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50 Shades of Hydrogen

Against the backdrop of the 26th UN Climate Change Conference of the
Parties (COP26) we take a closer look at the rapidly developing technology
and industries surrounding the evolution of the so-called hydrogen
economy. Hydrogen is an energy vector or fuel that is capable of storing,
transforming and transporting energy with zero emissions at the point of
use. It can also be made by renewable energy sources. It is also the most
abundant element in the universe accounting for some 75% of all matter. So
far so good and indeed ‘why isn’t this mainstream’ may be the first thoughts
that comes to mind. Currently the vast majority of hydrogen produced is

used in the refining of petrochemicals.

Hydrogen does not occur naturally on earth as a natural resource in the same
way as natural gas or other hydrocarbons. Hydrogen needs to be separated
from other compounds and can be produced from diverse, domestic
resources, including fossil fuels, biomass, and water electrolysis with
electricity. The environmental impact and energy efficiency of hydrogen

depends on how it is produced.

According to a report by Goldman Sachs, some 75% of hydrogen production is
“Grey” hydrogen. This is produced using fossil fuel hydrocarbon feedstocks,
most typically, natural gas. As such, it is the most carbon-intensive pathway of
generating hydrogen. The conventional methods use either steam methane
reforming or autothermal reforming processes to separate hydrogen from
carbon. The cost of these methods of producing grey hydrogen is low, ranging
from less than S1 to $2 per kg, depending on the cost of feedstock, but no

carbon emissions are captured during these processes.

The emergence of “Blue” hydrogen takes advantage of this well-established
production route and also provides an alternative usage for fossil fuel reserves
than combustion. These processes are augmented with carbon capture
utilisation and sequestration (CCUS) technologies to catch the emitted carbon
and store it for other uses before it makes its way into the atmosphere.
However, this is not without controversy. This document seeks to provide an
overview of the emerging hydrogen economy and identify equities that offer
exposure to a potentially huge shift in the way energy is produced, stored and

transported.

For analyst certification and other important disclosures, refer to the Disclosure Section
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“Green” hydrogen
remains significantly
more expensive than
its fossil fuel derived
cousins

“Blue” hydrogen can
have its carbon
footprint mitigated but
gas prices are closing
the price gap

The drive for low-cost sustainable hydrogen

A peer-reviewed study published in Energy Science & Engineering, an open-source
journal, concludes "the greenhouse gas footprint of blue hydrogen is more than 20
percent greater than burning natural gas or coal for heat and some 60 percent
greater than burning diesel oil for heat," according to the paper. However, in our
view for hydrogen infrastructure to really take off “Blue” hydrogen, will have to take
up some of the short fall from "Green” hydrogen production for at least the medium
term to facilitate the implementation of the necessary infrastructure. It is thought

Ill

that CCUS adds about half a dollar per kilogram to the cost of conventional “Grey”
hydrogen processes, resulting in a range of $1.5 to $2.5, final price depending on the
cost of natural gas or coal input. This is still significantly lower than the cost of

"Green” hydrogen.

Green hydrogen is made by using clean electricity from renewable energy
technologies to electrolyse water (H20), separating the hydrogen atom within it
from its molecular twin oxygen. Whilst “Green” hydrogen is arguably carbon-free, it
is energy-intensive. Estimates for the cost of one kilogram of “Green” hydrogen can

range from $3 to $8 depending on the cost of the energy inputs.

There is also some evidence that suggests “Blue” hydrogen when done correctly
carries a similar carbon footprint to “Green” Hydrogen. The Norwegian
organisation SINTEF Energy said its analysis shows the emissions intensity of “Blue”
and “Green” hydrogen are “comparable and complementary” when applying
“appropriate and realistic” technology concepts. Its findings are based on “both
green and blue hydrogen production” in projects financed by the EU commission,
the Research Council of Norway and industry over several years. SINTEF said that in
a “European context”, “Blue” hydrogen and “Green” hydrogen are on a par for

emissions production.

It is important to note however that many of these comparisons do not take into
account the recent surge in natural gas prices with UK wholesale prices more than
doubling year to date with some commentators seeing “Grey” hydrogen costs rising
above “Green” at certain points this year. Reducing our reliance on natural gas could
be an important step in improving our energy security. Indeed, in September CF
Industries Holdings, Inc. (NYSE: CF), a leading global manufacturer of hydrogen and

nitrogen products, announced that it was halting operations at both its Billingham


https://www.sintef.no/
https://blog.sintef.com/sintefenergy/assumptions-matter-when-assessing-blue-green-hydrogen/
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The Hydrogen Shot
seeks to reduce the
cost of clean hydrogen
by 80%

to S1 per 1 kilogram in
1 decade ("111")

This can unlock new
markets for hydrogen,
including steel
manufacturing, energy
storage, heavy-duty
trucks and clean
ammonia

and Ince, UK, manufacturing complexes due to high natural gas prices. The Company

does not have an estimate for when production will resume at the facilities.

Further there is a concerted drive to bring down the cost of “Green” hydrogen.
Indeed the “Hydrogen Shot “launched in June this year was the first of the U.S.
Department of Energy's (DOE's) Energy Earthshots Initiative aims to accelerate
breakthroughs of more abundant, affordable, and reliable clean energy solutions
within the decade. The Hydrogen Shot seeks to reduce the cost of clean hydrogen

by 80% to $1 per 1 kilogram in 1 decade ("1 1 1").

The obvious first market for low-cost “Green” hydrogen comprises well established

industrial processes where “Grey” hydrogen is the predominant feedstock.

Achieving the Hydrogen Shot’s 80% cost reduction goal can unlock new markets for
hydrogen, including steel manufacturing, energy storage, heavy-duty trucks and
clean ammonia. Ammonia (comprising 3 atoms of hydrogen bonded to 1 atom of
nitrogen) is a space to watch, having a higher energy density and arguably less

onerous handling characteristics than pure hydrogen.

DOE activities in hydrogen include several offices and a total of approximately
$400m in the President's Fiscal Year (FY) 2022 Budget Request. This compares to
approximately $285m related to hydrogen in FY 2021. The key to lowering the cost
of “Green” hydrogen is lowering the cost of green energy required to power the

electrolysis process. This is happening and will continue to happen.

A report last year by the International Renewable Energy Agency (IRENA) found 56%
of renewable capacity added last year achieved lower electricity costs than new coal
power plants. Furthermore, by the end of 2021 it would be cheaper to build new
photovoltaic facilities than to keep running active coal power plants of as much as
1.2 TW, more than half of the world total. And as the cost falls, the capacity rises.
Boris Johnson recently confirmed at the Conservative Party Conference his pledge

to target 100% renewable energy generation by 2035.
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In transport hydrogen
is best suited to heavy
duty applications
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Costs continue to fall for
solar and wind power technologies
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Hydrogen vs battery technology. A place for both on the path to net zero.

The practicalities of hydrogen as an energy vector make it more suitable for some
uses than others. In terms of domestic automobiles, the pendulum has swung
heavily in favour of the lithium-ION battery. According to power-technology.com,
sales of electric vehicles increased by 160% in the first half of 2021 from a year
earlier, to 2.6m units, representing 26% of new sales in the global automotive
market. It may well be a question of momentum and a rapidly expanding charging
infrastructure, but we believe EV’s will continue to dominate over hydrogen fuel cell
powered cars. However, there are models emerging such as the Toyota Mirai. It is
the lack of infrastructure and relatively low energy efficiency of hydrogen that give

EVs the edge for now.

However, hydrogen fuel cell power trains do have other advantages that can offset
the low efficiency in more industrial usage making them more suitable for heavy

duty transportation. These include range, rapid refuelling (sub 5 minutes). Hydrogen


https://energyindustryreview.com/renewables/renewable-power-now-cheaper-than-coal/
https://energyindustryreview.com/renewables/renewable-power-now-cheaper-than-coal/
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The H2Accelerate
collaboration was
formed in 2020 with
its initial members
comprising Daimler
Truck AG, IVECO,
OMV, Shell and the
Volvo Group

In June this year,
London saw the launch
of London’s first fleet
of hydrogen fuel cell
powered double
decker buses

fuel cells contain a higher amount of energy-per-unit mass than a lithium battery or
diesel fuel. A truck can have a higher amount of energy available without significantly
increasing the weight — an important consideration for long-haul trucks that have
weight penalty policies. The H2Accelerate collaboration was formed in 2020 with its
initial members comprising Daimler Truck AG, IVECO, OMV, Shell and the Volvo
Group pledging to work collaboratively to develop the evidence base and public
funding programs which can help move Europe towards a commercially viable

hydrogen trucking system.

H2Accelerate is currently in its “learning by deployment” phase from 2021 to 2025
where the first hundreds of trucks are placed in the hands of customers, using a

relatively limited (but high reliability) refuelling network.

A second “industrial scale up” phase is envisaged from 2025 to 2028 where the first
series production of trucks will occur, and vehicles will be deployed in their
thousands. In this phase, the refuelling network will grow across Europe, alongside
key transport corridors. This will be the phase with the highest investment required

and also the highest risk, which leads to the need for the greatest financial support.

In June this year, London saw the launch of its first fleet of hydrogen fuel cell
powered double decker buses comprising twenty vehicles on Route 7 between East
Acton and Oxford Circus. Fixed transport routes are an ideal testing ground for
Hydrogen powered vehicles, as they can be built around bespoke refuelling hubs

that are not reliant on a widespread national hydrogen infrastructure.

Whilst hydrogen fuel has and can, been combusted most notably in the space bound
rockets, safety and emissions concerns (Nitrous Oxide) mean that for humble
terrestrial applications, the fuel cell is the energy conversion route of choice. Fuel
cells come in many varieties; however, they all work in the same general manner.
They are made up of three segments which are sandwiched together: the anode, the
electrolyte, and the cathode. At the anode, a catalyst oxidises the fuel (in this case
hydrogen), turning the fuel into a positively charged ion and a negatively charged
electron as electric current. The ions travel through the electrolyte to the cathode,

react with oxygen to create water with no carbon emissions at the point of use.
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HydroFLEX is the
world’s first train
retrofitted to operate
under hydrogen power
and the first hydrogen
powered train on
Britain’s railway

2020 saw the maiden
flight of a commercial-
size aircraft powered
by hydrogen fuel cells

The workings of a fuel cell

Individual Fuel Cell

" Electric
Power

Source: https://www.emsd.gov.hk/energyland/en/energy/renewable/fuel.html

Direct electrification will always be more efficient and economical than using
hydrogen, but even sectors where direct electrification is well established,
such as rail, they are dipping a toe in the water. HydroFLEX is the world’s first
train retrofitted to operate under hydrogen power and the first hydrogen
powered train on Britain’s railway. Uniquely, it is capable of drawing power
from overhead wires and where these don’t exist, operating in self powered
mode using hydrogen, fuel cells and batteries. HydroFLEX is the result of a
ground-breaking collaboration between Porterbrook and the University of

Birmingham.

Following successful mainline testing of the HydroFLEX in September 2020,
Porterbrook has partnered with the University of Birmingham and Network
Rail to build a new version of the HydroFLEX, capable of replicating the duty

cycles of the diesel trains it aims to replace.

With weight being such a critical factor, aviation is perhaps one of the hardest

to decarbonise and electrify and even the lightest weight of batteries are
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The UK’s first
hydrogen village is
piloting hydrogen-
based heating
solutions

prohibitive. 2020 saw the maiden flight of a commercial-size aircraft powered
by hydrogen fuel cells with the modified Piper Malibu propeller plane
completing an 8-minute flight. And indeed, even Airbus has ambitious
development plans. However, the technical challenges for this to go
commercial are substantial with large heavy fuel tanks needed to carry the

compressed gas.

There is also work afoot in the marine sector with the hydrogen compound
ammonia (NH3) vying to be the carbon free fuel of choice. Whilst
development is very much in its infancy, this colourless fuel emits no carbon
dioxide when burned. It's abundant and common, and it can be made using
renewable electricity, water, and air. Both fuel cells and internal combustion
engines can use it. Unlike hydrogen, it doesn't have to be stored in high-
pressure tanks or cryogenic dewars. And it has ten times the energy density

of a lithium-ion battery.

Not every wheel is going to be reinvented in the hydrogen revolution, and
perhaps it is those that supply the building blocks rather than the visionaries
that will prove most attractive to investors. Take for example privately owned
Fuel Cell Systems which brings together best of breed technologies to address
bespoke requirements and as such provided the refuelling solution for both
HydroFLEX, and a re-deployable electrolyser producing hydrogen and a
mobile hydrogen refuelling truck with 55kg storage for the ZeroAvia maiden

flight.

However, even in sectors where electrification may seem a more plausible
route, policy makers are taking a long look at hydrogen. The Government has
promised that new grants of £5,000 will be available from April next year to
encourage homeowners to install more efficient, low carbon heating systems
— like heat pumps that do not emit carbon when used — through a new £450m
3-year Boiler Upgrade Scheme. These grants mean people choosing to install
a heat pump will pay a similar amount as if they were installing a traditional
gas boiler. It has not written off hydrogen and intends to make a decision on

the potential role for hydrogen in heating buildings by 2026, by learning from
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its Hydrogen Village pilot, where up to 20 per cent hydrogen is being blended
into the natural gas network that serves the village of Winlaton in Gateshead.
However, the efficiency gulf with heat pumps is likely to be significant. There
are also other alternatives. In high-density housing in inner cities, district
heating systems — which distribute waste heat from power plants (including
waste to energy) and factories into homes — could be a more viable and

circular option.

Energy storage to help smooth the fluctuation from intermittent power
generation sources such as wind and solar is another area under research for
hydrogen. Compared to batteries, the storage capacity of hydrogen is
unlimited, but hydrogen is the lightest gas and therefore is difficult to store
and transport. It can be liquefied or stored at very high pressures which
presents a number of logistical challenges. One option being explored to
overcome these challenges, is geological storage options for hydrogen such
as salt caverns and depleted oil and gas reservoirs. Hydrogen does have the

potential to increase the penetration of “Green” energy.

Perhaps more controversially “"Purple” hydrogen is seen by some as an
enabler of the nuclear industry. Just last month France’s Emmanuel Macron
flagged a major role for nuclear-powered hydrogen production in France’s
future energy mix as he vowed to make the nation an H, powerhouse by

2030.

Nuclear reactors generate a very consistent power load regardless of the
current energy demand, and running electrolysers uninterrupted at maximum
capacity could potentially help decarbonise H, and rapidly achieve cost parity
with existing supplies. In the UK, the Government is expected to match £21m
of private funding for Rolls-Royce’s small modular reactor (SMR) project.
Small modular reactors offer a lower initial capital investment, greater
scalability, and siting flexibility for locations unable to accommodate more

traditional larger reactors.


https://theconversation.com/the-future-of-nuclear-power-stations-could-make-hydrogen-heat-homes-and-decarbonise-industry-148445
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Heavy industry is
responsible for nearly
40% of global carbon

dioxide (CO,)

emissions

Hz0

ELECTROLYSIS

Heavy industry is often touted as a space where hydrogen can play a big role
in decarbonisation. According to the American research group Brookings,
heavy industry is responsible for nearly 40% of global carbon dioxide (CO,)
emissions. Steel, cement, and chemicals are the top three emitting industries
and are among the most difficult to decarbonise, owing to technical factors
like the need for very high heat and process emissions of carbon dioxide, and
economic factors including low profit margins, capital intensity, long asset
life, and trade exposure. There is often a high requirement for heat and in this
case, it is suggested that hydrogen is combusted directly. One such proposed
route for replacing coal with onsite produced hydrogen in blast furnaces can
be seen below. For this to be a reality though, a huge scale up in hydrogen

production will be required.

Lump iron ore Iron ore pellets
> HYDROGEN-BASED ROUTE TO STEEL

‘ ﬁ'77 Lijd steel -l
LR

ELECTRIC
C-free ARC FURNACE

REDUC / DRI STEELMAKING CONTINUOUS
IN SH. CASTING

FURNACE

Rolled
Coil

https://www.mdpi.com/2075-4701/10/7/922

The Sestao plantin
Spain will become the
world’s first full-scale

zero carbon-emissions

steel plant

9|Page

ArcelorMittal SA (AMS:MT) announced in June 2021 that its Sestao plant in
Spain will become the world’s first full-scale zero carbon-emissions steel
plant. The development is the result of a memorandum of understanding
signed with the Government of Spain that will see an investment of €1bn in
the construction of a “Green” hydrogen direct reduced iron (DRI) plant at its

plant in Gijén, as well as a new hybrid electric arc furnace (EAF).


https://www.mdpi.com/2075-4701/10/7/922
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It has only been a
sustained period of
green energy subsidies
and tariffs on carbon
that has enabled
renewable energy
penetration to reach
current levels.
Widespread hydrogen
usage will require a
similar approach

Global policy makers to be key enablers, of the H, revolution

For the hydrogen economy to reach its full potential, it will need a co-
ordinated combination of investment, research and supportive schemes at
government level. It has only been a sustained period of green energy
subsidies and tariffs on carbon that has enabled renewable energy
penetration to reach current levels, with low-carbon sources of electricity

accounting for 39.5% of global production this year up from 25.7% in 1971.

/

@ Wind @ Solar PV
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Source: IEA, Share of low-carbon sources and coal in world electricity

generation, 1971-2021, IEA, Paris  https://www.iea.org/data-and-

statistics/charts/share-of-low-carbon-sources-and-coal-in-world-electricity-

generation-1971-2021

The required level of support does appear to be happening.

10| Page
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GOVERNMENT POLICY AROUND HYDROGEN
DRIVES SIGNIFICANT INVESTMENT

£240m funding for green electrolytic
production

u £1 BN funding for Carbon Capture &
Storage to produce blue H,
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In August this year, the UK Government set out its first-ever vision to kick
start world-leading hydrogen economy set to support over 9,000 UK jobs and

unlock £4bn investment by 2030.

The government’s approach is based on the UK’s previous success with
offshore wind, where early government action coupled with strong private
sector backing has earned the UK a world leading status. One of the main
tools used by government to support the establishment of offshore wind in
The UK is a strong
backer of the the UK was the Contracts for Difference (CfD) scheme, which incentivises
transition to hydrogen  jnyestment in renewable energy by providing developers with direct

protection from volatile wholesale prices and protects consumers from

paying increased support costs when electricity prices are high.

As such, the government has launched a public consultation on a preferred
hydrogen business model which, built on a similar premise to the offshore
wind CfDs, is designed to overcome the cost gap between low carbon
hydrogen and fossil fuels, helping the costs of low-carbon alternatives to fall

quickly, as hydrogen comes to play an increasing role in our lives. Alongside

11|Page
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this, the government is consulting on the design of the £240m Net Zero

Hydrogen Fund, which aims to support the commercial deployment of new

low carbon hydrogen production plants across the UK.

Other measures included in the UK’s first-ever Hydrogen Strategy include:

outlining a ‘twin track’ approach to supporting multiple technologies
including “Green” electrolytic and “Blue” carbon capture-enabled
hydrogen production, and committing to providing further detail in
2022 on the government’s production strategy;

collaborating with industry to develop a UK standard for low carbon
hydrogen giving certainty to producers and users that the hydrogen
the UK produces is consistent with net zero while supporting the
deployment of hydrogen across the country;

undertaking a review to support the development of the necessary
network and storage infrastructure to underpin a thriving hydrogen
sector;

working with industry to assess the safety, technical feasibility, and
cost effectiveness of mixing 20% hydrogen into the existing gas
supply. Doing so could deliver a 7% emissions reduction on natural
gas; and

launching a hydrogen sector development action plan in early 2022
setting out how the government will support companies to secure

supply chain opportunities, skills and jobs in hydrogen.

Similarly, the EU Commission’s Hydrogen Strategy set out in 2020 envisioned

the following phased ramp up of “Green” hydrogen production.

Phase 1 (2020-24): the objective is to decarbonise existing hydrogen

production for current uses such as the chemical sector and promote it for

new applications. This phase relies on the installation of at least 6GW of

renewable hydrogen electrolysers in the EU by 2024 and producing up to 1m
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tonnes of renewable hydrogen. For comparison, only approximately 1GW of

electrolysers had been installed in the EU as of February 2021;

Phase 2 (2024-30): hydrogen needs to become an intrinsic part of an
integrated energy system with a strategic objective to install at least 40GW
of renewable hydrogen electrolysers by 2030 and the production of up to
10m tonnes of renewable hydrogen in the EU. Hydrogen use will then
gradually expand into new sectors, including steelmaking, trucks, rail and
some maritime transport applications. It will still mainly be produced close to

the user or the renewable energy sources, in local ecosystems; and

Phase 3 (from 2030 onwards and towards 2050): renewable hydrogen
technologies should reach maturity and be deployed at large scale to reach
all hard-to-decarbonise sectors where other alternatives might not be

feasible or have higher costs.
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Companies Section

A Selection of UK listed companies embracing the hydrogen sector

|Actua|s | |Forecast |
Maket Price to Price to
£ M unless stated otherwise Period end Cap turnover PE EV/EBITDA turnover PE  EV/EBITDA
Fuel Cells
Ceres Power 31/12/2020 £2.3b 62.6 62.9
AFC Energy 31/10/2020 £440m 201.4
Proton Motor 31/12/2020 £387.2m 186.6
Hydrogen production technology
ITM 30/04/2021 £2.7B 577.9 108.4
Powerhouse Energy 31/12/2020 £160.9m 1135.1
EQTEC (S) 31/12/2020 £124.2m 41.5 59 85.3 38.5
Sabien 30/06/2021 £3.7m 2.1
Hydrogen infrastructure
Getech
Hydrogen production and storage
Harland and Wolff 31/07/2021 £32.2m 81.8
UK Oil and Gas 30/09/2020 £19.5m 11.3 2.5
Igas 31/12/2020 £19.5m 0.9 9.6 0.6 8
Oracle Power 31/12/2020 £8.8m
Chariot Oil & Gas (S) 31/12/2020 £52.2m
Miscellaneous

Vela 31/03/2021 £10.2m
Pressure Technology 03/10/2020 £24.4m 1.1
Rio Tinto ($) 31/12/2020 £72.2b 2.2 7.9 4.5 1.6 4.5 2.8
BAE Systems 31/12/2020 £17.6b 0.9 11.9 9.9 0.8 11.7 9.8
TLOU (AUDS) 30/06/2021 £17.8m
Invinity Energy Systems 31/12/2020 £110.70 45.1 187.3
Wood group (S) 31/12/2020 £1.4b 0.3 11.7 5.5 0.3 10.9 5.9

Investors looking for early exposure to this sector are well catered for in the
UK markets; be it through specialist producers of electrolyser and fuel cell
equipment, through to hydrocarbon deposit owners looking to repurpose
their assets for “Blue” hydrogen production, with more diverse engineering

and support companies opening up/bolting on hydrogen related business

units.
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All the charts in the following section have been downloaded from Alpha
Terminal to5 November 2021 and comprise a 5 year period, or shorter if the
shares have been listed less than 5 years. We have stated below where they

are not 5 full years of trading on the chart.

Hydrogen production and storage

I.  Atome Energy / President Energy (PPC.L)

% change President Energy PLC

e 17 Ape Jul Oct 18 Apr Jul Oct "19

200(Volume (Bars) - M's

Sour&e: A/pha Terminal. 5 year chart.

Soon to join the party is Atome Energy, a proposed spin out from President
Energy (PPC.L). Atome is focussed on the large-scale production of “Green”
hydrogen and ammonia with the objective of commencing first phase
production by end 2023. ATOME's planned large-scale 350MW projects are
situated in Iceland and Paraguay, both countries having available baseload

“Green” generated electricity on tap 24/7.

Il.  Corre Energy (CORRE:EN)

Listings are happening in Europe as well, for example Corre Energy which
listed on Euronext in September this year. Corre Energy, which is currently in

the development phase, will use renewable electricity to store compressed

15|Page
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air in underground salt caverns, which can subsequently be combined with
“Green” hydrogen stored in co-located caverns to fuel the generation of
electricity. When renewable electricity supply is high resulting in low prices,
Corre Energy will compress air into storage caverns and conversely when
renewable electricity supplies are low and prices are high, Corre Energy will
generate green electricity from Compressed Air Energy Storage
(CAES). Additionally, Corre Energy will generate revenue from the sale of
electricity market balancing services and will sell surplus “Green” hydrogen

production to industry.

[ll.  Oracle Power (ORCP.L)
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Oracle Power, the international natural resources project developer, has

signed a non-exclusive

co-operation agreement with PowerChina
International Group Ltd with the objective of jointly developing a “Green”
hydrogen production facility in Pakistan Targeting a 400MW capacity
hydrogen plant, with planned hydrogen production of approximately 150,000

kg per day.
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IV. lgas (IGAS.L)

9% change igas Energy PLC Ord
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Igas (IGAS.L) which currently produce c.2,000 barrels of oil equivalent per day
from c¢.100 sites across the UK is seeking to develop the production of
hydrogen at a number of its existing sites. Planning applications have been
submitted to produce hydrogen from two existing sites in Surrey - Albury and
Bletchingley. Should the company be successful in developing these “Blue”
hydrogen projects, |Gas is on track to produce the UK's first “Blue” hydrogen
ahead of other, refinery scale projects. This demonstrates that small-scale,
distributed hydrogen production will allow “Blue” hydrogen to be offered to

the market rapidly and will build resilience into new energy networks.
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V.  Chariot (CHAR.L)
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Chariot (CHAR.L), the Africa focused transitional energy company is well
known for The Anchois Gas Development Project which includes a 2C
resource of 361 BCF. However, on 27 September it announced it had signed
a Memorandum of Understanding to progress a potential “Green” hydrogen
development, denominated as "Project Nour", of up to 10GW. Project Nour
has been given exclusivity over an onshore and offshore area totalling
approximately 14,400 km?2 to carry out pre-feasibility and feasibility studies
with the intention of generating electricity from solar and wind resources to
be used in electrolysis to split water to produce “Green” hydrogen and

oxygen.

Char (c) Alpha Termninal
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Hydrogen production technology

. ITM Power (ITM.L)
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Perhaps the highest profile pure play hydrogen company is ITM power, the
operator of the world’s largest electrolyser facility. Last month, ITM
completed a £250m raise. The Group intends to use the net proceeds of the
Capital Raise principally to enable an acceleration of the Group's technology

capabilities and to expand its manufacturing capacity to 5GWs by 2024.

Il.  EQTEC (EQT.L)
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EQTEC is a globally recognised expert specialising in advanced gasification
with the overarching proposition of taking the carbon rich solid product of
waste, thermochemically converting into power, hydrogen and high value
fuels, which are then used in one of three broad applications: waste to
energy, clean biofuels and industrial energy. The Company remains on track
to achieve its previously stated 2021 revenue forecast of approximately
€15m, assuming timely closure of EQTEC projects as planned. This would
represent a 700% increase in revenue over the €2.2m in revenue delivered in
2020. Fellow AIM listed Kibo Energy* (KIBO.L) has recently signed Heads of
Terms with EQTEC to acquire a 54.54% interest in the proposed 25 MWe

Billingham waste gasification and power plant at Haverton Hill, Teesside, UK

Fuel cells

|.  AFCEnergy (AFC.L)
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AFC energy is a pioneer in the space of Alkaline fuel cells whose advantages
the Company argues includes, use of lower purity and cheaper hydrogen
(better fuel tolerance), more resilient to CO, CO2 and other fuel
contaminants, low-cost materials and manufacturing steps, scalable units —
10kW base module scalable to multi-MW, long operational life cycle. It has
taken time to reach commercial traction with just £0.15m revenue recognised

in H1 2021, but in the same half year report disclosed a current book of over
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fifty qualified fuel cell deployment enquiries - the majority of which represent
multiple order potential. AFC raised £36m in April and its target markets
include integrated high power Electric Vehicle charging systems, the data

centre market and latterly even urban airports.

II. Ceres (CWR.L)
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Ceres Solid Oxide SteelCell® fuel cells have benefitted from a number of
iterations and can generate power from conventional fuels like natural gas
and from sustainable fuels like biogas, ethanol or hydrogen and it does at very
high efficiency. Revenue and other income was up 96% in H1 2021 to £17.4m
(H1 2020: £8.9m). Ceres successfully raised net proceeds of £179m in March

in an equity raise including strategic investors, Bosch and Weichai Power.

Ceres has a new joint development programme for a 30kW stationary power
system with Weichai, increasing the commercial scope of the agreement
alongside transportation. Ceres has also developed a first-of-a-kind solid
oxide electrolyser (SOEC) 1IMW-scale demonstrator to become operational in
2022. Strong commercial interest and discussions are now in progress with

several commercial partners.



HYBRIDAN

YOUR PARTNER FOR GROWTH

22| Page

Bosch is to invest €400m into its solid oxide fuel cell (SOFC) business between
now and 2024. It plans to put up to 100 small-scale stationary fuel cell power
plants into operation this year. Meanwhile Doosan has signed a
memorandum of understanding with the shipbuilding division of Hyundai
Heavy Industries, to develop a marine system based on Ceres' proprietary

SOFC stack technology.

[Il.  Proton Motor Power Systems (PPS.L)
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Proton Motor Power Systems (AIM:PPS) has more than 20 years of
experience in power solutions using clean technologies such as hydrogen fuel
cells, fuel cell and hybrid systems with a zero carbon footprint. The focus of
Proton Motor is on back-to-base applications, including mobile, marine and
stationary applications. The product portfolio consists of base-fuel cell
systems, standard complete systems, as well as customised systems. Whilst
sales in H1 2021 were just £922k (H1 2020: £1.1m), order intake was £1.8m
for a total order book at the period end of £7.3m to be delivered by 2023,
including repeat orders from GKN, the international engineering and
aerospace group with quotes currently with customers exceeding a value of

€45m.
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Hydrogen Infrastructure

I.  Getech Group (GTC.L)

% change GETECH Group PLC
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Getech Group, whose geoscience and geospatial products and services have
historically been used to de-risk exploration programmes and improve their
management of natural resources, is applying these products, skills and

technologies to hydrogen, geothermal and strategic minerals.

Its subsidiary H2 Green is a developer of regional hydrogen hubs and is
working with multiple land asset owners, across hundreds of locations in the
UK, to assess their suitability to become city hydrogen hubs. It has entered
into a non-binding strategic agreement with Element Two Limited, the aim of
which is to supply “Green” hydrogen to their refuelling stations. Element Two
has plans to deploy over 800 pumps onto the UK network by 2027 and 2000
by 2030. H2 Green also has a non-binding Memorandum of Understanding

with Eversholt Rail to develop hydrogen supply solutions for the UK railway.
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Miscellaneous

I.  Pressure Technologies (PRES.L)

% change Pressure Technologies PLC
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In its trading statement of 12 November 2021, the specialist engineering
group reported that as expected, momentum had continued to build in the
fast-developing hydrogen energy market. It reported revenue of
approximately £2.2m (2020: £0.2m) driven by the success of its subsidiary
Chesterfield Special Cylinders optimised Type 1 steel cylinder designs that
meet customer demand for safe and efficient hydrogen storage across

projects in the UK, Europe and Australia.

As governments increasingly acknowledge the role of hydrogen in net zero
carbon targets for transportation and in decarbonising industry, hydrogen
energy storage remains a strategically important market for the Group. The
pipeline of opportunities for static and mobile hydrogen storage systems

continues to grow and the visibility of future demand is improving.
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Il.  Invinity Energy Systems (IES.L)

9% change Invinty Energy Systems PLC Ord
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Invinity Energy Systems, the manufacturer of vanadium flow batteries for the
large-scale energy storage requirements of businesses, industry and
electricity networks has shown how renewable energy, battery storage and
“Green” hydrogen production can work in synergy together. The European
Marine Energy Centre (EMEC) has purchased a 1.8 MWh vanadium flow
battery (VFB) system for delivery in 2021.

EMEC will use the system at their facility on the Isle of Eday, located in the
Orkney Islands off the northeast coast of Scotland, in a project that has
received £1.8m of funding from the Scottish Government via Highlands and
Islands Enterprise. Approximately two-thirds of the funding amount relates

to the Invinity battery system, ancillary components and associated services.

In a first for the technology, Invinity's VS3 vanadium flow battery system will
smooth output from tidal electric generation and provide consistent power
to EMEC's hydrogen production plant. The complete system, combining tidal
power, robust energy storage, and electrolyser technology, is expected to
create large amounts of hydrogen every year without emitting carbon at any

stage of the process.
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We see plenty of companies, particularly those focussed on fossil fuels
shifting their business models so that they can benefit from the emergence

of the hydrogen economy.
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lll.  HydrogenOne Capital Growth (HGEN.L)
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Chart (c) Alpha Terminal

In July this year HydrogenOne Capital Growth (HGEN.L), the first London
listed hydrogen fund, offering growth potential in clean hydrogen and
related technologies joined the Official List, raising £105m. The shares are

up 18% year to date.

V.  Tlou Energy (TLOU.L)
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In May this year, Tlou Energy (TLOU.L) focused on delivering power in

Botswana and southern Africa through the exploration and development of
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gas, solar and hydrogen and announced that it was developing a hydrogen
strategy to complement the Company's gas-to-power project. Tlou is well-
positioned to produce hydrogen from different methods. The Company has
large and proven resources to develop these products. Methane for carbon
and hydrogen, readily available water for hydrogen and oxygen, and virtually

unlimited CBM (Coal Bed Methane)/ solar power to drive the process.

In July 2021, Tlou announced announce a binding Heads of Agreement (HOA)
with Synergen Met Pty Ltd a leading hydrogen developer using plasma
technology. The HOA envisages the construction and commissioning of a
hydrogen and solid carbon prototype to be installed at the Lesedi Project in

Botswana.

V. UKOil & Gas (UKOG.L)
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UK Oil & Gas (UKOG.L) has been positioning the Loxley project, one of the UK
onshore's largest ever gas discoveries, as a source of feedstock for

reformation into hydrogen, a key new sector to help the UK meet net zero.
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VI.  Harland & Wolff Group (HARL.L)
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Harland & Wolff Group, the shipyard and energy infrastructure group last
month been notified by the Department of Agriculture, Environment & Rural
Affairs (DAERA) that it will issue the Environmental Consent Decision, Marine
Licence, reviewed Abstraction Licence and Discharge Consent for the
Islandmagee Gas Storage project. The Project's gas caverns have the ability
to enable Northern Ireland to become a net exporter of energy to the wider
United Kingdom. The Company believes that the project can be well utilised
to transition from the storage of natural gas to a blend of natural gas and
hydrogen, and, finally, to hydrogen storage in all its caverns. These caverns
will not only help provide security of energy supply but will also create

flexibility to help balance the grid throughout the year.

ha Terminal
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VIl.  Primorus Investments (PRIM.L)
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AIM Listed Primorus Investments, whose focus includes the natural
resources, energy, clean technology, financial technology, business
technology, infrastructure, property, consultancy, brand licensing and leisure
sectors, last month agreed invest up to £350,000 in Alteration Earth PLC, a
recently established special purpose acquisition company that will consider
any investment that presents itself within the clean technology including

hydrogen production and technology.
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VIIl.  Vela Technologies (VELA.L)
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Vela Technologies (AIM: VELA) announced in February 2021 that it had
invested £350,000 in Aeristech Limited, a producer of efficient, power-dense
compressors for hydrogen fuel cells, as part of Aeristech's £5.1m pre-IPO
funding round. In September 2021, Sprintex (ASX: SIX) announced a
collaboration agreement with Aeristech which will facilitate Sprintex's
penetration into the high-growth and lucrative hydrogen energy and clean air
markets. Sprintex is establishing a new production and testing facility in China
which would produce several electrical compressor (eCompressor) platforms.
Aeristech's proprietary designs will form a key component of these platforms

for use in hydrogen fuel cell vehicles.
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IX.  Sabien Technologies (SNT.L)
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Sabien Technology Group (SNT.L), the Company focused on a Green
Aggregation Strategy, announced last month that it was in exploratory
discussions with Proton Technologies Canada Inc., with the purpose of
examining the scope for co-operation between the two companies during
October 2021 related to the potential synergies between their respective

technologies and projects.

Specifically, Sabien is keen to understand the potential for its waste-to-fuel
process being deployed in conjunction with Proton's hydrogen production
technology. In this regard, Sabien referred to the Sales Agency Agreement
(announced 15 September 2021) into which it entered with City Oil Field
(COF) Incorporated of South Korea which provides that Sabien acts as sales
agent for COF's proprietary technology that focuses on the production of light
and ultra-pure fuel products from low temperature processing of end-of-life
plastics. In advance of more detailed discussions with Proton, Sabien has
entered into a subscription agreement with Proton for the investment of

£100,000.
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Wood Group (WG..L), the global consulting and engineering company, with
roots firmly in the Oil & Gas and Nuclear sectors, is increasingly focussed on
renewables. Wood Group recently joined the Hydrogen Council as a steering
member. The Council is a CEO-led initiative to accelerate the energy
transition through hydrogen solutions. Recent awards include framework
agreement with NEL Hydrogen for services to support the delivery of large-

scale “Green” hydrogen production plants.
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Xl.  Ricardo (RCDO.L)
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At present hydrogen projects represent a relatively small part of
environmental, engineering and strategic consulting company Ricardo’s
business mix. However, it has delivered over 60 hydrogen projects globally to
date and underlined the importance of hydrogen to its future in a Technical
Deep Dive - 'Hydrogen: Why now?' delivered to investors on 9 November

2021.
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XIl.  RIOTinto (RIO.L)
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FTSE 100 Rio Tinto (RIO.L) has signed several partnerships to study whether
hydrogen can replace natural gas in alumina refineries to reduce emissions
and defence giant BAE (BA.L) systems is collaborating with Plug Power
(NASDAQ: PLUG), a supplier of hydrogen engines and fuelling systems, to
offer hydrogen-based electric propulsion systems for transit bus fleets.
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Eurowag (WPS.L) which undertook its Initial Public Offering in October this

year is a leading pan-European integrated payments & mobility platform
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focused on the commercial road transportation industry. It seeks to be at the
forefront of driving digital adoption for logistics service providers, helping
businesses run more efficiently, make data-driven decisions and facilitating

the shift to lower-carbon alternative fuels like hydrogen and LNG.

Eurowag's seamless solutions and high-quality customer service have driven
a proven track record of growth and profitability, with average 32% revenue
growth since 2018, >110% average net revenue retention supported by a
successful cross and upselling model, and a consistently high adjusted EBITDA

margin with approximately 46% delivered in 2020.

XIV.  Haydale Graphene (HAYD.L)
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Haydale Graphene announced in September that it had signed a contract to
provide engineering support to hydrogen power start-up Viritech Ltd. Nano-
material producer Haydale will support Viritech with consulting engineering
support services, including pressure vessel design, structural analysis, and
material science analysis. The two companies will work together on the
testing and development of type four structural composite pressure vessels

for hydrogen storage.
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XV.  Star Phoenix (STA.L)
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Star Phoenix, an AIM listed company (AIM: STA) focused on growth through
attractive opportunities announced in July that it had signed a non-binding
agreement with a national university in Australia, Curtin University, to jointly
explore, appraise and develop natural hydrogen opportunities in Western
Australia. For hydrogen to be produced naturally, it requires water to be

passed over and/or through the iron-rich geological formation.

This source of hydrogen, for example, was found on the Hydroma Inc site in
Mali, where hydrogen is continually produced from a natural trap, and then
piped to a gas turbine which in turn, produces 100 KVA of power to supply
electricity to a local village. The Directors of Star Phoenix believe Western
Australia represents significant potential for the production of natural
hydrogen from the iron-rich deposits occupying over 650,000 km2 (although
at this stage there can be no guarantee that any natural hydrogen will be

identified in economic quantities).
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Summary

As this snapshot shows, there is no shortage of ways to play the hydrogen
sector, be it production, propulsion technology, industrial usage, or the
infrastructure required to make this a reality. However, the potential scale of

the opportunity is enormous.

Aurora Energy‘s November 2021 report indicated 342.9 GW of projects
planned for delivery by 2040 in Europe, an increase of 90 GW since the April
edition. This is however just a small step towards the estimated USS12tn
addressable market for that “Green” hydrogen could create by 2050 for the
utilities industry alone. (source: Green Hydrogen: the next transformational driver of the utilities,
Goldman Sachs, 2020)

We have only just begun to unlock the earthly potential of the universe’s
most abundant element, and as such valuations for hydrogen pure plays are
implying some very high growth rates, and early investors in the sector have
already enjoyed some handsome returns. At the same time, elevated
valuations combined with a not fully defined sector combine to create not
inconsiderable downside risk. As with all nascent sectors, there are certain
common factors that we believe investors should keep in mind when it comes
to stock selection. These include financial prudence and transparency. This
should however not be confused with a reluctance to commit capital, but
capital should be used wisely. Diversification is another key factor to look out
for, as it remains to be seen which technologies, industries, and territories

will lead the way in terms of hydrogen production and usage.

Investors must also be wary of those companies merely trying ride the latest
wave, with ESG disclosures already having heralded the phenomenon of
green-washing. We are already seeing a move towards the tightening of
disclosure standards on those seeking to claim a lower carbon footprint
through the use of hydrogen, with an initiative launched at COP26 by the
Switzerland-based non-profit Green Hydrogen Organisation (GH2), and the

UN High-Level Climate Action Champions to create a global “Green”
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Hydrogen Standard. The new standard would address the total greenhouse
gas emissions of each batch of “Green” hydrogen, to guarantee that it was
produced using renewable energy with close to zero emissions; the overall
environmental, social and governance (ESG) performance of GH2-certified

hydrogen; and the impact of green H2 development in developing countries.
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Disclaimer

This document, which does not constitute research, has been issued by Hybridan LLP for information purposes only and should
not be construed in any circumstances as an offer to sell or solicitation of any offer to buy any security or other financial instrument,
nor shall it, or the fact of its distribution, form the basis of, or be relied upon in connection with, any contract relating to any such
action. This document has no regard for the specific investment objectives, financial situation or needs of any specific person or
entity and is not a personal recommendation to any such person or entity. Recipients should reach an individual investment
decision, based upon their respective financial objectives and financial resources and, if any doubt, should seek advice from an
investment advisor.

The information contained in this document is based on materials and sources that are believed to be reliable; however, such
information has not been independently verified and therefore it is not possible to confirm such information as being accurate.
This document is not intended to be a complete statement or summary of any securities, markets, reports, or developments
referred to herein. No representation or warranty, either express or implied, is made or accepted by Hybridan LLP, its members,
officers, employees, agents, or associated undertakings in relation to the accuracy, completeness or reliability of the information

contained in this document, nor should it be relied upon as such.

The content of this document includes market commentary and other information which we have prepared in relation to companies
referred to in this document

The provision of this document to you constitutes a minor non-monetary benefit which is capable of enhancing the quality of
service provided by Hybridan LLP and which is of a scale and nature which could not be judged to impair the duty of Hybridan
LLP to act in the best interest of its client falling within article 24(7)(b) of the UK retained version of Regulation 600/2014/EU
(MIFID 1l Regulation).

This document has been prepared by Derren Nathan, an employee of Hybridan LLP.

Any and all opinions expressed are current as of the date appearing on this face of this document only. Any and all opinions
expressed are subject to change without notice and Hybridan LLP is under no obligation to update the information contained
herein. To the fullest extent permitted by law, none of Hybridan LLP, its members, officers, employees, agents, or associated
undertakings shall have any liability whatsoever for any direct or indirect or consequential loss or damage (including lost profits)

arising in any way from use of all or any part of the information in this document.

This document should not be relied upon as being an independent or impartial view of the subject matter and, for the avoidance
of doubt, constitutes non-independent research (as such term is defined in the Financial Conduct Authority's Conduct of
Business Sourcebook to reflect the requirements of the UK retained version of MIFID Il Regulation and Directive 2014/65/EU
(known as MIFID II)). The individuals who prepared this document may be interested in shares in the company concerned and/or
other companies within its sector, may be involved in providing other financial services to the company or companies referenced
in this document or to other companies who might be said to be competitors of the company or companies referenced in this
document. As a result both Hybridan LLP and the individual members, officers and/or employees who prepared this document
may have responsibilities that conflict with the interests of the persons who receive this document. Hybridan LLP and/or connected
persons may, from time to time, have positions in, make a market in and/or effect transactions in any investment or related

investment mentioned herein and may provide financial services to the issuers of such investments.

In the United Kingdom, this document is directed at and is for distribution only to persons who (i) fall within article 19(5) (persons
who have professional experience in matters relating to investments) or article 49(2) (a) to (d) (high net worth companies,
unincorporated associations, etc.) of the Financial Services and Markets Act 2000 (Financial Promotion) Order 2005 (Sl
2005/1529) (as amended) or (ii) persons who are each a professional client or eligible counterparty (as those terms are
defined in the Financial Conduct Authority's Conduct of Business Sourcebook) of Hybridan LLP (all such persons referred to in

(i) and (ii) together being referred to as relevant persons). This document must not be acted on or relied up on by persons who
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are not relevant persons. For the purposes of clarity, this document is not intended for and should not be relied upon by any

person who would be classified as a retail client under the Financial Conduct Authority's Conduct of Business Sourcebook.

Neither this document, nor any copy of part thereof may be distributed in any other jurisdictions where its distribution may be
restricted by law and persons into whose possession this document comes should inform themselves about, and observe, any
such restrictions. Distribution of this report in any such other jurisdictions may constitute a violation of territorial and/or extra-

territorial securities laws, whether in the United Kingdom, the United States, or any other jurisdiction in any part of the world.

Where possible this document is made available to all relevant recipients at the same time. Dissemination of research by Hybridan
LLP is monitored to ensure that it is only provided to relevant persons. Research prepared by Hybridan LLP is not intended to be

received and/or used by any person who is a retail client.

Hybridan LLP and/or its associated undertakings may from time-to-time provide investment advice or other services to, or solicit
such business from, any of the companies referred to in this document. Accordingly, information may be available to Hybridan
LLP that is not reflected in this material and Hybridan LLP may have acted upon or used the information prior to or immediately
following its publication. In addition, Hybridan LLP, the members, officers and/or employees thereof and/or any connected
persons may have an interest in the securities, warrants, futures, options, derivatives, or other financial instrument of any of the

companies referred to in this document and may from time-to-time add or dispose of such interests.

This document may not be copied, redistributed, resent, forwarded, disclosed, or duplicated in any form or by any means, whether

in whole or in part other than with the prior written consent of Hybridan LLP.

MIFID Il status of Hybridan LLP research

The cost of production of our corporate research is met by retainers from our corporate broking clients. In addition, from time to
time we issue further communications as market commentary (such as our daily newsletter, Small Cap Feast), which we consider
to constitute a minor non-monetary benefit which is capable of enhancing the quality of service provided by Hybridan LLP and
which is of a scale and nature which could not be judged to impair the duty of Hybridan LLP to act in the best interest of its client
falling within article 24(7)(b) of the UK retained version of MIFID Il Regulation.

Hybridan LLP is a limited liability partnership registered in England and Wales, registered number OC325178, and is authorised
and regulated by the Financial Conduct Authority and is a member of the London Stock Exchange. Any reference to a partner in
relation to Hybridan LLP is to a member of Hybridan LLP or an employee with equivalent standing and qualifications. A list of the
members of Hybridan LLP is available for inspection at the registered office, 2 Jardine House, The Harrovian Business Village,
Besshorough Road, Harrow, Middlesex HA1 3EX.

If you would like to unsubscribe, please email enquiries@hybridan.com with “unsubscribe me”.
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