTRA, looks back at past
roundtables, and forward to the 2019 iteration.

Mazibuko-Makena, senior researcher in the knowledge economy and
scientific advancement faculty at MISTRA. She took the participants
through the key outcomes, challenges and resolutions of the 2016, 2017
and 2018 roundtables, and the expectations of the 2019 Roundtable.
Her presentation gave perspective to the goals, achievements and
future plans for the PGM sector.
Neale Baartjes, a director at EcoPartners, noted the importance of the
work done by MISTRA over the years. MISTRA’s role in producing
research and gathering stakeholders had been instrumental in the
PGM sector, according to Baartjes:
There’s a lot of learning that has taken place in the context of South
Africa where we want to be with our PGMs, and we’re now at this
point where we are trying to build a case for something new and
radical. So were some of the discussions that MISTRA generated
a few years ago. They were out of the ordinary compared to what
the mainstream thinking was, but today you will find that a lot
of what MISTRA said previously has now become actually well
integrated in mainstream thinking.
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Hydrogen economy international demand and influence
The hydrogen economy is a strategic component in the DSI under
the Technical Innovation programme. The ‘hydrogen and energy’
component provides policy leadership in research, development and
innovation (RDI) initiatives in the energy sector that are of a crosscutting nature and have long-term impacts.
A recommendation from the 2016 Roundtable was for the stakeholders to forge stronger relationships and a strong helix, and as a
result, other government departments had joined the DSI in becoming fully involved in advocating for the hydrogen economy, ensuring
that the government strand was stronger and unified.
As Netshitenzhe said in his opening remarks:
[T]he Department of Science and Innovation is no longer
an orphan, alone championing fuel-cell technology, with the
departments of Trade and Industry (or Trade, Industry and
Competition), Mineral Resources and Energy now fully involved.

The increased government commitment, alongside the research
that had been developed in South Africa on the hydrogen economy
(fuel-cell technology and green hydrogen), had potential for more
global applications. (Green hydrogen is hydrogen that is produced
using renewable energy, and therefore acts as a unique energy core,
providing low- or zero emission energy; Díaz-Abad et al., 2019.)
Netshitenzhe cited some countries where the technologies were
growing extensively in both stationary and mobile applications:
South Africa’s research and application efforts on production of
fuel cells as well as green hydrogen are being intensified, and the
last milestone is that the global fuel-cell sector in both stationary
and mobile applications is growing rapidly, from Japan to China
to South Korea, and now train locomotives in western Europe.
Australia is establishing a hydrogen project in Queensland. In this
context we can say that the world is entering the epoch of a hydrogen economy.
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Cosmas Chiteme further attested to the global traction of hydrogeneconomy technologies and shared the same sentiments highlighting
the global momentum for both stationary and mobile applications.
He shared some of the plans made by Toyota to increase its production of FCVs, and noted that fuel-cell technology was complementing
traditional battery technologies:
We are seeing an increased momentum, both within the stationary applications, but more importantly the [mobile] applications,
because we have always had that consensus that this is the holy
grail of fuel-cell applications. Recently at a conference in South
Korea, Hyundai and Toyota made very bold statements on ramping up the production of fuel-cell vehicles. Toyota in September
[2019] made their ten-thousandth fuel-cell vehicle. Globally we
are looking at approximately 15 000 fuel-cell vehicles. In the buses
and trucks, there is complementarity with the battery electric
vehicles rather than competition between the two technologies.

In terms of a global PGM paradigm, Anglo American had already
begun formulating a global PGM research centre. This maintained the
triple-helix framework and approach, according to Fahmida Smith,
principal: market development at Anglo American. They had invested
more capital in application developments in partnership with conglomerates such as Toyota, and Shell in the USA and the UK:
With regard to policy and advocacy, we do this on a global scale.
Our levels of engagement with different governments vary from
area to area in regions where there are very advanced policies, like
China and the UK. The idea is aimed at creating a global PGM
research centre and we don’t plan on doing this alone, and we’ve
heard about the triple-helix philosophy. This is what we aim on
doing, to be able to create [a] centre of excellence [in] a collaborative manner using the triple-helix methodology.
We have invested money directly in applications: through the
California fuel-cell partnership [a public-private partnership to
promote hydrogen vehicles in California] we have invested in 700
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hydrogen-refuelling stations, together with Toyota and Shell. In
the UK we have invested in five new refuelling stations and the
upgrade of four existing refuelling stations, also in partnership
with Toyota, Shell and others.

Climate change at the centre
One matter that participants felt needed to take centre stage was
that of combating global climate change and the transition to a low-
carbon economy, and how fuel-cell technologies could be utilised to
this effect. This was the approach that would ensure more investment
from government and adoption into policy.
These sentiments were shared by Reitumetse Molotsane, programme manager for climate and energy at the National Business
Initiative, a coalition of companies working towards sustainable
growth and development in South Africa and the shaping of a sustainable future through responsible business action.
Molotsane encouraged stakeholders to optimise on this resource to
ensure that South Africa transitions to a low-carbon economy:
The role of the platinum group metals as part of the climatechange response context, as well as the opportunities that are
offered through hydrogen-based technologies and fuel cells,
should be elevated in South Africa’s increased ambition towards a
just transition to a low-carbon economy. The stakeholders present
from government and from industry can work together to elevate
it and show the significance of this particular opportunity when
it comes to responding to climate change in a just way. I hope
that this is something that we will be able to take forward and see
reflected in our upcoming and nationally determined contribution to the [United Nations].

Aligned closely with the climate-change response and just transition to a low-carbon economy was Anglo American’s Mogalakwena
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Reitumetse Molotsane from the National Business Initiative talks about the transition
to a low-carbon economy.

open-pit platinum mine, which was being considered for more sustainable options. The mine had a ‘sustainable living’ priority that was
being championed for the communities around Mogalakwena in
Limpopo province.
Fahmida Smith highlighted this strategy to ensure energy security
and a significant reduction in CO2 emissions and other benefits to the
environment:
The idea is to consider solar PV for our mine in Mogalakwena, to
oversize this and use the excess energy to produce green hydrogen. This project has [the] potential to give us security of energy
while reducing our stationary energy CO2 emissions by 30 per
cent [and] reducing our vehicle emissions by 100 per cent. This
has a zero-carbon footprint. It has a number of significant benefits when it comes to the environment as well as when it comes
to promoting the hydrogen economy, so it’s a project that we are
very proud of.
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One key recommendation from the 2018 PGM Roundtable was that
fuel-cell technologies should form an integral part of the IRP. The
adoption of fuel cells as a renewable-energy source was not a threat to
other renewable resources, and a collaborative technologies approach
was recommended. The world was headed towards a low-carbon
economy in order to achieve the Paris Agreement’s goal of a global
average temperature below 2°C above pre-industrial levels (United
Nations Climate Change, n.d.). This was necessary as key global
developments in industry had overexploited natural resources, and as
a consequence the earth was slowly approaching various ecological
tipping points (Harvey, 2018, 2019).
The transportation sector would be greatly affected by the shift
away from the internal-combustion engine, as the sector currently
depended on these. This offered both opportunities and challenges
for the platinum industry. On the plus side, the decrease in internal-
combustion engines would leave a gap in the sector which PGM
solutions could fill. However, there was also a danger that with the
transition to a low-carbon economy, a portion of the PGM market
would be lost as current internal-combustion engines did contain
PGM elements. Dr Chiteme highlighted this:
With legislation coming in on climate-change responses, there
is going to be a decline in the ratio of the internal-combustion
engines used within the automotive industry. This would mean
that portion of the PGM industry will be lost if we don’t come
up with alternative applications for PGMs. This is where fuel-cell
technology comes in. The key drivers for the Hydrogen South
Africa initiation are on PGM beneficiation and finding alternative applications for PGM resources. This is also in line with the
National Development Plan that talks to our desire to transition
to a low-carbon economy. It also speaks specifically to energy
issues in terms of diversifying our energy mix and so ensuring
energy security.

Other new policies that were being adopted included the Carbon
Tax Act 15 of 2019, which intended to provide for the imposition of
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a tax on the CO2 equivalent of greenhouse-gas emissions. This had
implications for taxpayers and Eskom.
Dr Chiteme made a case for a rapid transition in order to save taxpayers money:
There are other policy documents, for instance, the carbon tax
was signed in May [2019] by the president. You have to choose
whether to pay the penalties or take a proactive step as a company.
If we consider the role of Eskom and coal in our energy mix, there
would be harsh penalties towards the carbon tax. At the end of the
day it’s not Eskom that is paying, it’s South Africa’s citizens who
are paying for that. We have to make a conscious choice to say
should we not allocate part of that revenue towards the development of new technologies that could reduce our carbon footprint?

There were other policies that could be aligned with the work of the
hydrogen economy, and there were direct and indirect opportunities
for the PGM sector to assist the country to go green. The green transport strategy for South Africa (2018-2050) was a critical policy, and
the green building policy from the Department of Public Works was
another, according to Dr Chiteme:
The green transport strategy is [a] critical policy document and
recently the [IRP] has a focus on increasing the role of renewables
and on biogas in the energy mix. There is the green building strategy, and all these are documents that are there to support going
green in the country. [There are] direct opportunities that could
come from the deployment of fuel cells, whether for stationary
applications or for mobile applications.

Because South Africa is a country that has renewable-energy
options, the country could export some of its green resources. The
examples of recipient countries given by Chiteme were South Korea
and Japan, which do not have the space for the creation of green
hydrogen. The fuel cells could be made as modules and transported
to assist such regions:
So in a country that is also blessed with renewable technology
such as solar and wind, we have got the opportunity to produce
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Dr Iraj Abedian, chief executive of Pan-African Investment and Research Services,
discusses the value of reducing South Africa’s dependence on fuel imports.

hydrogen at scale and export it as a commodity to countries like
South Korea and Japan that are looking to import green hydrogen
because they don’t have the land area to actually do this at scale
within their boundaries.

There was a definite case for a transition to a low-carbon economy in
South Africa, and the country stood to gain additional hidden benefits
from moving from an oil- and coal-based economy, as highlighted by
Dr Iraj Abedian, chief executive of advisory and economic research
firm Pan-African Investment and Research Services (PAIRS). The
reduction of fuel imports would be an economically beneficial move
for South Africa, for example:
[N]ot only from the environmental point of view, from a technological point of view, from [a] localisation point of view, one key
factor is how much it will reduce our dependence on imported
fuel. The largest item of [the] South African balance of payments
is fuel: petrol, essentially. Let’s say we redirected just 20 per cent
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of that to hydrogen technology – we would have 20 per cent more
savings instantly, without any additional investment. And we
would be in a position to promote local industry and become a lead
global player in this particular industry. [F]rom a macroeconomic
point of view … this would be one of the most important interventions that we’d want. With this policy change, we could set in
motion a permanent protection against import reliance.

Moving to a practical trajectory
Forming strategic public-private partnerships (PPPs) was encouraged
in 2018 as a good a way to move forward with some of the practical
elements of building a strong platinum fuel-cell industry. At the 2019
instalment, Dr Chiteme highlighted this strategy again, in order to
propel it to the next level.
For phase III of HySA, where ‘commercialisation of technologies’
and the market trade were concerned, the research teams were perhaps not the ideal people to put this into effect. This phase therefore
required intervention from the private sector. In cases where PPPs
had been utilised, they had been beneficial, Dr Chiteme said:
While our universities and science councils are very good at technology development, they are not the best people to engage in
taking the technology to market, and this is where we need the
private sector to be involved, as well as some entrepreneurs that
can start engaging with organisations like the Public Investment
Corporation (PIC), the [Industrial Development Corporation],
to draw business cases around … the commercialisation of the
technology. We have introduced competitive bid funding to try
and encourage [the] participation of the private sector. In cases
where the centres of competence had certain technology that
they wanted to demonstrate in the market, they could only access
funding from the DSI if they were in partnership with the private
sector, and we are starting to see the benefits of that.
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A conglomerate of five government departments – the DTI, the DSI,
the DMRE, the Department of Environment, Forestry and Fisheries,
and the Department of Transport – had agreed on an RDI strategy,
and there had been monetary commitments made. The degree of technology deployment required was at a ‘mega scale’ for absorption into
the mainstream market. Therefore, larger investments were required,
possibly from the private sector. The conglomerate could then formulate a hydrogen roadmap for South Africa. Such a map would involve
stakeholder consultations and workshops, according to Dr Chiteme:
We [the five government departments] agreed [that we] have an
RDI strategy in the form of Hydrogen South Africa, but what we
now need is a high-level hydrogen roadmap that is developed in
conjunction with the private sector that maps out the journey that
South Africa would take towards realising the hydrogen economy,
and we are looking at running some stakeholder workshops and
having consultants that will focus [on] particular sectors that will
then be identified as sectors that we need to pursue.

One such successful PPP was the partnership between the South
African Post Office and HySA. The 2017 Roundtable had recommended focusing on captive markets and converting them into
hydrogen fuel-cell niche spaces. The Post Office was identified as a
captive market as it utilises delivery transport. The fuel-cell scooters
(see sidebar) were deployed in the Cape Town regional post office.
Chiteme highlighted that by utilising the fuel cell, the range of the
scooters was increased.
This project is in collaboration with the South African Post Office.
We imported some battery-powered scooters from Germany and
the range that these scooters could do was 70km … It was presented to us as a challenge and because of the work that we had
already done on the golf cart, we could use fuel cells to extend
the range of those scooters. The range per charge, because of the
addition of 1kW fuel cell … was then increased … The hydrogen refuelling infrastructure developed by one of the investors in
Cape Town is also being deployed.
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Hydrogen fuel-cell scooter
Developed by HySA Systems, the
hydrogen-electric scooter with
fuel-cell range extender was realised in the framework of HySA’s
Key Programme 3: Hydrogen
Fuel-Cell Vehicles (HFVs). Its
features include a 5kW electric
motor, a 40Ah lithium-ion battery pack, a 1kW proton exchange
membrane (PEM) fuel-cell range
extender,

two

metal-hydride

hydrogen storage tanks, and up
to 110km driving range (Gani,
2019). The scooter excretes water
vapour.
Challenges are hydrogen production as well as the lack of
hydrogen-filling stations.
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In moving to a practical trajectory, Anglo American had been focused
on demand creation in three ways: advocating for enabling policies;
investing in primary research; and investment using AP Ventures,
an outfit that manages venture capital funds that invest in technologies that address global challenges and whose portfolio is focused on
hydrogen and its role in decarbonising energy. Smith said:
PGM demand can be created through our own efforts and that’s
the reason why we invest a lot of time and effort in our demand
development initiatives. At Anglo American we have dedicated
activities for demand creation. We do this over various sectors
and over various periods of time.
In the short term we look at investment around jewellery and
investment opportunities, and over [the long term] we mainly
focus on hydrogen and fuel-cell technologies, and we do that in
three ways. The first one is advocating for enabling policies for
fuel-cell and hydrogen technologies. The second is through direct
investment in early-stage research and development, so that, for
example, would be catalyst development. And thirdly we invest
using AP Ventures who are a spinout from Anglo American. They
are a PGM-focused venture capital fund that looks at reducing the
barriers to technology and adoption within fuel cells and hydrogen, although their key mandate is investment in development
PGM technologies.

There were AP Ventures that looked at non-fuel-cell-related technologies for PGMs, such as the PlatAfrica Jewellery Competition. This
was a partnership between Amplats, Platinum Guild InternationalIndia and Metal Concentrators, a South African company that refines
and supplies precious metals. Through this competition, new partnerships and products had been launched.
The programme capacitated and developed new jewellers, according to Smith:
The focus of this is to develop local jeweller capacity within South
Africa around platinum jewellery. It is something that we’re very
proud of. It gives our jewellers key insights as to what is required
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from a jewellery perspective in the international market and what
they should be designing for. We have a number of prestigious
jewellery manufacturers and charges that participate in this particular programme. The programme is aimed at both professional
as well as student jewellers.

The PGM value chain
The interrogation of the South African PGM value chain was a recommendation from previous roundtables. This was to look at exploring
beyond the problems but also to find the opportunities beyond downstream beneficiations.
One of the key activities that would expand the PGM value chain
was through increasing the focus on black industrialists. The absence
of black industrialists was observed at the 2016 PGM Roundtable –
delegates said a triple helix would be incomplete if black industrialists
were not part of the PGM value chain.
Dr Chiteme highlighted this, in relation to the new White Paper
on Science and Technology (March 2019), which had been specific on
bringing SMMEs into the mainstream market. The White Paper committed to developing ‘various mechanisms [that] will be introduced to
strengthen and support to business with a focus on small and medium
enterprises (SMEs)’.
The PGM industry would follow suit, according to Dr Chiteme,
‘beginning with the SMMEs coming on board through manufacturing
fuel cells, using locally developed intellectual property and in partnership with original equipment manufacturers’.
Neale Baartjes, the respondent for this discussion, referred to three
key arguments that were more explicitly interrogated in the MISTRA
publication A South African PGM Exchange: Policy Rationale for
Financial Beneficiation. With the understanding that the current
system had 90 per cent of PGMs distributed between three producer
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Seated, from left, Dr Cosmas Chiteme, Neale Baartjes and Xolelwa Kashe-Katiya
(chair), and Fahmida Smith at the podium.

companies, he contended for a ‘value chain upgrading’, with the
objective to increase the number of linkages: ‘[W]e want to thicken
the linkages that already exist and then, add to the amount and the
vibrancy of linkages, which would signify diversification’.
He continued:
The financial beneficiation aspects are: we mine, we refine, we
make compounds and components, and we assemble them into
something useful. Then we go to the retail space. The sidestream
parties – financial services, skills and R&D, and ICT – will support us. Then we show how suppliers interact with the various
parts of the main value chain. [Figure 34]

On ‘functional upgrading’ in the value chain, which was the
‘acquiring of new functions in the chain through moving from raw
material to finished goods, therefore changing terms of trade’, Baartjes
suggested that the value chain should migrate to original equipment
manufacturing, then own design and manufacturing, and finally own
branding manufacturing:
We’re changing the terms of trade. Now we’re migrating into a
space where we start looking at original equipment manufacturing.
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Figure 34: Production linkages and the mineral value chain.
We could make templates, we could make stamps, we could make
a block engine for a vehicle. We would like to produce within the
country. Then we go into own design and manufacturing. Then
further on we end up with our own brand manufacturing. This is
the transition that we are starting to talk about – we get away from
the old school of thinking.

The geography of value chains was a significant aspect to be considered. The task was difficult, however, as most mineral value chains
commenced in the developing world, according to Baartjes. South
Africa’s current PGM system was an ‘enclave sector’, because the PGM
ownership had an international appeal and therefore there were limited growth-generating opportunities and there was poor linkage with
the rest of the country. This was what had to be dismantled, and a
PGM exchange would ‘open up the industry’, in Baartjes’s view:
Value chains do not start in the developed economies very easily.
They start in the developing world, and those value chains spread
outwards and they spread further. What we have in the PGM
space is an enclave sector where ownership has a very big international character. There’s an export orientation, high employment
within that space, high and medium wages within that space, few
growth-generating opportunities, unfortunately, and then very
poor linkage to the rest of the economy.
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This is typical [of] enclave sectors around the world, and this
is what we have here as well. There’ are no broad-based benefits
… There is uneven distribution of wealth, and there’s a racialised wage structure which results in militancy. And how does
militancy manifest? In various ways, including discussions of
nationalisation, increasing royalties, among others. The PGM
exchange [would serve] to increase linkages within the economy
and in terms of arrangements.

Key outcomes and resolutions – 2019
❏
MISTRA was encouraged to continue facilitating these
stakeholder meetings. There was value in the gathering of
stakeholders in one room and thrashing out certain issues. It
was mentioned that the PGM sector would not have been so
impactful without MISTRA’s vision.
❏ A strong theme was that the PGM sector must move to a
more practical trajectory. The world was entering a hydrogeneconomy epoch and South Africa should take centre stage.
The research that had been developed in South Africa on the
hydrogen economy (fuel-cell technology and green hydrogen) had potential for more powerful and global applications.
Noting these global dynamics and noting that some of the
world’s largest countries and organisations had invested in,
progressed towards and committed to fuel cells and the hydrogen economy, South Africa had a chance to be either followers
or leaders. Five government departments had agreed as one
strand of the helix, but more input should be made from the
other strands in the development of a clear, articulate and progressive hydrogen roadmap for South Africa. The formulation
of strategic public-private partnerships (PPPs) and alliances
was critical in this phase.
❏ HySA was applauded for its developments. As it entered its
third phase (commercialisation), there were new prospects
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and new challenges. The transition to a commercial phase
was commendable. The hydrogen fuel-cell powered scooter
had been deployed to post offices in Cape Town. This was a
significant milestone for HySA and the DSI, as it was aligned
specifically with the green transportation strategy. This captive
market may result in a larger demand for fuel-cell technology
in the country. The results from this deployment would assist
in the fuel-cell bus development as part of climate-change
response strategies.
❏ There was encouragement for the PGM industry to seek alliance with the climate-change policies of the country. It was
stressed the PGM debates should be anchored in the need for
a response to climate change, as well as the potential for financial beneficiation. The National Development Plan explicitly
argued for a ‘just’ transition to a low-carbon economy; and
the Carbon Tax Act, and the green transportation strategy and
the IRP each had prospects for the PGM industry. The industry must ensure that it was positioned correctly to ensure that
there was alignment.
❏ The case for broadening of the PGM value chain by the inclusion of black industrialists was vital. MISTRA was to ensure
their inclusion in future engagements. One of the activities to
increase the PGM value chain was through focusing on black
industrialists. The insufficient number of black industrialists
was observed at the PGM Roundtable in 2016, and that a triple
helix could not be formed if black industrialists were not part
of the PGM value chain. The future of the hydrogen economy
relied on innovation from SMMEs.
❏ Anglo-American was working on forming a global triple helix
for the PGM sector. This was to be explored further. The current PPPs had been helpful and had provided amazing results.
For the new global trajectory, new strategies and new partnerships were needed.
❏ More monetary investments were required for a successful
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and large-scale fuel technology deployment across the country, now that pilots had been run successfully. Government
departments had committed their investments; however,
more funding was still required, and the private sector could
play that role.
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A case for a PGM Exchange in South Africa

The 2019 Roundtable encompassed the launch of the research report
A South African PGM Exchange: Policy Rationale for Financial
Beneficiation, a collaboration between MISTRA, JSE and PAIRS
looking at whether a PGM Exchange is feasible in South Africa. This
particular conversation added to the efforts by various entities to take
advantage of the country’s PGM endowment and for South Africa to
play a bigger and more proactive role in determining the trajectory
for PGMs.
Over the years, there had been calls for collaboration across the
PGM value chain, acting in good faith, leveraging policy levers, taking
urgent and audacious steps towards intensifying beneficiation efforts,
and commitment to the long-term national strategic objectives. All
this was tested by the findings of the report, which made a public
policy case for establishing a commodity exchange in South Africa
by undertaking an institutional, economic capabilities and capacities
audit.
The conceptualisation for the exchange was located within the linkage development framework. Much of the country’s efforts had been
on forward linkages, a notion that referred to adding value to minerals
through refinement and processing. However, not enough attention
had been placed on the backward linkages.
132

a case f or a p gm exchang e i n s ou th a fri ca
Both backward (demand) and forward (supply) linkages had played
significant roles in the development of the South African mining sector. Together, they could stimulate job creation, build capabilities over
time, improve mining operations, present new opportunities and enable business growth on a much larger scale.
A successful exchange would require the following elements:

Legitimacy
A legitimate exchange would assure would-be participants that the
exchange would deliver on its promises of transparency, reliability
and efficiency. This would require a good track record of running an
exchange. The JSE has such credentials: it is a well-functioning and
regulated exchange. So we would not have to start from scratch.
A supportive regulatory framework
The regulatory framework must be two-pronged. The first prong
would be to ensure that the exchange was sound, which pertained to
issues of prudential, market integrity and business conduct regulation, as well as market stability protection.
The other dimension was to cultivate the exchange growth through
innovation and enabling the development of new markets. South
Africa does have the legal and regulatory architecture to support a
thriving PGM exchange.
A strong banking sector
Exchanges require a capable banking sector and South Africa was in
the top three of well-regulated banking systems in the world.
Reliable delivery
The logistical capacity to deliver the agreed-on physical quantum of
PGMs was paramount for an exchange. South Africa had the logistical
capacity to do so and had a proven track record in the minerals sector.
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An enabling legislative and political environment
This was perhaps the most challenging area for South Africa. This
would require the government, unions, private sector and media to
act in unison. The market would also have to transition from a narrow
and short-term business into a long-term business. The process would
have to be truly inclusive, undertaken carefully and communicated
in a clear manner. The benefits, opportunities and risks of such an
undertaking would have to be clear to all stakeholders to avoid confusion and panic.
The next phase of the project would be to continue liaising with
would-be implementers and participants of the exchange to assess the
business case of the exchange.
Download the full report here:
https://mistra.org.za/mistra-research-projects/a-south-african-platinum-group-metals-exchange/
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SECTION III

What next?

Achievements and challenges

MISTRA’s Annual PGM roundtables had provided a platform for
stakeholders to unearth a spectrum of issues concerned with PGMs
and fuel-cell technology in South Africa, and shared them from different perspectives. This had allowed key players to hear insights from
others and consider them in their planning and operations.
After four roundtables, various key themes had emerged, problems
had been acknowledged, action items had been identified, and roleplayers had been pointed out. However, much still needed to be done,
as the PGM sector was not performing anywhere near where it should
be.

Looking back and forwards
A major concern over the years has been the lack of synergy and collaboration among key stakeholders in the PGM and fuel-cell industry,
as well as not having a central coordinator of PGM activities in the
country.
Participants in the MISTRA roundtables shared views around
how intentional collaboration between stakeholders could mean the
strengthening of the industry and the ability to take full advantage of
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the country’s PGM endowment. Key to having an industry that took
centre stage among global players was keeping track of all the activities
occurring around PGMs and fuel cells; keeping an eye on any developments that required urgent attention by stakeholders and ensuring
that they were flagged in debates and discussions; and continuing to
push for synergy and collaboration among players. The industry itself
required an in-depth mapping of the PGM and fuel-cell activities
occurring in the country and across the globe.
Most importantly, clear action steps needed to be agreed on and
followed up on continuously. Creating a market for PGMs and fuel
cells should be a priority, and the ‘how’ of this activity needed to be
clearly fleshed out.
Importantly, to ensure tangible results and effective collaboration
between and synergy among stakeholders, there needed to be a call for
a social compact resulting in cooperative and wide-ranging actions by
different partners in government, business, labour and broader civil
society.
The PGM industry had indeed been faced with various challenges,
including cost-price ratio, difficulties in creating demand, labour
relations and community partnerships. However, as discussed in the
MISTRA roundtables over the years, there were also many opportunities presented by PGMs, such as in jewellery, the automotive industry,
the hydrogen economy and especially fuel-cell technologies.
As underlined by Netshitenzhe (2018), it was where these challenges and opportunities intersected that ‘strategic thinking and social
compacting can stand South Africa in good stead’.
Ritchken (2018) argued for the development of a bottom-up ‘developmental coalition’ that would work together by ‘critical mass of key
role-players to achieve mutually desirable development outcomes’.
Essentially, collective stakeholders needed to develop a vision and
social compact that activated South Africa’s comparative and competitive advantage in PGMs.
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ach ievemen ts a n d cha l l en g es
The focus should be on the joint actions posited by Netshitenzhe
(2018) and Ritchken (2018):
❏ Ensuring backward and forward linkages, that is, supplier and
demand development.
❏ Increasing R&D investment and better coordination of know
ledge and innovation flows and developments in the PGM
industry; and compacting on PGM technology development
capabilities.
❏ Establishing a PGM beneficiation fund to specifically stimulate application development and commercialisation activities.
❏ Developing a PGM market strategy and action plan to promote demand for metals.
❏ Addressing infrastructure development, and spatial and economic planning within state-owned enterprises, government
departments, mining companies and communities.
❏ Developing a compact on a rural and agricultural development programme to create employment and economic activity
around the mines, and a series of initiatives around addressing
the historical legacies of mining.
❏ Mitigating livelihood losses due to modernisation: new areas
of work must be identified, as well as retraining of workers so
that they can take up other opportunities.
❏ Developing a compact focusing on expanding inclusivity in
ownership and ensuring meaningful participation at various
levels of the PGM sector. The compact approach should be
‘undergirded by systematic approaches to deal with matters of
worker representation at decision-making level, agreed processes of identifying the most appropriate arrangements (or
combination of arrangements) in each instance in terms of
[employee stock ownerships] and profit-sharing and financial
education of the beneficiaries’. This must also include ASM
along the PGM value chain.
❏
Developing a monitoring and evaluating and grievance
mechanism.
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Progress in attaining these objectives would require a nationally
driven effort that comprised practical and bold actions for beneficiation, such as positioning South Africa as a frontrunner in producing
fuel-cells (and components) for use in the world’s transition to a lowcarbon economy, and supplying ‘green hydrogen’ to the global market.
This should include strategic partnerships with global players, including major original equipment manufacturers (OEMs). Beneficiation
should also extend to the financial sector, particularly through the
establishment of a PGM Exchange.
All of this relied on immediate, deliberate and collaborative action
on the part of government, business, labour and broader civil society.
In other words, there should be a conscious effort to forge a social
compact among key stakeholders and ensure practical action across
the entire PGM value chain.
The process to develop a South African Hydrogen Society Roadmap
initiated by the DSI in mid-2020, bringing together various partners
in this sector, should help lift the country’s PGM beneficiation strategy onto a higher trajectory.
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Abbreviations

AMCU
Association of Mineworkers and Construction Union
Amplats
Anglo American Platinum
ASM
artisanal and small-scale mining
BRICS
Brazil, Russia, India, China, South Africa
CHP
combined heat and power
carbon dioxide
CO2
CSIR
Centre for Scientific and Industrial Research
DME
Department of Minerals and Energy
DMRE
Department of Mineral Resources and Energy
DSI
Department of Science and Innovation
DST
Department of Science and Technology
DTI
Department of Trade and Industry
DTIC
Department of Trade, Industry and Competition
FCV
fuel-cell vehicle
GDP
Gross Domestic Product
HFCT
hydrogen and fuel-cell technologies
HFV
hydrogen-fuelled vehicle
HT-MEA high-temperature membrane electrode assembly
HT-PEMFC	high-temperature polymer electrolyte membrane and
fuel cell processor
HySA
Hydrogen South Africa
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ICT
information and communications technology
IDZ
Industrial Development Zone
Implats
Impala Platinum
IRP
Integrated Resource Plan
JIVE
Joint Initiative for Hydrogen Vehicles across Europe
JSE
Johannesburg Stock Exchange
kW
kilowatt
MCSA
Minerals Council South Africa
MEA
membrane electrode assembly
MISTRA
Mapungubwe Institute for Strategic Reflection
MMP
Mandela Mining Precinct
MW
megawatt
OEM
original equipment manufacturer
PADEP	Public Awareness, Demonstration and Education
Platform
PAIRS
Pan-African Investment and Research Services
PEM
proton exchange membrane
PEMFC
polymer-electrolyte membrane and fuel-cell processor
PGMs
platinum group metals
PIC
Public Investment Corporation
PPP
public-private partnership
PV
photovoltaic
R&D
research and development
RDI
research, development and innovation
SAASTA	South African Agency for Science and Technology
Advancement
SEZ
Special Economic Zone
SMME
small, medium or micro enterprise
TB
tuberculosis
UCT
University of Cape Town
UWC
University of the Western Cape
Wits
University of the Witwatersrand
WPIC
World Platinum Investment Council
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Glossary of technical terms

Ah: Ampere-hour; determines how long a battery’s power will last.
FPS fuel cell: a fuel cell with a fuel processing system for hydrogen
production.
anode: the electrode that is positively charged; the point where electrons leave an electrical device towards the cathode (the negatively
charged electrode).
bar(g): metric unit of measurement for gauge pressure; ‘bar’ is the
metric unit of measurement for pressure.
BTU/hour: British Thermal Unit of temperature per hour; a measurement of heat.
cathode: the electrode that is negatively charged.
fuel-cell vehicle: a vehicle that is run on fuel cells.
GLC fuel cell: a hybrid model for cars (eg, Mercedes) that utilises a
battery and a fuel cell.
GWh: gigawatt-hour; a unit of energy equal to one billion watt hours
or one million kilowatt hours, often used as a measure of the output
of large electricity power stations.
kWe: One thousand watts of electric capacity.
kWh: kilowatt-hour; a measure of electricity defined as a unit of work
or energy, measured as 1 kilowatt (1 000 watts) of power expended
for 1 hour.
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MW: megawatt; a unit of power equal to one million watts, especially
as a measure of the output of a power station.
Nl/h: normal litres per hour; a unit for compressed-air consumption
volume.
photovoltaic: relating to the production of electric current at the junction of two substances exposed to light.
polymer electrolyte membrane: acts as a separating barrier between
the anode and the cathode compartments of a fuel cell.
VDI-60 protocol: the Verein Deutscher Ingenieure protocol used to
assess the performance of an industrial forklift.
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