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Glossary of acronyms 

AWE Alkaline water electrolysis
BEV Battery electric vehicles 
CCUS Carbon capture, utilisation and storage
CHP Combined heat and power
DAC Direct air capture
DRI Direct reduced iron
EAF Electric arc furnace
FCEV Fuel cell electric vehicle
FTP Fischer-Tropsch process
GM General Motors 
GTL Gas-to-liquids
ICE  Internal combustion engine 
ICEV Internal combustion engine vehicles
IRP Integrated resource plan
LCOE Levelised cost of energy
LNG� /LTXLĺHG�QDWXUDO�JDV
PEM Polymer electrolyte membrane
PGM Platinum group metal
PV Photovoltaics 
REE Rare earth elements
SCA Strategic cooperation agreement
SEZ Special economic zone 
SMR Steam methane reforming
VLOT Vertical lift-off taxis
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The economic worth of any commodity boils 
down to three things; how well it serves its 
function, how easy it is to obtain and what 
externalities are created from its use.
Fossil fuels gained popularity in the early 
20th century through their effectiveness in 
SURGXFLQJ�KHDW�DQG�LQ�SURYLGLQJ�HIĺFLHQW�
power in the internal combustion engine. 
These fuels were relatively easy to access, 
cheap to exploit and, until recently, the 
negative externalities of their use were of 
little concern. 

Fast forward to the present day and 
the global energy economy is facing an 
unprecedented challenge. Fossil fuels are 
becoming harder to extract cost effectively. 
The effects of fossil fuel-based climate 
change are being felt all over the globe and 
new renewable energy technologies are 
SURYLQJ�PRUH�HIĺFLHQW�WKDQ�WKHLU�FDUERQ�
intensive counterparts. Suddenly the 
economic worth of a fossil fuel based global 
energy economy is not looking so promising. 
 
On 12 December 2015, the Paris Agreement, 
which seeks to limit the global increase in 
temperatures to less than 2°C this century, 
was signed by 195 countries. In order to 
DFKLHYH�WKLV�DPELWLRXV�WDUJHW��VLJQLĺFDQW�
reductions in emissions are required and 
a paradigm shift in how we source and 
utilise energy is needed. Unfortunately, at 
the current global levels of consumption 
of fossil fuels, the 2°C scenario is looking 
unattainable.  

But hope is not lost. Massive strides have 
been made into the renewable energy sector, 
with some countries already achieving 
carbon-neutrality in certain economic 
activities. It is estimated that by 2050 more 
than 50% of primary energy production will 
come from renewable sources.  
 

However, renewable energy faces some 
challenges of its own in decarbonising the 
global economy. Most issues facing large-
scale adoption of renewable energy boil 
down to a simple problem: How can we 
HIĺFLHQWO\�VWRUH�DQG�WUDQVSRUW�FOHDQ�HQHUJ\" 
 
(OHFWULFDO�HQHUJ\�LV�GLIĺFXOW�WR�VWRUH�DW�
scale and for long periods of time without 
unacceptable energy losses and long 
distance transmission through high-voltage 
OLQHV�DOVR�FUHDWHV�LQHIĺFLHQFLHV��2Q�D�PRUH�
micro-scale, storing electric energy in 
batteries has received the most attention 
and investment through the initiative of 
companies like Tesla in their battery electric 
YHKLFOHV��%(9V��DQG�LQ�WKHLU�ĺ[HG�VWRUDJH�
solutions. Although batteries provide 
unparalleled results in certain instances, they 
also face issues around cost of production, 
rarity of battery materials and, importantly for 
the transport sector, power-to-weight ratios. 
So, this leaves one option; chemical storage. 
It just so happens that the best option for the 
chemical storage of clean energy lies with 
the same element that makes up 75% of the 
mass of the universe; hydrogen.  

Hydrogen is exceptionally energy dense per 
unit of weight, see Exhibit 1 and Exhibit 2 for 
a direct comparison to other fuels. It is no 
PRUH�GLIĺFXOW�WR�VWRUH�DQG�WUDQVSRUW�WKDQ�
OLTXLĺHG�QDWXUDO�JDV��/1*���7KURXJK�LWV�
direct combustion, its use in fuel-cells and 
its use as an industrial feedstock, it can 
decarbonise a greater range of sectors than 
renewable electrical energy alone.  

Hydrogen can be produced in collaboration 
with renewable energy almost anywhere in 
the world. It requires cheap clean energy and 
one of the planet’s most abundant and easy 
to access resources, water. Importantly, in 
the context of global climate change, the use 
of hydrogen that is produced from renewable 

Introduction
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energy produces no carbon emissions.  
By every metric through which we measure 
the economic worth of a commodity, 
hydrogen offers the most compelling 
solution to support renewable initiatives and 
achieve the 2°C scenario by the end of this 
century. The following sections will discuss 

in detail the ways in which hydrogen can 
be produced cost effectively, can support 
decarbonisation and the opportunities 
for South Africa in the global hydrogen 
economy. 

Hydrogen
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Exhibit 1
Chemical energy content (MJ/kg)

Source: C. Ronneau – Universitaires de Louvain

Source: US Energy Information Administration, Barclays Research

Exhibit 2
Fuel energy content per unit weight
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Renewable 
energy 
variation

As both solar and wind technology adoption is predicted to exponentially increase in 
the coming decades, this creates issues around energy variability. Solar solutions can 
only generate power during the hours of sunlight and wind solutions are dependent 
on favourable weather conditions.  
 
With the limitations of grid storage and the massive cost involved with battery storage 
at scale, the question remains: 'NV�B@M�VD�DEkBHDMSKX�RSNQD�SGD�DMDQFX�BQD@SDC�
from renewables in order to achieve smooth supply?

Transportation 
of energy 

As of 2017, 30% of the world’s energy trades across borders, and this is likely to 
increase in the future as countries rich in renewable energy sources increasingly 
export their energy to those without. However, trading of energy becomes 
LQFUHDVLQJO\�GLIĺFXOW�XQOHVV�LW�FDQ�EH�FRVW�HIIHFWLYHO\�VWRUHG�DQG�WUDQVSRUWHG�� 
 
(OHFWULFDO�HQHUJ\�LV�GLIĺFXOW�WR�VWRUH�DW�VFDOH�DQG�IRU�ORQJ�SHULRGV�RI�WLPH�ZLWKRXW�
unacceptable energy losses. Long distance transmission of electricity also creates 
VLJQLĺFDQW�HQHUJ\�ORVVHV��How best can we provide a storage of this energy that 
will facilitate the increased global trade in cost-effective clean energy?

Grid buffering Globally, there exists an energy capacity buffer of 15%; this absorbs supply chain 
shocks, strategic reserves and addresses supply/demand imbalances. Most of these 
reserves are fossil fuels based due to their ability to instantaneously generate power. 
$V�HOHFWULĺFDWLRQ�LQFUHDVHV�JOREDOO\��WKHVH�UHVHUYHV�ZLOO�QRW�EH�DGHTXDWH�� 
 
Simultaneously, nations are facing increasing pressure to decarbonise, making 
these fossil-fuel based grid buffering solutions increasingly less socially acceptable. 
With current technology, large-scale battery storage is not cost effective. How can 
economies provide adequate grid buffering without turning to carbon-intensive 
solutions?

#HEkBTKS�SN�
electrify 
sectors

In recent years massive strides have been made in the decarbonisation of previously 
fossil fuel intensive processes. However, in industries such as heavy-duty transport, 
QRQ�HOHFWULĺHG�WUDLQV��VKLSSLQJ�DQG�DYLDWLRQ��LW�LV�QRW�IHDVLEOH�WR�HOHFWULI\�WKURXJK�HLWKHU�
the grid or with rechargeable batteries. 
 
7KH�VLJQLĺFDQFH�RI�WKHVH�LQGXVWULHVp�LPSDFW�RQ�JOREDO�ZDUPLQJ�LV�OLNHO\�WR�
increase along with the exponential growth in the global population. How can we 
decarbonise these industries and not undermine the good work already done in 
other sectors to tackle climate change?

Industrial 
and chemical 
processes

Much focus had been placed on the decarbonisation of fuels that are used to create 
primary energy, such as petrol for transport or coal for power stations. However, a 
huge proportion of carbon emissions come from industrial and chemical processes. 
These emissions are usually omitted through the creation of heat or through a 
chemical reaction (e.g. the cement industry).  

There is currently no feasible way for electricity produced from renewables, on its 
own to aid in the decarbonisation of these industrial and chemical processes. How 
can countries achieve decarbonisation targets in these industrial and chemical 
industries?

Five challenges to global decarbonisation
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1
Grey hydrogen

Fossil fuel 
based 

Grey hydrogen accounts for vast majority of hydrogen supply and is produced 
IURP�IRVVLO�IXHOV��PDLQO\�FRDO�DQG�QDWXUDO�JDV��7KLV�SURGXFHV�VLJQLĺFDQW�YROXPHV�RI�
carbon emissions.  

Hydrogen from natural gas is the most common method of production globally. 
1DWXUDO�JDV�LV�FRQYHUWHG�LQWR�SXUH�K\GURJHQ�DQG�FDUERQ�GLR[LGH�WKURXJK�WKH�
process of steam methane reforming (SMR). In SMR, gas feedstock reacts with 
steam at high temperatures and pressures to produce synthesis gas (syngas), 
which consists primarily of hydrogen and carbon monoxide. The synthesis gas is 
then reacted with additional water through a water shift reactor to produce pure 
hydrogen and carbon dioxide. Although a more environmentally friendly method 
than production from coal, the process still emits approximately 9.2kg of carbon for 
every 1kg of hydrogen produced. 

,Q�RUGHU�WR�FUHDWH�K\GURJHQ�IURP�FRDO��WKH�FRDO�PXVW�EH�SDVVHG�WKURXJK�D�JDVLĺHU�
and converted into syngas. This syngas is a combination of hydrogen and carbon. 
In grey hydrogen production the syngas is processed into pure hydrogen and the 
FDUERQ�LV�UHOHDVHG�LQWR�WKH�DWPRVSKHUH�DV�FDUERQ�GLR[LGH��&RDO�JDVLĺFDWLRQ�LV�E\�IDU�
the least environmentally friendly production method, with approximately 18kg-20kg 
of carbon emitted for every 1kg of hydrogen produced.

2
Blue hydrogen

Fossil fuel 
based utilising 
carbon capture 
and storage

%OXH�K\GURJHQ�LV�D�JURZLQJ�VHFWRU��ZLWK�VLJQLĺFDQW�FDSLWDO�EHLQJ�SRXUHG�LQWR�
both new blue hydrogen facilities and upgrading grey hydrogen facilities to blue 
ones. Blue hydrogen production uses the same fossil-fuel based sources as grey 
hydrogen (coal or natural gas), but uses Carbon capture, utilisation and storage 
(CCUS) technology at the end of the extraction process, which traps up to 90% of 
the greenhouse gas emissions. 

This CCUS can take many forms, with traditional methods of capture already 
utilised within the power sector such as ammonia scrubbing. It is far easier to 
capture the carbon from the natural gas reforming process as the carbon by-
product is very pure and therefore easier to capture. 

$QRWKHU�SURPLVLQJ�DYHQXH�IRU�FDUERQ�VWRUDJH�LV�WKURXJK�XWLOLVLQJ�GHSOHWHG�JDV�ĺHOGV�
WR�VWRUH�HPLVVLRQV��7KLV�VROXWLRQ�LV�DOUHDG\�EHLQJ�XVHG�LQ�1RUZD\��$XVWUDOLD�DQG�WKH�
UK. 

Blue hydrogen is not a long-term solution as it will not be cost-effective to capture 
DQG�VWRUH�FDUERQ�LQGHĺQLWHO\��+RZHYHU��LW�PD\�ZHOO�EH�WKH�EULGJH�LQWR�JUHHQ�
hydrogen and the development of downstream hydrogen technologies. It also 
allows existing high capital grey hydrogen production facilities and their upstream 
supply structures to continue to be utilised while simultaneously reducing their 
carbon emissions.

There are three hydrogen production methods. Although they all produce a chemically 
identical product, they differ in the quantities of carbon they emit in the process. With the 
global production of hydrogen being dominated by carbon-intensive methods, the key to 
driving the hydrogen economy forward will be the transition towards fully carbon-free green 
hydrogen.

Producing hydrogen
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3
Green hydrogen

Renewable energy 
electrolysis

Green hydrogen is produced in a sustainable way and creates no carbon 
emissions in its production. The main way of producing green hydrogen is 
through the electrolysis of water. Utilising a high electrical current, water can be 
split into its component parts, allowing for the recovery of pure hydrogen gas 
and oxygen. When the electricity for the electrolysis process is supplied from 
renewable sources such as solar or wind energy, the hydrogen produced is 
FODVVLĺHG�DV�JUHHQ� 

There are three major electrolysis technologies with different levels of maturity. 
One technology, alkaline water electrolysis (AWE), is the most basic and mature 
technology and has a market share of about 70% of the currently very small 
JUHHQ�K\GURJHQ�PDUNHW��,W�EHQHĺWV�IURP�ORZ�FRVW��DQG�WKLV�SURFHVV�KDV�D�ORQJ�
operational life. However, AWE processes need to run continuously or the 
production equipment can get damaged. The intermittent nature of renewable 
energy, therefore, rules it out as a single source of power for AWE.   

Another technology is polymer electrolyte membrane (PEM) electrolysis, which 
has a market share of about 30% and is being adopted by most of the leading 
electrolyser manufacturers. PEM yields higher-quality hydrogen and can be 
operated intermittently, but is also expensive and has lower production rates 
WKDQ�$:(��&XUUHQWO\��3(0�HOHFWURO\VLV�KDV�DQ��������HIĺFLHQF\�DQG�FRQYHUWV�
approximately 9kg of water into 1kg of hydrogen, enough to power an FCEV 
family vehicle for 100km. 

A third technology is a solid oxide electrolyser cell, which is still in the 
GHYHORSPHQW�VWDJH��,W�RIIHUV�KLJK�HIĺFLHQF\�DW�ORZ�FRVW��+RZHYHU��LW�UHTXLUHV�D�
long start-up time and the components of this process have a short operational 
life. 

7KHUH�DUH�RWKHU�JUHHQ�PHWKRGV�RI�SURGXFWLRQ��LQFOXGLQJ�WKH�JDVLĺFDWLRQ�RI�
biomass and the production of hydrogen from bioreactors. But neither of 
these technologies are as commercially viable as the electrolysis of water from 
renewables.  

Green hydrogen is receiving the greatest focus from a research and 
development perspective and the cost of producing it continues to fall.  
Key to achieving the widescale adoption of green hydrogen production will 
be continuing investment in renewable energy generation capacity and the 
construction of large-scale electrolysis plants.
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Transition from grey hydrogen to green hydrogen 
Today, grey and blue hydrogen account for 
~96% of total global hydrogen production 
with ‘green’ production through electrolysis 
only accounting for ~4%. 
 
Green hydrogen is currently more expensive 
than traditional production processes, 

roughly twice as much as grey hydrogen  
(see Exhibit 3). However, advances in 
electrolysis technology, decreasing costs 
of renewables, and increased economies 
RI�VFDOH�VKRXOG�VLJQLĺFDQWO\�UHGXFH�LWV�
production cost and make it an increasingly 
economically viable solution.

Exhibit 3
Green hydrogen should become cost competitive compared to grey and blue hydrogen 
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Transport
The transport sector currently accounts 
for 23% of global carbon emissions. With 
the rise in the world’s population and 
increasing levels of globalisation, this sector 
is expected to continue to grow rapidly. 
Currently, most of this sector relies on fossil-
fuels as its primary energy source due to 
their high power-to-weight ratios, relative 
abundance and historical investment.  
The transport sector is one of the most 
GLIĺFXOW�VHFWRUV�WR�GHFDUERQLVH�GXH�WR�LWV�
need for a stable, safe and energy dense 
fuel source. As you will see in the following 
sections, hydrogen, in one or other form, 
can provide a compelling solution to the 
decarbonisation of this sector. 

Road
Hydrogen can be converted to usable 
energy in two ways; either through direct 
combustion and the creation of heat or 
through an electrochemical reaction inside a 
fuel cell. Internal combustion engine vehicles 
(ICEVs) have relied on fuels that need to 
be combusted and, in the process, this 
combustion creates dangerous by-products, 
such as carbon dioxide, nitrous oxide and 
ĺQH�SDUWLFXODWHV��0RUHRYHU��WKH�FRQYHUVLRQ�
of chemical fossil-fuels to rotary motion 
UHTXLUHV�D�VLJQLĺFDQW�QXPEHU�RI�PRYLQJ�SDUWV�
and produces large amounts of unwanted 
heat. In comparison, a fuel cell electric 
vehicle (FCEV) requires no combustion of 
its fuel and therefore produces far fewer 
unwanted by-products.  

When hydrogen from a vehicle’s fuel tank 
reacts with oxygen from the atmosphere 
inside the fuel cell it produces electricity 
that is used to drive the electric motors that 
power the wheels, with the only by-product 
exiting the exhaust being water.  

In addition, fuel cells have almost no moving 
SDUWV��PDNLQJ�WKHP�VLJQLĺFDQWO\�PRUH�
reliable than ICEVs. Importantly, when the 
SURGXFWLRQ�RI�)&(9V�UHDFKHV�VLJQLĺFDQW�
scale, their production cost should be lower 
than that of an ICEV due to their need for 
far fewer components. Additionally, FCEVs 
run silently, making them ideal for inner city 
transport where noise pollution is an issue.  

As shown in Exhibit 2 and Exhibit 3, the 
energy density of hydrogen per unit of 
weight is exceptionally high. However, in its 
atmospheric state it has an incredibly low 
density. In order to be practically utilised 
inside an FCEV, the hydrogen must be 
stored under high pressure. One of the 
most common criticisms of this technology 
has been the safety of such systems and 
implications of these high-pressure fuel 
tanks in vehicle collisions. Many automotive 
manufactures have already launched FCEVs, 
and in order for these vehicles to be made 
legal for the road, they have undergone 
stringent safety testing. For instance, the 
high-pressure storage tanks inside current 
FCEVs are double or triple walled and can 
resist a gunshot at point blank range. 
Moreover, if a leak in an FCEV were to 
occur, the hydrogen dissipates very quickly. 
The systems used in FCEVs are no more 
dangerous than the liquid natural gas 
systems utilised on many ICEVs in  
South America. Even though the pressurised 
fuel system in FCEVs has been deemed 
safe for the public roads in most countries, 
UHVHDUFKHUV�KDYH�PDGH�VLJQLĺFDQW�SURJUHVV�
in developing metallic honey-comb storage 
systems that would nullify the need for such 
high pressures in the tanks. 
 
Relative to ICEVs, FCEVs have far better 
power-to-weight ratios.  

Application areas for hydrogen
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An average four-door car would require six 
litres of petrol (4.6kg) to travel 100km. In 
comparison, an FCEV could reach the same 
distance on 1kg of hydrogen. Even with 
low levels of adoption in FCEVs, given the 
current price per/kg of hydrogen, this would 
EH�VLJQLĺFDQWO\�FKHDSHU�IRU�FRQVXPHUV�� 

The relative energy density of hydrogen 
means that even at current technological 
OHYHOV��)&(9V�KDYH�VLJQLĺFDQWO\�KLJKHU�IXHO�
HIĺFLHQF\�DJDLQVW�ERWK�,&(9V�DQG�%(9V�� 
A four-door FCEV can hold around 5-6kg 
of hydrogen in a full tank, thus giving it a 
range of 500-600km. This is comparable to 
an average ICEV family car. In contrast, even 

the market leaders in BEVs (Tesla) can only 
achieve 200–300km on a single charge.  
The key issue is simply the power-to-weight 
ratio. The battery required to power an 85kw 
motor in a Tesla weighs 530kg, a third of the 
HQWLUH�ZHLJKW�RI�WKH�FDU��$�VLJQLĺFDQW�DPRXQW�
of the stored energy is therefore used simply 
to carry the battery around.  

Toyota recently revealed the latest version of 
its hydrogen FCEV, which is set for launch in 
ODWH�������6LQFH�WKH�ODXQFK�RI�WKH�ĺUVW�PRGHO�
(Exhibit 4) in 2014, Toyota has sold more 
than 10 000 Mirai models globally. 

Exhibit 4
Toyota Mirai Hydrogen FCEV

Image courtesy/copyright of Toyota Motor Europe



)&(9V�DOVR�KDYH�D�VLJQLĺFDQW�UHIXHOOLQJ�
advantage over BEVs. Even with hydrogen 
refuelling technology in its relative infancy, 
it takes the same amount of time to refuel 
an FCEV high-pressure tank as it does an 
ICEV fuel tank. In contrast, even utilising 
‘fast-charge’ points, the best BEVs take 
30 minutes or more to achieve full charge. 
This has wide-reaching implications, not 
only for consumer convenience, but also 
for refuelling practicality.  

Although recharging a BEV at home or at 
work might be easy enough, when visiting 
a motorway services station, how do you 
accommodate all those vehicles that need 
WR�FKDUJH�XS�DW�WKH�VDPH�WLPH"�1RW�RQO\�
this, but for those people on long distance 
trips, the need to stop and recharge for 
30 minutes every 200–300kms becomes 
impractical. Although further work is 
needed to develop hydrogen refuelling 
infrastructure, most petrol and diesel 
storage tanks in existing refuelling 
stations could be repurposed to hold 
K\GURJHQ��WKXV�VDYLQJ�D�VLJQLĺFDQW�
amount of capital.  

Because BEV charging infrastructure 
draws electricity directly from the grid, it 
can worsen the problem of demand peaks 
and troughs. During an average workday, 
commuters would drive their vehicles to 
work, hence have zero draw on the grid, 
then when they arrive at work, everyone 
would plug their car in, creating a demand 
spike. A similar effect would occur 
during the evening commute. Spikes 
like these present problems to national 
grids, as they necessitate construction 
of expensive buffering systems to cover 
them. Conversely, there is no need 
for such buffer systems when utilising 
hydrogen vehicles.  

13Strategy& | Unlocking South Africa’s hydrogen potential
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A vehicle’s carbon footprint is more than 
just the carbon dioxide it emits while in 
use — it includes the carbon attributable to 
its lifecycle. In this respect FCEVs offer a 
VLJQLĺFDQW�DGYDQWDJH�RYHU�ERWK�%(9V�DQG�
,&(9V��$Q�,&(9�FUHDWHV�D�VLJQLĺFDQW�DPRXQW�
of emissions though the numerous materials 
needed for its construction, as well as its 
emissions through use. In a BEV, although 
it has fewer components, the materials 
required to produce the vast quantities of 
lithium-ion batteries to power it are relatively 
UDUH�DQG�FUHDWH�VLJQLĺFDQW�HPLVVLRQV�LQ�WKHLU�
extraction. In comparison, an FCEV contains 
fewer components than an ICEV and utilises 
an onboard battery a fraction the size of the 
one needed in BEVs. When looking at the 
cradle-to-grave carbon impact of all three 
options, the FCEV has the lowest carbon 
footprint.  

For commercial road transport, FCEVs 
KDYH�VLJQLĺFDQW�DGYDQWDJHV�RYHU�%(9V��7KH�
increased use of car-sharing applications 
such as Uber requires cars to be in 
continuous operation and run for long periods 
of time in-between refuelling. FCEVs offer 
VLJQLĺFDQW�EHQHĺWV�DV�WKH\�FDQ�UXQ�IRU�GRXEOH�
the distance of BEVs and also refuel far 
quicker.  

7KHVH�VDPH�EHQHĺWV�DSSO\�ZLWKLQ�WKH�WUXFNLQJ�
industry, where ‘on-road’ time is a priority. 
A previous counter to this argument had 
been that drivers (especially in the trucking 
industry) need to rest every 200–300 kms, 
hence recharging a BEV would align to 
this schedule. However, with the advent 
of autonomous vehicles in both the ride-
sharing and commercial trucking industry, 
the need for drivers in these vehicles is fast 
becoming a thing of the past. Investors in 
these autonomous systems will require high 
utilisation with minimal time spent refuelling, 
making the only practical ‘green’ way of 
achieving this being with FCEVs.  

FCEVs have already seen good penetration in 
industrial sectors such as materials handling 
(forklifts). This in mainly due to strict indoor 
warehouse emissions laws. FCEV buses are 
DOVR�JDLQLQJ�VLJQLĺFDQW�WUDFWLRQ�DV�FRQFHUQV�
over air quality in urban areas escalates.  

:LWKLQ�WKH�PLQLQJ�VHFWRU��WKH�ĺUVW�)&(9�
mining trucks are being developed, utilising 
‘green’ hydrogen that is produced on remote 
mining sites through solar to electrolysis 
technology (Exhibit 5). ‘First motion’ of the 
hydrogen powered mining truck is 
expected in 2021, followed by a testing and 
validation programme at Anglo American’s 
Mogalakwena mine in South Africa, after 
which the trucks are expected to be deployed 
at other Anglo American operations.  

Operational performance of the converted 
trucks is expected to be the same or better 
than the diesel trucks they replace, with the 
DGGLWLRQDO�EHQHĺWV�RI�FOHDQHU�DLU��OHVV�QRLVH�
and lower maintenance costs. Through 
regenerative braking, the battery system will 
be capable of recovering energy as the haul 
truck travels downhill. 

In July, JCB unveiled its 20-tonne 220X 
excavator, powered by a hydrogen fuel cell, 
which has been undergoing rigorous testing 
at JCB’s quarry proving grounds for more 
than 12 months. The development means 
-&%�LV�WKH�ĺUVW�FRQVWUXFWLRQ�HTXLSPHQW�
company in the world to unveil a working 
prototype of an excavator powered by 
K\GURJHQ��UHDIĺUPLQJ�LWV�GULYH�LQ�WKH�VHFWRU�
towards zero and low-carbon technologies 
(Exhibit 5). 
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Exhibit 5
Anglo Americans haul truck that is being converted into an FCEV and JCB’s  
hydrogen-powered excavator 

Image courtesy/copyright of Anglo American

Image courtesy/copyright of JCB
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Large potential FCEV uptake is expected 
from the long-haul and public transport 
VHFWRUV�WKDQNV�WR�IXHO�HIĺFLHQF\��t��WLPHV�
better than that of regular diesel ICEVs. 
Hyundai’s H2 Xcient hydrogen FCEV heavy-
duty trucks are expected to be on the road in 
Switzerland in 2020 as part of an order for 1 
600 of these trucks being delivered between 
now and 2025.  

The trucks will be leased out through 
Hyundai hydrogen mobility and are equipped 
with two hydrogen fuel cell stacks that drive 
electric motors. The system provides 190kw 
of power and with seven high-pressure 
tanks, each carrying 35kg of hydrogen, a 
range of around 400km is expected — much 
further that an equivalent BEV heavy load 
vehicle.  
 

Anheuser Busch has cemented its 
commitment to reduce emissions by placing 
an order for 800 hydrogen-FCEV class 8 
WUXFNV�IURP�1LNROD�0RWRUV��DW�DQ�H[SHFWHG�
price tag of around USD375k. This is a 
material premium when compared to the 
USD180k BEV equivalent, the Tesla Semi, 
and even more so when compared to a 
normal diesel ICEV equivalent at around 
USD120k. 

First movers in the FCEV transport 
WHFKQRORJ\�VSDFH�KDYH�JDLQHG�VLJQLĺFDQW�
investment attention in recent years.  
In September 2020, General Motors (GM) 
announced its acquisition of a USD2bn stake 
�����VWDNH��LQ�1LNROD��7KH�GHDO�ZLOO�DOVR�VHH�
*0�PDQXIDFWXULQJ�1LNRODpV�%DGJHU��D�IXOO\�
electric and hydrogen FCEV pickup truck, as 
well as becoming the exclusive supplier of 
their fuel cells around the world.

Exhibit 6
FCEV heavy-duty trucks destined for roll-out in 2020 

,PDJH�FRXUWHV\�FRS\ULJKW�RI�1LNROD�0RWRU�&RPSDQ\
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$OWKRXJK�)&(9V�SUHVHQW�VLJQLĺFDQW�
advantages over both ICEVs and BEVs in 
certain instances, it is important to note 
that the future of road transport will not 
be characterised by a winner takes all 
technology. There is little doubt that by the 
middle of this century, with the pressure 
mounting on decarbonisation, ICEVs will be 
a thing of the past. But their replacement will 
likely be a combination of both BEVs and 
FCEVs.  

FCEVs are far more economical in 
applications that require long ranges, heavy 
loads or high utilisation. However, for inner-
city transport outside of the commercial 

sector, BEVs will likely be more suitable, as 
access to plug points is easy and there is no 
need to travel long distances or carry heavy 
loads.  

The development of both FCEVs and BEVs 
is likely to be symbiotic, as the technology 
used in both is largely the same (electric 
PRWRUV���VR�WKH\�FDQ�ERWK�EHQHĺW�IURP�HDFK�
other’s research and development initiatives. 
The future of the ‘green’ vehicle marketplace 
will likely see manufacturers selling both 
FCEVs and BEVs that utilise the same 
platform (chassis) and drivetrains but have 
ERWK�IXHO�FHOO�DQG�EDWWHU\�FRQĺJXUDWLRQV�



Rail 
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Decarbonising rail transport would appear 
simple on the face of it, as all you would 
need to do is generate energy with 
renewables and electrify all the trains. 
Unfortunately, it’s not that easy. About 70% 
of the world’s 200 000 locomotives operate 
RQ�QRQ�HOHFWULĺHG�UDLOV��7KH�HOHFWULĺFDWLRQ�
of existing rail infrastructure alone would 
be an extremely capital-intensive exercise, 
let alone the new rail infrastructure that 
is required to support the swelling global 
population. One proposed solution to the 
decarbonisation of the rail sector is through 
utilising hydrogen technology.  

The majority of rail infrastructure, especially 
in the developing world, is used for freight 
transport and not for passengers. Most of 
these freight trains utilise diesel-electric 
locomotives. This means the train combusts 
diesel through an ICE generator to produce 
electricity, then uses this electricity to run 
high-torque electric motors that power the 
ZKHHOV��7KH�FRQĺJXUDWLRQ�RI�WKLV�V\VWHP�
provides a unique opportunity for hydrogen 
technology and for the decarbonisation of 
rail transport.  

If the diesel generator was removed from 
the locomotive, then essentially all that is 
needed to power the train is a source of 
electricity, such as a fuel-cell. The diesel 
fuel tanks can be replaced by high-pressure 
hydrogen tanks and the space that was 
previously occupied by the diesel generator 
could house the much smaller fuel cell.  
The fuel-cell would then provide electrical 
energy to the motors in the same manner 
the diesel generator would have. This 
VROXWLRQ�KDV�D�QXPEHU�RI�EHQHĺWV�RYHU�WKH�
HOHFWULĺFDWLRQ�RI�UDLO�QHWZRUNV�DQG�LW�UHTXLUHV�
no capital expenditure on the existing rail 
LQIUDVWUXFWXUH��PDNLQJ�LW�D�VLJQLĺFDQWO\�
cheaper option.  
 

The solution also requires minimal redesign 
of locomotives, which is especially important 
in the freight industry, as very few all-electric 
freight trains or the overhead lines needed 
to power them currently exist. The system 
has already been piloted on commuter rail 
networks in Germany and the UK, with great 
success (Exhibit 7).  

The HydroFlex project in the UK is expected 
to decarbonise sections of the British railway 
network by replacing diesel trains with 
hydrogen ones by 2040.  

In 2016, Germany unveiled the Coradia iLint, 
WKH�ZRUOGpV�ĺUVW�K\GURJHQ�SRZHUHG�WUDLQ��
which can run for 965km on a single tank 
of fuel — on par with the distances that 
traditional trains achieve on a tank of diesel. 
The rail industry is in a unique position to 
be an early adopter of hydrogen technology 
as, not only is the economic argument for its 
use compelling, but its centralised refuelling 
FRQĺJXUDWLRQ�PHDQV�ZLOO�QRW�QHHG�WR�UHO\�RQ�
VLJQLĺFDQW�K\GURJHQ�UHIXHOOLQJ�LQIUDVWUXFWXUH�
being built. 
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Exhibit 7
HydroFLEX train concept design 

2

LQ�KLJK�SUHVVXUH� WDQNV��7KLV� LV� WKHQ�SDVVHG� WKURXJK�D�
SUHVVXUH� UHJXODU� DQG� FRPELQHG�ZLWK� R[\JHQ� IURP� WKH�
DLU�LQ�WKH�IXHO�FHOO��ZKLFK�SURGXFHV����N:�RI�HOHFWULFLW\��
7ZR�/LWKLXP�LRQ�EDWWHU\�SDFNV�WKHQ�VWRUH�WKH�HOHFWULFDO�
HQHUJ\��ZKLFK�LV�WKHQ�XVHG�WR�SRZHU�WKH�WUDLQ�XVLQJ�WKH�
H[LVWLQJ� &ODVV� ���� WUDFWLRQ� HTXLSPHQW�� 7KHUH� DUH� QR�
KDUPIXO�HPLVVLRQV��WKH�RQO\�E\�SURGXFW�LV�ZDWHU�

7KH�SHUIRUPDQFH�RI�K\GURJHQ�SRZHUHG�WUDLQV�LV�VLPLODU�
WR�WKRVH�SRZHUHG�E\�GLHVHO�FRPEXVWLRQ��EXW�VLQFH�WKH\�
DUH�SRZHUHG� WKURXJK�HOHFWULF�PRWRUV�� WKH\�DUH�TXLHWHU�
DQG�EHQHÀW�IURP�D�VPRRWKHU��TXLFNHU�ULGH�ZLWK�JUHDWHU�
DFFHOHUDWLRQ�SURYLGLQJ�LPSURYHG�MRXUQH\�WLPHV���+RZHYHU��
LQ� WKH� VKRUW� WHUP�� K\GURJHQ� FRXOG� QRW� EH� DGDSWHG� IRU�
KLJK�VSHHG�WUDLQV��RU�YHU\� ORQJ�UDQJH�WUDLQV�GXH�WR�WKH�
YROXPH�RI�K\GURJHQ�QHHGHG�

Generating hydrogen

'HVSLWH�EHLQJ�WKH�PRVW�DEXQGDQW�DWRP�LQ�WKH�XQLYHUVH��
K\GURJHQ� LV� PRVWO\� ERXQG� XS� LQ� PROHFXOHV�� 7KHUH� LV�
WKHUHIRUH�DQ�HQHUJ\�FRVW�DVVRFLDWHG�ZLWK�LWV�SURGXFWLRQ�
DQG��GHSHQGLQJ�RQ�WKH�SURFHVV�XVHG��WKHUH�FDQ�DOVR�EH�
D�&22�FRVW��,Q�RXU�ZRUN�IRU�WKH�GHFDUERQLVDWLRQ�VWXGLHV��
ZH� FDOFXODWHG� WKH� DPRXQW� RI� &22� SHU� RXWSXW� N:K� IRU�
K\GURJHQ�IXHOV���7KLV�UDQJHV�IURP�VRPHWKLQJ�FRPSDUDEOH�
WR� WKH� IXHOV� ZH� KDYH� QRZ�� WR� QHDU� ]HUR� IRU� K\GURJHQ�
SURGXFHG�WKURXJK�WKH�XVH�RI�UHQHZDEOH�HQHUJ\�

3RZHU�JHQHUDWHG�E\�WKH�QDWLRQDO�JULG�RII�SHDN�FRXOG�EH�
XVHG�WR�SURGXFH�K\GURJHQ��RU�FKDUJH�EDWWHULHV��QHHGHG�
IRU�IXHO��0DQDJLQJ�RXU�QDWLRQDO�HQHUJ\�FRQVXPSWLRQ�LQ�
WKLV�ZD\�ZRXOG�PHDQ�ZH�FRXOG�XVH�K\GURJHQ�JHQHUDWLRQ�
DV� D� PHDQV� RI� HQHUJ\� VWRUDJH�� 7KLV� ZRXOG� ORZHU� WKH�
RSHUDWLQJ�FRVWV�RI�ERWK�UDLOZD\V�DQG�WKH�JULG��

About BCRRE

%DVHG� LQ� WKH� 8QLYHUVLW\� RI� %LUPLQJKDP�� ZH� DUH� WKH�
ODUJHVW�VSHFLDOLVW�UDLOZD\�FHQWUH�IRU�UHVHDUFK��HGXFDWLRQ�
DQG� LQQRYDWLRQ� LQ� (XURSH� DQG� WKH� OHDGLQJ� SDUWQHU� RI�
WKH� ����PLOOLRQ� 8.� 5DLOZD\� 5HVHDUFK� DQG� ,QQRYDWLRQ�
1HWZRUN� �8.55,1��� LQYROYLQJ�HLJKW�XQLYHUVLWLHV�DQG����
LQGXVWU\� SDUWQHUV�� 5DLO� $OOLDQFH� ZDV� LQWHJUDWHG� DW� WKH�
VWDUW�RI�������JLYLQJ�XV�D� WKULYLQJ�FRPPXQLW\�RI�PRUH�
WKDQ�����60(V�HQJDJHG�LQ�WKH�UDLO�VXSSO\�LQGXVWU\�ZLWK�
D�VSHFLÀF�IRFXV�RQ�LQWURGXFLQJ�LQQRYDWLRQ�DQG�HQWHUSULVH�
LQWR�WKH�VHFWRU�

Contact us

(PDLO��SXEOLFDIIDLUV#FRQWDFWV�EKDP�DF�XN

)XUWKHU�UHDGLQJ�

• %%&� 1HZV� ���� -XQH� ������� $OO� DERDUG� %ULWDLQ·V
ÀUVW� K\GURJHQ� WUDLQ�� KWWSV���ZZZ�EEF�FR�XN�QHZV�
EXVLQHVV���������

• +\GUR)/(;� GHPRQVWUDWLRQ� YLGHR�� KWWSV���\RXWX�
EH��7P9.<'\<MV

�����5,$�(OHFWULÀFDWLRQ�&RVW�&KDOOHQJH��0DUFK��������
KWWSV���ZZZ�ULDJE�RUJ�XN�5,$�1HZVURRP�6WRULHV�(OHFWULÀFDWLRQB
&RVWB&KDOOHQJHB5HSRUW�DVS[
�����566%�5DLO�,QGXVWU\�'HFDUERQLVDWLRQ�7DVNIRUFH���ÀQDO�UHSRUW�
IRU�WKH�0LQLVWHU�IRU�5DLO��-XO\��������KWWSV���ZZZ�UVVE�FR�XN�
HQ�5HVHDUFK�DQG�7HFKQRORJ\�6XVWDLQDELOLW\�'HFDUERQLVDWLRQ�
'HFDUERQLVDWLRQ�RXU�ÀQDO�UHSRUW�WR�WKH�5DLO�0LQLVWHU
�����7KRUQHV�HW�DO��$LU�TXDOLW\�LQ�HQFORVHG�UDLOZD\�VWDWLRQV��$SULO�
�������
KWWSV���ZZZ�LFHYLUWXDOOLEUDU\�FRP�GRL�IXOO���������
MWUDQ���������

Image courtesy/copyright of University of Birmingham
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7KH�ĺUVW�]HUR�HPLVVLRQ�o+\GUDLOp�SURMHFW�LQ�
the US will be in Southern California, where 
the San Bernardino County Transportation 
Authority plans to operate a Flirt H2 train 
from Swiss supplier Stadler from 2024.  
7KH�ĺUVW�WUDLQ��ZLWK�WZR�FDUV�DQG�D�URRIWRS�
power pack containing fuel cells and 
hydrogen tanks, will run on a nine-mile 
commuter rail line between San Bernardino 
and Redlan. 

Widespread adoption of hydrogen would 
create obvious synergies across the 
transport sector in having both road 
vehicles and trains utilise the same fuel 
source. However, in the rail industry 
(especially freight) there exists further 
synergy opportunities. In the long run 
the most cost-effective way to transport 
hydrogen long distances on land will be 
through pipelines, in a fashion similar to 
natural gas. But in the early adoption years 
of the hydrogen economy, the only way to 
move hydrogen across land will either be 
on tanker trucks or on rail networks. It will 
create obvious synergies from both a cost 
and convenience perspective if the very 
locomotives transporting hydrogen are also 
being powered by it. 
 
Aviation 

The aviation industry is by far the 
PRVW�GLIĺFXOW�RI�DOO�WUDQVSRUW�VHFWRUV�WR�
decarbonise. This is due to the need 
that whatever powers an aircraft has an 
extremely high power-to-weight ratio. It must 
also be stable at different pressures and 
not present an unacceptable safety risk in a 
crash.  

In recent years there has been massive 
innovation in small-scale aviation 
technologies, namely drone technology. 
Drones have seen high uptake both in the 
personal and commercial sector. Many 
drones currently run off high-spec lithium-
ion batteries that power a propeller array. 

They perform well in applications where 
they only need to carry light payloads such 
as cameras or small deliveries. The highest 
VSHFLĺFDWLRQ�GURQHV�KDYH�D�ĻLJKW�WLPH�RI�
40-minutes, before needing to be recharged. 
+HDYLHU�SD\ORDGV�PDNHV�WKHLU�WKLV�ĻLJKW�
WLPH�VKRUWHU��,W�LV�WKLV�LVVXH�RI�ĻLJKW�WLPH�
and payload capacity that has led some 
companies to investigate hydrogen powered 
drones.  

In 2019 a Chinese company built a 
hydrogen-powered drone that completed 
DQG�XQLQWHUUXSWHG�ĻLJKW�RI�RYHU����KRXUV��
It is clear that as this technology continues 
to innovate, hydrogen will play an ever-
increasing role. It is once again the energy 
density of hydrogen compared to batteries 
that has led to companies developing 
large-scale drones capable of carrying 
humans, called vertical lift-off taxis (VLOTs), 
WR�SXUVXH�K\GURJHQ�DV�D�IXHO��7KH�ĺUVW�9/27�
prototypes are expected in the coming 
years.  

Although, progress has been made into 
WKH�HOHFWULĺFDWLRQ�RI�VPDOO�VFDOH�DQG�VKRUW�
distance aviation, there has been little to no 
progress made in addressing long-distance 
aviation decarbonisation. There have been 
some prototype electric planes, but they 
have not yet proved to be commercially 
viable. Once again, the challenge is the 
power-to-weight ratio. There is no electrical 
technology that can compete with the 
performance of a fossil-fuel powered jet 
engine.  

It is theoretically possible to run existing jet 
engines on liquid hydrogen, but the storage 
of this fuel in high-pressure cylinders within 
the aircraft presents some safety concerns. 
1RQHWKHOHVV��WKHUH�DUH�SURWRW\SH�K\GURJHQ�
powered planes being piloted on short-haul 
ĻLJKWV�LQ�WKH�QRUWK�RI�6FRWODQG�� 
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While there is no clean solution to replace 
the technology that currently enables 
ORQJ�KDXO�ĻLJKW��ZH�FDQ�WDNH�PHDVXUHV�WR�
decarbonise the fuel. It is in this regard 
that hydrogen can play a critical role in 
addressing the carbon emissions of the 
aviation industry.  

All combustible fossil fuels are comprised of 
three basic components: hydrogen, oxygen 
and carbon. For the aviation industry, oil 
is synthesised into kerosene, a molecule 
comprised of hydrogen and carbon. This 
is combined with oxygen and combusted 
in a jet engine; 1kg of kerosene produces 
3kg of carbon dioxide and 3.5kg of water. 
If we are able to produce hydrogen from 
a ‘green’ source, namely renewables, 
then this hydrogen can be combined with 
atmospheric carbon to create synthetic 
kerosene. In fact, this method can be used 
to produce any number of hydrocarbon-
based fuels.  

Pilot projects have already been launched in 
WKH�1HWKHUODQGV��XWLOLVLQJ�VR�FDOOHG�oFDUERQ�
VDLOVp��7KHVH�VDLOV�ĺOWHU�FDUERQ�IURP�WKH�
atmosphere and combine it with hydrogen 
produced from the electrolysis of water, 
using renewable energy. The resultant 
synthetic fuel still emits carbon when 
combusted, but importantly does not emit 
any more carbon into the atmosphere than 
was already there. It is hoped that this 
technology can be rolled out to such a 
scale that the entire aviation fuel market can 
transition into a closed-carbon loop in which 
no new emissions are created.  

Climeworks is another company utilising 
direct air capture (DAC) technology to draw 
in air and bind the carbon dioxide using a 
ĺOWHU��7KH�ĺOWHU�LV�WKHQ�KHDWHG�WR�UHOHDVH�WKH�
concentrated gas, which can also be used 
in industrial applications such as a source 
of carbonisation in the food and beverage 
industry or in the production of synthetic 
fuels.

Image courtesy/copyright of thyssenkrupp
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Shipping 

Global shipping accounts for 3% of total 
carbon emissions and is set to increase in 
the coming years. Due to the vast amount 
of power needed to turn a ship’s propeller 
and the long distances between ports, it is 
not practical to electrify ships. It is possible 
to power the engines of smaller ships from 
natural gas or even through the direct 
combustion of hydrogen in gas turbines, 
but the risk presented by the storage of 
combustible gas on a ship is too high to 
make it a viable option at this stage. 

In order to address the decarbonisation of 
the shipping industry, in a similar fashion to 
the aviation industry, we must look to the 
fuel source. Currently, almost all ships run 
on forms of diesel. Diesel is a combination 
of hydrogen and carbon, and when 
FRPEXVWHG�ZLWK�R[\JHQ�HPLWV�D�VLJQLĺFDQW�
amount of this carbon into the atmosphere 
in the form of carbon dioxide. But diesel 
engines have the unique property that they 
FDQ�FRPEXVW�PRVW�ĻDPPDEOH�OLTXLGV�DQG��
as in the aviation industry, the answer to 
decarbonisation lies in the utilisation of 
a ‘green’ hydrogen-based synthetic fuel; 
ammonia.  

Ammonia is a molecule containing nitrogen 
and hydrogen, and when combusted 
produces nitric oxide and water, but no 
carbon emissions. Importantly for the 
shipping industry, ammonia is exceptionally 
stable and energy dense, making it an ideal 
IXHO��,W�ZRXOG�UHTXLUH�QR�VLJQLĺFDQW�UH�GHVLJQ�
of existing shipping diesel engines in order 
for them to utilise ammonia as a fuel source.  

The key to achieving decarbonisation in 
shipping will be the creation of synthetic 
ammonia utilising ‘green’ hydrogen 
produced from renewables. An example 
of how this has been put into practice is 
LOOXVWUDWHG�E\�1RUZHJLDQ�QDWLRQDO�HQHUJ\�
company Equinor having signed an 
agreement with Eidesvik Offshore for the 
conversion of the Viking Energy supply 
vessel to be fuelled by ammonia (Exhibit 8).  

The project will test whether the technology 
can deliver 100% carbon-free power over 
long distances. According to the project 
plan, ammonia will meet 60– 70% of the 
power requirement on board for a test 
period of one year. Viking Energy will still be 
DEOH�WR�XVH�/1*�DV�IXHO��DQG�WKH�UHPDLQLQJ�
power requirement will be met by a battery. 
Importantly, this project demonstrates that 
the technology can be applied to older 
YHVVHOV�ZLWK�PLQLPDO�PRGLĺFDWLRQV�



Strategy& | Unlocking South Africa’s hydrogen potential 23

Exhibit 8 
Viking Energy supply vessel

Image courtesy/copyright of Eidisvik Offshore

Building heat and power 

Building and water heating account for 80% 
of residential energy consumption, creating 
12% of global carbon emissions. This can be 
reduced through improving building energy/
KHDWLQJ�FRROLQJ�HIĺFLHQF\�DQG�XVLQJ�JUHHQ�
energy sources. As a green energy source, 
hydrogen can help decarbonise building heat 
and power in a number of ways. 

In more developed countries, especially 
those in the northern hemisphere, there 
H[LVWV�VLJQLĺFDQW�QDWXUDO�JDV�QHWZRUNV��7KHVH�
networks provide natural gas directly to 
people’s stoves, geysers and central heating 
systems. If the countries where these natural 
gas networks exist wanted to transition to 
renewable energy directly to the home, they 
would need to decommission these grids 
and provide electric boilers, geysers,  

 
 
 
heat pumps and stoves to those homes that 
previously relied on gas. The capital cost of 
such an exercise would be tremendous. 
 
Alternatively, hydrogen can be blended with 
natural gas up to 20% and can be piped 
through existing infrastructure without any 
need for upgrades. In Italy, Snam was the 
ĺUVW�FRPSDQ\�LQ�(XURSH�WR�LQWURGXFH�D�
mix of 5% hydrogen and natural gas in its 
transmission network in April 2019. The trial 
LQYROYHG�VXSSO\LQJ�+�1*��K\GURJHQ�QDWXUDO�
gas mixture) for a month to two industrial 
companies in the area, a pasta factory 
and a mineral water bottling company. In 
December 2019, Snam successfully doubled 
the hydrogen concentration on its existing 
transmission network to 10%.
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It is also an option to upgrade existing grids 
to run on 100% renewable hydrogen. This 
would require some capital expenditure 
to upgrade appliances to run on a more 
energy-dense fuel. The capital cost involved 
in upgrading to hydrogen would still be a 
fraction of the cost of changing to other 
technologies. In the UK, 100% hydrogen 
schemes such as the H21 project (Exhibit 9), 
are already being piloted.  

The use of hydrogen in natural gas networks 
is also advantageous from an energy storage 
perspective. The H21programme, launched 
in 2016, is a collaborative gas industry 
SURJUDPPH�OHG�E\�1RUWKHUQ�*DV�1HWZRUNV��
WKH�JDV�GLVWULEXWHU�IRU�WKH�1RUWK�RI�(QJODQG��

focused on demonstrating how converting 
the UK gas network to carry 100% hydrogen 
is technically and economically viable as 
a means tackle the UK’s decarbonisation 
challenges.  

The project aims to convert 3.7 million homes 
and businesses from natural gas to hydrogen 
over seven years. A further roll-out could 
mean 12 million additional homes converted 
to hydrogen by 2050. It is anticipated that the 
full deployment will utilise SMR with carbon 
FDSWXUH�LQ�WKH�1RUWK�6HD��

Exhibit 9
H21 Leeds City Gate Concept view of infrastructure layout to hydrogen conversion of 
existing natural gas distribution networks

Image courtesy/copyright of H21
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Hydrogen can be stored for long periods 
of time without losing its energy potential 
and is also unaffected by the cold, unlike 
batteries. Most European countries have 
relatively warm sunny summers and 
cold winters. As is the case with solar 
photovoltaic (PV) systems, there is usually a 
surplus of energy produced in the summer 
months and a shortage of energy in the 
winter months. If the summer surplus is used 
to create hydrogen through electrolysis, this 
hydrogen can be stored very cost effectively 
and utilised to provide building heat during 
winter. This solution reduces the need for 
large buffer systems in the grid and allows 
for a full utilisation of renewable solar PV in 
the summer. 

When hydrogen reacts with oxygen in a 
IXHO�FHOO�DQG�D�VLJQLĺFDQW�DPRXQW�RI�KHDW�
is created as a by-product, in FCEVs this 
heat is unutilised, but can be utilised to heat 
buildings while simultaneously providing 
electrical power. Such combined heat and 
power (CHP) units have been rolled out 
extensively as part of the Ene-farm project 
in Japan, to provide both off-grid electricity 
and heat to warm homes in winter. The use 
of fuel cells to provide building heat and 
SRZHU�LV�DQ�HIĺFLHQW�VROXWLRQ�DQG�DOVR�
provides increased reliability.  

In cases where national grid supply is 
inconsistent or where back-up power is a 
necessity (hospitals, school), fuel cells offer 
a clean alternative to diesel generators. The 
Ene-farm project aims to deploy 1.15 million 
hydrogen fuel cell CHP units in addition to 
the 305k that are already operating, with the 
potential for a future roll-out of 3.9 million 
units by 2030. The initial cost of a typical unit 
KDV�VHHQ�D�VLJQLĺFDQW�����FRVW�UHGXFWLRQ�
over 10 years. However, the economic 
viability of the project is still dependent on a 
government subsidy of 6–10%. 
 
 

Energy sector 

One of the key issues facing the renewable 
HQHUJ\�VHFWRU�LV�KRZ�EHVW�WR�HIĺFLHQWO\�
store the energy created in order to achieve 
smooth supply and maximise asset 
utilisation. Currently, there is limited capacity 
to hold energy within grid systems and the 
massive cost involved with battery storage 
at scale makes it a poor option. Energy 
oversupply can be combatted by turning 
the asset off, but in the case of renewables 
�ZLQG��VRODU��WKLV�LV�D�KLJKO\�LQHIĺFLHQW�
utilisation of the asset. 

Hydrogen can help solve the intermittent 
supply issues associated with renewable 
energy by utilising electrolysis to convert 
excess electricity into hydrogen during times 
of oversupply. This hydrogen can then be 
utilised to generate power through either 
fuel-cell or direct combustion in gas turbines 
when it is needed.  

Excess hydrogen could also be supplied 
to the transport, building heat and power 
or industrial sectors. Hydrogen can help 
address energy intermittence across long 
horizons, helping to counter seasonality in 
UHQHZDEOHV�VXFK�DV�VRODU�GHĺFLWV�LQ�ZLQWHU��
Hydrogen offers better energy storage per 
unit of weight and it has no theoretical 
maximum storage time, unlike batteries. 
Underground storage (salt caverns) of 
hydrogen is already a well-established 
commercial practice. There are also pilot 
tests underway of storing hydrogen in 
GHSOHWHG�JDV�ĺHOGV�� 

Over the short term, conversion of electrical 
energy to hydrogen through electrolysis 
LV�PRUH�LQHIĺFLHQW�DQG�ORVHV�PRUH�HQHUJ\�
losses compared to battery storage.  
However, when looking at the longer term 
and the cost of hydrogen storage vs. large-
scale batteries, the economic argument for 
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hydrogen becomes compelling. Hydrogen’s 
capacity to be multifunctional through its 
energy storage and ability to provide primary 
fuel to the transport sector makes it highly 
appealing.  

As global energy production transitions away 
from fossil fuels towards renewables, power 
production is going to increasingly become 
geographically linked. With countries with 
high solar, wind and hydroelectric potential 
accounting for a larger proportion of the 
world’s energy production capacity. This 
will necessitate the transportation of energy 
from renewable ‘rich’ countries to renewable 
‘poor’ ones.  

One example of this is the relationship 
between Japan and Australia. Japan has 
committed to one of the world’s more 
progressive decarbonisation strategies, 
yet, has relatively low renewable power 

generation capacity. It has therefore 
partnered with Australia (a country with 
vast production potential of both green 
and blue hydrogen) to supply clean energy. 
The countries plan to transport this energy 
WKURXJK�OLTXLĺHG�K\GURJHQ�YLD�FDUJR�VKLSV�
developed by Kawasaki heavy industries.  

6XLVR�)URQWLHU��WKH�ZRUOGpV�ĺUVW�OLTXLĺHG�
hydrogen cargo ship was developed to 
SURYLGH�D�PHDQV�RI�WUDQVSRUWLQJ�OLTXHĺHG�
hydrogen at 1/800 of its original gas-state 
volume, cooled to –253°C, safely and 
in large quantities over long distances, 
predominantly from Australia to Japan 
(Exhibit 10). Kawasaki plans to install a  
1 250m³ vacuum-insulated, double-shell-
VWUXFWXUH�OLTXHĺHG�K\GURJHQ�VWRUDJH�WDQN�
on the ship and complete the vessel’s 
construction by late 2020.

Exhibit 10 
68,62�)URQWLHU�OLTXLĺHG�K\GURJHQ�FDUULHU�GHVWLQHG�WR�VKLS�OLTXLĺHG�K\GURJHQ�IURP�
Australia to Japan

Image courtesy/copyright of HySTRA



As discussed earlier, hydrogen is 
exceedingly energy dense and if stored 
correctly has no theoretical expiration.  
2Q�ODQG��WKH�PRVW�HIĺFLHQW�GLVWULEXWLRQ�
method for hydrogen is through gas 
pipelines, similar to those currently utilised 
for natural gas. Before such large capital-
intensive pipelines can be built, the most 
practical method of land transportation 
will likely be road tanker and rail. Given 
WKH�VLJQLĺFDQWO\�KLJKHU�HQHUJ\�GHQVLW\�RI�
hydrogen over fuels already transported 
such as gasoline (six times denser), it’s clear 
KRZ�PXFK�PRUH�FRVW�HIĺFLHQW�K\GURJHQ�
would be.  

Hydrogen’s ability to store energy effectively 
and for a long time makes it an ideal buffer 
technology. Current buffer energy generation 
stands at 15% globally, the bulk of this 
being fossil fuel-based systems. Both 
through its direct combustion and use in gas 
turbines or through fuel-cells, hydrogen can 
generate instant energy just like fossil fuels. 
While initial hydrogen infrastructure is more 
expensive than battery storage, hydrogen 
infrastructure is far cheaper at scale and 
GRHV�QRW�UHTXLUH�VLJQLĺFDQW�XSVFDOLQJ�RI�
existing electricity grids.  

The use of hydrogen in grid buffering not 
only supports the use of renewables, but 
can remove the need for large overcapacity 
in power generation. In times of high energy 
usage, and in cases where there are other 
sectors of the economy utilising hydrogen 
technology, hydrogen could be redirected 
from the transport sector (temporarily) and 
be utilised to generate additional energy to 
the grid, removing the need for expensive 
buffer generation capacity. Transitions to 
domestic renewables will reduce the need 
for this, but hydrogen offers a better long-
term solution to provide back-up energy 
as it requires very little conversion to be 
immediately utilised. Current buffer power 
systems such as natural gas turbines can be 

HDVLO\�UHWURĺWWHG�WR�UXQ�RQ�K\GURJHQ�DQG�WKXV�
remove the need for new capital to be spent 
on ‘green’ buffering systems.  
 
Fuel cells are increasingly being used to 
provide off-grid power solutions to remote 
villages, islands, mountainous areas and 
telecom sites as they are a more cost-
effective solution to grid infrastructure. 
With the logistics around transportation 
RI�OLTXLG�K\GURJHQ�VWLOO�WHFKQLFDOO\�GLIĺFXOW��
most of these off-grid sites run on hydrogen 
‘rich’ liquid fuels such as methanol. These 
stationary fuel cells are also being deployed 
in back-up generation systems by the 
telecommunications sector, hospitals and  
IT datacentres. 

Industrial heat and feedstock 

The uptake of hydrogen for use in both 
industrial heat and feedstock may well 
be the catalyst for widespread adoption 
across all sectors. The three major ways to 
decarbonise industrial usages with hydrogen 
are using hydrogen for heat, pre-combustion 
feedstock, and post-combustion feedstock. 
At present hydrogen is the only alternative 
in driving decarbonisation in the industrial 
sector. Furthermore, investment in the use 
of hydrogen in industrial activities will also 
drive its adoption in other areas, creating a 
win-win situation. 

Industrial heat
Currently, coal, natural gas, and oil provide 
the primary energy (usually through direct 
combustion) for industrial processes, 
contributing 20% of all global emissions. 
With the steel industry accounting for the 
biggest share, followed by non-metallic 
minerals and the chemical industry.  
 
Industrial processes that require low-cost, 
KLJK�WHPSHUDWXUHV��DUH�GLIĺFXOW�WR�UHSODFH�
with electric furnaces powered through 
renewable energy. 
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Although global steel demand is expected 
to slow in the coming years, particularly as 
the automotive sector turns towards lighter 
materials such as aluminium and carbon 
ĺEUH��WKH�VWHHO�LQGXVWU\�ZLOO�FRQWULEXWH�
an ever-increasing proportion of global 
emissions.  

Certain processes in the steel-making 
process require coke to be combusted with 
the material. It is both this direct ‘reductant’ 
process and through the heat needed in 
smelting of raw iron that the steel industry 
creates high emissions.  

Hydrogen can help combat these 
emissions both as a direct source of heat 
in the smelting process and as a chemical 
‘reductant’ inside the smelter, thus replacing 
the need for carbon-intensive coke.  

In Sweden, the HYBRIT initiative has been 
launched to produce zero-emission steel. 
The construction of the hydrogen electrolysis 
and storage facility and pilot steel plant 
EHJDQ�LQ������ZLWK�WKH�ĺUVW�FRPPHUFLDO�
sales of fossil-free steel from expected in 
2026. The technology being used is electric 
arc furnace (EAF) fed by direct reduced iron 
(DRI) produced using hydrogen, powered 
by renewables. HYBRIT estimates that 
production costs are currently 20–30% 
higher than conventional steel production. 
However, the cost gap is expected to shrink 
as carbon taxation goes up and green 
electricity prices fall. 
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In Germany, ArcelorMittal is building a pilot 
plant at its Hamburg mill to use hydrogen as 
a reductant in DRI production. The project 
targets production of 100ktpa of DRI using 
grey hydrogen sourced from natural gas 
initially, with subsequent conversion to green 
hydrogen once renewable energy capacity is 
available. 

Hydrogen used for heat could replace 
fossil fuel processes in the steel industry, 
petrochemical industry, pulp and paper 
industry and in off-gas combinations in the 
cement industry, or indeed in any industrial 
process that requires high temperatures. 
Hydrogen is a highly combustible material 
and in normal conditions burns at 2000°C.  
If this hydrogen is combined with carbon, 
in a fashion similar to the synthetic fuels 
process being piloted in the aviation and 
shipping industries, then even higher 
temperature derivatives such as acetylene 
can be produced.  

Within the industrial heat sector, hydrogen 
is currently the only plausible solution 
to decarbonisation, as it is available in 
abundance, is highly energy dense, is stable 
and creates very little pollution when burned. 
There are also high synergies between the 
existing emissions created by the industrial 
sector and the ability to produce these 
hydrogen-based synthetic fuels.  
 
For example, an existing steel smelter could 
build a wind turbine adjacent to its own 
facility to produce green hydrogen through 
the electrolysis of water. This hydrogen can 
then be combined with the carbon emissions 
from the smelter off-gasses, thus creating 
a synthetic hydrocarbon. The smelter can 
then use this synthetic fuel to supplement 
or fully replace the fossil fuels being used to 
heat the smelter. In most cases this would 
DOVR�UHTXLUH�PLQLPDO�SODQW�UHFRQĺJXUDWLRQ��DV�
most already run on hydrogen derivatives. 

Although this process does not represent a 
true ‘decarbonised’ scenario, it represents 
an important bridging step towards lowering 

global emissions. If this type of technology 
were to be implemented within the steel 
industry, or indeed by any industrial carbon 
emitter, then in effect every carbon atom 
emitted into the atmosphere is utilised 
WZLFH��RQFH�LQ�LWV�ĺUVW�FRPEXVWLRQV��L�H��FRNH�
used as the reductant of iron) and then a 
second time in the combustion of synthetic 
fuel to provide heat to the smelter. This 
doubling up of carbon use, if implemented 
globally, would in effect halve global carbon 
emissions. So, although not carbon neutral, 
this approach is certainly worth the attention 
of many industries if they want to curtail 
carbon emissions and avoid expensive taxes 
in the future.  

The advantage of decarbonisation in 
the industrial sector is that there is a far 
less fragmented stakeholder structure to 
tackle. Since the industrial revolution, 100 
producers have accounted for 71% of global 
emissions. High levels of interdependence 
in the industrial sector means investment in 
hydrogen has a better chance of leading to 
wide-scale adoption.  
 
While hydrogen is not a cost-effective 
substitute for the industrial heat provided by 
coal, oil and gas right now, if it is produced 
at scale, this cost will decrease. When 
combined with government incentives to 
adopt green heat sources and tax penalties 
on carbon emissions, this will create a far 
more favourable environment for broad 
adoption. 

Industrial feedstock
Currently, the biggest global use of 
hydrogen, accounting for 55% of all 
SURGXFWLRQ��LV�DPPRQLD��2WKHU�VLJQLĺFDQW�
XVHV�LQFOXGH�WKH�RLO�UHĺQLQJ�SURFHVV��
methanol production, rocket fuels and in the 
hydrogenation of oils for the food industry. 
With roughly 95% of hydrogen in the market 
being produced from either natural gas or 
coal, and with limited carbon curtailment, 
this industrial feedstock hydrogen represents 
D�VLJQLĺFDQW�VRXUFH�RI�HPLVVLRQV�DQG�WKH�
demand for its end products is expected 
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to grow in the coming years. The obvious 
solution to address these emissions is to 
source hydrogen from a ‘green’ source, the 
most likely being the electrolysis of water 
through renewable electricity. As the unit 
costs of energy produced from renewables 
continues to fall and electrolysers continue to 
EHFRPH�PRUH�HIĺFLHQW��WKH�VXSSO\�RI�JUHHQ�
hydrogen in industrial feedstocks will likely 
increase. 

In July 2020, Air Products and Thyssenkrupp 
signed an exclusive strategic cooperation 
agreement (SCA) for world-scale electrolysis 
plants to generate green hydrogen. The two  
companies will collaborate exclusively in 
key regions, using their complementary 
technology, engineering and project 
execution strengths to develop projects 
supplying green hydrogen. 

Shortly after the signing of the SCA,  
Air Products, in conjunction with ACWA 
3RZHU�DQG�1HRP��DQQRXQFHG�WKH�VLJQLQJ�
of an agreement for a USD5bn world-class 
green hydrogen-based ammonia production 
facility powered by renewable energy.  
The project, which will be equally owned by 
WKH�WKUHH�SDUWQHUV��ZLOO�EH�VLWHG�LQ�1HRP��D�
new model for sustainable living located in 
the north-west corner Saudi Arabia, and will 
produce green ammonia for export to global 
markets.  

The project will include the integration of 
more than 4GW of renewable power from 
solar, wind and storage to produce 650 tons 
of hydrogen per day. Thyssenkrupp will be 
supplying the electrolysis technology,  
with Air Products supplying nitrogen 

production via their air separation technology. 
Once completed, the facility will produce 
1.2Mt of green ammonia per year. The project 
is scheduled to come online in 2025. Air 
Products will be the exclusive offtaker of the 
green ammonia and intends to distribute 
it around the world for the transportation 
market. 

The availability of affordable green hydrogen 
has other implications for the industrial 
sector. Many industrial carbon emitters are 
facing a looming problem in the coming 
\HDUV��HLWKHU�WKURXJK�WKH�QHHG�WR�VLJQLĺFDQWO\�
UHFRQĺJXUH�WKHLU�SURFHVVHV�WR�UHGXFH�WKHLU�
emissions or face paying hefty carbon taxes. 
Cheap green hydrogen could offer a solution 
to these industry players. As already stated, 
hydrogen has the ability to capture carbon 
from industrial (carbon-rich) off-gases and 
trap it in synthetic fuels.  

In Germany, Shell and ITM Power are building 
the world’s largest onsite electrolysis plant 
to produce feedstock hydrogen at the Shell 
5KLQHODQG�5HĺQHU\��7KH�UHĺQHU\��*HUPDQ\pV�
largest, currently requires approximately 180 
000t of hydrogen annually, which is produced 
by steam reforming from natural gas. The 
new facility will produce an additional 1 300t 
of hydrogen per year, which can be fully 
LQWHJUDWHG�LQWR�WKH�UHĺQHU\�SURFHVVHV��VXFK�
as for the desulphurisation of conventional 
fuels. The plant is scheduled to begin 
RSHUDWLRQ�LQ������DQG�ZLOO�EH�WKH�ĺUVW�
industrial-scale test of the polymer electrolyte 
membrane technology process.
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In Iceland, the George Olah carbon dioxide 
(CO2) to renewable methanol plant is located 
at the Svartsengi geothermal power station 
in the town of Grindavik. The plant produces 
hydrogen from geothermal sources, then 
captures CO2 from the same geothermal 
source to create methanol fuel. Renewable 
methanol is a synthetic liquid fuel used in 
gasoline blends to meet the renewable energ 
directives.  

Another example of how off-gases can be 
utilised to create fuel is the Carbon2Chem 
project in Germany (Exhibit 11). The plant 
utilises off-gasses from the steel industry 
and hydrogen produced from excess 
renewables energy to create synthetic 
fuels. Hydrogen can be used directly in 
the industrial process, together with CO2 
in synfuels/electro fuels thus acting as a 
carbon sink.

Exhibit 11
Carbon2Chem facility in Germany

Image courtesy/copyright of thyssenkrupp

Creating fuel from off-gases may prove 
a far more affordable option for industrial 
FDUERQ�HPLWWHUV��1RW�RQO\�GRHV�LW�SURYLGH�
a practical solution for their emissions, but 
it is also one with high potential synergies. 
If sector coupling is successfully achieved 
and hydrogen uptake becomes widespread, 
industrial companies may end up utilising 

K\GURJHQ�WR�UXQ�WKHLU�YHKLFOH�ĻHHWV��SURYLGH�
electrical power to their factories and 
create heat for their processes — and in 
the process capturing carbon from their 
off-gases. This ability of hydrogen to 
address many of the largest issues around 
decarbonisation is why the argument for the 
hydrogen economy is so strong.



Hydrogen production and export 
South Africa has one of the highest 
renewable energy generation potentials 
in the world. There have already been 
billions of rand committed to solar, wind 
and pumped storage projects across the 
country. The Government’s Integrated 
Resource Plan (IRP) 2019 makes clear 
guidance for renewables to account for a 
bigger proportion of the country’s generation 
capacity. With so much effort being 
committed to these renewable initiatives, a 
clear opportunity exists for South Africa to 
couple renewable generation with hydrogen 
production through electrolysis. The added 
EHQHĺW�RI�WKLV�LV�WKDW�DQ�LQYHVWPHQW�LQ�
electrolysis technology would also support 
the platinum sector and downstream 
EHQHĺFLDWLRQ��DV�SODWLQXP�LV�WKH�SULPDU\�
component in the electrode assembly. 

Given its immense renewable energy 
potential, South Africa could become an 
exporter of cost-effective green hydrogen 
to the world. The infrastructure needed to 
export hydrogen is similar to existing natural 
gas networks and is already being piloted 
in Australia and Japan. South Africa could 
leverage its existing port infrastructure 
to support this initiative and, in doing so, 
protect the jobs and infrastructure that are 
declining as a result of the drop in global 
demand for coal exports.  

7KHUH�ZRXOG�DOVR�EH�VLJQLĺFDQW�VHFRQGDU\�
EHQHĺWV�WR�LQFUHDVLQJ�6RXWK�$IULFDpV�
commitment to renewable energy. The 
need to construct so much renewable 
capacity would make it increasingly viable to 
manufacture a number of the components 
domestically. Especially within the wind 
turbine sector, this could help support the 
iron ore, manganese, chrome, ferrochrome, 
ferromanganese and steel industries.  

Blue hydrogen may well be the bridge into 
the hydrogen economy. Providing a supply 
of low-carbon hydrogen into the market by 
utilising existing carbon-intensive production 
facilities. This would allow the uptake of 
downstream hydrogen technologies to grow 
while green hydrogen production is being 
developed. By utilising its coal and natural 
gas reserves South Africa has numerous 
opportunities to develop blue hydrogen 
SURGXFWLRQ��([LVWLQJ�FRDO�JDVLĺFDWLRQ�
facilities run by Sasol already produce 
the hydrogen-rich syngas needed to 
produce pure hydrogen, but these facilities 
would need carbon-capture technology 
implemented in order to produce blue 
hydrogen.  

With the newly discovered natural gas claims 
in the Brulpadda Block and the existing 
gas-to-liquids (GTL) facility operated by 
PetroSA, much of the infrastructure already 
exists to supply pure hydrogen into the 
domestic and international markets. The 
natural gas market may also provide another 
solution in the form of carbon storage. 
0DQ\�RI�WKH�JDV�ĺHOGV�RII�WKH�FRDVW�RI�6RXWK�
Africa are depleted, yet the infrastructure 
OLQNLQJ�WKHVH�ĺHOGV�WR�WKH�FRDVW�VWLOO�H[LVWV��
Similar to the solution being piloted in the 
UK, hydrogen could be produced on land 
WKURXJK�HLWKHU�FRDO�JDVLĺFDWLRQ�RU�UHIRUPLQJ�
of natural gas and the carbon by-product 
could be pumped into the depleted gas 
ĺHOGV�IRU�VWRUDJH��7KH�WUDQVLWLRQ�RI�WKH�DLOLQJ�
South African coal and natural gas sectors 
to the production of blue hydrogen could 
help protect industry jobs and, if exported, 
generate critical foreign income for the 
country.  

In recent years the concept of nuclear power 
generation in South Africa has received 
much press, most of it marred by allegations 
of corruption and unaffordable costs. 
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Opportunities for South Africa



Strategy& | Unlocking South Africa’s hydrogen potential 33

But provision has been made in the IRP 
2019 for two small modular reactors to be 
constructed before 2030. The thinking behind 
this is that due to uncertainty of supply from 
WKH�(VNRP�FRDO�ĻHHW��WKH�FRXQWU\�QHHGV�
additional instantaneous power generation. 
1XFOHDU�ZRUNV�ZHOO�LQ�WKLV�UHJDUG��DV�LW�FDQ�
supply power into the grid almost at the 
ĻLFN�RI�D�VZLWFK�DQG��XQOLNH�UHQHZDEOHV��LV�
not weather or timing dependent. However, 
nuclear reactors (even modular ones) are 
PRVW�HIĺFLHQW�DQG�SURYLGH�PD[LPXP�UHWXUQV�
on investment when they are utilised to the 
maximum. If these reactors are only being 
utilised to supplement the grid in times of 
peak loading or in emergencies, then they 
ZLOO�QRW�EH�EHLQJ�XWLOLVHG�HIĺFLHQWO\��7KH�
solution may be to combine these reactors 
with a hydrogen electrolysis plant. This would 
enable the reactor to run continuously and at 
PD[LPXP�HIĺFLHQF\��SURYLGLQJ�SRZHU�GLUHFWO\�
to the grid when needed and producing 
hydrogen when not. This hydrogen could 
then be utilised to generate additional peak 
power, provide buffer generation, long-term 
energy storage or be utilised in the off-grid or 
transport fuel-cell industry. 

Fuel cell manufacturing 
One of the costliest components within a 
fuel cell is the catalyst. With current levels 
of technology, the catalyst accounts for a 
third of the entire cost of a fuel cell. This 
LV�EHFDXVH�SODWLQXP�LV�WKH�PRVW�HIĺFLHQW�
catalytic material. Platinum and the wider 
group of platinum group metals (PGMs) have 
historically been used within the automotive 
sector in the cleaning of exhaust emissions 
by auto-catalytic converters. On a vehicle-
to-vehicle comparison, an FCEV requires 
between three and ten times the amount of 
platinum as an ICEV catalytic converter.  
 
Many leading fuel-cell manufacturers are 
attempting to lower the volumes of platinum 
utilised in FCEV catalysts in an effort to make 
the technology more affordable, but even the 
most optimistic technology targets put the 
volume of platinum used in an FCEV on par 
with that of an existing ICEV. 

7KLV�REYLRXVO\�UHSUHVHQWV�D�VLJQLĺFDQW�
opportunity for the South African platinum 
sector and explains why the sector has 
been one of the leading investors in fuel-
cell technology on the continent. With the 
PGM resources located in South Africa and 
Zimbabwe accounting for 90% of known 
UHVHUYHV��WKHVH�FRXQWULHV�VWDQG�WR�EHQHĺW�
from the widespread adoption of fuel cells. 
With so much of the world’s platinum being 
produced in Southern Africa, it makes sense 
for South Africa to move along the value 
chain and begin manufacturing fuel-cell 
catalysts, creating additional value, before 
exporting the product.  

The technology for producing a fuel-cell 
catalyst is not dissimilar to that used in 
auto-catalytic converters, which are already 
produced in South Africa. If there were large 
enough economies of scale, manufacture of 
fuel-cell catalysis in South Africa would reap 
VLJQLĺFDQW�HFRQRPLF�EHQHĺWV��7KH�ĺUVW�IXHO�
cell factory is already under construction at 
the Dube TradePort special economic zone 
outside Durban. However, at this stage the 
facility is being utilised for fuel-cell fabrication 
and not the direct manufacture of platinum 
catalysts. 

Manufacturing FCEVs 
6RXWK�$IULFD�DOUHDG\�KDV�VLJQLĺFDQW�
vehicle manufacturing facilities, with 
major automotive players such as BMW, 
Mercedes-Benz, Toyota, Volkswagen and 
1LVVDQ�SURGXFLQJ�YHKLFOHV�LQ�WKH�(DVWHUQ�
&DSH��.ZD=XOX�1DWDO�DQG�*DXWHQJ��$OO�WKHVH�
companies are working on their own or in 
collaboration with others in the development 
of FCEVs. If the demand for FCEVs grows as 
expected in the coming years, and if  
South Africa could support the manufacture 
of fuel cells domestically, then it would be an 
obvious next step to move along the value 
chain and utilise these fuel cells in the local 
manufacture of FCEVs. This would create 
jobs and boost export earnings. 
The secondary upside of increased vehicle 
manufacturing, both with ICEVs and FCEVs, 
would be the support of other South 
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African sectors, especially the chrome, manganese, 
ferrochrome, ferromanganese, aluminium and steel 
industries. Although the use of steel has declined in 
the automotive sector in favour of lighter materials 
VXFK�DV�DOXPLQLXP�DQG�FDUERQ�ĺEUH��XVH�RI�VWDLQOHVV�
steel is still high. If stainless steel used in the 
domestic production of both ICEVs and FCEVs were 
to be sourced domestically, it could help support 
other key industry areas.  

)&(9V�DOVR�XWLOLVH�D�VLJQLĺFDQW�DPRXQW�RI�UDUH�HDUWK�
elements (REE), lithium, cobalt, nickel and copper. 
With Africa tipped to be one of the key areas for REE 
exploration in coming years, the opportunities to 
EHQHĺFLDWH�WKHVH�PLQHUDOV�GRPHVWLFDOO\�DQG�XWLOLVH�
them in the construction of FCEVs may become highly 
SURĺWDEOH��7KH�86�LV�DOVR�YHU\�NHHQ�WR�VXSSRUW�WKH�
GHYHORSPHQW�RI�5((�PLQLQJ�DQG�EHQHĺFLDWLRQ�RXWVLGH�
of China and will provide funding to such projects that 
can help de-risk their own supply of REEs.  
 
Materials such as copper and nickel are also found in 
South Africa and they too could be utilised in support 
of FCEV manufacturing — supporting the domestic 
mining sector, creating employment opportunities and 
reducing reliance on imports. 

$GRSWLRQ�RI�)&(9V�LQ�FRPPHUFLDO�ĻHHWV
In the coming years the adoption of FCEVs in almost 
all sectors will make economic sense, especially with 
their superior performance over ICEVs and BEVs 
in certain applications. Early adoption of FCEVs in 
6RXWK�$IULFD�KDV�WKH�EHQHĺW�RI�VXSSRUWLQJ�WKH�ZLGHU�
economy, especially if the FCEVs and the hydrogen 
powering them are produced domestically. Because 
of this, government should consider subsidising 
HDUO\�DGRSWHUV�RI�)&(9V��DV�WKH�EHQHĺWV�IRU�WKH�
country as the whole would likely outweigh the cost 
of the subsidy. Subsidies could either be provided 
by subsidising the capital cost of the vehicle, or 
alternatively, the hydrogen fuel could be subsidised.  
 
Certain sectors in South Africa that are already 
pioneering FCEVs, especially within mining.  
,PSDOD�3ODWLQXP�KDV�GHSOR\HG�D�ĻHHW�RI�)&(9�IRUNOLIW�
WUXFNV�DW�LWV�UHĺQHU\�LQ�*DXWHQJ��DQG�$QJOR�$PHULFDQ�
3ODWLQXP�LV�SLRQHHULQJ�WKH�ĺUVW�)&(9�PLQLQJ�WUXFN�DW�
its Mogalakwena Mine in Limpopo.  
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In the early-adoption stages of FCEVs there 
will be limited access to refuelling facilities, 
making those sectors that utilise centralised 
refuelling the best candidates for the 
technology. These would include the bus, 
taxi and trucking sectors as well as ride-
VKDULQJ�ĻHHWV�DQG�WKH�PLQLQJ��PLOLWDU\�DQG�
logistics sectors.  

Although the initial capital cost of FCEVs 
may need subsidising by government or 
the automotive manufacturer, the key to 
the early adoption of FCEVs will be in the 
correct pricing of hydrogen. Even if the cost 
of hydrogen remains on par with fossil-fuels, 
FRPSDQLHV�WKDW�DGRSW�)&(9�ĻHHW�VROXWLRQV�
VKRXOG�EHQHĺW�IURP�KLJK�XWLOLVDWLRQ��UHOLDELOLW\��
cheap maintenance due to less moving parts 
and the ability to avoid expensive emissions 
taxes.  

Adoption of FCEVs for private use
The adoptions of FCEVs for private use will 
likely only occur after widespread utilisation 
in the commercial sector, as it will take time 
to roll out hydrogen refuelling stations.  
By this stage, the cost of an FCEV is 
expected to be lower than or at least on a 
par with that of an ICEV.  

The uptake of FCEVs may also depend on 
whether or not the FCEVs and catalysts are 
EHLQJ�SURGXFHG�GRPHVWLFDOO\��,I�D�VLJQLĺFDQW�
portion of the value chain lies within the 
domestic economy, then it will make more 
sense for government to subsidise these 
vehicles earlier. Should South Africa rely on 
the importation of FCEVs then adoption by 
the private sector may take longer.  

With the private sector not needing to rely 
on utilisation, reliability and maintenance 
in the same way as the commercial sector, 
the key variables in FCEV uptake will be the 
vehicle cost and the cost of hydrogen at 
the pump. If these are priced correctly and 
the manufacture of FCEVs and catalysts 
is carried out locally, then the economic 
multiplier from the private sector’s adoption 

of FCEVs could have a highly positive effect 
on South Africa’s economy.  

Fuel cell locomotive manufacture
In Europe there have been great strides in 
rolling out hydrogen fuelled locomotives 
RQ�QRQ�HOHFWULĺHG�UDLO�QHWZRUNV��)XHO�
cell trains offer a far cheaper option in 
the decarbonisation of the rail network 
compared to the massive capital cost 
DVVRFLDWHG�ZLWK�EXLOGLQJ�HOHFWULĺHG�RYHUKHDG�
lines.  

South Africa is in a unique position among 
developing nations in that a large portion 
RI�LWV�UDLO�QHWZRUN�LV�DOUHDG\�HOHFWULĺHG��
Therefore, the argument for using fuel-cell 
locomotive is not as strong. The same 
cannot be said for the rest of Africa, 
which relies primarily on diesel-electric 
locomotives. In the same way that it makes 
sense to domestically manufacture fuel cells 
for the power and vehicle markets,  
South Africa could explore manufacturing 
fuel cells for locomotives and export these to 
the rest of Africa.  

,I�VXIĺFLHQW�GHPDQG�FRXOG�EH�FUHDWHG�IRU�
these locomotives, then it may also make 
sense to incentivise the manufacture of 
the entire locomotives in South Africa. 
This could help support the local mining 
industry through additional demand for 
base materials. Bringing manufacture of 
specialised technology such as locomotives 
would usually require a partnership with a 
major international player.  
 
If South Africa could foster a hospitable 
investment environment and leverage its 
competitive advantage in raw materials 
(platinum, chrome, manganese), then it 
could justify the establishment of a global 
manufacturing hub for fuel-cell locomotives. 
 
Supporting renewable energy adoption
Both through existing commercial and 
government commitments and the roadmap 
laid out in the IRP 2019, it is clear that 
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renewables will account for an ever-
increasing percentage of South Africa’s 
energy generation capacity. As the usage 
of renewables grows, the country will face 
issues around renewable intermittence and 
providing buffering to the grid. As discussed 
earlier, the use of hydrogen to address 
both issues is compelling. The additional 
EHQHĺW�RI�XWLOLVLQJ�K\GURJHQ�DW�WKLV�VFDOH�
is that it would likely decrease the unit 
cost of production. Thus, an investment in 
renewable-energy-to-hydrogen plants will 
likely support the provisioning of cost-
effective hydrogen to other markets.  

Across most of Africa, the concept of off-
grid power is receiving much attention and 
the generation of primary power through 
solar or wind is a well-accepted and proven 
technology. However, how best to store 
WKDW�SRZHU��RQ�DQ�HIĺFLHQW�VPDOO�VFDOH��LV�
still open for debate. In small-scale, short-
time-period stationary applications, batteries 
outperform hydrogen, as very little energy 
is lost in the storage of renewable energy in 
batteries as compared to the energy losses 
associated with producing hydrogen.  

Where hydrogen outperforms stationary 
batteries is in the long-term storage of 
energy, in volatile climates (especially 
cold ones) and in the attractiveness of the 
material to thieves. It is for these reasons 
that fuel cells have been favoured over 
batteries and generators for back-up power 
in the telecommunications sector in  
South Africa.  
 
When viewing energy holistically, the 
case for off-grid hydrogen is extremely 
persuasive. The synergies possible through 
use of a single fuel to provide energy to 
the home and provide heat and power 
to vehicles are substantial. A short-term 
solution to providing off-grid power, 
especially to remote communities, may 
simply be to provide them with FCEVs and 
FRVW�HIIHFWLYH�K\GURJHQ��1RW�RQO\�ZRXOG�
communities have transport, but the FCEVs 

could be utilised as power generators for the 
home. When paired with the construction of 
a centralised off-grid renewable-to-hydrogen 
plant, (i.e. a wind turbine paired with an 
HOHFWURO\VLV�PDFKLQH��WKH�EHQHĺWV�DUH�FOHDU��
1RW�RQO\�ZRXOG�D�ODUJH�FHQWUDOLVHG�IDFLOLW\�
EHQHĺW�IURP�JUHDWHU�HFRQRPLHV�RI�VFDOH��
but it could store the hydrogen for a long 
period of time and supply it for the fuelling 
of community vehicles without the need for 
expensive electrical reticulation to the home. 

Development of new industries utilising 
green hydrogen
By capitalising on its renewable energy 
wealth and investing in the production 
of green hydrogen, South Africa would 
open the door to developing whole new 
industries. Hydrogen is the feedstock 
for so many industrial processes and 
products, including ammonia, methanol, the 
hydrogenation of oil for the food industry, 
rocket fuel and hydrochloric acid, to name 
a few. Approximately 55% of hydrogen 
produced today goes into the production of 
ammonia for the fertiliser industry. With the 
expected rise in the global population and 
the concerns over food supply, the fertiliser 
industry is likely to be highly lucrative in the 
coming years.  

Traditionally, the ability to produce these 
products cost effectively was dependent 
on access to a hydrocarbon fuel, usually 
natural gas, and the countries that had 
easy access to natural gas tended to 
dominate production. With renewable-
to-hydrogen technology, that competitive 
advantage largely disappears. If South 
Africa can properly leverage its renewable 
energy potential, then it could become a 
major player in the production and export 
of all hydrogen-based chemicals, creating 
countless jobs and earning the country 
VLJQLĺFDQW�IRUHLJQ�FXUUHQF\� 
Although South Africa does not have 
dedicated renewable energy or green-
hydrogen-enabled economic areas like 
1HRP�LQ��6DXGL�$UDELD��LW�GRHV�KDYH�
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multiple special economic zones (SEZs). The 
geographic location of some of these SEZs  
gives them access to world-class renewable 
energy potential, primarily through wind and 
solar. Furthermore, some SEZs are located 
in coastal regions within close proximity of 
port infrastructure, enabling ease of access 
to the export markets, where a premium for 
these green-hydrogen-based products can 
be achieved.  

The investor incentives in these economic 
zones has already resulted in world-leading 
renewable energy companies, specialist gas 
solutions companies, steel mills, cement 
plants, and FCEV component manufacturers 
investing in these SEZs, which further 
reinforces the case for South Africa to 
initiate and develop green-hydrogen-enabled 
industries. 

The utilisation of hydrogen and its blending 
with carbon to produce synthetic fuels has 
been discussed in previous sections of this 
publications, but the argument for South 
Africa to participate in this industry is perhaps 
more compelling than for any other country. 
The process through which hydrogen is 
combined with carbon and synthesised into 
liquid fuels, the Fischer-Tropsch process 
(FTP), is currently utilised by both Sasol in 
LWV�FRDO�JDVLĺFDWLRQ�SODQWV�DQG�E\�3HWUR6$�
LQ�LWV�*7/�UHĺQHU\��6DVRO�LV�D�JOREDO�OHDGHU�LQ�
WKLV�WHFKQRORJ\�DQG�DOUHDG\�KDV�VLJQLĺFDQW�
production facilities utilising the FTP. Utilising 
this deep knowledge of the technology that 
could drive South Africa’s hydrogen-based 
liquid fuels industry forward. 

When combining green hydrogen with any 
carbon source through the FTP, South Africa 
can generate synthetic (carbon-natural) 
fuels for its own domestic demand and for 
export. Although certain sectors that utilise 
hydrocarbon-based fuels, such as ICEVs, 
are set to decline in the coming decades, 
sectors such as aviation are set to grow. 
South Africa is in an ideal position to leverage 
its renewables power and knowledge base to 
supply carbon-neutral fuels to the world. 
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There is little doubt that hydrogen will be a 
major force in achieving the 2°C scenario and 
that South Africa stands in an unprecedented 
position to partake in the global hydrogen 
economy — both through direct use of 
hydrogen technology and through supplying 
the raw materials that enable it.  

For South Africa to seize this opportunity, it 
needs to develop a clear hydrogen strategy 
and roadmap. This roadmap should speak 
not only to South Africa’s own strategy, 
but the strategy of global players and how 
the country can support and integrate its 
investments to expedite the development of 
the global hydrogen economy. The roadmap 
needs to contain clear implementation 
timelines for decarbonisation targets 
and hydrogen investments, with genuine 
accountability for these targets. Without such 
a timeline, the private sector will not have the 
surety needed to invest. 

The government needs to promote clear 
coordination across sectors, both public 
and private. Maximum economic impact 
will be achieved through the coordination of 
efforts and through sector-coupling hydrogen 
technologies.  

Clarity is needed on both the taxation of 
carbon emissions and on the taxation of 
hydrogen. Carbon emissions need to be 
properly disincentivised and penalties need 
to be enforced, while uptake of hydrogen 
technology needs to be incentivised through 
tax relief. Decisions will need to be made 
on how to tax grey hydrogen in the short 
term, and if some tax relief it should be 
provided to support adoption of downstream 
technologies.  
 

The government will need to set out clear and 
realistic safety guidelines for the generation, 
transport and storage of hydrogen and, 
within reason, attempt to remove barriers to 
entrepreneurial involvement and innovation.  

Government and the banking sector will need 
to promote funding initiatives to support early 
adopters of hydrogen technology. In order 
to speed up the adoption of hydrogen and 
to lower unit prices, investments will need 
to be made at scale. Government needs to 
support de-risking strategies through long-
term offtake agreements and by providing 
guarantees. 
 
The subsidisation of technology and 
potentially hydrogen fuel, may be needed to 
support the timeous adoption of hydrogen. 
Although some subsidies are available from 
government within the fuel cell industry, these 
need to be expanded to cover the wider 
hydrogen economy. Initiatives similar to those 
proposed in Europe for creating an additional 
fuel levy on fossil fuels, to be utilised to 
subsidise and fund hydrogen, have merit in 
supporting the right behaviours.  

There must be clear protection of innovation 
and companies that have invested heavily in 
research and development must be able to 
retain competitive advantage in the  
South African marketplace. Twinned with this, 
government must create clear guidelines and 
GHĺQLWLRQV�IRU�LQVWDQFHV�RI�PDUNHW�DEXVH�DQG�
the repercussions of such acts.  

Investment in blue hydrogen may well 
be the stepping stone to developing a 
fully decarbonised hydrogen economy. 
Clarity is needed from government on the 
FODVVLĺFDWLRQ��UHJXODWLRQ��SURGXFWLRQ�PHWKRGV�

Conclusion
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and taxation of this method of hydrogen 
production, with preferential incentives 
being granted to green hydrogen 
production.  

The detrimental effect of continued use 
of fossil fuels may only be fully realised in 
generations to come. Already, increasing 
global temperatures, worsening air quality 
and issues of water scarcity are directly 
impacting South Africa. Prioritising 
investment in the global hydrogen 
economy will help ensure the economic 
and environmental sustainability of the 
country for years to come. 
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As the only at-scale strategy business that’s part of 
a global professional services network, we embed 
our strategy capabilities with frontline teams across 
PwC to show you where you need to go, the choices 
you’ll need to make to get there, and how to get it 
right. 

The result is an authentic strategy process powerful 
enough to capture possibility, while pragmatic 
enough to ensure effective delivery. It’s the strategy 
that gets an organisation through the changes of 
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the strategy that turns vision into reality. It’s strategy, 
made real.



strategyand.pwc.com 
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