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Feature

Powering Africa’s first  
hydrogen fuel-cell aircraft 
An award-winning aircraft – a large, fixed-wing, unmanned aerial 
vehicle (UAV) – has been designed to carry out long-range surveys and 
environmental research. It will be powered using miniaturised hydrogen fuel 
cells that were designed, prototyped and trialled by HySA/Catalysis. It is an 
excellent example of the centre’s mission to help transform South Africa’s 
economy into one that manufactures from its wealth of raw materials, rather 
than just supplying them for others to exploit.
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Feature
HySA/Catalysis – co-hosted by UCT and Mintek 
– is one of three government-funded centres of 
competence, and is tasked with developing South 
Africa’s contribution to global hydrogen and fuel cell 
technology. The centre collaborated with Professor 
Arnaud Malan and his team from the 
Department of Mechanical Engineering 
and FlyH2 Aerospace, the company 
that will be producing the UAV, 
which became a licensee of the 
patented fuel cell technology 
developed by HySA/Catalysis.

Speaking after the UAV 
recently won first prize at 
the Avi awards held by 
the Council for Scientific 
and Industrial Research 
in Pretoria, co-founder of 
FlyH2 Aerospace Mark van 
Wyk described the aircraft 
as the first of its kind to be 
designed and built in Africa. Better 
yet, the use of hydrogen fuel cells 
means that the aircraft will operate 
with zero emissions. “The system emissions 
are completely toxicant-free,” van Wyk explains. 
“In the future, our company wishes to develop the 
technology further, to a level where it can also 
power manned aircraft. Both Boeing and Airbus have 
undertaken significant research into hydrogen fuel 
cells. This could be the future of green aviation.”

The UAV, however, is just one application of fuel 
cell technology. When it comes to HySA/Catalysis, 
the centre’s aims are far broader. Dr Sharon Blair, 
director of HySA/Catalysis, explains that the centre 
hopes to assist in transforming South Africa’s 
economy from a resource-based economy – as a 
supplier of raw materials – to a knowledge-based 
economy, developing, manufacturing and exporting 
value-added products. Right now, South Africa sells 
platinum as a raw metal, and exports it,” explains 
Blair. “Other countries then upgrade that platinum to 
create products that we buy back – at a much higher 
price.” Her goal, at HySA/Catalysis, is to make sure 
South Africa develops the manufacturing capabilities 
to begin to climb that value chain, starting at the 
platinum refinery.

At this point, she believes, it is critical that South 
Africa focuses on the early stages of the platinum 
value chain. “What we are trying to do here is 
develop the intellectual property in South Africa 
based on platinum components, so that we 
have more control over where the materials and 
components are manufactured, and can build a 
sustainable industry,” she says.

As the UAV demonstrates, fuel cells are a very 
promising clean power source, with the potential 
to replace our current ‘dirty’ internal combustion 

engines. A key component of these cells is 
platinum, which is converted into a catalyst – the 
first step on the platinum fuel cell value chain. 
The catalyst is a powder, which is then painted 

onto a membrane – the second step up the 
value chain to the membrane electrode 

assembly (MEA). The manufacture 
of these two simple first steps 

would have significant effects 
on the country’s economy.

According to BCC Research in 
2013, at current fuel-cell 
market growth rates, the 
catalyst and ink market 
in 2017 will grow to $265 
million, and the MEA market 
to $1.2 billion. This reflects 

about 9.5 times the original 
value of the raw platinum. 

We have an opportunity to 
participate in this market globally, 

thus increasing the value of goods 
currently exported from South Africa.

As it stands, says Blair, HySA/Catalysis 
has developed a family of platinum catalysts on 

a par with international products, and they are just 
beginning to sell these. The next step will be the 
membrane electrode assembly, and they are working 
with their first customers now to meet their needs. 

The centre is also developing advanced fuel-cell 
components based on stainless steel and other 
materials that can be manufactured in South Africa. 
The promise of these technologies is starting to 
attract large global automotive fuel cell companies as 
partners, but the intellectual property will remain in 
South Africa.

“So while we know what components we can sell 
today,” she says, “we are also developing components 
for 10 years down the line.”

The focus on the early stages of the value chain is 
just one avenue of HySA/Catalysis’ strategy. The 
centre partners with foreign fuel-cell companies 
and introduces them to local companies that 
can participate in delivering components, all the 
way up through distribution to the end customer. 
These foreign partners agree to incorporate local 
technology into their products once it meets their 
needs. In 2015, Powercell Sweden installed their 
low-temperature fuel-cell system on a Vodacom 
mobile tower, using local company Powertech 
Systems Integrators. Powercell is also one of HySA/
Catalysis’ potential MEA customers. HySA/Catalysis 
wants to see benefits for multiple players along the 
supply chain, and it is already well on its way to 
doing so.   

By Natalie Simon and Ambre Nicolson. Image of Alpha 
supplied by FlyH2. 
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Thought leader

Producing ‘T’-shaped 
graduates yields living gold
Since mining can affect all 17  sustainable development goals (SDGs) 
to varying degrees – both positively and negatively – it is poised to 
play an extraordinary role in achieving them, writes Dee Bradshaw. 

To do so, it needs to go through a metamorphosis; 
from the current negative perception of mining as an 
environmental and socially compromising extractives 
sector, to that of a cornerstone of sustainable 
development, through supplying critical resources 
while generating significant multiplier effects across the 
broader economy. 

For this to happen, the SDGs must be more than 
aspirational targets: they need to be ingrained in the 
culture and behaviour of all participants, and the 
appropriate technology needs to be developed and 
incorporated.

Minerals and metals fundamentally underpin the 
functioning of every aspect of modern society. In 
addition to the obvious contribution of smart devices 
and their connectivity, there is no means of generating 
energy without metals, whether using renewables 
or fossil fuels; and no agricultural, construction or 
manufacturing industry is possible. Even our health and 
well-being is dependent on the minerals and metals 
in daily use. As the incoming fourth industrial 
revolution accelerates and takes hold with 
increased technology, automation and 
connectivity, this need is expected to 
increase exponentially. 

However, as part of the extractives 
sector, the mining industry globally 
faces multiple, multifaceted internal 
and external challenges. These 
include technical challenges, such 
as declining grades and difficult 
locations; financial and economic 
challenges, with cost escalations, delays 
and rising operating costs, and lower 
productivity; and social and environmental 
challenges, which include heightened competition 
for water, energy and land, growing scrutiny of the 
industry’s social and environmental performance, 
and an increasingly complex policy and regulatory 
environment. Although the sector makes a significant 
contribution to the macro, social and political economy, 
its long association with environmental disasters, 
human rights violations, unequal wealth distribution 

and community conflicts tarnishes its reputation and 
threatens its licence to operate (LTO). 

The key goal related to mining is SDG 9, with its 
aim being to build resilient infrastructure, promote 
sustainable industrialisation and foster innovation; but it 
is underpinned by many of the others. The Minerals to 
Metals Signature Theme is committed to doing just that, 
through the focused activities of innovative, integrated 
research, stakeholder engagement and postgraduate 
education. The research philosophy has a systemic, 
holistic view of mineral beneficiation that is underpinned 
by a fundamental understanding of the processes 
and development of the technologies supporting it. 
This includes our belief in the circular economy, and in 
working with urban as well as geological deposits. Our 
innovative technical methods and processes incorporate 
sustainability principles, building on the strong technical 
expertise of the research groupings in the Department 
of Chemical Engineering. 

Our focus is on the interface between technology, 
society and regulation, as demonstrated by the 

collaboration between the two DST/NRF 
SARChl Chairs: Mineral Beneficiation 

and Mineral Law in Africa. We produce 
‘T’-shaped graduates who can 
operate from an integrated systems 
perspective, but also with a strong 
understanding of and competence 
in their discipline; they will be 
comfortable working outside their 

core discipline in multidisciplinary 
teams, as well as being mentally agile 

– able to identify and respond to non-
intuitive opportunities that will provide 

step changes and lead the way in building 
a platform for sustainability through minerals 

and metals. They will join the community of practice 
equipped to lead, shape and sustain our world, 
developing our true legacy – living gold!   

Professor Dee Bradshaw is the DST/NRF SARChI Chair 
in Mineral Beneficiation, and director of the Minerals to 
Metals Initiative.
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Mapping mining to the SDGs: 
a preliminary atlas 
Although mining can affect all the United Nations (UN)  
sustainable development goals (SDGs) either positively or 
negatively, it has an extraordinary potential to contribute to their 
achievement. UCT has participated in a global project: an atlas 
that outlines key focus areas for the mining industry within 
each of the 17 SDGS.

Mining can mobilise vast physical, technological 
and financial resources. It also serves as a catalyst 
to promote investment and innovation, and to 
stimulate the creation of jobs that will contribute 
towards the achievement of the SDGs and the 
broader 2030 agenda.

In order to help all stakeholders in the international 
mining sector navigate how to contribute towards 
these SDGs, Mapping Mining to the  sustainable 
development goals: a preliminary atlas was 
conceived as a joint project and developed by 
the Columbia Centre on Sustainable Investment 
(CCSI), the UN Sustainable Development Solutions 
Network (SDSN), the United Nations Development 
Programme (UNDP) and the World Economic 
Forum (WEF). A draft was issued for public 
consultation in January 2016.

Having identified the opportunity, UCT has 
launched an initiative to assess the extent to which 
mining companies already contribute towards the 
SDG objectives, in both quantitative and qualitative 
terms. It will also identify ways in which the sector 
should adapt and improve, by implementing new 
operating procedures or methods, and embed the 
SDGs more effectively in governance, management 
systems, organisational culture and disclosure. 

“The programme aims to inculcate this culture into 
the future leaders in the industry, by building the 
principles into every aspect of their engineering 
and business education, in both undergraduate and 
postgraduate course work and assignments,” says 
Adjunct Professor Mike Solomon. 

Professor Dee Bradshaw, DST/NRF SARChl Chair in 
Mineral Beneficiation, initiated workshops hosted 
at UCT to discuss the mining atlas, and submitted 
their contribution and additions to the atlas. “Our 
major contribution to the document,” she says, 

“was the inclusion of 
the recognition of the role 
that universities and learning 
institutions have as a source 
of ideas and opportunities, and to 
convene and coordinate education, research 
and professional development that address mining 
and the SDGs.”

Solomon and Bradshaw met the partners in New 
York City in September 2015, and presented their 
work on operationalising the SDGs for further 
engagement and discussion of next steps.   
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The role of space technology 
in meeting SDG targets
The link between space technologies and the sustainable development goals 
(SDGs) may not be obvious, but space tech may provide the key to achieving 
a number of these goals, writes Peter Martinez.

Space technologies today touch the daily lives of 
ordinary citizens around the globe – in fact, they 
are so embedded in our information society that 
most people are unaware of how reliant we have 
become on them. It goes far beyond the satellite 
pictures shown on the daily TV weather forecast. 
Cell-phone networks, the internet, financial 
institutions, electrical power utilities, street- and 
traffic-light networks, aviation and maritime 
navigation are just some of the utilities and 
services that rely on data from space 
systems.

Remote sensing satellites provide 
global coverage of the Earth, and 
allow us to detect and study changes 
in the Earth’s climate, atmosphere 
and oceans. Earth-observation 
satellites support the development 
and negotiation of treaties for 
environmental protection, and can be 
used to monitor compliance with and 
document violations of environmental 
and security-related treaties. 

Global-navigation satellite systems support 
synchronisation of terrestrial networked 
infrastructures, improve aviation and maritime 
navigation and safety, enable more precise cartography, 
and support search-and-rescue operations.

No longer a luxury

Satellite technology is also extensively used in early-
warning, monitoring, assessment, response and 
recovery operations for natural and humanitarian 
disasters, and has been used to save many 
thousands of lives.

Because of high entry barriers, space technology 
has been seen as a luxury in the past, and the 
development-aid sector has tended to shy away 
from it as being too ‘high-tech’ for developing 
countries. However, these technologies can now 
be seamlessly integrated with familiar terrestrial 
technologies, such as GPS on smartphones.

Far from being a luxury for developing nations, 
therefore, space technology is, in fact, an essential 
contributor to meeting the SDGs. It provides the 
modern infrastructure of the information society, and 
today’s satellites, ground stations and data centres 
provide the basic infrastructure to acquire, receive 
and process space-derived data that is turned into 
useful information for citizens – be it a weather 

forecast for a fisher, or a market forecast 
for a farmer. 

This is as important in the 21st 
century as the development of 

roads, bridges and harbours 
were to the development of 
industrialised economies in 
the 20th century. 

In January 2016, the African 
heads of state adopted the 
new African Space Policy 

and Strategy, which provides 
a vision for harnessing space 

science and technology for the 
development of Africa. Against this 

backdrop, a group of postgraduates 
at the UCT SpaceLab has been examining 

ways in which space technologies can be harnessed to 
meet the SDGs in Africa. 

They identified food security as a theme that could 
be used to support the achievement of several SDGs, 
and have proposed the development of a Space-
based Agricultural Information and Monitoring System 
for Africa (SAIMSA). This envisages an open-source 
cell-phone/tablet application that will empower 
farmers with critical information on climate and farm 
conditions, allowing them to make informed decisions 
that will increase their yield, and develop contingency 
plans for extreme weather events. There will also be a 
link in the application to financial markets, which will 
allow farmers to access financial information to help 
them with commodities trading.   

Professor Peter Martinez is founder and head of the UCT 
SpaceLab, in the Department of Electrical Engineering.

Thought leader
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