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At last: the potential of hydrogen is finally about to be 
unlocked. With the future of low-carbon energy at stake, 
hydrogen is moving from tantalising theory to tangible plants 
and production facilities. Can this abundant source of energy 
live up to its potential?
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It’s sensible to be cautious at this tipping point. The challenge of creating a new hydrogen 
infrastructure alone is significant. Yet it’s exciting to be participating in a truly historical 
moment in engineering - the acceleration of a new energy source to help power the 
global net zero transition. With costs of production falling, hydrogen technology is ripe for 
innovation and economies of scale. And every year, research is unlocking new possibilities.

This pace at which hydrogen is developing can be disorienting, hope blurring with hype. 
In this magazine, you’ll find us cutting through, focusing on only the most promising 
uses of hydrogen and carefully assessing the ways in which it could be transformational. 
From steel to storage, the opportunities are real and they’re here, but nursing them from 
concept to concrete case will take time, clarity, and collaboration.

Hydrogen won’t solve all our problems. Nor should it. But as a flexible, accessible, and 
storable source of energy, it’s a strong contender - and in an uncertain world that’s cause 
for optimism. To bring about the green future at the centre of our Net Zero vision, we need 
to think holistically and strategically about how to best apply our toolbox of technologies. 
Hydrogen, a bountiful resource on which life already depends, could be the vital element.
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Accompanying Germany’s strategy are 
accompanying measures detailing the 
steps needed to turn forecast into reality. 
Totalling around €13bn of investment, this 
nationally-coordinated effort gives industry 
the clarity necessary to make long-term 
decisions. 

Meanwhile, the French government is 
investing €7bn into the development of 
low-carbon hydrogen, with the aim of 
producing 10% carbon-free hydrogen by 
the end of 2023. 

In the UK, hydrogen business models 
are yet to come into force – they’re not 
expected until 2025. Given that the current 
target is to decarbonise power by 2035, 
this is too late.

of material extraction, processing and 
waste management of a huge quantity of 
disaggregated goods.

These are reminders that, to me, relying on 
one single technology can be very short-
sighted and high risk.

How can we integrate 
hydrogen into the  
Net Zero transition?
Different countries are trying different 
approaches. In Europe, we’re seeing 
investment in hydrogen. Germany, for 
example, is one of several countries 
with a dedicated hydrogen strategy, 
including concrete targets and projections 
for hydrogen supply and demand. 

If we’re serious about a Net Zero future, 
we need to take a whole system view: a 
clear understanding of where hydrogen 
fits into the energy mix and where we best 
deploy it will enable us to create the right 
commercial conditions to deliver it. This 
can give us the momentum we need to roll 
out hydrogen in a way that’s safe, cost-
effective, and relevant to our needs. 

Dr. David Cole
Market Lead, Net Zero 
Energy Business

about hydrogen is that it doesn’t naturally 
exist. You have to make it, then store it, 
then direct it to where it needs to be used. 
And there are lots of ways in which it can 
potentially be used. Is it going to be used 
in the energy system? Is it going to be 
used for industrial purposes like making 
fertilisers or steel? For heavy or light 
transportation, or domestic heating?

All of those possibilities are going to be 
influenced by various technological and 
commercial factors. The critical question, 
though, will be - how much will it cost 
to use hydrogen and is that the most 
economic use case?

If you take the example of energy it’s 
really important to look at it on a whole 
system basis. What is our future energy  
system going to look like and how will it 
interface with hydrogen? Does that meet 
our sustainability criteria? But also does 
it meet our requirements for security of 
supply and also affordability? These are 
fundamental questions we need to ask 
about how we’re going to use hydrogen. 

However, we do know we need something 
to store energy and we need something to 
replace other fuels and products. So I think 
hydrogen absolutely has a key role to play 
in a Net Zero and energy secure future, but 
the question is more how we deploy it - 
and that’s still unresolved.

Dr. David Cole was in conversation with Dr. Emily Grossman for The Hydrogen Show
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The future of hydrogen 
will be defined by broad 
challenges and enormous 
opportunities. But how will 
we negotiate the challenges, 
exploit the opportunities, 
and reshape energy 
markets around sustainable 
principles? David Cole, 
Market Director for Atkins’ 
Net Zero Energy business, 
describes the path ahead, 
the obstacles that block our 
way, and his insight into how 
best to deploy hydrogen so 
that it helps us transition to a 
cleaner, greener world.

What role do you see 
hydrogen playing in  
the Net Zero transition?
There’s no doubt that hydrogen has a  
significant role to play in our Net Zero 
future, across the world and across many 
different sectors.

However, the first thing to remember 

There’s a lot of emphasis 
on electrification - is that 
not the answer?
As an engineer, a key thing for me is how 
we minimise risk. The best way to achieve 
that is by having a diversity of options, 
not predicting or relying on any single one 
solution, especially with challenges of 
this kind of scale. There are big question 
marks over battery technology as well - 
we still don’t know whether it will be able 
to store grid scale type energy volumes, 
the gigawatt hours and the terrawatt hours 
that we need to keep the lights on. That’s a 
massive challenge.

Scaling batteries will be limited by the 
laws of physics. And on top of that, you 
also have to think about the whole life 
cycle of the technology as well as how it 
operates within the system. There is an 
awful lot of raw materials that go into some 
of these solutions - like lithium, cobalt 
and such - and as we’ve shown over the 
last year, predictions of how much those 
materials are going to cost and where you 
source them from have been shown to be 
a little bit unreliable. Likewise, across the 
globe, different countries have very similar 
strategies which is also driving prices up. 

In addition to the volume of materials and 
price unpredictability, we will also have 
to manage the environmental impact 

The road to hydrogen:  
Dr. David Cole speaks about 
the potential and perils ahead
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energy demand. To mitigate the higher 
electrical costs, operators of EAFs spin 
the reserves on grid. But this problem 
can be mitigated by modulating 
electrolysers with some hydrogen 
storage attached, increasing energy 
efficiency. 

Elemental factors
These electrolysis solutions make 
hydrogen very promising in the 
decarbonisation of steel. But there are 
still several vital considerations which 
must be weighed up before embarking on 
the journey. Depending on which type of 
solution is selected, plant modifications 
could end up being extensive. Factoring 
this cost in from the start could be the 
difference between an accurate business 
case and selecting a less commercially 
viable path. 

Finally, availability of clean electricity at a 
high capacity factor and therefore location 
is crucial. Hydrogen projects struggle to 
make business sense if they are below 
~60% operating capacity. Realistically, 
they must aim to operate at greater 80% 
capacity and above. That’s why location 
is so important. Having a nuclear plant, 
hydroelectric plant nearby, or large-scale 
storage such as pumped hydro coupled 
with renewables, you can get close to or 
even hit 100% capacity, strengthening the 
business case and, ultimately, profitability.

expenditure cost, industry cannot afford 
to delay. Faced with uncertainty and the 
challenges of emerging technology, how 
can industry decide which path to take to 
deliver net zero?

Hydrogen’s helping hand
To achieve Net Zero, average direct CO2 
emissions must decline 60% by 2050, to 
0.6 tonnes of CO2 per tonne of steel, a 
near impossibility with coal and gas. Since 
steel making processes tend to be very 
energy intensive, the interdependency 
with energy production becomes 
critical. Hydrogen can help bridge this 
interdependency, if sufficient clean energy 
sources can be built quickly and cheaply 
enough. 

There are three main electrolysis 
technologies for hydrogen production 
with varying costs and benefits: Alkaline 
electrolysis, Proton Exchange Membrane 
(PEM), and Solid Oxide Electrolyser Cell 
(SOEC). Each at varying stages of maturity, 
each delivers a different balance of 
benefits, some of which aren’t immediately 
obvious but can have a big impact on the 
business case. Selecting the right one 
depends on power source, site constraints 
and end use case there is not a one size 
fits all solution. 

SOEC can offer heat integration, 
generating 30% higher electrical efficiency 
than PEM or Alkaline electrolysis. In steel 
plants using Electric arc furnaces heat can 
be recovered from the off gas and when 
combined with a thermal buffer system 
produce steam suitable for SOEC. The 
total hydrogen production from SOEC 
of approximately 6 tonnes per hour can 
be realised from a single 150 MW EAF, 
yielding huge process efficiencies.

All Electrolysers can ramp up and 
down with SOEC being the slowest 
and PEM being the fastest. Modulating 
electrolyser utilisation can create 
additional value  through grid services, 
by offsetting on/off fluctuations in 
steel facility power demand. Electric 
arc furnaces (EAF) are the second-
biggest steelmaking technology. But 
since the furnace has a batch cycle, 
it causes significant fluctuation in 

A healthy plant
Having these insights from the start 
informs the business case, improving 
decision-making and ultimately outcomes. 
To make optimal decisions, and to make 
steelmaking plants fit for the future, we 
must integrate knowledge of energy, 
innovation, geography, and business. The 
obstacle isn’t ignorance or inertia, but 
uncertainty over price, technology, and 
supply chain constraints. In industry, the 
uncertainty around energy is intense. 
Will changing government policy and 
incentives affect technology selection 
choices? At what point Is closing a site 
or moving production to another country 
a more viable option than attempting to 
decarbonise an existing asset?

We’re living through a paradigm shift, and 
with shifts come shocks, Hydrogen has the 
potential to help overcome some of this 
uncertainty. Investing in sustainable power 
generation demands investment, planning, 
and foresight, but when done correctly 
it can offer greater autonomy, reducing 
the risk of being beholden to energy 
price spikes or of falling foul to shifting 
regulation. Decarbonising steel won’t be 
easy, but it will be worth it. 
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Steel and sustainability: 
How hydrogen can help 
industry decarbonise
Net Zero depends on rapidly 
decarbonising industry. 
Industry accounts for a 
sizeable portion of global 
carbon emissions, yet energy 
intensive processes like 
steel production are hard to 
abate. Industry must rapidly 
reshape itself around cleaner 
processes, and pressure from 
regulators and markets alike 
is forcing action. Hydrogen 
can  play a major role in the 
switch to sustainable steel - 
but to succeed, its application 
must be holistic.

considerations impacting the business 
case of the technology and tactics 
deployed to decarbonise, from geographic 
location to the size, and type of product. 
Understanding these nuances can be the 
difference between progress and failure. 

Making such a fundamental transformation 
at speed carries risk but, with energy 
security under the spotlight, pushing up 
costs and threatening production rates, 
and global market prices surging, the 
biggest risk is standing still. Regulations 
are getting tighter, potentially impeding 
trade as countries look to heavily tax 
carbon intensive imports. Energy security 
is becoming harder to ascertain, making 
importing energy across large distances 
less and less viable. And markets are 
moving fast consumers and governments 
are beginning to demand cleaner steel 
in their cars and infrastructure. So while 
there is a technology risk and a capital 

Steel is a critical resource upon which 
countless industries depend and will be 
central to the global net zero transition, 
from wind turbines to new buildings 
and infrastructure. The world’s major 
steel producers including the UK, 
EU, USA, Canada, China, Russia and 
India, representing 90% of global steel 
production have set legally binding pledges 
to be Net Zero by 2070, yet carbon capture 
and offsetting won’t be enough to get 
there. To reach Net Zero, the steel industry 
will have to make the jump to cleaner 
energy sources and it’s a considerable 
leap.   

The technology needed to produce 
cleaner steel is already at hand. But 
making this transition is about much 
more than new technology. Changing 
energy sources in steel production plants 
is complex and there is no one-size-fits-
all solution. Each site will have its own 

Gareth Richardson
Low Carbon Technology Lead



Secure and resilient: these 
are fundamental features of 
a healthy energy system. Yet 
with volatile global markets 
and the growing prevalence 
of renewable technology 
increasing intermittency 
on energy systems, it’s 
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clear that  these issues are 
more pressing than ever 
and will be fundamental to 
transitioning successfully 
to Net Zero.  Energy storage 
has always played a vital 
role in establishing security 
of supply – back-up reserves 

to draw upon when margins 
are tight and fuel supply is 
limited – yet as we shift away 
from fossil fuels, nascent 
storage technologies hold the 
key to underpinning a truly 
sustainable energy system. 
And of them all, hydrogen is 
looking like our safest bet.

Net Zero is transforming our energy 
systems. Last year, just over a quarter 
of global electricity consumption came 
from renewable sources, a giant leap 
forward from even five years ago. Yet, as 
the current European energy crisis has 
demonstrated, that transformation is still 
lacking a viable alternative to natural 
gas. As steady, dependable coal and gas 
plants are gradually replaced with cleaner 
yet intermittent sources, consistent 
yet variable mismatches are appearing 
between supply and demand, an issue 
that will be exacerbated as our energy 
systems grow to accommodate increased 
electrification of industry, heating and 
transport. Nuclear energy will help to 
address this – its ability to provide reliable 
baseload power will be a cornerstone 
of net zero energy systems – yet a new 
generation of nuclear plants is still under 
development. 

For Net Zero to truly work, a diverse range 
of carbon-free solutions is urgently needed 
to plug the gaps and stabilise the system, 
matching both short term and long-term 
surges in demand. A secure and reliable 
way of managing those fluctuations is 
now no longer just of environmental 
importance: unless we find a different 
path, we’ll be destined to endure further 
cycles of energy instability - and the 
economic and political fragility that result 
from them. 

Continued >
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Of storage and security:  
How hydrogen can make our 
energy supply more stable
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Braving the element
Enter hydrogen. As both an energy vector 
and an energy store, hydrogen can help 
provide a secure, low-carbon energy 
source capable of being stored at volume. 
Projects around the world are exploring 
the storing of hydrogen in existing 
underground facilities such as salt caverns 
and depleted reservoirs, in many cases 
attempting to use the existing natural gas 
infrastructure. Using these facilities to 
store hydrogen is technically feasible – and 
the challenges of broadening their storage 
capacity to the scale and conditions now 
required are well understood. 

Scaling up will be challenging. However, 
hydrogen has some key benefits. It can 
be zero carbon, it is comparably easy to 
store in volume and theoretically, using 
so-called ‘green hydrogen’ made from 
renewables and water, its supply chain will 
be robust and able to incorporate a large 
amount of local production. It is critically 
one of the few forms of energy storage 
that could actually be scaled up to meet 
electrical demand over a period of several 
weeks, and therefore, unlike hydropower 

or nuclear, can realistically complement a 
renewable-based energy system. What’s 
more, the stored fuel can be used for 
multiple uses: sustainable transportation 
fuel or powering industrial processes as 
well as its ability to convert to electricity. 
These qualities make hydrogen a strong 
contender as both a clean energy source 
and an enabler of a more stable, secure, 
and resilient energy system. 

The storage industry is now mobilising 
to underpin the feasibility of these 
underground projects with a solid business 
case built upon both the production 
and future use of the hydrogen. Their 
success will be a major step in unlocking 
hydrogen’s potential as an effective energy 
storage system.

Storing up for the future
There’s a long way to go. Today’s energy 
system wasn’t built overnight, and 
tomorrow’s won’t be either. However, time 
is of the essence and planning must start 
now to create certainty across the value 
chain in determining where hydrogen 
best fits in to the net zero transition. This 

will provide the clarity on consumption 
and quantities needed to both produce 
and store it in the most efficient and 
commercially sound way. 

With any new form of energy storage 
supplanting natural gas, a major shift in 
infrastructure and thinking will be required 
and the groundwork will need to be laid 
soon. With the right approach, not only can 
we reach Net Zero on time, but we can also 
make tomorrow’s energy system more 
durable and dependable too.
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Better safe than sorry
Energy storage is at the core of solving 
this problem, providing reserves to rapidly 
draw upon to provide the necessary 
flexibility and resilience to the system. 
Yet we need to be clear-sighted about 
what type of storage is required and what 
technology best fits this requirement: in 
the race to restore resilience, we must see 
the bigger picture and invest accordingly, 
efficiently allocating resources to the 
technologies that will make the biggest 
impact.

Our path to Net Zero is already 
uncertain and will require fundamental 
transformation across industries. That 
makes it particularly exposed to supply 
shocks and price instability. To learn from 
the lessons of the hydrocarbon model 

of energy production and storage and its 
exposure to global supply chains, we must 
ensure a diverse and flexible foundation 
upon which our Net Zero energy system 
can be concretely constructed.

Battery running low
Battery technology is developing 
at amazing speed. Yet despite the 
considerable growth in the industry and 
efficient ideas such as using electric 
vehicle batteries as a smart grid of 
storage, no battery technology that 
might be capable of managing demand 
on the necessary scale is on the horizon, 
let alone nearing availability. Prices of 
lithium, currently the dominant material 
for battery production (and therefore the 
booming market for electric vehicles), look 
likely to stay high. Questions concerning 

the environmental impact of mass lithium 
mining and processing are growing 
louder, and the industry lacks an effective 
recycling technology. Space too, will be a 
real concern.

The fundamental problem, however, is one 
of scale. By 2040, it’s estimated that global 
battery storage installations could reach 
a capacity of 3 TWh, contrasted with an 
estimated renewable production of 1,000 
TWh in Germany alone. This, combined 
with the fact battery is fundamentally a 
way to provide power over a short duration 
of hours, means battery storage can only 
ever be effective over extremely short 
timescales: good for maintaining system 
frequency and swiftly coming online to 
plug real-time gaps between supply and 
demand, but not a solution for longer-term 
resilience over days and even weeks. 

Chris McMichael  
Energy Storage Engineering  
Delivery Manager
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Business, tourism, trade, personal 
connection: the contemporary world 
depends on aviation. Yet the world’s 
aircraft fleet emits as much carbon 
as an entire country, with a similar 
emissions profile to Ireland. Moreover, as 
development continues, people will take to 
the skies even more. If aviation continues 
its current growth trajectory, it will use 
up its carbon budget for 2020-2050 by 
2038; and, by 2050, it will have emitted 50 
gigatonnes of carbon dioxide, more than 
double its carbon budget and threatening 
the feasibility of national and global 
climate targets.

Aviation emissions are hard to abate, 
yet the technological challenge is 
surmountable. Any solution must replace 
kerosene, the fossil-based jet fuel, with 
a low carbon fuel alternative. The good 
news is that there are several rapidly 
maturing options coming into availability: 
Sustainable Aviation Fuel (SAF – made 
from biological or solid waste feedstock), 
eFuel (a synthetic SAF variant), batteries, 
and hydrogen are all at varying levels 

of development, and all show promise. 
Whilst alternative fuels can resolve aircraft 
carbon dioxide emissions, they need to 
be implemented within the wider aircraft 
ecosystem. From refuelling to regulations, 
aviation infrastructure must be adapted 
at scale and speed to integrate with the 
new fuel alternatives. Each low-carbon 
fuel type has a different pathway and 
is likely to mature at different rates. 
The future aviation fuel mix is likely to 
be a combination of multiple options, 
dependent on aircraft size, range, payload, 
and availability of the correct fuel at 
departure point and destination.

Finding the energy
With the forecast growth rate of aviation 
the infrastructure demands for all 
alternative fuel routes will be substantial, 
in particular the huge volume of low 
carbon energy required to enable its 
production. That’s why the most effective 
decarbonisation solution will most likely 
be a mix of all the alternative fuel options, 
used tactically where they are most 

appropriate. 

However, regardless of the alternative 
fuel in question, the challenge of providing 
enough energy for a growing sector is 
huge. Taking estimated energy efficiencies, 
a forecast fuel mix, and comparing with 
the energy demand of flight (allowing for 
forecast growth) suggests that, by 2070, up 
to 44,000 TWh of energy each year will be 
required to generate the volumes to meet 
global aircraft fuel demand. Almost all 
of this energy will need to be provided as 
electricity. 

It is a huge volume: by comparison, global 
electricity use for 2021 was approximately 
27,500 TWh. Beyond aviation, electricity 
demand will increase as a result of many 
sectors’ decarbonisation pathways, putting 
even greater demands on clean electricity 
generation. In such a pressurised context, 
it’s vital for the aviation sector to have a 
clear, compelling masterplanning and 
business case for its alternative sources of 
power - so that providers upstream are able 
to ramp up production to meet demand. 

Continued >

12

Ready for take-off?  
Fuelling sustainable aviation

Switching from fossil fuel 
is the only viable way to 
decarbonise aviation. And 
the industry is already 
accelerating new aircraft 
technology and alternative 
fuel sources, mapping the 
industry’s route to net zero. 

Hydrogen is set to play a 
part in reaching ‘jet zero’, but 
forecasting future demand 
is difficult. This poses a 
challenge: powering aircraft 
is a compelling use case, but 
the pathways to this scenario 
are unclear and strewn 

with obstacles. By better 
understanding the use case 
for hydrogen and the aviation 
industry’s unique challenges, 
we can gain greater visibility 
of future demand, giving our 
sector the confidence we 
need to scale up sustainably. 
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James Domone 
Principal Engineer

pressurised storage, for application in 
aircraft, necessitating increases in onboard 
system mass to achieve these. The 
required pressurisation makes storage in 
wing fuel tanks very difficult to achieve 
efficiently and tends towards fuselage 
storage. Even with cryogenic cooling 
and pressurisation, hydrogen requires a 
greater volume of storage than kerosene, 
requiring additional structural mass to 
accommodate. This additional system 
weight is unlikely to be compensated 
for by increased aerodynamic efficiency, 
necessitating increased structural 
optimisation along with potential range or 
payload reductions – which means more 
disruption for aviation infrastructure and 
operating models.

Turbulent times
Despite the uncertainty, we can still 
calculate energy demand and forecast 
scenarios for hydrogen usage in aviation. 
As technology develops, different fuel 
mixes could prove optimal. These 
technologies don’t exist in a vacuum, 
but will mature at different rates. A 
breakthrough in power density could see 
battery technology becoming available for 
larger aircraft classes. Advances in aircraft 
technology supporting hydrogen-powered 
flight could see hydrogen being adopted in 
widebody aircraft sooner than anticipated. 

Airbus estimates that narrowbody 
hydrogen aircraft will be available from 

2035, with widebody hydrogen aircraft 
available from 2050. Even assuming 
sufficient green hydrogen available to 
support all hydrogen aircraft demand, 
this means that most aircraft emissions 
will have to be mitigated through SAF and 
eFuels to support the Paris agreement 
goals of maintaining average global 
temperature rise to below 1.5°C by 2100. 
By 2050, they will need to supply 90% of 
aircraft fuel demand, with hydrogen and 
batteries supplying the rest to achieve a 
Net Zero carbon aviation sector. For this to 
represent a real Net Zero solution, we need 
sufficient zero carbon energy to generate 
these fuels sustainably. 

Hydrogen will definitely play a role 
in getting sustainable aviation off the 
ground. And in the long term, Hydrogen 
could well become the primary fuel of 
choice for the future of flight. Despite the 
inherent challenges surrounding hydrogen 
(regardless of fuel cell or combustion), it 
may end up being the only solution capable 
of providing range and economic payload 
with minimal green-house-gas effects. 
Unlocking hydrogen’s potential will take 
time, and achieving widespread hydrogen-
powered aviation by 2050 is overly-

optimistic. But beyond 2050, it could be 
the solution of choice. 

To achieve these ambitious aims, the 
enhancement and establishment of 
strong relationships and collaborative 
practices across the aviation industry is 
important. Aviation represents a strong 
use case for hydrogen, but inevitably the 
forecasts, extrapolations, and viability will 
fluctuate alongside shifts in technology, 
regulations, and market trends. To improve 
visibility and get the long-term clarity 
needed, we must continue to deepen our 
understanding of aviation and its needs, so 
that, when the time comes, we’re ready for 
take-off.  
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components within a simpler architecture. 
Yet the overall system efficiency of fuel 
cells is lower and replacing turbofans 
with electric fans will reduce aircraft 
speed, plus the technical and operational 
challenges remain high. Understanding 
these nuances can help the hydrogen 
industry to project demand and therefore 
focus efforts more profitably.

Hydrogen hindrances
Just as each alternative fuel source 
presents its own advantages and 
disadvantages, so too does hydrogen pose 
challenges. To really clean up aviation, 
hydrogen production must be as low-
emission as possible, using electricity from 
renewable sources. The infrastructure to 
produce and distribute liquefied ‘green’ 
hydrogen in sufficient quantities does 
not currently exist – and the majority of 
hydrogen production today is currently 
performed using natural gas (methane) 
reformation, releasing quantities of CO₂ 
equivalent to, or greater than, burning 
hydrocarbon fuel in the aircraft. 

Hydrogen must be cryogenically cooled 
to -253°C (20 K) into a liquid state, with 

how hydrogen can be used in aeroplanes. 
There are two methods to deploying 
hydrogen as an

aircraft fuel: the direct combustion of 
hydrogen within a gas turbine, and the use 
of fuel cells to convert the stored chemical 
energy to electrical energy, which in turn 
power electric fans. Historically, the direct 
combustion method was the most studied, 
due to its fundamental similarities to the 
existing hydrocarbon systems and the low 
availability of fuel cell technology. Yet the 
direct combustion of hydrogen produces 
a by-product, nitrous oxide, in addition to 
water vapour. Both of which can still lead 
to significant global warming effects if not 
managed appropriately. 

Advances in fuel cell technology mean 
that some recent proposals for hydrogen-
powered aviation have tended to focus on 
how fuel cells could power an aircraft’s 
propulsion system. Using fuel cells 
eliminates nitrous oxide emissions, which 
is not only beneficial to reduce the climate 
heating effect, but will also improve local 
air quality around airports. Replacing gas 
turbines with electric fans also promises to 
reduce maintenance, as they contain fewer 

Fight for fuel
Hydrogen has been touted as an aviation 
fuel alternative for almost a century. As far 
back as 1989, a prototype aircraft powered 
by hydrogen took flight in the Soviet 
Union. More recently, interest in hydrogen 
as an alternative aviation fuel has been 
reignited through a number of start-up 
projects, such as ZeroAvia in the UK and 
Universal Hydrogen in the USA. More 
significantly, in 2020, Airbus announced 
its ZeroE programme to develop a single 
aisle size commercial aircraft to enter 
service in 2035. Following this, engine 
manufacturers have also announced 
development programmes for hydrogen 
combustion propulsion. For the hydrogen 
sector, this is exciting news and provides 
a demonstration of the industry intent in 
this area. Yet we also need to know how 
demand from aviation could impact future 
demand for hydrogen. Hydrogen for large 
aircraft is still in its infancy, and to grow 
sustainably and win confidence, investors 
and aviation asset owners need greater 
clarity. 

To understand aviation’s potential demand 
for hydrogen power, we need to explore 

Global aviation flying energy demand split by low carbon fuel source, based on previous calculations from an earlier report 
(Atkins, 2020)
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how hydrogen aligns with your business. 
Coupled with landscape mapping, this 
approach will reveal your position in the 
value chain, and therefore the scope of 
your hydrogen use case. Big companies 
might be able to take on multiple stages, 
from renewable supply, storage, and 
production, but this brings greater 
complexity. Smaller companies won’t have 
that luxury and must therefore identify 
the most promising aspects. It’s about 
choosing the right tool for the right job  
and don’t end up forcing options that just 
don’t fit. 

3. Collaborate early and 
continuously

Confidence is precious. With hydrogen, 
there will inevitably be a lack of confidence 
because this hasn’t been done before at 
such scale or speed. Meanwhile, there’s so 
much hype and confusion about hydrogen 
that selecting the most salient and 
trustworthy information is challenging. 
Involving your stakeholders early on can 
help to educate them on its benefits and 
risks. A source of trustworthy information 
is critical. Finding an independent partner 
from which to draw expertise can give you 
the boost you need to win the confidence 
of your stakeholders. By educating now, 
you’ll save time not going over a lot of 
old ground later, giving some comfort in 
an uncertain world and reduce your risk 
levels.  

4. Get ready for risk

Senior decision-makers often initiate 
the drive for hydrogen. But they tend to 
expect volumes of detail in their business 
case. After all, for mature technologies 
the level of accuracy around costing, 
markets, consumers. But in hydrogen, 
that just isn’t viable, because there are 
still so many unknown factors. That’s 
why involving them in the process is so 
important. Taking them on the journey 
can justify why there are necessary gaps 
in knowledge, demonstrating both the 
value of the opportunity and the obstacles 
to realising it. A clear, justified process 
can help to convince senior decision 
makers, demonstrating a path through 
the uncertainty. It’s about changing the 
question from ‘How can we do hydrogen?’ 
to ‘How is hydrogen right for us?’ 
Otherwise, if senior leaders focus only 
on the technical challenge, or if they’re 
merely presented with a business case, 
there’s a higher risk that they will simply 
see the lack of detail - and miss the 
opportunity. 

5.The solution is  
individual, yet  
collaborative

Ultimately, your business case isn’t about 
hydrogen - it’s about your business. Every 
company has different needs and drivers. 
These must influence your business case 
from the very beginning. From your nearest 
energy producers to the complexity of 
your supply chain, you need insights about 
your business in order to make optimal 
decisions. Systems thinking makes 
integration of this kind possible. Tailoring 
the technology to suit your business 
reduces risk across the board. At the same 
time, we’re living in volatile and uncertain 
times, generating complexity and 
ambiguity. The climate is rapidly moving 
beyond the known conditions that have 
sustained human civilization; technology 
is transforming society faster than ever; 
and established systems, norms, and 
industries are either being overwhelmed 
or are in urgent need of reform. These are 
not always ideal conditions in which to 
undertake the transition to cleaner sources 
of energy, and yet they also represent a 
huge opportunity. When the status quo is 
in flux, transformative change is possible, 
despite the uncertainty and doubt. That’s 
why collaboration is so important. Working 
together can mitigate the impact of 
volatility. It can give confidence amidst 
uncertainty and ambiguity, while also 
giving you more resources with which to 
overcome complexity. Individually, we will 
struggle to make hydrogen viable; but 
together, we can make the transition to a 
cleaner, better future. 

Dr. Rachael Hall
Hydrogen Delivery Lead
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steps to building  
a business case  
for hydrogen

Hydrogen is finally moving 
from speculative fuel of the 
future to a solution of today’s 
most pressing energy needs. 
Yet despite the growing 
momentum, hydrogen is 
still surrounded by so much 
uncertainty that building a 
compelling business case 
is very challenging. An 
evidence-based business 
case can smooth the path 
to investment, but it has 
to be approached in the 
right way – and that path 
is not necessarily simple 
to negotiate. Defining the 
opportunity, modelling costs, 
and winning stakeholder 
confidence is crucial, but 
these will depend entirely on 
the individual characteristics 
of your business and its 
particularities. Here are five 
key elements for building a 
strong business case.

1. Map the current  
landscape

Before you even begin your business case, 
landscape mapping is vital. Landscape 
mapping identifies the wider conditions 
that will shape how suitable hydrogen is 
for your business. From nearby sources 
of water and energy to the vicinity and 
maturity of competitors, you must first 
establish a detailed portfolio of knowledge 
upon which to build your proposition. At 
what stage are you right now? Asking the 
right questions and being curious is all the 
more important in the initial stages.

Without a holistic view of where you are 
in space and time, where you’ve come 
from, where you’re going, and how you’re 
going to get there, you won’t see the 
risks in time. Many questions need to be 
asked to ascertain how best to use this 
new technology and those questions 
cannot be answered without a thorough 
assessment of the lay of the land. You may 
well find that hydrogen simply isn’t right 
for you - and it’s much better to realise 
this now than at the end of a long, arduous 
process of building a business case that is 
ultimately futile.

2. Know your boundaries, 
know your scope 

Hydrogen isn’t going to solve everything. 
A holistic approach understands these 
limitations and accepts them, revealing 

5 



Moving toward the 
future of energy 

together  

atkinsglobal.com

https://www.atkinsglobal.com/en-GB/group/sectors-and-services/sectors
https://twitter.com/atkinsglobal
https://www.linkedin.com/authwall?trk=gf&trkInfo=AQGwoTCicYPO8wAAAWZYShzAvgllEHS2rGroS3Py7MvKrKRnKcRh4R9Nqq8cHUjYa2h_Wxmbh85FUQi-peDKlqTXf3wCdGXidkICuRHeSpOtkgkfxymkyAAxWeqUHtoJDTYSW6o=&originalReferer=&sessionRedirect=https%3A%2F%2Fwww.linkedin.com%2Fcompany%2Fatkins
https://www.facebook.com/atkinsglobal

