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FOCUS ON HYDROGEN: A CLEAN 
ENERGY SOLUTION FOR AVIATION? 
 

Clean hydrogen is seen as playing a key role in the energy 
transition. In this briefing we look at whether it could be a 
solution for the aviation sector. 

INTRODUCTION 
The aviation sector represents 2 to 3% of global CO2 emissions and 3.6% of 
emissions in Europe. Prompted by the Paris Agreement and, more recently, 
the European Green Deal, the number of studies and discussion panels 
around sustainability in aviation has been rapidly increasing. There is now a 
real debate as to the alternatives for kerosene-powered aircraft that could 
contribute to the 2050 emission neutrality goal set at the European level. 

In this debate, hydrogen is gaining serious traction as a possible aviation fuel. 
While there have been advanced pilots on battery powered aircraft, hydrogen 
might compensate batteries' weaknesses (i.e. mainly their weight) and present 
a greater potential for climate change mitigation. This is especially true for 
green hydrogen, which does not emit any CO2 during production and 
combustion since it is produced by electrolysis using renewable electricity 
(e.g. solar or wind). In this respect, a McKinsey study commissioned by Clean 
Sky 2 and Fuel Cells & Hydrogen Joint Undertakings, found that reliable 
hydrogen-fuelled aircraft would be feasible by 2035. The first projects are 
being launched – on 21 September 2020, Airbus announced that it would 
introduce hydrogen-powered aircraft by 2035. 

The European Union has also expressed its will to support the development of 
hydrogen within the aviation sector. It published a call for interest and ideas 
from potential members for a future European Partnership on Clean Aviation 
on 26 August 2020. This Partnership would take the form of a consortium 
between the interested field actors financed under the new Horizon Europe 
funding (2021-2027). One of the expected outcomes of this partnership is the 
development of hydrogen-powered aircraft.  

At the same time there are still challenges to overcome before fully hydrogen-
fuelled aircraft for passenger or freight travel would become a reality. Below 
we will outline how aircraft could be powered by hydrogen, its main benefits 
and the remaining barriers to its successful deployment in next generation 
aircraft.  

Summary 
• Hydrogen is capable of 

reducing aviation climate 
impact by 50% to 90% 

• A number of challenges remain 
such as sufficient supply of 
hydrogen and its safe storage 

• A robust legal framework for 
the handling and refuelling of 
liquid-hydrogen will be crucial 
to accelerate the further 
deployment of green hydrogen 
in aviation 

• With the increasing 
involvement of the scientific 
world and explicit European 
support, the first hydrogen 
planes could be ready for 
commercial use within 10 to 15 
years  

• In the meantime, sustainable 
aviation fuels might decrease 
the production of greenhouse 
gases for a transitional period 

https://www.fch.europa.eu/sites/default/files/FCH%20Docs/20200507_Hydrogen%20Powered%20Aviation%20report_FINAL%20web%20%28ID%208706035%29.pdf
https://www.airbus.com/newsroom/press-releases/en/2020/09/airbus-reveals-new-zeroemission-concept-aircraft.html
https://ec.europa.eu/info/news/new-call-ideas-clean-aviation-partnerships-2020-aug-26_en
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HYDROGEN-POWERED AIRCRAFT: HOW DOES IT 
WORK? 

Hydrogen can power an aircraft's fuelling system in three possible ways: 

• Hydrogen can be an element, together with CO2, in the production of fuels; 

• Hydrogen can directly feed hydrogen-turbines; and  

• Hydrogen can feed fuel cells to power electric motors.  

The first option is expensive and would continue to produce a lot of 
greenhouse gas (given the CO2 element involved) making it of questionable 
value in carbon reduction terms. This would make it only suitable as a 
transitional fuel (see paragraph below). As a result, research is focusing on 
the second and third options, as well as an intermediate solution combining 
hydrogen-reactors and fuel cells.  

In hydrogen-powered aircraft, liquid hydrogen would be stored in the plane 
and would then either be combusted in a hydrogen turbine or made to react in 
a fuel cell. Both reactions produce water vapour (H2O) as a by-product. 
Ultimately, motors are powered (either by fuel cell or turbines). The remainder 
of the flying process resembles the current situation with kerosene. The only 
significant, difference is that hydrogen-powered aircraft do not emit any CO2. 

MAIN BENEFITS OF HYDROGEN-POWERED AIRCRAFT 
The debate on alternative fuels in the aviation sector shows that hydrogen is 
promising as it brings the following benefits to the table: 

• Hydrogen does not emit CO2 during its combustion. In addition, 'green' 
hydrogen generated from renewable energy does not produce CO2 during 
its production either. Instead, hydrogen emits water (H2O), which has a 
significantly lower climate impact than CO2. Studies estimate that hydrogen 
can help reduce the aviation industry's climate impact by between 50% and 
90%.  

• In aircraft, weight is a key feature. Hydrogen has a high energy density – it 
is light and its combustion with oxygen produces a lot of energy. This 
means that it carries more energy per unit of weight than other 
fuels/energy storage devices. This is a key advantage compared to the 
possibility of using electricity stored in batteries which are currently heavy 
compared to the energy that they are producing. Powering long-haul flights 
with electrical batteries is thus currently not viable, whereas use of 
hydrogen, in the form of a fuel cell, could be a solution to this problem. 

• Hydrogen can temporarily store electricity as it can both be produced by 
electricity (electrolysis) and (re-)generate electricity (fuel cell). This further 
reinforces its capability to support the reduction of greenhouse gas 
production for long-haul flights.  

• The development of hydrogen for aviation purposes can further support the 
decarbonisation of other industries, for instance by accelerating the 
research on fuel cells, storage facilities and other systems. It might also 
promote downstream infrastructure producing hydrogen and help to 
reduce, e.g. the price of electrolysers.  
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REMAINING CHALLENGES 
Hydrogen has the potential to contribute to the further development of the 
aviation sector and help to reduce its climate impact. However, the practical 
implementation of hydrogen-powered aircraft is not without challenges: 

Hydrogen supply challenge  
A sufficient and steady supply of hydrogen is required to operate hydrogen-
powered aircraft on a regular basis. As already stressed, green hydrogen is 
generated with renewable electricity. The current supply of renewable energy 
will however not suffice. An important growth in renewable electricity facilities 
(e.g. solar or wind power) is thus necessary. Without such growth, the aviation 
industry might have to feed its new ecological aircraft with grey hydrogen, 
produced using natural gas and thus producing CO2. This would significantly 
undermine the positive impact hydrogen technology may have on climate 
change.  

Regardless of these supply challenges, it will be crucial to drive down the high 
production costs of green hydrogen, including by scaling the production 
facilities, decreasing the technology costs and, if required, providing tailored 
and adequate government support. Production costs of green hydrogen are 
currently estimated between 3-7€/Kg, compared to 1,5€/Kg for grey hydrogen 
and 0,5€/Kg for kerosene. 

Storage challenge 
Once hydrogen is produced, it must be transported/piped to the airport, 
perhaps stored at the airport, filled into the aircraft tanks and then stored for 
the duration of the flight and transported to the reactors or fuel cells. All these 
steps create new challenges.  

Hydrogen is a small molecule that tends to leak easily in the form of gas and 
can sometimes reach places where its presence might be dangerous. It is thus 
easier to transport and store hydrogen in its liquid form. However, this requires 
'cryogenic' cooling to minus 253°C during the whole process to avoid 
evaporation. This implies that the tanks will be large and heavy and therefore 
the plane's weight must necessarily be reduced. This also means that 
hydrogen-powered aircraft are more appropriate to replace commuter, 
regional, short- or medium-range aircraft as opposed to longer haul 
international flights.  

Additionally, currently designed wings, where the kerosene tanks are currently 
located, will be too thin to accommodate heavy hydrogen tanks. The structure 
and design of the aircraft will therefore have to be rethought. The most likely 
option at this moment is to locate the hydrogen tanks in the upper part of the 
aircraft, on top of the fuselage or at the tail of the plane. 

Safety and certification challenge 
Regulatory barriers remain as well. All parts of an aircraft must be certified 
before being authorised to fly. This means that all new components within an 
aircraft will have to be reviewed by the European Union Aviation Safety 
Agency ("EASA"), including the hydrogen tank, hydrogen turbine, fuel cell, etc. 
The safety of those components must thus be guaranteed, not only 
individually but also for each of the component interactions and interrelations 
with the other technical features of the aircraft. This is a long process that 
needs to start from the prototype's design phase in tandem with technical 
research and development. The aviation industry is awaiting new regulatory 
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initiatives to set-up a robust legal framework for the handling and refuelling of 
liquid-hydrogen, to deal with various safety issues such as new propulsion 
systems. 

Climate impact challenge  
Hydrogen combustion does not produce CO2 but it does produce water vapour 
(H2O) and NOx (nitrogen oxides), especially at high altitudes. As far as water 
is concerned, we know that its impact on the environment is less significant 
than that of CO2. Nevertheless, it stills affects the environment, including by 
amplifying the warming effect of greenhouse gases, although further research 
is necessary to understand the precise effects. As for hydrogen's NOx 
production, this can increase in the ozone and be as harmful as CO2. 
However, studies have shown that the amount of NOx produced can be 
reduced to guarantee the safety of hydrogen technology. 

SUSTAINABLE AVIATION FUEL – ALTERNATIVE OR 
TRANSITIONAL FUEL? 
Given the current challenges of hydrogen, there are alternative and 
transitional solutions which already exist and might bridge the cap toward a 
more sustainable aviation industry. Such an alternative use of hydrogen in 
aviation fuel is the development of new "sustainable aviation fuels" ("SAF"), 
advanced biofuels produced from sustainable feedstocks such as industrial 
waste, using cooking oils, biomass and agricultural residues.  

Instead of being a new fuel-source by itself, SAF is blended with current fossil 
jet fuels. It requires no special infrastructure or new equipment, nor any 
changes to aircraft engines.  

Once blended, it has the same characteristics and meets the same 
specifications as traditional fossil jet fuel, although it results in significantly 
lower CO2 emissions (reductions of up to 85%) and reductions of up to 90% of 
particle matter emissions and 100% of sulphur emissions when compared to 
conventional jet fuels. In addition, aircraft running on SAF-blended aviation 
fuel benefit from improved fuel efficiency. 

Although the method of creating SAF largely depends upon the type of 
feedstock being used, a number of feedstocks require hydrogen within the 
refining process, with green hydrogen being the preference to minimise 
emissions during the refining process.  

Although a relatively new product, commercial-scale SAF plants are currently 
in development in Europe and the United States (Clifford Chance are currently 
advising on one such plant being developed in the Netherlands). 

CONCLUSION 
Challenges for the regular use of hydrogen in aviation are not negligible but 
not insurmountable. Given its positive impact on climate change, hydrogen 
has the potential to be part of future propulsion technologies. It is even 
expected that the first regional aircraft could be ready for commercial use 
within 10 to 15 years. At the same time, green hydrogen in aviation remains 
disruptive and will require significant research and development, investment 
and a stable regulatory and legal framework.  

In this respect, the European Union seems willing to support its commercial 
deployment. It is offering a potential funding for research and development 
within the framework of its Horizon Europe programme. This will likely not be 
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ABOUT 
 
Focus on Hydrogen is a Clifford Chance briefing series covering hydrogen-related developments globally. 1.008 is the 
standard atomic mass of hydrogen. 
 
For other hydrogen publications, please see our climate, sustainability, green finance and renewables page here.  
 

 

sufficient. It seems preferable for the EU to back-up this commercial push by 
creating a stable and sound regulatory framework as well. There is a great 
deal at stake for the industry as political initiatives grapple with the 
sustainability of different sectors and how sustainable finance should be 
encouraged to foster the transition to a low carbon economy. Indeed the 
European Union is currently considering the extent to which aviation could be 
regarded as sustainable under the EU Sustainable Finance Taxonomy (for 
more on the Taxonomy see our briefing). 

By acting now, the next generation of more environmentally friendly, efficient 
and hydrogen-powered aircraft could be ready for introduction in the 2030s. In 
the meantime, more sustainable fuel-sources such as SAF-blended kerosene 
should be encouraged to cut CO2 emissions as soon as possible.  

 

 

  

https://www.cliffordchance.com/insights/thought_leadership/climate-change.html
https://www.cliffordchance.com/briefings/2020/01/eu-finalises-sustainable-finance-taxonomy--new-obligations-for-.html
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