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 MESSAGE FROM THE CHAIRMAN 

 
These last few months, hydrogen has indisputably become the new hype in the energy 
transition. Its political and industrial interest , from the local to the European territory, meets 
its alleged virtues: decarbonisation of industry, development of clean mobility, gas greening, 
and in the longer term, storage of surplus production from new sources of renewable 
electricity. This popularity – meeting the emergency of the energy transition and plans to 
way the European economy out of the COVID crisis – also fosters the hope of an industrial 
rebirth which will benefit first and foremost to our territories. 
 
Favourable winds are blowing for the development of low-carbon hydrogen, but the path is 
still uncertain. In a large-scale study conducted in 2018 with energy experts to provide 
insight to CRE’s Foresight committee, the emergence of a hydrogen economy was the most 
controversial, or even polemical topic. 
 
Therefore I felt it was essential for the Foresight committee to look further into hydrogen 
future. Indeed, the purpose of this committee is to encounter uncertainty, to gather, question 
and confront opinions. In sum, to go from polemic to controversy on topics that drive all 
energy thinkers and professionals. 
 
This is the difficult task I entrusted to the working group on hydrogen, chaired by Olivier 
APPERT, Member of the Academy of technologies, and Patrice GEOFFRON, Professor of 
Economy at the Université Paris Dauphine-PSL. I thank them for the collective work 
achievement. It lucidly sheds light on the contribution of hydrogen to the energy transition. 
 
I am convinced that innovation is the driving force of the energy transition. It is therefore by 
innovation that the low-carbon hydrogen economy could emerge. Technological innovations 
first, with numerous progress already made over these last few years. Then, economic 
innovations, because the hydrogen models need to be established on many uses, especially 
when it competes with low-carbon alternatives. Among these innovations, I do not include 
hydrogen injection into the networks mixed with natural gas, which in my opinion, raises a 
certain number of technical and economic issues. Similarly, wanting to deprive ourselves of 
electricity from our nuclear portfolio to supply electrolysers is a supplementary hurdle– 
therefore superfluous – in the production of low-carbon hydrogen at a reasonable cost. 
 
Last but not least, regulatory innovations, because hydrogen – which does not currently fall 
within the scope of competence of CRE – questions the very principle of regulation: is it 
necessary to regulate hydrogen transport and storage infrastructure? And if so, how and 
when? The framework that applies today to the gas and electricity sectors is hardly 
transposable to these future hydrogen infrastructure, and this is why we will need to innovate 
collectively if hydrogen uses were to develop rapidly. This report will also be extremely useful 
for the work of the Energy Regulatory Commission, because hydrogen is so much at the 
crossroads of the electricity and gas sectors. In this, hydrogen prefigures what our energy 
future will be, with networks even more interdependent and territories increasingly at the 
heart of the transition. 
 
“If you think adventure is dangerous, I propose you try routine… It’s mortal!” wrote novelist 
Paulo COEHLO.  Hydrogen is an adventure paved with questions to be resolved. We can 
embark on it, perhaps in the light of the recommendations of this report which can shed light 
on the road ahead! 
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 FOREWORD 

 

The Chairman of the French Energy Regulatory Commission, Mr Jean-François CARENCO, 
created a Foresight Committee in autumn 2017, which gathers the major players in the 
sector of energy to enlighten the French regulator in the mid-term. In this framework, several 
working groups were formed, in charge of drafting public reports. 
 
For season 3, the working group no. 4 was composed of representatives of the main 
companies in the sector and academic, associative and institutional players, were tasked 
with working on the future of hydrogen. It held a meeting once a month, and was chaired by 
Mr Olivier APPERT (Member of the Academy of technologies) and Mr Patrice GEOFFRON 
(Professor of Economy at the Université Paris Dauphine-PSL). The working group received 
the efficient assistance of its rapporteur, Mr Antoine COMPTE-BELLOT (Auditor at the Court 
of Auditors). 
 
The group composition and the list of interventions are presented below. 
 
IT IS WITHIN THIS FRAMEWORK THAT THE PRESENT REPORT – WHICH IS NOT 
BINDING FOR CRE – WAS ESTABLISHED; SEVERAL MAJOR PRINCIPLES GUIDED 
THIS WORK: 
 

- this report, which aims to be accessible to all stakeholders – including non-specialists 
in the energy sector –, is intended to fuel public debate, drawing on the analysis of 
the main private, public and para-public participants of the energy sector in France; 

 
- it is drafted under the sole responsibility of its two co-chairmen, Olivier APPERT and 

Patrice GEOFFRON; 
 

- without claiming to be exhaustive, the co-chairmen endeavoured to consider the 
diversity of the approaches and sensitivities of the members of the working group in 
this report. 

 
 
Note: the working group relied on many documentary sources not directly under the control 
of its members. Therefore, some charts or tables included in the report may not be translated 
into English. 
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MESSAGE FROM THE CO-CHAIRMEN 

It is the most abundant chemical element in the universe : hydrogen has been a source of 

hope for two centuries now. But the post-carbon era, where hydrogen will have contributed 

to ousting fossil energy, has not yet come. For now, its uses are indeed very concentrated 

in the chemical industry (ammonia for making fertiliser) and the petrochemical industry (for 

refining), but this hydrogen is carbonized : 95% of its is produced by using gas and coal (the 

H2 molecule not being available in the natural state). As part of the solutions in the climate 

change challenge, and still far from hopes, hydrogen remains a part of the problem, causing 

the emission of close to one billion tonnes of CO2 per year across the world. 

But the European Union, which aims for carbon neutrality by 2050, rekindles hope of the 

emergence of a clean hydrogen economy in its Green Deal: echoed by Germany, France or 

Italy which have planned billions of euros to build a hydrogen sector. The goal is to massify 

the production by water electrolysis, using low-carbon electricity (wind, solar, hydraulic, 

nuclear, etc.) or CCS (capture and storage of carbon). Apart from the fight against global 

warming, the challenge is to improve air quality and the security of energy supplies, while 

shoring jobs and added industrial value in Europe.  

This initiative targets the potential of the hydrogen carrier in the greening of sectors which 

remain difficult to decarbonise such as industry (refinery, metallurgy) and heavy transport 

(buses, trucks, ships, planes). The boom in variable renewable energies also raises a 

storage issues, which hydrogen could contribute to resolving. 

But low-carbon production is much more expensive than the “grey” hydrogen made by steam 

reforming for industrial purposes. Indeed, political impetus at the start of the decade will 

contribute to a drop in costs, but it is not likely that low-carbon hydrogen will rapidly become 

competitive. This issue is addressed in the first chapter of this report, which examines 

the prospects of a drop in production costs by 2030 and at the end of which we will 

make the following proposals: 

- adopt a technological neutrality approach to the different forms of low-carbon 

hydrogen (“green”, “yellow”, or “blue”) to rapidly reach the lowest production costs 

and minimise the cost of public support; 

- in the case of hydrogen production using electricity, promote the cheapest electrolysis 

configuration, given the French electricity mix: 

· connect, as a priority, electrolysers to the electricity network given the 

variability of renewable energies which reduces electrolysers load factor. In 

the event of a greater drop than expected in solar and wind costs, promote 

connection to a dedicated renewable energy site; 

· promote indirect connection to the public transmission network or the setting 

up of electrolysers of more than 40 MW in a hub logic to benefit from lower 

costs for access to the network or synergies in hydrogen use and logistics; 

· use long-term contracts between electrolysis producers and low-carbon 

electricity producers to avoid the impact of the increase in the CO2 price in the 
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EU emission trading system (EUET) on the price of electricity, and to control 

the market risk. 

- pursue support for research and development of disruptive innovation (high-

temperature electrolysis, plasma torch). 

Chapter 2 examines the most relevant uses of hydrogen on the economic level by 

2030 and questions about “phasing them in” over time and the development of the 

associated infrastructure.    We recommend: 

- public aid concentrated on the most mature uses: substitution of “grey” hydrogen 

currently consumed in industry, then heavy transport, with a view to creating an 

industrial sector; 

- promote the creation of territorial multi-use hubs close to industrial port areas and 

large European heavy transport axes, and coordinate the different local initiatives to 

avoid wasting public aid; 

- create an independent committee, located at the Energy Regulatory Commission to 

follow the development of hydrogen uses and identify the change in infrastructure 

construction needs; 

- adapt the regulatory and support framework based on market development, to avoid 

stranded costs in oversized hydrogen transport infrastructure, without prejudice to the 

continuation of studies on the technical feasibility of the conversion of natural gas 

networks. 

Chapter 3 stresses the challenges of the development of a French industrial sector. 

To that end, we propose to: 

- to support French and European manufacturers of essential components 

(electrolysers, fuel cells, tanks) and elementary components (bipolar plates, 

membrane electrode assembly) promoting their collaboration with large groups and 

through calls for projects and public procurement; 

- intensify research and development efforts concerning critical materials (nickel for 

alkaline electrolysers, iridium for proton exchange membrane electrolysers, platinum 

for fuel cells) to optimise their use and promote their substitutability and recycling 

possibilities. 
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The last chapter reiterates that the consideration of the safety issue must be 

reinforced as of now. Which implies for us: 

- systematising in the eligibility conditions of calls for tenders, in particular the territorial 

ones, criteria relating to the safety of people and property; 

- conduct substantive work on the regulation and use of hydrogen, both in the field of 

transport and housing; 

- intensifying French participation in standardisation and international cooperation 

activities on safety challenges. 

To conclude, while Europeans already have industrial assets, the construction of a hydrogen 

sector will require a very long-term effort, with limited effects on the European Union's 

environmental objectives for 2030. Our belief is that hydrogen will test the ability of the 

Union, on a quest for industrial sovereignty, to commit steadfastly over the long term. 

 

Olivier APPERT  Patrice GEOFFRON 
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INTRODUCTION: NEW FAD OR PRELUDE TO A 
REVOLUTION? 

At the start of this decade, hydrogen is sparking much enthusiasm, but it is not the 
first time. As of the 19th century, the first internal combustion engine – invented in 1805 – 
ran on hydrogen, while the fuel cell appeared in 1829. The economy of hydrogen as fuel 
drawn from the sea was described as of 1874 by Jules VERNES in his novel The Mysterious 
Island. In the 1970s, the development of the nuclear programme and the concerns raised 
by the first oil shock again suggested a boom in hydrogen, before the excitement came up 
against technological and economic issues. In 2002, a work by the essayist Jeremy RIFKIN 
supporting the development of a hydrogen economy was echoed to some extent in America 
under Georges Bush. 

While it is important to keep in mind the historical perspective the interest sparked 
by hydrogen these last few years, elements specific to the current context make its upturn 
in the upcoming decades credible this time. Given the ambitious objectives set by a growing 
number of countries in terms of greenhouse gas reduction, hydrogen appears to be the 
missing link enabling, by its production via low-carbon sources, sectors like industry 
(refinery, metallurgy) and heavy transport (bus, trucks, ships, planes) to make their entry in 
the energy transition. The boom in variable renewable energies also raises the issue of their 
storage, which hydrogen could contribute to resolving. Locally, hydrogen can reduce air 
pollution by replacing internal combustion engines. The observable enthusiasm has made 
its way into public policy: the European Union – specifically Germany and France – have 
adopted ambitious hydrogen strategies over the last few months, while China is working on 
the preparation of its own. 

To meet the expectations it raises, hydrogen must overcome different challenges, the 
first of them being the economic challenge. The low-carbon hydrogen production is much 
more expensive than hydrogen currently produced by steam reforming for industrial 
purposes, or the carbon technologies it is intended to replace. While massification brought 
by the French recovery plan and the strategies of other countries will lead to a drop in costs, 
it is highly likely that low-carbon hydrogen will become competitive by 2030. Displayed on 
an international market, and in the absence of carbon adjustment mechanisms at European 
borders, some industries such as refineries and metallurgy could then relocate their 
production, if the extra cost for the hydrogen user is too high. In addition to the loss of jobs, 
and subsequently of the industrial fabric, there would be no environmental effect – or a 
negative effect – since these industries would simply move their emissions to other countries 
(or would be marginalised by a lack of competitiveness). The matter is therefore raised about 
the proper public mechanisms to be set up to support the use of hydrogen and share the 
extra cost between the consumer, the taxpayer and the manufacturer. For certain uses 
envisaged (transport, heat), there are also low-carbon technological options against which 
the competitiveness of hydrogen is uncertain. Supporting a use for which another green, 
less expensive and abundant solution exists would pose a risk of wasting common 
resources. 

Hydrogen also raises questions about industrial and energy sovereignty. Nations are 
competing in a race to develop a national hydrogen sector, whether regarding electrolysers 
and their components, hydrogen fuel cells or tanks and other vehicle equipment. For France, 
it is a matter of avoiding new disappointment accumulated with onshore wind turbines and 
solar energy, by achieving the technical and industrial development of the hydrogen sector 
and producing a growing share of its energy sources on French territory. 
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Lastly, hydrogen presents major challenges in terms of safety. Its physical 
characteristics make it a dangerous gas. This issue must not be neglected, because a 
significant accident rate would undermine the acceptability of its use. Emphasis should be 
placed on measures for understanding and controlling risks as hydrogen is deployed to new 
uses outside of industry. 

Building on the matters that have just been raised, the report proposes to assess the 
environmental contribution, the technical feasibility and economic relevance of the different 
hydrogen production modes and uses, as well as the industrial and safety issues posed by 
its development. The analysis is organised as follows: 

- given their importance in the emergence of an economic model for the different uses, 

the first part of this report analysis the dynamic of production costs for 2030, for low-
carbon hydrogen; 

- the second part examines the most relevant uses of hydrogen on the economic level 
by 2030 and the organisation of their “phasing in” over time and the development of 
associated infrastructure; 

- the third part highlights the development of an industrial sector to capture added value 
and jobs in France and European Union; 

- the last part presents the safety matter in hydrogen uses and discusses the terms for 

managing the risks involved.  
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1. LOW-CARBON HYDROGEN WILL STILL HAVE A 
HIGH COST IN 2030 COMPARED TO ITS “GREY” 
EQUIVALENT 

1.1. Several techniques make it possible to produce “low-carbon” hydrogen 

There are several hydrogen production modes. The two main ones are based on steam 

reforming of fossil energy and the breakdown of the water molecule by electrolysis. 

Steam reforming of fossil energy is based on the exposition of gas or coal to very hot 

steam to release dihydrogen1. This production mode is still dominant, with 75 million tonnes 

of hydrogen each year produced in the world, of which 900,000 tonnes in France. Uses are 

mainly production of fertiliser and in refineries. This “grey” hydrogen is a very high emitter 

of greenhouse gases because one tonne of hydrogen releases roughly ten tonnes of CO2. 

The 1 billon tonnes of CO2 emitted by hydrogen production represents 2.5% of the world’s 

emissions. 

However, it is possible to produce hydrogen with low-carbon emissions using steam 

reforming of fossil sources or biogas combined with a carbon capture, transport and storage 

chain (CCS): this hydrogen is then qualified as “blue2. This technique then emits only a 

residue of a tonne of CO2 per tonne of hydrogen produced in the case of 90% capture 

efficiency.  

The second process is based on the breakdown of the water molecule, by electrolysis – 

technique by which an electrical current chemically breaks down water into dioxygen and 

dihydrogen – or by thermochemical cycles – the molecule splits under the effect of 

temperatures ranging from 800 to 1,000°C. The hydrogen produced is designated by several 

colours based on the source of electricity used. It is qualified as “green” when the electricity 

source is composed exclusively of renewable energy or “pink” when it is produced with 

nuclear energy. However, in France, hydrogen produced from the electricity network – 

sometimes characterised as “yellow" – releases little CO2 given the low carbon content of 

the French mix largely composed of electricity from nuclear plants3  and hydroelectricity from 

dams. RTE thus estimates that the replacement of hydrogen of fossil origin by its electrolytic 

equivalent, produced from the network, would reduce our emissions by 6 million tonnes of 

CO2/year by 2030. However, in other European countries where the mix is based partly on 

coal or gas plants, electrolytic hydrogen produced from the network releases even more 

CO2 than the use of steam reforming. 

Ademe measured the CO2 emissions released by the production of a kilo of hydrogen based 

on the different production modes, considering the entire life cycle. Steam reforming 

releases an average 11 kg of CO2 per kg of hydrogen (to which 1 kg for 100 km of transport 

must be added), while green hydrogen only emits 1.9 kg and yellow hydrogen 3 kg. In 

comparison, hydrogen produced from the European electricity network produces more than 

 
1 The process most commonly used is steam reforming of natural gas (41% of national production), which 

generates roughly 10 kg of CO2 per kg of hydrogen (41% of national production), followed by partial oxidation 
of hydrocarbons, which emit 13 kg of CO2/kg of H2 (40% of national production) and gasification of coal, which 

generates 20 kg of CO2/kg of H2 (14% of national production). 
2 Blue hydrogen also designates steam reforming of biomethane. 
3 The French electricity mix is 93% low-carbon according to RTE. 
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20 kg of CO2.  Concerning CCS, the emissions depend on the type of capture.  Capture 

alone of CO2 flow from the steam reforming process reduces emissions by 56%. Capture of 

CO2 from the thermal installation (heater) which generates steam, harder to capture, 

enables a 90% reduction in the emissions of the entire steam reforming installation as 

indicated above. 

The European Commission is currently conducting work to define a taxonomy for 

sustainable investment to direct flows towards low-carbon technologies. This taxonomy aims 

to define a CO2 threshold below which the technology or activity will be considered as 

contributing to the positive change in the environment. The delegated act presented on 23 

April 2021 by the Commission defines as eligible for the green taxonomy, production that 

emits less than 3 kg of CO2 per kg of hydrogen, a threshold that makes the use of the French 

electricity mix eligible. 

In sum, low-carbon hydrogen brings together green hydrogen produced by electrolysis 
using renewable energy, but also, at least for a transitional period, blue hydrogen produced 
by steam reforming with CCS and yellow hydrogen produced from an electricity system 
dominated by nuclear energy. This coloured nomenclature appears to be well entrenched – 
it presents didactical virtues – but must not isolate the different sides of the approach : 
ultimately, the relevant indicators, even more so than the origin of the primary energy used 
or the technology implemented, are greenhouse gas emissions4, and the other 
environmental impacts that can also be assessed based on analyses of life cycles. 

1.2. Certain production technologies are already mature for industrial production 

Production of hydrogen from the water molecule covers two “low-temperature” 

electrolysis technologies, which currently have a high degree of maturity (TRL of 8 to 9), 

allowing their use for the production of hydrogen in industrial quantities. These are, on the 

one hand, alkaline electrolysers – the addition of an alkaline solution improves conductivity 

–, very widespread for making chlorine and other chemical compounds and, on the other 

hand, proton exchange membrane (PEM) electrolysers. The energy performance of 

these electrolysers ranges between 55 and 65%. Alkaline electrolysers perform better than 

PEMs, but occupy more floor space and are less flexible, which makes their direct 

connection to a renewable energy source less efficient. PEM electrolysers are, in 

comparison, more flexible, but uncertainty remains about the membrane’s lifetime.  The 

challenge for these electrolysis technologies is to increase their unit power – today from 1 

to 5 MW, with projects accumulating several units to reach up to 20 MW5 – their performance 

and lifetime to make economies of scale and reduce their cost (see below). 

CCS technology also has industrial maturity. The challenge lies in the construction of 

collection infrastructure – adaptation of industrial installations –, transport infrastructure – 

gas pipelines or ships – and CO2 storage infrastructure. CO2 must be stored in deep salt 

aquifers, via wells that are drilled or in depleted gas fields, which raises technology 

acceptability problems (see below). 

 
4 See order no. 2021-167 of 17 February 2021 on hydrogen, which distinguishes renewable hydrogen, low-
carbon and high-carbon and sets as a condition for belonging to either category, CO2 emissions lower than 
thresholds which remain to be defined by regulation. 
5 The new electrolyser of Air Liquide’s site in Bécancour, Canada, has four distinct units equipped with proton-
exchange membrane (PEM) technology for a total power of 20 MW. 
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The other hydrogen production modes are still in the research and development stage. 

Among them, high-temperature electrolysis has a degree of maturity that is still too low to 

be industrialised (TRL of 5 to 6) because the electrolyser requires a temperature between 

700 and 850 °C and its lifetime is too short for the time being. It however has a better 

performance than the other electrolysers, between 75 and 85% in the case of extreme heat 

and is the subject of major research and development efforts in the USA and Europe. 

High-temperature thermochemical technology, which is based on the use of an 

iodine/sulphur or chlorine/copper cycle to reduce the hydrogen present in water, also has a 

lower degree of maturity. The theoretical performance is around 50%, but current 

demonstrations show levels more neighbouring 30 to 40%. In addition, its high cost limits 

competitiveness prospects. Plasma technology, which is used to produce hydrogen from 

methane without emitting CO2, but only solid carbon, is promising because of the low 

quantity of energy required and the use of the carbon produced, although outlets are limited. 

It however suffers, according to the Academy of technologies, from a lack of interest at this 

stage from industrial operators and French public authorities. 

Methane pyrolysis, production by bacterial activity or the search for natural hydrogen 

are other avenues of research. 

1.3. However, competitiveness by 2030 is not guaranteed, implying long-term 

public support for the sector 

1.3.1. Hydrogen produced by electrolysis is roughly three times more expensive than 

grey hydrogen… 

The cost of hydrogen produced by steam reforming depends on that of natural gas, from 

which it is produced, and that of CO2. Today in France6, it stands between roughly €1.5 and 

€2/kg, assuming a gas price of €20/MWh and a price of the tonne of CO2 of €40/t in the 

ETS market. 

The cost of electrolytic hydrogen production depends on the investment expenses for 

the electrolyser (Capital expenditure, or CAPEX), the price of electricity and the load factor, 

i.e. the rate of use of the electrolyser. Today, CAPEX totals roughly €1,000/kW for alkaline 

electrolysers and €1,500/kW for PEMs. The price of electricity also depends on the source 

used. By way of illustration, it currently totals €42/MWh for nuclear electricity at the regulated 

price (ARENH). To the electricity price must be added the tariffs for the use of the electricity 

network (TURPE), i.e. a range from €11 to €16.5/MWh, according to the eligibility of the 

electrolyser for a reduction in this tariff (see below). The cost of electrolytic hydrogen stands 

between €4.5 and €6/kg in 2020. 

Hydrogen production by steam reforming with CCS represents an additional cost between 

€1 and €2.5/kg compared to simple steam reforming7. The cost of a kilo of hydrogen 

produced by steam reforming and CCS therefore totals between €2.5 and €4.5/kg.  

In sum, the current costs of electrolytic hydrogen production (€4.5 to €6/kg) are still very 

high compared to steam reforming (€1.5/kg) and even compared to blue hydrogen (€2.5 to 

 
6 Countries having cheaper natural gas can reach a production cost lower than €1/kg.  
7 Total indicates, for example, that the total cost of capture, transport and storage of a tonne of CO2 for its 
Northern Lights project in Norway, totals €150 per tonne, i.e. an extra cost of €1.5/kg.  
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€4.5/kg). The development of demand for hydrogen produced by electrolysis in the 

upcoming years will therefore require a significant drop in production prices and public 

support to cover the cost difference.  

1.3.2. … with extra costs still high in 2030, based on the price of electricity and the 

functioning mode of the electrolyser  

By 2030, the competitiveness of low-carbon hydrogen produced by electrolysis compared 

to its grey equivalent remains uncertain, even in the case of a very sharp drop in the costs 

of electrolysis brought by massification of production. 

The cost of grey hydrogen will depend on that of the tonne of CO2 fixed in the European 

ETS market or any specific additional taxation. The State-imposed value of the price of the 

tonne of CO2 at this horizon is around €3008. This does not mean that carbon will be taxed 

at this level, but that any action reducing emissions and having a cost lower than this level 

is valuable for the community and should therefore be undertaken. This assessment must 

however systematically investigate the possibility of other solutions providing the same final 

energy service and also avoiding CO2 emissions at a lower cost, which, if they do, must be 

preferred for public support (examples: low-carbon hydrogen or biomethane to replace 

natural gas; hydrogen or fuel cell vehicles or electrical vehicles with batteries to replace oil 

or diesel vehicles, see part 2).  A price of the tonne of CO2 at €100 in 2030, which, for 

example, was the level of the price envisaged for the French domestic energy tax (TICPE) 

for that time, would increase the production cost of grey hydrogen by €1 per kilo, i.e. around 

€2.5/kg. 

Therefore, low-carbon hydrogen will only be competitive by that time if its production cost 

drops to within a range of €2.5 and €3/kg, unless there are drastic regulatory constraints on 

grey hydrogen. 

A prerequisite for reaching this price range is to use an electrolyser functioning mode 

that optimises investment costs and operational costs (electricity price). 

There are three possible configurations for production by electrolysis. The first is to directly 

connect the electrolysers to a renewable energy source and to only use surplus 

electricity generation to produce hydrogen to benefit from the lowest prices. This operation 

is the most expensive, since the load factor of the electrolysers is particularly low because 

of the intermittence of renewables, but also because most of the electricity production is 

allocated to the market9. In addition, this configuration requires oversizing of the electrolyser 

in order for it to receive the most electricity possible produced by the plant. This electrolysis 

configuration, which makes the cost of hydrogen produced depend on the CAPEX of 

electrolysers, therefore will only be economically beneficial when the CAPEX reaches a very 

low level, around €100/kW, which very likely will not happen by 2030 (see below). The graph 

below, produced by IFPEN, illustrates the importance of having a minimum load factor 

(indicated here in hours/year) to reduce the price of hydrogen production when CAPEX 

stand between €250 and €500/kW. 

Cost of hydrogen production based on the price of electricity, the cost of the 

electrolyser and its annual operation duration  

 
8 Source: France Stratégie, La Valeur de l’action climat, February 2019. 
9 10% for solar, 20% for onshore wind and up to 40% for offshore wind. 
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Source: IFPEN 

 

The second mode consists in connecting the electrolysers directly to the network, so 

that they operate all year, except during periods of tightness when electricity prices are high. 

This operation is currently the most economical because it requires less electrolysis capacity 

for a same volume of electricity and therefore enables the cost of the investment to be written 

off more quickly. To comply with regulatory or commercial requirements, it is possible to 

combine this operation with “renewable electricity” guarantees. 

The last mode is based on the installation of electrolysers at a renewable electricity 

production site devoted to hydrogen production, electricity being able to be sold when 

prices are high in the market. This operation is very dependent on the evolution of CAPEX 

and the cost of renewable electricity produced locally10. Indeed, given the lower load factor 

of the electrolyser caused by the intermittence of renewables, CAPEX weigh heavier in the 

total cost of hydrogen than in the network configuration. Nevertheless, electricity can be 

resold in the market when prices are high, which can offset this additional cost. As illustrated 

by RTE’s graph below, hydrogen thus produced will only become less expensive than direct 

connection to the network if there is a greater drop than expected in the price of solar 

panels by about 30% or very high increases in electricity prices in the market.  

 

 

Estimate of the cost price seen by the hydrogen producer in 2030 

 
10 Enedis considers, in addition, that the indirect connection of these electrolysers to the electricity distribution 
network would be a breach of equality of treatment in tariff equalisation, and would ignore the management 
monopoly over these networks. 
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Source: RTE 

 

Only the last two modes – connection to the network, connection to a dedicated renewable 

energy site – therefore enables optimisation of the hydrogen production cost by 2030. While 

the first of these two configurations is currently the less expensive, the choice between these 

two configurations in the upcoming years will depend on the assumptions concerning 

renewable electricity and electricity prices in the wholesale market, and to a lesser extent 

CAPEX11. 

Regarding the self-production configuration at a site, based on the most optimistic 

scenarios presented by the Hydrogen Council12 and Bloomberg13, the price of renewable 

electricity will drop sharply because of a major decline in the cost of these energies in the 

world, even more marked in high-potential zones such as Spain and Chile, and will reach a 

range between €13 and 37/MWh in Europe. According to these studies, CAPEX will drop 

sharply to reach a level of around €250/kWe thanks to industrialisation (learning effect) of 

the entire sector (electrolysers, developers, installers, operation and maintenance, etc.) and 

economies of scale (move from a unit power of 2 MW to several dozens or even hundreds 

of MW) and efficiency gains (increase in the performance of electrolysers by 65 to 70%). 

The Hydrogen Council therefore adopts for the price of electrolysers a leaning rate of 10% 

per year, which it deems conservative compared to those of renewable energies, 35% for 

solar for example (between 2010 and 2012). Under these conditions, hydrogen will be 

produced at around €2/kg by 2030 and would become competitive. These optimistic 

 
11 Certain regulations, such as the directive on renewable energy (RED II) which imposes direct connection of 
the electrolyser with additional renewable capacity to connect it to the electrolyser, could also be made less 
strict so as to not limit electrolysis possibilities. 
12 Source: Hydrogen Council, Hydrogen Insights, February 2021. 
13 Source: Bloomberg, Hydrogen Economy Outlook, key message, 30 March 2021. 
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estimates must however be tempered. Concerning CAPEX, while a drop to €250/kW cannot 

be set aside, most studies14 project a cost of around €500/kW in ten years. As for the price 

of electricity, forecasts used by CRE and Energy Ministry to calculate the amount of the 

public service contribution are based on a price around €30/MWh for solar and €34/MWh 

for wind in France in 2030 in a favourable scenario, and prices around €50/MWh in an 

unfavourable scenario. While it can be possible for certain sites to produce renewable 

electricity at a very low cost (below €20/MWh) in Europe or even in France, these will be 

very limited, and hydrogen will therefore be in competition with other uses to use this 

electricity. RTE estimates that, in a reference scenario, hydrogen production using 

solar electricity will cost €3.8/kg.  

Concerning the network connection configuration, the price of hydrogen production will 

depend very heavily on the price of electricity in the wholesale market, which determines an 

average 75% of the total cost of a kilo of hydrogen. 

It is probable that this average price will not drop by 2030 for several reasons. The 

progressive drop to 50% of the nuclear share in the French electricity mix by 2035 could 

have an impact on the increase in prices. In addition, European market integration would 

limit the downward impact in market prices of the construction of additional renewable 

energy capacity at prices lower than those of the market. For example, while Germany built 

close to 100 GW of additional renewable capacity compared to only 10 GW in the 

Netherlands, the electricity price remained essentially the same in both countries in 2019, 

because it is the marginal costs of coal plants that fix the market price most of the time.  

Lastly, an electricity price too low would not provide incentive to investment in production 

capacities, because it would not enable industrial operators to recover their investment 

costs, and could increase the price in the capacity market, and therefore the cost of 

electricity. It is therefore reasonable to anticipate an electricity price in the wholesale market 

that will be between €45 and €60/MWh15. 

In addition to this electricity price in the wholesale market, the tariffs for the use of the 

network (TURPE)16, in the network connection mode, must be added. Such costs currently 

increase the price of electricity obtained by electrolysis in a range between €11 and 

€16.5/MWh depending on whether the electrolyser is connected to the public electricity 

transmission or distribution network17.  

If they meet the conditions specified by the decree of 10 April 2021, electrolysers can benefit 

from a reduction of up to 80% in the TURPE. 

 

 

 

 
14 For example, International Energy Agency, Hydrogen in North Western Europe, a vision toward 2030, April 
2021. 
15 The forecasts established by the Energy Ministry within the framework of the new multi-annual energy plan 
(PPE) and which served, in particular to assess the public energy service charges caused by new renewable 
energy installations amount to, in 2030, €44 in the low scenario and €65 in the high scenario.  
16 The quantity of electricity used for the needs of an electrolysis process is not  subject to the CSPE in 
accordance with 1° of 4 of Article 266 quinquies C of the customs code. 
17 And the assumption being made that the electrolyser does not consume only in the low season.  
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Conditions for the reduction in TURPE for electrolysers 

The new decree no. 2021-420 of 10 April 2021 amending the regulatory part of the 
energy code concerning provisions for the reduction of the tariff for the use of the 
public transmission network granted to electricity-intensive sites reforms the old 
TURPE reduction regime granted to electricity-intensive industries.  It enables 
electricity electrolysers to have a reduction in the TURPE price18 under certain 
conditions. 

The eligibility criteria for this new regime imply being directly or indirectly connected 
to the public electricity transmission network. Direct connection requires 
electrolysers to have a capacity over 40 MW, which is far from being the case today, 
but could be reached within a few years. 

It is also possible for these electrolysers to benefit from the reduction in TURPE by 
being indirectly connected to the public transmission network through a site that is 
itself directly connected to this network. This configuration is frequent for industries 
today that consume hydrogen. 

 

 
18 Therefore, benefiting from an 81% reduction in TURPE are sites that withdraw from the public electricity 
transmission network a volume of electricity higher than 10 GWh, with a network use duration higher than or 
equal to 7,000 hours. 
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Considering such a reduction, the Foresight committee estimates that the price of 

electricity after the cost of access to the electricity transmission network will be within a 

range of €47 and €62/MWh based on scenarios. The graph below illustrates that these 

electricity price levels will not make it possible to reach a price of €2.5/kg of hydrogen, i.e. 

parity with grey hydrogen with a CO2 price at €100/tonne, even in taking into account very 

favourable assumptions about the reduction of the cost of electrolysers by 203019. To 

achieve this, it would be necessary for the price to drop below €36/MWh, a level which is 

hardly reachable in 2030. 

Share of the cost of electricity in hydrogen production costs – favourable 

assumptions with connection to the electricity network 

 

Source: CRE’s Foresight committee 

 

 

The table below summarises the hydrogen price differences based on the electrolysis 

configurations and electricity price and CAPEX scenarios. A kilo of hydrogen will be 

produced within a range between €2 and €4/kg by 2030. It would be competitive with 

fossil hydrogen (€2.5/kg with a CO2 price at €100 in the ETS) only in the most 

optimistic scenarios. 

 
19 Electrolyser connected to the network, CAPEX of €250/kW compared to more than €1,000/kW today, 
efficiency rate of 68%, lifetime of 20 years. 
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Cost of hydrogen by 2030 based on the different scenarios and assumptions 

Source Configuration 
Price of 

electricity20 
CAPEX 

electrolyser 
Load 
factor 

€/kilo of 
hydrogen 

Hydrogen Council Self-production  $13 to 37/MWh  $250/kW  

$2.3 ($1.2 in 
regions with 

significant 
renewable 
resources) 

International 
Energy Agency21 

Self-production (offshore 
wind in the North Sea) 

€38 to €70/MWh €581/kW 
40 to 
60% 

€2.5 to €3.5 

RTE 
Self-production (solar, 

reference scenario) 
€43//MWh22 €700/kW < 30 % €3.8 

RTE 

Self-production 
(optimistic scenario of a 

30% drop in solar costs 
compared to the 

reference scenario) 

   €2.6 

CRE’s Foresight 

committee – 
favourable 

estimate scenario 

Network 

€46.2/MWh (price 
in the wholesale 

market at €44/MWh 
+ TURPE at €2.2) if 

electricity-intensive 

€250/kW > 50 % €3.1 

CRE’s Foresight 
committee – 
unfavourable 

estimate 

Network 

€62.24/MWh (price 
in the wholesale 

market at €60/MWh 
+ TURPE at €2.2) if 
electricity-intensive 

€500/kW > 50 % €4.3 

EDF Network €50/MWh23 €850/kW 
4,500-
7,500 h 

€3.8 

 

This table shows that it will be difficult to reach a competitive low-carbon hydrogen price in 

2030. The main cause lies in the price of electricity, in the network configuration. 

A final issue must be taken into account concerning the production of hydrogen by 

electrolysis and is related to the impact of the CO2 price on the ETS market. Because of 

European electricity interconnections, coal plants producing energy or gas plants determine 

for long periods of time the marginal price of electricity in the European market. In France, 

the price of electricity was determined in 2019 25% by the import of electricity produced by 

coal plants and 20% by gas plant prices. RTE thus estimates that a price of €100 per tonne 

of CO2 in the ETS market would increase the price of the kilo of hydrogen by €1.4 per kilo, 

 
20 The Hydrogen Council does not include the costs related to TURPE, unlike EDF. 
21 Source: IEA, Hydrogen in North-Western Europe Hydrogen supply and demand, A vision towards 2030, 
April 2021. 
22 The solar cost assumptions used by RTE are as follows: CAPEX €550/kW, fixed OPEX €15/kW/year, lifetime 
25 years, WACC 5%/year. These assumptions are in line with the reference trajectory of the consultation group 
for ground-mounted solar plants in 2035. The annual instalment is €54/kW/year. With a simulated load factor 
of 1,250 h/year (average France), the cost price is €43/MWh. Only 58% of this production is used to produce 
hydrogen, enabling a load factor for electrolysers of 38%. Surplus solar production (42% of total production) is 
sold on the electricity markets at an average price of €40/MWh.  
23 EDF estimates that the price of electricity on the wholesale market should amount to about €50/MWh in ten 
years. The group adopts the average of the scenarios indicated in the PPE (decree no. 2020-456 of 21 April 
2020 relating to the multi-annual energy programme), i.e. €53/MWh for continuous supply.  By avoiding the 
most expensive hours, the supply cost of electrolysis is typically lower than about twelve euros per MWh, while 
access to the network can be considered at a little less than ten euros per MWh (for large installations).  Hence 
a cost of around €50/MWh. 
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as shown by the graph below. More importantly, this impact of the ETS price is greater for 

hydrogen produced by electrolysis than for that produced by steam reforming, which might 

expand the competitive disadvantage of the first option. 

Estimate of the cost seen by the hydrogen producer in 2035 based on several CO2 

price assumptions in the ETS 

 

Source: RTE 

 

Electrolytic hydrogen producers can avoid this phenomenon by using long-term contracts24 

with low-carbon electricity producers. These contracts would avoid the use of electricity 

produced with fossil energy to produce hydrogen and therefore avoid the impact of ETS on 

the increase in the price of electricity and would stimulate the development of low-carbon 

electricity. 

  

 
24 These contracts can, for example, take the form of power purchase agreements (PPA), bilateral customised 
over the counter (OTC) contracts, which can be based on complex operations and can expose parties to 
counterparty, profile, liquidity risks, etc. Another example, standardised futures contracts quoted on the 
organised markets, without counterparty risk. It must however be noted that for these, there is currently only 
very little liquidity above one year and none as from four years, which limits long -term hedging possibilities. 
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Obtaining competitive electrolytic hydrogen by 2030 compared to steam reforming 

will therefore depend heavily on the price of electricity at that time. In order to minimise 

extra costs, the most optimal operation modes for electrolysers must be put in place. 

In France, this means connection to the electricity network, except in areas where the 

price of renewables sees a major drop; by electrolysers having sufficient power to be directly 

connected to the public transmission network and thus to obtain a reduction in TURPE, or 

failing this, by an indirect connection to this network; by contracting electricity supply to avoid 

the effect of the carbon price increase on electricity prices and protect hydrogen producers 

from market risk. 

On a transitional basis, and with a view to stimulating low-carbon hydrogen demand in 

industry and mobility, it could be envisaged using for complementary purposes blue 

hydrogen produced after CCS. Today standing at around €2.5 to €4.5/kg, the price of the 

latter should drop to within a range of €2 to €2.5/kg by 2030. Total Energies considers that 

the cost of the capture, transport and storage chain of its Northern Light project in Norway 

could drop from €150 to €75 per tonne of CO2 thanks to economies of scale, i.e. an extra 

cost of €0.75 per kilo of hydrogen produced compared to steam reforming. Nevertheless, 

given the significant cost of the exploration and construction of CO2 storage zones in France 

and the duration of such projects (roughly eight years), without considering the acceptability 

issues of this technology, the decision to use blue hydrogen cannot be made independently 

of the more global choice of whether or not choosing this technique in France to lower 

emissions in other sectors. Moreover, this option would have the disadvantage of not 

contributing to the development of the French electrolyser sector. 

CCS could be a short-term option for hydrogen production supplying industrial sites in port 

areas such as Dunkirk or Le Havre, for which captured CO2 could be exported and stored 

in the North Sea without having the need to be stored in France. The Northern Lights storage 

site will thus be operational as from 2023. These storage zones in the North Sea are 

however likely to be subject to competition between numerous European industrial operators 

and many sources of CO2 other than hydrogen production.  Moreover, it would be necessary 

to assess the carbon balance including the CO2 emitted by ship transport to verify the 

environmental relevance of this solution. 
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The use of hydrogen produced by steam reforming and capture and storage 
of CO2: examples abroad 

In order for blue hydrogen to become a possibility on the industrial level, storage 
capacity will have to be developed. In 2020, only 35 million tonnes of storage 
capacity were being planned, mainly in the USA (25 Mt), whereas 800 million tonnes 
would be needed to only store the carbon coming from hydrogen production alone, 
which only represents 1% of the total CO2 emissions. 

The most advanced European countries in CCS, Norway, the Netherlands and the 
United Kingdom, seek to develop this sector by the implementation of mechanisms 
mixing incentive and sanction, combining growing CO2 taxes and subsidies covering 
the cost difference between the CCS price and the price of the tonne of carbon. The 
Netherlands thus introduced a carbon tax of €30 in 2020 which will increase to up to 
€125 in 203025, while the implementation of a contract for difference (CfD) 
concerning the CO2 value enables full financing of the difference between the costs 
of the project and the price of CO2 (within the limit of €156/t for the CCS). It should 
be noted that there are German/Russian discussions aimed at exploring the 
possibility of exporting hydrogen produced in Russia using methane with CCS. 

The development of CCS in France would require the deployment of CO2 storage 
capacity or transport of the CO2 towards storage areas in the North Sea. Studies in 
the north of France identified small storage structures. Others would probably be 
located offshore on the Atlantic coast. The potential is estimated at a few hundred 
million tonnes of CO2. Their use would however require long exploration campaigns 
(well drilling, seismic surveys, eight years between the start of the project and its 
commissioning) and would also be costly (digging a well in the North Sea costs about 
$100 million). The choice to use this technique in France therefore cannot exclusively 
concern hydrogen production. The export of CO2 captured in France, more 
immediate, would require, on the legal level, a bilateral agreement with the country 
of import. The cost of transport of a tonne of CO2 per ship to the Netherlands is 
estimated by Total Energies at around €20. It would be limited to hydrogen produced 
near to a port for logistical reasons. 

 

A path sometimes proposed consists in preferring a centralised hydrogen production model 

in sun-rich countries – for example Morocco or Spain – and shipping the hydrogen produced 

by pipeline to France.  Apart from the economic difficulties raised by this transport solution 

for 2030 – which we address in more detail in the second part of the present report – this 

solution would have the disadvantage of domestic demand not promoting the construction 

of a French electrolysis sector. 

Disruptive technologies – such as high-temperature electrolysis – can also emerge towards 

2030 and cause a drop in costs, if research and development efforts are pursued. 

 

 

 
25 Which is not added to the carbon price in the ETS but completes it up to the desired level. 
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High-temperature electrolysis  

The French Atomic Energy and Alternative Energy Commission (CEA) is currently 
working on coupling between a high-temperature solid oxide electrolyser cell 
(SOEC) that can operate in electrolysis or fuel cell mode and small modular reactors 
(SMRs). The first advantage of the model is to use the plant’s heat to increase the 
performance of high-temperature electrolysis by 10 points, i.e. a total efficiency of 
85% compared to 65 to 70% maximum for PEM and alkaline electrolysers. Heat 
supply at 150 degrees in the form of superheated steam is enough to maintain the 
system. The model also makes it possible to optimise hydrogen production based 
on electricity market prices. When prices are high, the electrolyser would be powered 
off or operating in reversible mode (fuel cell) to support the network. If prices are low, 
the nuclear reactor would be modulated downwards to capture network prices and 
produce hydrogen at a lower cost. This coupling would enable hydrogen to be 
produced locally, close to uses, to avoid upstream logistical costs. The long-term 
target price is €2 to €3 per kilo of hydrogen. 

The United Kingdom26, Germany (with Sunfire), the United States (with Fuel Cell 
Energy)27 are also experimenting this technique, with demonstrators up to 2 MW. 

The development of SMRs however raises the matter of the social acceptability of a 
dissemination of nuclear reactors in France, each having power of about 250MW. It 

must be noted that the heat source can also come from industry. For example, the 
cement company Vicat collaborates with the CEA through the joint operation 
GENVIA to reuse waste heat from the cement manufacturing process in high-
temperature electrolysis.  

 

In conclusion, hydrogen produced by electrolysis will probably not be competitive 

compared to hydrogen produced by steam reforming by 2030, and concerns remain 

about its competitiveness afterwards. A CO2 price in the ETS market around €100 per tonne 

in 2030 will therefore not be sufficient to encourage the switch to low-carbon hydrogen. To 

make possible the emergence of all this sector, public support mechanisms must be set up 

to offset the additional costs compared to grey hydrogen. Apart from regulation and 

investment subsidies, direct experimental contracts could be set up initially, given the 

inexistence of a reference electrolytic hydrogen production price, on which the current 

mechanism for the additional remuneration of renewable energy is currently based. 

In addition, the multiplication of mechanisms is not recommended: it would complicate the 

budgetary follow-up and possibly lead to extra costs for the community. Lastly, these 

mechanisms must, initially, cover producers from market risk, particularly with regard to 

changes in the electricity price and in TURPE. The cornerstone of the development of a new 

sector is in fact the facility of investment and the cost of fixed assets.   

 
26 Source: Roadmap of the Nuclear Industry Council (NIC) for green hydrogen, published on 18 February 2021.  
27 The American group Nuscale, producer of SMRs, intends to use one of the 60 MW units to test its coupling 
with SOEC technology. 
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1.4. Compression, transport and distribution costs to not be neglected 

When hydrogen is not produced in the immediate vicinity of its place of use, compression, 

transport and distribution costs become significant in the economic models of its different 

uses. 

The characteristics of hydrogen, and particularly its lightness and low energy density make 

it delicate and expensive to transport. Hydrogen must first be compressed or liquefied to 

meet the uses planned. Vehicle tanks require compression to 350 to 700 bar, when the 

hydrogen produced by electrolysis ranges between 10 and 50 bar. 

Hydrogen compression to 700 bar costs roughly €0.1/kg according to the Academy of 

technologies. Liquefaction, which requires more energy, because the temperature drops to 

-253 °C, costs about €0.4/kg. 

The cost of transport depends on the mode which varies according to distance. Long-

distance transport, above 3,000 km, requires transport by ship, hydrogen being liquefied or 

transformed into ammonia. The German strategy being based largely on the import of 

hydrogen from sun-rich countries, the EWI of Cologne estimated, in a study in December 

2020, that the cost of transport by ship (liquefaction, loading, transport, regasification) today 

totals $3.2/kg and could drop to $1.2/kg in 2050. Such a level, to which must be added 

production costs, makes hydrogen import by ship more expensive in the medium-term than 

local production by electrolysis28. 

Transport over medium distances can be done by hydrogen pipeline. Direct transport of 

hydrogen by pipeline is in fact much less expensive than transport by the electricity network 

of electricity produced in a low-cost zone to hydrogen production areas29. This implies the 

establishment of a dedicated network through the conversion of existing 

infrastructure or by the construction of new pipelines. This issue of hydrogen transport by 

the gas networks will be addressed in a specific chapter in the second part of the present 

report. Short-distance transport can be done in compressed form via trucks, for costs 

starting at €1/kg depending on the distance. 

Hydrogen storage can also be addressed as to guarantee to hydrogen suppliers an outlet, 

security of supply to consumers and to the territory, a circular economy and the possibility 

of decentralising renewable energy. Hydrogen can be stored in liquid form or ammonia form, 

for a cost that remains high, over €2/kg according to the Academy of technologies. It can be 

stored in gaseous form in salt caverns or in depleted gas fields. 

The cost of storage infrastructure in a salt cavern, which depends on its size, the 

quantity to be stored and the frequency of hydrogen cycling, stands at €0.2 to €0.6/kg 

according to Storengy. The technique of hydrogen storage in salt caverns is mature and is 

already used in the United Kingdom (Teeside site) and in the USA. Practices need to be 

 
28 The study published by Agora Energiewende in February 2021 and cited in the second part of the report 

establishes that in 2050, hydrogen produced locally in Germany will remain less expensive than hydrogen 
imported by ship from Algeria. 
29 According to GRTgaz and Teréga, in the configuration of a hydrogen need in Lyon and renewable electricity 
produced less expensively in Marseille, the solution consisting in transporting hydrogen produced by 
electrolysis to Marseille by gas infrastructure, costs two to four times less than that consisting in transporting 
electricity from Marseille to Lyon and performing electrolysis in Lyon.  
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adapted for more frequent cycling in response to market needs. Storage areas exist in 

France at Etrez, in the Auvergne-Rhône-Alpes region and in the south-east. 

Lastly, it is important to add service station distribution costs for mobility uses. A hydrogen 

station sized to accommodate about 20 trucks costs around €15 million. All the same, 

according to the Hydrogen Council, major prospects in terms of cost reduction are 

conceivable thanks to massification of the deployment of stations. Unlike battery cars, 

for which the increase in the number of stations leads to a growth in the cost of the 

infrastructure, hydrogen stations can accommodate a very large number of vehicles given 

the rapidity of fuelling, making it possible to create economies of scale and of series. 

Increasing both the number of stations and their size (with fuelling capacity between 500 kg 

and 1 tonne per day) would reduce distribution costs to €1/kg in 2030. According to the 

E-Cube firm, it would be difficult to reduce the distribution cost to less than €2 to 3/kg for 

2030. 

These logistics costs can, sometimes significantly different, drive up the final cost of 

hydrogen available. They must lead to an arbitrage between local production and hydrogen 

import from areas where electricity is cheaper or where a large electrolyser is installed. In 

addition, the low-carbon environmental balance must include transport by truck or ship. 

According to Ademe, use of trucks leads to the emission of 1kg of CO2 per kg of hydrogen 

for 100 kilometers. 
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Proposals by the working group on hydrogen production 

Adopt a technological neutrality approach to the different forms of low-carbon 
hydrogen (green, yellow, or blue) to rapidly reach the lowest production costs and 
minimise the cost of public support. 

In the case of hydrogen production using electricity, promote the cheapest 
electrolysis configuration, given the French electricity mix: 

- connect, as a priority, electrolysers to the electricity network given the 
intermittence of renewable energies which reduces the load factor of 
electrolysers. In the event of a greater drop than expected in solar and wind 
costs, promote connection to a dedicated renewable energy site; 

- promote indirect connection to the public transmission network or the setting 
up of electrolysers of more than 40 MW in a hub logic to benefit from lower 
costs for access to the network or synergies in hydrogen use and logistics; 

- use long-term contracts between electrolysis producers and low-carbon 

electricity producers to avoid the impact of the increase in the CO2 price in 
the EU emission trading system (EU ETS) on the price of electricity, and 
control the market risk. 

Pursue support for research and development of disruptive innovation (high-
temperature electrolysis, plasma torch). 
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2. MULTIPLE USES, BUT WITH UNCERTAIN 
ECONOMIC MODELS AND MATURITY FAR AHEAD 

Because of the great variety of uses which can be made of it, hydrogen is often presented 

as a key carrier of the energy transition. It can be used as fuel for mobility, a source of heat 

for industry and the residential sector, as a raw material in chemistry or the production of 

certain industrial goods (steel, glass) or as a storage carrier for electricity to cope with the 

variability of certain renewables or to remove congestion in a network. 

However, there is a long road between scientific feasibility and industrial use. Some 

hydrogen applications present very high additional costs that make their generalisation very 

unlikely for 2030, in addition to the safety constraints which will be raised in the following 

part. 

A distinction must be made between uses for which there is no low-carbon solution other 

than hydrogen, such as certain industrial processes, and those for which such a solution 

exists, such as transport and heating. For the first category, use of low-carbon hydrogen is 

unavoidable in the long term: the existence of an economic model by 2030 will depend on 

both the degree of regulatory constraint against greenhouse gas emissions implemented by 

public authorities and comparison between low-carbon and grey hydrogen, a comparison 

for which electricity and CO2 prices are decisive. However, for uses where other low-carbon 

solutions exist, the use of hydrogen will depend on its competitiveness. Hydrogen will not 

be bought by the economic participants of certain sectors, if there is another low-carbon 

technique, less expensive and available. Subsidising hydrogen would be a debatable use of 

public finance. 

For uses where hydrogen would be relevant, its adoption will most likely imply additional 

costs for 2030, given the outlook of production costs that remain high presented in the first 

part of the report. The question is then raised about the distribution of the funding of this 

extra cost between industrial operators, taxpayers and final consumers – with, regarding the 

latter, the definition of social support measures30. This equation will depend heavily on the 

implementation of a carbon border adjustment mechanism at European level, without which 

there would be a real risk of relocation of some very competitive industries in the event of 

an imposed extra cost. Even if the European Commission is presenting a proposal in this 

regard, the implementation of such a mechanism will be difficult on the geopolitical level. 

With hydrogen requiring a long-term subsidy regime, the present report recommends 

prioritising its uses based on their degree of maturity, in order to concentrate public 

resources in sectors that have a real industrial potential by 2030 and thus promote 

massification of these sectors. 

 
30 For example, replacement of a diesel train by a hydrogen train can cause, according to SNCF, an increase 
in ticket prices between 10 and 30%, if this extra cost is entirely borne by the passenger.  
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2.1. Industry is the most mature use on the economic level for 2030 

There are two types of industrial uses for hydrogen. On the one hand, industries already use 

hydrogen as input31: oil refining (60% of the volume used), production of ammonia to make 

fertiliser (25%), chemistry to produce methanol in particular (10%), glass factories or 

metallurgy and the chlorine industry (5%). In France, almost 900,000 tonnes of hydrogen 

are used annually in these sectors – of which almost half is co-produced32 -, which emit 11 

Mt of CO2, i.e. 3% of total French emissions and 15% of those of industry. On the other hand, 

certain high-carbon industries, such as metallurgy, could use low-carbon hydrogen as a 

chemical reaction agent, for example to break down iron ore. 

2.1.1. Substitution of grey hydrogen for low-carbon hydrogen in industries using this 

gas is the main outlet 

The most natural use of low-carbon hydrogen lies in the substitution of grey hydrogen 

already consumed in the refining industry, in fertiliser and methanol production and in 

metallurgy and glassmaking, if no other solution emerges. In these captive markets, the use 

of low-carbon hydrogen will therefore be necessary to reach neutrality objectives. The 

challenge is more about setting up appropriate support mechanisms to progressively reduce 

the price of low-carbon hydrogen production and limit the cost of this substitution for 

industrial operators. For these operators, hydrogen is still a major raw material in their 

production process. As such, imposing a switch to low-carbon hydrogen without support 

would create a risk of relocation and the associated “carbon leakage”. 

For a small portion of these uses (10%), mainly in the metallurgy and glassmaking sectors, 

electrolytic hydrogen can already be more competitive than grey hydrogen when its current 

consumption is dispersed, because of downstream logistics costs (hydrogen is liquefied, 

then transported by truck) which increases the price of the kilo above €8/kg. Positioning an 

electrolyser near to these sites would enable competitive low-carbon hydrogen to be 

supplied as of now. 

For larger consumers (refineries, fertiliser and methanol production sites), which produce 

onsite by steam reforming at around €1.5/kg, low-carbon hydrogen however remains much 

too expensive currently (€4.5/kg)33 and its competitiveness by 2030 is not guaranteed. 

  

 
31 It can be the use of pure hydrogen, as in refining and production of ammonia, or mixed, as for methanol 

production. 
32 i.e. without hydrogen being the product sought by their production process. Co-produced hydrogen can 
however be used as material within the process itself (refining for example).  
33 Today, Total’s biorefinery project in La Mède, which is based on the implementation of an electrolyser of a 
power of 40 MW (5 tonnes of hydrogen per day) connected to 100 MW solar panels at several sites in the 
region will produce green hydrogen four times more expensive than grey hydrogen.  
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The maximum price at which a refinery can, for 

example, purchase hydrogen without 

undermining its viability is €2.5/kg, a level which 

however does not enable the operator to obtain a 

profit. This price corresponds to the most 

optimistic assumption of the cost of low-carbon 

hydrogen production for 2030 (see opposite34). 

Moreover, risks of relocations are high in this 

sector, in the absence of a carbon border 

adjustment mechanism35. It is therefore 

plausible that using the only regulation lever for 

imposing these industries to switch to low-carbon 

hydrogen results in relocations and the 

associated carbon leakage. 

In this context, encouraging these industries to consume, as of now, low-carbon hydrogen, 

requires the introduction of a subsidy regime to optimally distribute the extra cost between 

industrial operators and the public authorities. For example, a refinery using 10 tonnes of 

hydrogen per day which would substitute grey hydrogen for electrolytic hydrogen as from 

2024 at €4/kg would face, over the period from 2024 to 2038, extra CAPEX and OPEX costs 

of roughly €80 million over the period, based on the price of a tonne of CO2 increasing 

from €50 in 2024 to €100 in 203036. 

Beyond 2030, the use of low-carbon hydrogen in these industries without public support will 

depend both on the possibility to produce below €2.5/kg (assumption depending on 

electricity prices, see above) and the establishment by the European Union of a border 

adjustment mechanism.  

The decision to support low-carbon hydrogen with public funds must however take into 

account the development of consumption in these sectors, which is still uncertain. A 2019 

study37 by Ademe estimates that demand for ammonia and methanol production will 

increase by 2030, due to demographic growth, and that that of the refining sector could 

remain stable because of the increasingly strict nature of regulations on contaminants. 

However, foresight work being conducted by Ademe on carbon neutrality considers, on the 

contrary, that fuel refining in 2030 will require more hydrogen than the natural coproduction 

of the refinement process. The May 2020 report38 by the International Energy Agency on 

hydrogen in north-west Europe states that hydrogen consumption in refineries will drop by 

25% in 2030. Public support for decarbonisation of hydrogen in this sector will therefore 

depend on a specific opportunities analysis. 

2.1.2. Steel industry is a very significant outlet, but uncertain for hydrogen 

The world’s steel production emits 2.3 billion tonnes of CO2 every year, i.e. roughly 7% of 

the planet’s emissions. They are caused mainly by the reduction in blast furnaces of the 

 
34 Source: IFPEN. 
35 The European Commission plans to file a proposal in June 2021 to introduce such a mechanism. 
36 On the basis of the price of a tonne of CO2 increasing in the ETS market from €50 per tonne of CO2 in 2024 
to €100 per tonne of CO2 in 2030. 
37 Source: ADEME, Hydrogen: analysis of industrial and economic potential in France, December 2019. 
38 Source: IEA, Hydrogen in North-West Europe: A vision towards 2030. 
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oxygen contained in iron ore with coal. Emissions from the steel industry in France totalled 

19 million tonnes of CO2
39 in 2017, i.e. 4% of French emissions. 

The steel industry is one of the hardest to decarbonise. Currently, the only solutions being 

studied are scrap metal recycling by electric arc furnace, CCS technology and use of 

hydrogen. The latter may be used in the production of steel to significantly reduce emissions 

in two ways. On the one hand, it can be injected into blast furnaces as a substitute for coal 

for the reduction of iron ore, which reduces emissions by about 20% and therefore 

represents a short-term solution, extending the lifetime of blast furnaces. On the other hand, 

hydrogen can be used to produce pre-reduced iron ore through the technology known as 

direct reduced iron (DRI). This technology already exists and uses natural gas. Hydrogen 

would replace gas as a reducing agent. This process, which must still establish its maturity 

at industrial level40, produces iron in a single stage instead of two in the blast furnace-

converter process. The pre-reduced metal is then compressed to be used in the blast 

furnaces (DRI-BF41) or electric arc furnaces (DRI-EAF42), a competing technique which 

already represents 20% of world production, mainly in the USA43. Combining DRI and 

electric arc furnaces, presented as “green steelmaking”, would reducing emissions by 90%, 

or more if the furnace is supplied by low-carbon energy. 

Bloomberg estimates, in a study in March 202144, that a hydrogen price at €3/kg, reachable 

in France by 2030, would lead to a price of a tonne of steel of $700 for DRI-EAF technology. 

The price of CO2 should stand between €30 and €100 based on the coal price at that horizon 

in order for hydrogen to become competitive45. 

  

 
39 Producing a tonne of steel emits 2 tonnes of CO2. 
40 ArcelorMittal states that this emerging technology has only been tested in small pilot factories in Europe. 
Source: https://france.arcelormittal.com/news/2020/oct/arcelormittal-europe-produira-de-iacier-vert-a-partir-
de-2020.aspx. 
41 DRI-BF: Direct Reduction Iron – Blast Furnace. 
42 DRI-EAF: Direct Reduction Iron – Electric Arc Furnace. 
43 Source: https://www.senat.fr/rap/r18-649-1/r18-649-117.html. 
44 Source: Bloomberg, Hydrogen Economy Outlook, key message, 30 March 2021. 
45 1 tonne of steel produced with coal emits 2 tonnes of CO2 whereas a tonne of steel produced with hydrogen 
emits only 25 kg of CO2. 

https://france.arcelormittal.com/news/2020/oct/arcelormittal-europe-produira-de-iacier-vert-a-partir-de-2020.aspx
https://france.arcelormittal.com/news/2020/oct/arcelormittal-europe-produira-de-iacier-vert-a-partir-de-2020.aspx
https://www.senat.fr/rap/r18-649-1/r18-649-117.html
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EDF estimated the abatement costs of these different technologies, for hydrogen produced 

at €3.8/kg. 

Estimates of the cost of production of the tonne of steel based on different 

technologies 

Technology 

Reduction of 

CO2 
emissions 

Price of 

the tonne 
of steel 

Cost of the 

tonne of 
CO2 avoided 

Advantages Disadvantages 

Traditional blast 
furnace 

 €400    

Injection of 20% 
of hydrogen in 

the blast furnace 
- 20 % €460 €170 

Does not 
require new 

infrastructure 

Only reduces 
emissions by 

20% 

Scrap recycling 
in the electric 
arc furnace  

- 98% (if the 
furnace is 

supplied by 
green 

electricity) 

€450 €30 
Major drop in 

emissions 

Produces lower 
quality steel 

which is not 
adapted to all 

uses + requires 
an investment 

DRI-EAF 
technology with 
use of hydrogen 

for the DRI 

- 95 % €650 €140 
Major drop in 

emissions 

Requires 
considerable 
investment in 

production tools 
(DRI + furnace) 

Source: elements communicated by EDF  

 

Given these figures, the technology of scrap metal recycling in electric arc furnaces appears 

to be the least expensive, but it produces steel of lower quality which will not be suitable for 

all outlets, and requires an investment in furnaces. 

The direct use of hydrogen in existing blast furnaces, to heat these furnaces as a substitute 

for fossil energies, presents the advantage of not requiring the construction of new steel 

production infrastructure. Nevertheless, it can only be transitory because it only reduces 

CO2 emissions by 20%. ArcelorMittal intends to use it for some of its furnaces in France in 

the upcoming years. 

The DRI technology associated with electric arc furnaces (“DRI-EAF”) can largely 

decarbonise the steelmaking industry. However, it has an extra cost of €140/tonne of CO2 

avoided and especially requires major investments to entirely change the production 

installations (new direct reduction furnace, new electric arc furnace). ArcelorMittal estimates 

the investment necessary to replace the furnaces of a site like that of Dunkirk by DRI-EAF 

technology.at about one billion euros. ThyssenKrupp states46 that the total cost to transform 

its current production of 13 million tonnes of steel to the DRI-EAF technique would require 

€10 billion, i.e. an investment of €770 million per million of tonnes of steel. 

The significant extra costs of the use of hydrogen for steelmaking mean that today there is 

no economic model. The decision by these industrial operators to switch to this technology 

in the upcoming years will depend on several factors. If the price of the tonne of CO2 in the 

ETS appears decisive, the life cycles of the different blast furnaces in Europe will also be 

 
46 Source: https://www.carboncommentary.com/blog/2020/1/14/the-extra-costs-of-decarbonised-steel . 

https://www.carboncommentary.com/blog/2020/1/14/the-extra-costs-of-decarbonised-steel
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crucial given the very large investment costs necessary47. The implementation of a carbon 

adjustment mechanism is also essential for preventing the extra cost of the tonne of low-

carbon steel from causing a relocation of production or substitution by imported steel, 

resulting in “carbon leakage” in reality. With consumers’ readiness to pay a premium for 

green steel being limited for the meantime48, regulation will also be decisive, particularly for 

distributing the extra cost among taxpayers, consumers and industrial operators. Lastly, the 

switch to DRI technology will depend on the position of steel recycling in supply and 

demand49. 

It must be noted that such a switch would significantly modify the hydrogen economy. 

ArcelorMittal states that hydrogen injection directly into a single blast furnace would require 

20,000 tonnes per year. DRI technology would need roughly 80,000 tonnes of hydrogen per 

year to produce 1.5 million tonnes of steel. Current French steel production totalling 10 

million tonnes of steel in 2019, the total market would therefore total roughly 500,000 tonnes, 

i.e. the level of total hydrogen consumption not co-produced today in France. This would 

also imply the installation of electrolysers of a capacity of 500 MW for each site and therefore 

the creation of significant additional electricity capacity. 

Several European steelmakers recently announced projects aimed at testing DRI 

technology as illustrated by the table below. ArcelorMittal, for example, plans to develop a 

hybrid DRI-blast furnace technology at its Dunkirk site, developing an electric steel plant 

capable of producing 2 million tonnes of steel per year. A partnership with Air liquid was 

signed in March 2021. The project however seems dependent on the group obtaining an 

Important Projects of Common European Interest (IPCEI) grant. 

 

 

 

 

 

 

 

 

 
47 The lifetime of a blast furnace can be extended by 15 to 20 years through major renovation work. Given the 

cost of the latter (several hundreds of millions of euros), industrial operators will have to choose between 
extending the life of blast furnaces or switching to DRI-EAF technology. ArcelorMittal’s blast furnaces at Fos-
sur-Mer, for example, have another 10 years ahead of them. 
48 This market is estimated at a few thousand tonnes for a production volume of several dozens of millions of 
tonnes of steel per year in France. 
49 According to EDF, industrial operators estimate that in the medium term, recycled steel could respond to 

45% of current use, due to the impurities of the steel produced. More optimistic studies assess these uses at 
up to 80%. The capacity of secondary steel to meet demand will depend, first of all, on the collection rate of 
steel, but also, and most importantly on the rate of pollution of the steel, particularly by copper and the 
separation of these steels during collection, the capacity to separate these impurities afterwards by an 
additional processing phase and quality requirements downstream. These requirements are low in 
construction, but very high in the vehicle sector.  



 

39 

 

Projects to deploy DRI solutions by European steelmakers by 2030 

 

Source: Agora Energiewende 

 

However, the hydrogen potential in the cement industry is low: unlike in steelmaking, 

hydrogen cannot intervene in the reduction of emissions related to the cement 

manufacturing process itself50, which is responsible for two-thirds of the emissions of a 

cement manufacturer. Some cement manufacturers intend to use hydrogen to marginally 

decarbonise their industry, whether regarding mobility of machines or the use of CCU to 

make chemicals (spirulina for example).  

It must however be reminded that waste heat produced by the furnace of a cement plant 

can be used for high-temperature electrolysis, which is planned by the Genvia company, a 

joint venture between the cement manufacturer Vicat, the CEA, Schlumberger, Vinci 

Construction and the regional energy-climate region of Occitania. 

 
50 Which consists in heating limestone with lime. 
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2.2. A potential economic space for heavy vehicles, the railway sector, and maritime 

transport 

2.2.1. A very probable absence of an economic model for light vehicles for 2030 

Hydrogen vehicles are a reality on the technical level. As energy carrier, hydrogen can be 

stored in the tank of a car, then released in the form of electricity towards an electric engine 

thanks to the use of a fuel cell. Unlike in industry, the economic space for hydrogen in 

transport measures up to batteries and biofuel.  

Hydrogen presents advantages compared to batteries: fuelling time is less than five minutes, 

compared to at least one hour for batteries in the absence of fast charging terminals. 

Autonomy is similar to that of gasoline vehicles. Lastly, the battery is heavier. 

Comparative analysis between battery electric vehicles and fuel cell vehicles 

 

Source: EY analysis with SIA Partners – The hydrogen energy sector in France 2019 

In environmental terms, hydrogen vehicles considerably reduce CO2 and fine particle 

emissions, but less than batteries. The analysis of the life cycle performed by Ademe shows 

that even if manufacturing of a hydrogen vehicle is more polluting than a traditional vehicle 

– particularly because certain equipment comes from China – its overall footprint over the 

entire lifetime of the vehicle contains 70% less CO2 emissions than a gasoline vehicle. It is 

however 10 to 20% more polluting than a battery vehicle, as shown by the graph below. 
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Commercial vehicle – CO2 emissions  

 

Source: ADEME 

This carbon balance disadvantage of hydrogen vehicles is accompanied by an economic 

disadvantage. 

Private hydrogen vehicles in 2030 will remain less competitive than electric vehicles, both 

because of the higher cost of fuel and of the vehicle itself. 

Concerning fuel, a kilo of hydrogen enables a light vehicle to cover a distance of 100 km. 

The cost of a distributed kilo depends on the production and distribution model. Within the 

framework of a decentralised model where the electrolyser is located close to the charging 

terminal, the cost of a kilo will be around €7 by 2030 for the French automobile platform 

(PFA)51. This cost appears only slightly higher than that of gasoline engines excluding tax 

(roughly 4 to 7 litres52 of hydrocarbons for 100 km, i.e. €4 excl. taxes). However, it will be 

two to three times higher than that of an electric vehicle (€2.5 to €3.5/100 km). 

More particularly, the cost of hydrogen vehicles is currently four times higher than that of 

thermal vehicles and twice that of electric vehicles, heavily impacting the full cost of use. 

The prospect of a reduction in engine costs remains uncertain.  PFA considers that hydrogen 

vehicles could emerge as from 2030 for certain uses if there is a sharp drop in production 

costs. Efforts must first be directed to 700-bar carbon fibre tanks, which are currently ten 

times more expensive to produce than traditional tanks (about €2,000). As the technology 

remains emerging, major prospects of a reduction is costs are possible.  The price of fuel 

cells must be divided by 12 compared to the current price, a condition hard to fulfil 

(source PFA). Lastly, the architecture and integration of hydrogen cars must evolve to 

reduce the space that cylinders currently occupy, for example, through the development of 

polymorph tanks, which are less intrusive, and air compressors must improve their 

performance. The realisation of these optimistic assumptions would enable hydrogen 

vehicles to reach a total ownership cost almost comparable to that of certain electric vehicles 

for uses higher than 30,000 km per year (see graph below). 

 
51 Assumptions: installation of electrolysers of an average size of 2.2 MW on site to eliminate transport costs, 
electricity price at €60/MWh, VAT of 20%, absence of domestic consumption tax (TICPE), exclusion of operator 
margin. 
52 Although more modern vehicles could go up to 2 litres.  
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PFA / BIPE study, TCO model 2035 – scenario France, “Green constraint” 

 

Source: PFA 

Other sources are less optimistic for hydrogen vehicles. The Hydrogen Council does not 

foresee any competitiveness compared to batteries by 2030, except on imagining a price of 

distributed hydrogen under €4/kg. For its part, IFPEN established three hydrogen 

penetration scenarios, where only the most favourable53 would see a boom in fuel-cell 

vehicles by 2040, as shown by the graph below. 

Lastly, Bloomberg estimates the total cost of ownership of a hydrogen vehicle will be 

between 40 and 60% more expensive than for a battery vehicle in 2030, as shown by the 

graph below. 

 

 

 

 

 

 

 
53 The pro-hydrogen scenario is based on the assumption of a 60% reduction in the price of fuel cells compared 
to the median scenario, a hydrogen price 40% less expensive, distributed at €3 per kilo in 2040, vehicle prices 
divided by 3 (€27,000) and State aid for vehicle purchase constant over the period at €10,000. Under these 
conditions alone, hydrogen would supplant battery vehicles. 
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In sum, given the cost reduction prospects which also exist for light electric vehicles, but 

also the cost of deployment of new dedicated infrastructure54, it is not likely that hydrogen 

vehicles will find a market for 2030, except for certain very specific outlets (fleets with 

intensive use). This however does not exclude a boom beyond that horizon, given the 

uncertainty that electric vehicles will meet all low-carbon mobility needs. Studies55 show that 

in the long term, in the case of massification, the production cost of hydrogen vehicles will 

match that of battery vehicles. 

2.2.2. Economic potential for heavy transport and vehicle fleets by 2030 

Hydrogen appears as the most realistic solution for 2030 in the heavy transport sector. 

Electric batteries suffer handicaps which are unknown to fuel cells.  Their heavier weight 

reduces the available charging capacity of heavy vehicles, making their use more difficult 

for trucks, buses or construction machines. Their lower autonomy and higher charging time 

are also not adapted to voluminous or high-intensity transport modes: for example heavy 

goods vehicles which must cover long distances as quickly as possible or vehicle fleets 

(construction machines, delivery services) which must charge quickly and have a high 

autonomy to maintain the intensity of their service. 

Several conditions will determine the appearance of an economic model by 2030. 

 
54 Which would be added to the development of infrastructure for electric battery vehicles.  
55 For example, those of the Department of Energy of the USA of July 2020.  

Total cost of ownership, SUV 

Medium to light crude, Europe 2017 

Source: Bloomberg NEF  

FCEV: fuel cell electric vehicle; BEV: battery electric 

vehicle ; ICE: internal combustion engine 

IFPEN median scenario 

Scenario pro-H2 IFPEN 

Source : IFPEN  
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The first lies in the considerable reduction in ownership costs over the entire life cycle of a 

hydrogen bus or truck. A hydrogen truck currently costs €450,000 compared to €90,000 for 

a diesel truck and €120,000 for a natural gas truck, an additional cost which is due in 

particular to the price of the fuel cell. The economies of scale brought by an increase in 

production will therefore be essential. The recent announcements in the sector56 indicate an 

increase in production volumes. Infrastructure costs however remain very high, about €1 

million for a 350-bar station and fuelling capacity of 200 kg per day. In order to save public 

resources, stations will have to be deployed near to the main highway corridors and the 

main captive fleets. They will also have to be adapted to the different uses (include charging 

at 350 and 700 bars), unlike Hype taxi stations for example, which are only compatible with 

their own vehicles. Technological progress is also necessary because fuel cells have an 

operation potential of 7,000 hours, far from the needs of road transport, where the minimum 

lifetime must exceed 30,000 hours.   

The hydrogen boom in cities will therefore depend on the rapid improvement in technology 

and the drop in costs, as well as a toughening of tax policy and regulations concerning 

diesel. A study by the E-Cube firm (see graph below) assessed the total cost of ownership 

of a fuel cell truck, which currently totals €245,000 per year, i.e. an extra cost compared to 

a diesel truck of almost 100%. In the most favourable scenario for 2030, the total cost of 

ownership of a fuel cell truck would amount to €150,000 per year, a competitive level if the 

price of diesel increases by €157 to close to €2, which would place the value of CO2 around 

€410 per tonne58. The assumptions of this scenario however appear optimistic. They are 

based on a 40% reduction in the cost of fuel cells, a major drop in maintenance costs thanks 

to massification of use and a drop in the price of distributed hydrogen to €5/kg, which implies 

a production cost lower than €3/kg, and a distribution cost below €2/kg, in the configuration 

of an electrolyser on site to limit transport costs. These calculations however do not include 

the positive externality brought by the reduction in air pollution, which should be assessed 

within the framework of other works. 

 

 

 

 

 

 

 

 

 

 
56 Toyota’s Hino subsidiary announced a prototype for the American market for the first half of 2021. Iveco and 
the Startup Nikola Motors plan to sell these trucks in Europe by 2024. Daimler will roll out its first commercial 
offer by 2025. Hyundai, lastly, has already delivered 10 prototypes in Switzerland having 400 km of autonomy 
and is developing a version with 1,000 km of autonomy. 
57 Already including a carbon tax at €44/t of CO2. 
58 A litre of gasoline emits 2.67 kg of CO2. 
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Estimate of the total cost of ownership of a hydrogen fuel cell vehicle 

 

Source: Cabinet E-Cube 

The Hydrogen Council assess a cost of the tonne of CO2 avoided at €50 by 2030 for 

hydrogen trucks. It however uses optimistic assumptions as a basis: a 70% reduction in 

CAPEX (compared to 40% for the E-Cube firm) and a distributed hydrogen price at €4/kg. 

Unless the optimistic scenario plays out, the use of hydrogen in heavy transport in 2030 will 

therefore maintain a major extra cost compared to diesel, which will be delicate to distribute. 

The road transport sector produces only low margins for example. Participants’ ability to pay 

a premium will remain limited. This makes it necessary to compare the hydrogen solution 

with other green technologies. 

The second condition for development in heavy mobility lies in its competitiveness compared 

to electric and green natural gas mobility. Despite the limits highlighted above concerning 

batteries, major progress seems accessible in the upcoming years in technology in terms of 

autonomy and fuelling times, which can be completed by electrification of highways. In 

particular, bioNGV is currently at a more advanced economic maturity than hydrogen. On 

the one hand, if the cost of this green gas (€90/MWh) is currently four times higher than 

natural gas, it requires little additional engine costs, identical to those of natural gas and a 

lot less than a hydrogen truck. On the other hand, transmission and distribution networks 

are already partly in place due to the development of natural gas. The ability of the 

biomethane sector to meet the entire heavy transport demand however remains limited, due 

to uncertainty about the quantity of agricultural and intermediate crop resources available 

for methanisation59 and the high biomethane demand for decarbonising other uses. In 

 
59 The report by CRE’s Foresight committee on green gas of 2019 estimates that methanisation could 

reasonably represent 10% of gas consumption by 2030. By 2050, Ademe estimates biomethane production 
potential in France at 322 TWh, when ICCT estimates it at only 39 TWh. The Carbone 4 firm (Transport routier, 
quelles motorisations alternatives pour le climat ?; November 2020), estimates, for its part, with an optimistic 
assumption, that biomethane will respond to only 24% of heavy transport demand in 2050.  
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addition, bioGNV is less effective than hydrogen for reducing air pollution, because it does 

not fully eliminate nitrogen oxide emissions, which means that certain local authorities could 

prefer hydrogen or electricity. It is therefore likely that bioGNV, batteries and hydrogen will 

be complementary solutions rather than competitors in the medium term for decarbonising 

heavy transport, but an in-depth comparative study will be necessary to assess the market 

for these different solutions. 

The possibility of a hydrogen combustion engine, potentially much less expensive, because 

it requires little adaptation compared to fossil combustion vehicles, could also be explored 

(see box below). 

 

Hydrogen combustion engine: a technological breakthrough for heavy 
mobility? 

The use of hydrogen in an internal combustion engine is a promising option for heavy 
mobility and a less expensive alternative than fuel cells. This model is currently being 
studied by IFPEN and certain suppliers in the sector. 

This use presents several advantages: the technology is mature, it is possible to 
reuse the current components in the vehicle industry, the lifetime is higher than that 
of fuel cells and it does not have any constraints in terms of hydrogen purity which 
is required by fuel cells. The cost of a heavy hydrogen combustion vehicle would be, 
according to several studies, 1 to 1.5 times more expensive than a diesel-fuelled 
heavy vehicle, compared to more than four times more expensive for vehicles using 
a fuel cell. Lastly, the purity of hydrogen used can be less drastic than that necessary 
for the supply of fuel cells (which can be impacted by the pollution of the hydrogen 
caused by the compressor lubricant). 

However, this solution requires specific adaptations to obtain a very high efficiency 
and limit nitrogen oxide emissions. 

Apart from in heavy vehicles, a hydrogen combustion engine could be used in other 
mobility segments (railway, water, maritime). 
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2.2.3. The railway sector 

Hydrogen also represents a solution for decarbonising railway transport. Half of the French 

network is currently electrified: but while electric trains represent 80% of traffic, the others 

use thermal engines, which emit 3 million tonnes of CO2 per year. 

The SNCF group has expressed its desire to decarbonize its fleet and is assessing, for this 

purpose, a panel of solutions, in connection with regions. These solutions depend on the 

power and autonomy needs of the different use segments. Electrification of tracks 

(installation of catenaries) represents a major investment which is only relevant over short 

portions with dense traffic. The hydrogen solution appears, in a complementary manner, 

relevant for regional lines with lower traffic and little or no electrification and for longer 

distances. 

The hydrogen train is based on an existing train, the Régiolis, a dual-mode train which runs 

on electricity or thermal energy through its diesel engines. The goal is to replace these 

engines with fuel cells. Batteries are added to cope with power variations. The train will 

embark 150 kg at 350 bar, enabling autonomy between 400 and 600 km. 

The experiment is led in the field with four regions: Grand Est, Bourgogne Franche-Comté, 

Aura and Occitanie. The goal of the SNCF group is to have the first trains run in 2023. 

Deployment and commissioning could occur at the end of 2025. 

On the technological level, it will be necessary to upgrade the fuel cells to increase their 

capacity and longevity, currently insufficient given the lifetime of rolling stock (40 years). 

On the economic level, the analysis of development costs reveals several additional 

investment and operating costs compared to thermal traction: 

- the extra investment cost for rolling stock amounts to 60% compared to the dual-lode 

electric-diesel engine. It is likely to drop slightly with the growth in volume particularly 

for export; 

- another additional cost concerns the adaptation of stations, which represents an 

investment of €5 to €10 million each, and the change in vehicle development in 

“technocentres”, i.e. €0.5 million per site. There are little optimisation margins, 

because the fuel cell and storage remain expensive; 

- the additional cost related to fuel amounts to 100% for electrolytic hydrogen and 

€10/kg, i.e. twice as high as the price of gasoline. It is however possible to reduce 

the price to €7/kg by 2030 thanks to the economies of scale distributed across about 

a hundred trains; 

- maintenance gains are estimated between 5 and 30% compared to thermal power. 

They will depend on the massification of long-term production. 

In sum, the cost of ownership of a hydrogen train would be 40% higher than a diesel train, 

an additional cost that can be brought to 10% in the case of a drop in the price of hydrogen 

to €7/kg and massification of use which would enable a drop in CAPEX. 
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Comparison of TCO of the thermal and H2 train solutions – absolute cost brought to 

one train 

 

Source: SNCF 

The hydrogen train appears as a reasonable option in 2030, as a complement for 

electrochemical battery trains which remain the basic option for the decarbonisation of 

railway transport over short distances60. Nevertheless, the experiment conducted by SNCF 

will be decisive for assessing its economic and operational model, in view of the major 

deadlines of 2025-2030 corresponding for the Group to the acquisition of new material and 

the transformation of mid-life regional material. 

Deployment of hydrogen trains can, in addition, create a ripple effect for the development of 

hydrogen in the territory by pooling hydrogen stations with those of other heavily mobility.  

The railway sector commits to long-term investments (roughly 40 years) offering visibility 

and a captive hydrogen outlet to producers through electrolysis. 

It is also necessary to highlight major safety constraints, which will be described in the fourth 

part of the report. 

2.2.4. The maritime sector 

Every year, maritime transport emits 900 million tonnes of CO2 each year, i.e. 2.6% of world 

emissions, likely to grow up to 1.7 billion tonnes by 2050 according to the International 

Maritime Organisation. 

The transition of this sector will require the production of low-carbon fuel, of which several 

options are being studied: liquefied natural gas – which reduces CO2 emissions by 30% but 

presents risks of methane leakage – biomethane, ammonia, methanol and liquid hydrogen.  

While hydrogen can be used for low-power ships – such as ferries and river shuttles thanks 

to fuel cells – liquid hydrogen or its derivatives (ammonia, methanol) will nevertheless still 

be very expensive in 2030 for long-distance maritime transport. The Hydrogen Council thus 

 
60 At the request of the Belgian government, the Transport & Mobility Leuven (TML) engineering firm deemed 
the hydrogen train too expensive and recommended electrification of lines, completed by use of battery 
locomotives for little used sections. 
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estimates – based on optimistic assumptions of a hydrogen production cost of $2.4 in 2030 

– that the abatement cost of liquid hydrogen will amount to $330/tonne of CO2, i.e. a high 

level compared to the State-imposed value. Bloomberg estimates that by 2050, for hydrogen 

at $1/kg, green ammonia will be competitive with oil for a carbon price of $145/t. 

It is therefore likely that maritime transport will not be a sector of application for hydrogen 

for 2030. In the longer term however, hydrogen could be part of the solutions. 

2.2.5. Aviation 

The aviation sector, which represents 2 to 3% of the world’s CO2 emissions, is one of the 

hardest sectors to decarbonise. In autumn 2020, Airbus announced the launch of a first 

hydrogen plane for 2035, with the 2020 recovery plan providing for specific support for this 

sector. 

Use of hydrogen however raises major technical difficulties which will have to be resolved. 

The main one concerns the weight of tanks, a critical factor for aviation. According to Eric 

DAUTRIAT – former Director in charge of launch vehicles at the French space agency – an 

A320 Airbus contains 23 tonnes of kerosene, i.e. the energy equivalent of 9 tonnes of 

hydrogen. However, this hydrogen would occupy, in compressed form, a volume eight times 

greater than kerosene, and a volume still four times higher in liquefied form – which means 

that the architecture of planes would have to be completely rethought. At take-off, kerosene 

representing 30% of the weight of a medium-haul flight and 45% of a long-haul flight, a tank 

too heavy would mean less room for passengers or freight but also a need for more energy 

to take off. The power of fuel cells is too low for the time being to power a plane, which will 

probably require directly injecting hydrogen into gas turbines. The use of hydrogen in 

airports also implies resolving a set of logistical issues in terms of availability and fuelling of 

aircraft. 

For these different points, safety matters are crucial given the characteristics of hydrogen 

(see fourth party); any accident can undermine this type of technology. 

Lastly, from an environmental point of view, the impact of the release of water vapour in the 

boundary layer of the troposphere by hydrogen aircraft must be evaluated, as it is likely to 

contribute to the greenhouse effect. 

By 2030, hydrogen aircraft are not expected to appear, apart from certain micro-markets 

such as taxiing on the tarmac. Beyond that, the hydrogen potential depends on the ability to 

overcome the difficulties raised above. It must be noted that hydrogen in e-jet fuel form is 

another possibility which would avoid transforming the plane engine while significantly 

reducing its emissions. 

2.3. Injecting hydrogen into the distribution networks is more expensive than 

biomethane 

Hydrogen can be injected into the gas networks for several purposes: mixed with natural 

gas, it can decarbonise uses, the gas system being responsible for about 100 Mt of CO2/year 

in France, i.e. 30% of emissions. Hydrogen can also be combined with CO2 so that it can be 

used to produce methane (methanation), which is then reinjected into the networks. 
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These two purposes must be distinguished for hydrogen injection into dedicated networks, 

pipelines converted or newly built, to facilitate its distribution over the territory, which will be 

addressed in the following sub-section. 

The injection of hydrogen mixed with methane in existing pipelines is technically 

possible up to 20% as shown by the GRHYD experiment in Dunkirk. The experiment 

consisted in injecting into a new distribution network a mix of hydrogen and natural gas61, 

with variable rates, to supply about a hundred new homes and a tertiary installation. The 

experiment confirmed the reduction of CO2 emissions and NOx. It was well accepted by the 

end users of the zone. However, feedback concludes that there is a limit to this injection 

mode in high-flow zones and with limited seasonality. Low transit flows of natural gas in 

summer make it impossible to inject hydrogen, because they prevent the proper regulation 

of its dilution ratio.  However, this injection presents a high economic cost which is expected 

to remain much higher than that of biomethane, the other main decarbonisation option. 

According to the Academy of technologies – a kilo of hydrogen supplying 39 kWh of energy 

– injection costs roughly €125/MWh, for electrolytic hydrogen produced at €5/kg, compared 

to €22/MWh for natural gas, which places the value of the cost of carbon avoided at €520/t62 

and must be compared to the biomethane production cost, currently between €90 and 

€100/MWh63 for an equivalent environmental benefit64. By 2030, with the assumption of 

hydrogen produced at €3/kg, injection into the networks will cost roughly €75/MWh, i.e. a 

tonne avoided for €300, a high level compared to the State-imposed value. This price of 

€75/MWh must moreover be compared with that of biomethane, whose efficiency prospects  

could lead to a price around €60/MWh by 2028 according to the 2019 PPE, and which 

presents, moreover, positive externalities related to the recovery of agricultural waste or the 

reduction of water pollution65. Lastly, these prices do not take into account downstream 

adaptation costs (meter, detection system, adaptation of household equipment running on 

natural gas), while these equipment are compatible with biomethane. However, very few 

elements are currently available for estimating the potentially high adaptation costs. 

The manufacturing of synthetic methane (methanation) from hydrogen consists in a 

reaction between hydrogen and CO2 to make biomethane. It aims to locally use CO2 in a 

context of very limited CCS solutions in France and can be performed in industry or in biogas 

plants. Given the price of methane and the cost of the methanation installation and its 

operation. For hydrogen produced at €3/kg, the price of the CO2 amounts to about 

€350/tonne66. 

 

 
61 In volume, which represents 7% in energy. 
62 Combustion of 364 kg of natural gas produces a tonne of CO2 and 142 kg of hydrogen are necessary to 
produce the energy equivalent. 
63 Source: CRE’s Foresight committee, Greening gas, July 2019. 
64 Around 20 g of CO2/kWh. 
65 Source: CRE’s Foresight committee, Greening gas, July 2019. 
66 The Academy of technologies assesses this competitive use from a CO2 price of €260 per tonne for low-
carbon hydrogen produced at €2.5/kg and €720 for hydrogen coming from renewable energy produced at 
€5/kg. 
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2.4. Lack of an economic model in 2030 for storage of surplus electricity in France 

Hydrogen is an energy carrier. In this regard, it can be used to store electricity produced, 

using electrolysis to restore it afterwards, for example with a fuel cell. This use, designated 

as Power-to-gas-to-power, offers the possibility of balancing electricity supply with demand. 

It therefore addresses the problem of the intermittence of renewable energy, storing 

surplus solar energy produced in summer for example, and then re-electrifying it in winter. 

It also offers the possibility of resolving electricity network congestion issues avoiding 

investment in new lines. 

RTE however considers that there is no economic model by 2035 for these two services. 

The need for congestion management in the electricity network is low in France given the 

good coverage of the territory, unlike in Germany for example, which has a need for such 

solutions to store a portion of the electricity produced by its offshore wind farms in the north 

of the country. Nevertheless, RTE will systematically study the possibility of using the 

flexibility of electrolysers to avoid having to develop new electric lines. There is an interesting 

potential on the coast of Normandy, in the case of a scenario of major offshore development. 

Enedis is also conducting a feasibility study on local congestion management thanks to 

electrolysers. 

For 2035, the French electricity system does not require or requires very little seasonal 

renewable energy storage, unlike in Germany. Moreover, there is major competition 

between many flexibility solutions in this niche market of balancing supply and demand, 

whether hydraulic, thermal, battery storage, European interconnections or smart charging 

of electric vehicles. Hydrogen does not appear competitive compared to these storage 

modes, given the low energy efficiency (roughly 30% currently) and the additional cost of 

production of hydrogen by an electrolyser capturing only surplus electricity (the low load 

factor increases the CAPEX depreciation period, see above). The Academy of technologies 

estimates that the cost of the MWh produced by a fuel cell will total between €500 and 

€800/MWh and can drop to below €400/MWh using the same mechanism as electrolyser 

and as fuel cell. Compared to thermal solutions which currently deal with the variability in 

renewable energy, RTE estimates that the cost of the tonne of carbon avoided by Power-to-

gas-to-power totals roughly €400/t of CO2 for hydrogen at €3/kg. 

The absence of current needs for these flexibility sources can however be taken advantage 

of to perform demonstrations and assessments and improve the Power-to-gas steps. Enedis 

states that it is experimenting on “zero emission” generators running on fuel cells for the 

temporary supply of the distribution network in the event of incidents or work. 

At the further 2050 horizon, the use of hydrogen will depend heavily on the choices made 

concerning the electricity mix, which could create major inter-season storage needs. 

According to EDF, these needs will be limited, if about 20 GW of nuclear capacity is 

maintained. It must be noted that in the scenarios envisaging electricity production based 

100% on renewable energy, hydrogen can play an important role. EDF estimates that 

seasonal storage of about 50 TWh of electricity would be necessary, and should be ensured 

by combining different means (hydrogen, biogas). This production capacity would have a 

cost of €200 to €300/useful MWh. In addition, a certain number of challenges should be met 

including the adaptation of infrastructure to accommodate this hydrogen and store it.  
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Lastly, if the deployment of hydrogen will require additional electricity capacity, RTE 

highlights that, on the technical level, the electricity system can absorb the development of 

electrolysis. The goal of the national strategy to produce 630,000 tonnes/year of electrolytic 

hydrogen by 2035 will lead to the consumption of 30 TWh of electricity, i.e. 6% of total 

electricity production in 2035. This objective is achievable compared to the production mix 

planned within the framework of the PPE, which projects a production of 615 TWh of low-

carbon electricity. The French electricity system would remain largely export-oriented at that 

horizon. An upward revision in French ambitions for hydrogen production by electrolysis, 

leading, for example, to electricity consumption of 40 TWh, is compatible with the 

characteristics of the electricity system. RTE’s analyses must confirm this point. 
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2.5. Prioritise uses and concentrate distribution infrastructure near large 

production and consumption centres. 

The above considerations show that the different hydrogen uses are far from having the 

same degree of maturity, with only certain (substitution for high-carbon hydrogen in industry, 

heavy transport) likely to have an economic model by 2030.  

 

Order of merit of the different uses of hydrogen by 2030 

Use 
Additional cost by 2030 

(hydrogen at €3/kg) 

Cost of the 
tonne of 

CO2 

avoided 

Existence of a cheaper 
low-carbon alternative 

Industry  

Substitution for grey 
hydrogen (refinery, 

production of methanol and 
ammonia) 

+100% compared to hydrogen 

produced by steam reforming 
€150 No 

Steel industry (DRI-EAF) 

+50% the cost of the tonne of 
steel, excluding significant 

investment costs (€1 billion for 
DRI + electric furnace) 

€100 
Recycled steel for uses of 

lower-quality steel 

Transport  

Light vehicles 
+20 to +100% compared to 

diesel vehicles 
 Yes (electric vehicle) 

Buses, heavy vehicles, 
commercial vehicles 

+0 to +50% compared to 
diesel trucks 

€410 

Yes; electric batteries in 

certain cases, bioGNV but 
uncertainty about the 

quantity available and less 
effective for reducing air 

pollution 

Train +9 to +41% vs diesel train  
Depends on lines (battery, 

electrification) 

Power-to-gas  

Injection into the gas 

networks 

€75/MWh vs €22/MWh for 

natural gas 
€300 

Yes (biomethane at 
€60/MWh excluding positive 

externalities) but uncertainty 
about availability 

Methanation of CO2 then 
injection into the gas 

networks 
€200/MWh €800 

Yes (biomethane) but 

uncertainty about availability 

Power-to-gas-to-power  

Storage and conversion 
into electricity 

€200 to €300/MWh €400 

Yes in the short term but not 
for inter-season storage 

beyond 2035 in the event of 

a major increase in 
renewables 

 

Given the high cost of low-carbon hydrogen, prioritisation of public resources towards uses 

without other options and which present a viable medium-term economic model is 

necessary. For example, the replacement of 500,000 tonnes of grey hydrogen currently 

used in industry67 by low-carbon hydrogen between 2024 and 2030 would require more than 

 
67 Excluding waste production. 
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€6 billion in subsidies68, i.e. roughly €800 million per year, if this cost were to be borne 

entirely by the public authority. 

In this regard, French strategy, which devotes most support for industry and the remaining 

portion for heavy mobility, is relevant. Consolidated by the recovery plan of September 2020, 

it aims to create territorial hubs to stimulate local hydrogen demand alongside support of 

production by electrolysis69 to massify volumes and reduce costs. However, it must be 

ensured that these different projects emerging in territories systematically compare the cost 

of hydrogen use compared to that of other low-carbon sectors (biomethane, batteries, etc.) 

in order to not finance projects which do not have outlets in the medium term. 

Given the cost of a hydrogen station (about €1 million currently), national coordination must 

also be established to ensure that infrastructures for heavy mobility are located in relevant 

places (industrial port complexes, European road transport corridors, close to large 

consumption zones) and that there are clients ready to assume a portion of the additional 

cost involved, in order for the potential of these stations to be exploited fully. 

2.6. The development of infrastructure for transport by the gas network subject to 

an increase in uses and planned based on a cost-benefit analysis 

The development of gas transmission infrastructure raises critical issues. According 

to GRTgaz and Teréga, the implementation of infrastructure dedicated to transport and 

storage of hydrogen would have several benefits. First, it would enable shipment of 

hydrogen produced by electrolysis in a region where electricity is less expensive to a 

consumption centre. Germany thus plans to import green hydrogen produced cheaply in 

countries in the south in as a complement to what is already produced in its territory. 

According to a study by the Institute of energy economics in Cologne, the least expensive 

option for Germany in 2050 would be to import green hydrogen produced by solar panels in 

Spain, as illustrated by the graph below70.  For its part, Italy seeks to position itself as a 

transit country for hydrogen which could be produced in the Maghreb. France should make 

sure that it does not remain on the side-lines of such a movement if it should take place71. 

 

 

 

 

 

 
68 On the basis of electrolytic hydrogen at €4 and a carbon price which increases from €50 per tonne of CO 2 
in 2024 to €100 per tonne of CO2. 
69 The goal is to create 6.5 GW of electrolysis by 2030. 
70 Source: Estimating Long-Term Global Supply Costs for Low-Carbon Hydrogen, Gregor Brändle, Max 
Schönfisch, Simon Schulte, EWI Working Paper, November 2020. 
71 However, it is necessary to note the failure of the Desertec project launched by Germany at the end of the 
2000s and which planned to massively import renewable electricity from the Maghreb.  In addition, CO2 
emissions being global, the import of low-carbon hydrogen from the Maghreb must not be done to the detriment 
of the decarbonisation of these countries. 
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Price of hydrogen in Germany based on the production zone in 2050 

 

Source: EWI of Cologne 

Construction of such infrastructure would therefore avoid interdependence of producers and 

consumers by offering them the possibility of accessing a more extensive hydrogen market 

and would thus guarantee security of supply in the case of failure of an electrolyser. Lastly, 

it would balance supply and demand by offering a hydrogen storage solution. 

This hydrogen transport could be done either by the creation of new infrastructure, or by 

converting existing infrastructure. The latter however raises several issues concerning the 

integrity of pipelines and network equipment, cost and gas metering. 
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Hydrogen compatibility with existing gas pipelines is still being researched 
and evaluated 

The use of existing natural gas pipelines to transport hydrogen, mixed or pure, will 
require several work projects before being developed. The energy code specifies 
that the switch from natural gas to hydrogen is subject to the granting of a new 
authorisation to operate based on a dossier containing, in particular, a study of the 
risks associated. 

Compatibility of hydrogen with the steel in pipelines must be examined because 
this gas penetrates and spreads more easily in the crystalline structure of steel 
generally used for gas pipelines, and can therefore make them fragile.  In France, 
natural gas transmission operators (GRTgaz and Teréga) have launched research 
programmes related to the behaviour of steel and welded seams in the presence of 
hydrogen in relation to the mix of hydrogen with natural gas. The R&D programmes 
relating to the integrity of steel in the presence of pure hydrogen are launched in 
2021 by RICE, GRTgaz’s R&D centre, on its new FenHYx test benches devoted to 
hydrogen and based in Alfortville. In 2021, Teréga will also conduct behaviour tests 
on old and recent welded seams in the presence of pure hydrogen, in partnership 
with the PPRIME institute, which depends on the CNRS. Within the technical 
European association Marcogaz, natural gas transmission operators prepare a 
document presenting the mitigation measures to be implemented to preserve the 
integrity of hydrogen pipelines. 

The second challenge, compatibility of current compression equipment with 
pure hydrogen. This compatibility is analysed jointly by gas transmission operators 
and manufacturers; the adaptations necessary are studied and are currently the 
subject of financial evaluations. On the other hand, the compression market for 
hydrogen is expanding; offers are already available or in the final qualification phase; 
this equipment is being assessed. 

The last issue is related to the integrity of network equipment, in particular, 
meters, valves and pressure regulators. This equipment shall have to be tested to 
verify its integrity in the presence of hydrogen. GRTgaz will perform tests as from 
mid-2021. 

This work in progress will assess the conditions for converting gas infrastructure to 
hydrogen and the appropriateness of developing a French and European hydrogen 
transmission network. 

 

Nevertheless, it appears necessary to conduct a cost-benefit analysis of the 

development of such infrastructure. The benefits associated with the connection of 

consumption and production zones within the territory and the import of hydrogen 

produced less expensively in a neighbouring country must in fact be compared with 

the risks of stranded costs, that is, the funding of infrastructure that will ultimately be 

underused or not at all used. The risk is to construct, as of now, gas infrastructure than turns 

out to be oversized because of an optimistic estimate of future hydrogen uses. The financial 

challenges are significant. The Backbone project, developed by 23 European transmission 

system operators and which proposes to connect productions in the south of Europe to 
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consumers in the north, plans for the construction or reconversion of 40,000 km72 of network 

and an investment cost between €43 and €81 billion. Gas transmission operators highlight 

that the full costs of hydrogen transport by 2040 of €0.11/kg/1,000 km for retrofitted 

pipelines and €0.2/kg/1,000 km for new pipelines, will have a lower additional cost than 

transport by truck. 

This estimate is however based on very optimistic assumptions about hydrogen 

consumption in 2050 and on a development of hydrogen uses that remain uncertain. 

According to a study by Agora Energiewende73, which assesses inevitable hydrogen 

demand in industry (refinery, ammonia, steelmaking) in Europe in 2050 with a view to 

avoiding the construction of “stranded” infrastructure, only the zones in the north of France 

will most certainly need to be connected by gas pipelines to the rest of Europe.  

Future hydrogen hubs, largely driven by private initiatives, should not need to be 

interconnected to large transmission networks, in an initial uncertainty phase in terms of 

needs74.  Therefore, the decision to construct large hydrogen networks by converting 

existing gas networks or creating new pipelines should not be made unless the uses 

envisaged for hydrogen have demonstrated their economic potential and zones of high 

hydrogen consumption have clearly emerged75. However, given the time necessary for the 

construction of such infrastructure, it is necessary to anticipate in order to quickly meet a 

need that might emerge. Planning work, based on monitoring the expansion of different 

hydrogen uses and comparison between the costs of hydrogen production locally and the 

costs of importing hydrogen from another country, could be performed by an independent 

committee hosted by CRE. 

The emergence of large hydrogen transmission infrastructure would require the 

establishment of a regulatory framework to define, in particular, the conditions for third-party 

access. 

Apart from French considerations, coordination at European level seems essential for 

optimising the development of this infrastructure. 

 
72 Of which roughly 4,000 km in France. 
73 Source: Agora Energiewende, No-regret hydrogen, Charting early steps for H₂ infrastructure in Europe, 

February 2021. 
74 The decisions to come in the steelmaking sector, which is a major potential hydrogen consumer, wil l be 
decisive in this regard. If steel producers decide to massively use hydrogen, it could be appropriate to deploy 
gas pipelines to Spain for low-cost imports as a complement to local productions in the French territory.  
75 Such an approach is shared by the Agency for the Cooperation of Energy Regulators (ACER), which, in a 
publication of February 2021, recommends a phased approach for the regulation of hydrogen transmission 
networks, in connection with the development of uses.  
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Proposals by the working group on uses 

Focus public aid on the most mature uses: substitution of grey hydrogen currently 
consumed in industry, then heavy transport, with a view to creating an industrial 
sector. 

Promote the creation of territorial multi-use hubs close to industrial port areas and 
large European heavy transport axes, and coordinate the different local initiatives to 
avoid wasting public aid. 

Create an independent committee hosted by the Energy Regulatory Commission to 
follow the development of hydrogen uses and identify the change in infrastructure 
construction needs. 

Adapt the regulatory and support framework based on market development, in 
particular to avoid stranded costs in oversized hydrogen transport infrastructure, 
without prejudice to the continuation of studies on the technical feasibility of the 
conversion of natural gas networks. 
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3. SUPPORT FOR HYDROGEN MUST BE PERFORMED 
WITH A VIEW TO THE EMERGENCE OF A FRENCH 
INDUSTRIAL SECTOR 

While France is well-positioned in the international race towards green, yellow and blue 

hydrogen, the implementation of a strategy will be essential for not reproducing the situation 

that French industry experienced with solar panels and wind energy. 

French industrial operators are present along the entire hydrogen value chain. This new 

sector is first composed of an ecosystem of dynamic medium-sized companies and 

midcaps: 

- McPhy, Elogen (formerly Areva H2Gen) and Genvia for electrolysers; 

- Symbio (joint-venture between Michelin and Faurecia), Hélion (taken over by Alstom) 

and Pragma for mobility and fuel cells; 

- SAFRA for buses; 

- Plastic Omnium and Faurecia for tanks; 

- Atawey, McPhy and HRS for service stations; 

- Alcrys, Ad-Venta for connections; 

- Sylfen for hybrid systems for autonomous buildings. 

This sector also comprises large integrator groups: 

- Air Liquide, global hydrogen leader; 

- EDF, which, through its dedicated subsidiary Hynamics, targets industry and mobility 

and takes ownership stakes in the sector; 

- Engie is present in power-to-gas with projects for network injection and storage in salt 

caverns with Storengy;  

- Total Energies, which gives preference to steam reforming with CCS, with projects in 

Norway and the Netherlands. The group also developed the Masshylia project aimed 

at the decarbonisation of industrial hydrogen of the La Mède biorefinery. 

However, while France is well positioned, it must face American, German and especially 

Chinese competition. The latter in fact launched an ambitious hydrogen strategy in 2020 

and could rapidly produce competitive components. 

 

Industrial hydrogen development strategy in China 

China is the world’s leading hydrogen producer, with 22 million tonnes per year, 
(+6% annually), i.e. one-third of world production. It is mostly high-carbon hydrogen 
whose main uses is for ammonia synthesis (10 Mt in 2019) and methanol synthesis 
(8 Mt in 2019). 

While the country took an interest in hydrogen much later than certain Western 
countries, the year 2020 marked a turn with the preparation of a national strategy 
aimed at using hydrogen for its transition, promotion of new industries and energy 
independence. 
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The country has a lot of ambition for the development of hydrogen for mobility 
purposes. China is already the leading world market for the sale of hydrogen-run 
commercial vehicles (mainly heavy vehicles such as buses) with more than 7,000 
fuel cell vehicles sold since 2016 and the goal to reach 100,000 vehicles sold in 2025 
and 1 million in 2035. 

China is seeking to catch up with other countries concerning many key fuel cell 
components, with less efficient and shorter-lasting products, which currently 
forces Chinese suppliers to import components from abroad at higher prices. For 
this, the Chinese government eliminated the former subsidy mechanism for the 
purchase of hydrogen vehicles in favour of a new point-based mechanism aimed at 
encouraging the development of a complete industrial chain for fuel cells and to 
enable control of key technologies. This mechanism, which adopts that established 
for electric vehicles in 2009, is based on the creation of ten demonstration zones, 
located in large cities or city alliances. These ten zones will be prioritised based on 
the achievement of criteria such as the capacity to produce safe and cheap hydrogen 
and to create market conditions for the commercialisation of fuel cell vehicles, or the 
number of hydrogen stations created. The subsidies granted will be between $2.5 
and $5 billion over four years. 

The objective of these industrial clusters is to acquire, in four years, advanced 
technologies for each fuel cell component and create economies of scale to reduce 
the price of hydrogen for distribution below €5/kg, as well as the price of components. 
According to the CEA, the reduction of costs in the fuel cell industry would be 30% 
per year, which means that the government estimates that subsidies will no longer 
be necessary in four years' time if this pace continues. 

Another aspect of this new strategy is the involvement of large public State 
companies – electricity companies such as State Power Investment Corp and oil 
companies such as China Energy – in the production of hydrogen and construction 
of vehicles, fuel cells and service stations. International companies are also 
accelerating their entry in the Chinese market, whether they are builders of 
electrolysers (Air Liquide, Siemens) or of vehicles. In total, investment in the sector 
represented $25 billion in 2020. 

Lastly, regarding normative aspects, China is very active in standardisation 
committees and seeks to transpose its one hundred or so national standards at 
international level. 

Although China assesses its ambition to ultimately turn towards renewable 
production, a portion of the hydrogen deployed in mobility will contain carbon initially 
in order to quickly create economies of scale. Green hydrogen is expected to 
represent only 15% of production in 2030 and 70% in 2050. The use of CCS will 
depend mainly on the technological developments in this sector. China has also 
taken interest in hydrogen produced by nuclear energy, taking into account the 100 
reactors currently under construction. 

 

Public authorities must therefore implement an intelligent support strategy for national 

producers and manufacturers that produce and make certain essential components 

(electrolysers, fuel cells, tanks, power and embedded electronics), but also elementary 

components with added or strategic value. Stacks (cell assemblies) of electrolysers and fuel 

cells are composed of two key components: membrane electrode assembly (MEA) and 

bipolar plates, obtained by a simple and accessible technology.  These components must 
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then be assembled (see graph below). While DuPont de Nemours masters MEA 

manufacturing with Nafion©, small national manufacturers can emerge. France must also 

be able to develop bipolar plate manufacturers and an assembly gigafactory. Electrolyser 

catalysers are also key components. 

Electrolyser components 

 

Source: Renewable Sustainable Energy Reviews, 2017 

Public authorities must mobilise the French and European ecosystem to support the 

components manufacturers. These are often small businesses that need to increase their 

production capacity to reduce costs and improve their export potential. However, large 

groups have traditional behaviour, preferring the purchase of the least expensive 

components on the international markets, which might prevent the creation of a ripple effect 

for small manufacturers. Some projects being developed in French territory thus give priority 

to the use of Chinese technology. 

The Important Projects of Common European Interest (IPCEI) currently being set up in the 

hydrogen sector76, as well as national support for the purchase of low-carbon hydrogen, 

announced during the recovery plan, could pay specific attention to these French and 

European manufacturers of essential components, who are in fact beneficiaries of other 

targeted aid (export aid, aid from the French public investment bank BPI). Moreover, public 

authorities could promote the supply of French and European components within the 

framework of public procurement (e.g. by reinforcing environmental criteria or criteria 

concerning the impact on the structuration of the national sector) or calls for projects for 

which they make bids. Connections between manufacturers and participants, for example 

fuel cell manufacturers, truckmakers and heavy vehicle buyers through the national 

federation of road transport (FNTR), could be promoted, within different strategic sector 

committees that consider hydrogen in their roadmap and the national hydrogen council. 

Moreover, the French sector could be more active in standardisation committees in order to 

promote its standards. 

 

 

 
76 The pre-notification is expected for mid-2021, the notification by the end of 2021 and launch early 2022. 
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List of manufacturers and builders of the main hydrogen components 

 

Source: Académie des technologies 

The State must also protect the sector from unfair competition from other countries.  It is 

necessary to remain vigilant regarding dumping from China and activate protection tools at 

European level if necessary. Businesses producing the most promising technologies could 

be protected from foreign buyers under decree no. 2014-479 of 14 May 2014 concerning 

foreign investments subject to prior authorisation. 

Lastly, there is also a risk concerning the supply of raw materials. Nickel resources are 

essential for manufacturing catalysers for alkaline electrolysers. While this metal is currently 

being overproduced, the lack of investment in new factories could create tension within five 

years. Nickel resources in New Caledonia represent, for France, an asset to be mobilised. 

Platinum for fuel cells and especially iridium for PEM electrolysers are even more critical.  A 

threat looms in Europe concerning the use of fluorinated products such as PFSA 

membranes used in fuel cells and PEM electrolysers. To address these risks in terms of 

materials, but also to accompany industrial operators, major R&D support is essential both 

at French and European level. 
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Proposals by the working group on the industrial structuration of a hydrogen 
sector 

Support French and European manufacturers of essential components 
(electrolysers, fuel cells, tanks) and elementary components (bipolar plates, 
membrane electrode assembly) promoting their collaboration with large groups and 
through calls for projects and public procurement. 

Intensify research and development efforts concerning critical materials (nickel for 
alkaline electrolysers, iridium for proton exchange membrane electrolysers, platinum 
for fuel cells) to optimise their use and promote their substitutability and recycling 
possibilities.  

 

  



 

64 

 

4. THE DEVELOPMENT OF HYDROGEN MUST 
NECESSARILY TAKE SAFETY CHALLENGES INTO 
ACCOUNT 

Hydrogen has several characteristics which involve safety risks: 

- it is explosive in the air at concentrations of 4 to 75%, a range much greater than for 

natural gas and which can be easily attained during a leak in a confined space.  

Outside, the lightness and wide diffusion limit this risk, even though a flammable zone 

persists around the leak point, which can stretch over several dozen metres and 

cause an explosion, as demonstrated by the accident in a service station in Norway 

in 2019, 

- its minimum ignition energy is low, which, combined with a broad explosive limit, 

facilitates a risk of ignition or explosion of a hydrogen leak; 

- hydrogen is a small molecule which spreads easily and which presents a compatibility 

issue with certain materials, such as steel, which can increase the risk of leaks in 

pipes or vehicle tanks; 

- hydrogen heats up when it expands, because of the Joule–Thomson inversion effect; 

- it produces an explosive effect. Literature mentions examples of detonations 

occurring with hydrogen concentrations of 11%, or less; 

- hydrogen combustion creates a very hot flame, over 2,000°C, but which is hardly 

visible, creating a risk during rescue operations. 

However, hydrogen also has favourable safety characteristics, as highlighted by the 

Academy of technologies. The low spread of its flame greatly limits the risk of spreading in 

the case of a fire; it is not toxic, and in adequately ventilated zones, it dilutes in the air four 

times faster than natural gas, and twelve times faster than oil fumes, which reduces the risk 

of accumulated explosions. 

Nevertheless, the development of the hydrogen sector must, particularly for new uses, 

systematically take these risks into consideration, to prevent accidents that might put human 

lives in danger and heavily reduce social acceptance of this gas. In May 2019, the explosion 

of a hydrogen storage tank77 of a government research centre in South Korea78, caused the 

death of two people and injured six others, destroying a complex half the size of a football 

field. This accident sparked protestation movements by residents against hydrogen plants79. 

The explosion in June 2019 of a service station in Norway, led to the temporary suspension 

of the sale of hydrogen vehicles by Toyota and Hyundai and the temporary shutdown of 

other stations. 

 

Characteristics of gaseous hydrogen 

 
77 The explosion was apparently caused by infiltration of oxygen in the tank.  
78 Source: IFRI, La stratégie hydrogène de la Corée du Sud et ses perspectives industriel les, Édito Énergie, 
March 2020. 
79 Source: https://www.reuters.com/article/us-autos-hydrogen-southkorea-insight-idUKKBN1W936A. 

https://www.reuters.com/article/us-autos-hydrogen-southkorea-insight-idUKKBN1W936A
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Source: INERIS 

Hydrogen has been handled for many years now in industrial sectors. These sectors 

therefore have solid knowledge of its properties. The national institute for the industrial 

environment and risks (INERIS) highlights the low accident rate in this sector. However, the 

extension of the use of hydrogen to new uses, by participants not necessarily trained 

in H2 risk, requires large-scale work targeted towards the comprehension of risks, definition 

of the architecture of safety systems for each new use, improvement of the reliability and 

robustness of components, training of workers and lastly a change in the regulatory 

framework. 

First, it is necessary to better understand the risks related to each new use to be able to 

define the safety architecture of new hydrogen systems. In mobility, the deployment of 

hydrogen will lead to new storage modes on board vehicles and in infrastructure, to a 

foreseeable use of liquid or compressed hydrogen to improve energy density whereas there 

is little knowledge about the accident rate for liquid hydrogen, and to the adaptation of 

infrastructure (ports, railway stations, airports, tunnels, parking lots, maintenance 

workshops). These new uses must be preceded by an analysis of the risks and the definition 

of measures to control them, such as leak detection and ventilation systems, adaptation of 

fuelling protocols, the demonstration of the consideration of explosion risk (certification) and 

lastly pre-normative work. In addition, as for hydrogen used in industrial sites, it will be 

necessary to plan for the installation of sensors to detect any leaks. Authorisation for 

hydrogen vehicles to circulate in tunnels or park in underground parking lots must also be 

assessed.  
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The work on safety risk controlled by SNCF for hydrogen trains 

SNCF is working on the control of risks at the design, operation, fuelling and 
maintenance stages. 

At the design stage, work is conducted with the manufacturer Alstom on the 
integration of hydrogen systems to assess resistance to different types of shocks 
and to limit and control leaks. 

Regarding storage and fuelling, SNCF collaborates with energy experts and the 
State’s services (DREAL, DGPR) on the interface between the train and the station. 
Regulation needs to be adapted. 

For operation safety, work is done on potential leaks with INERIS and DGITM, with 
leak simulations in a tunnel or an underground rail station. Hydrogen trains will only 
be able to circulate in tunnels shorter than 5 km. In addition, hydrogen is stored in 
several tanks, so that a leak will be limited in quantity. A detection system will be set 
up. Lastly, batteries will offer additional traction capacity so that the train will not be 
stopped in the tunnel. 

Maintenance safety covers the analysis of risks in “technocentres”. The material will 
be purged of residual hydrogen before entering the facility. If this purge is not 
performed, sensors will detect any leaks. 

 

Storage in caverns requires the assessment of the loss of hydrogen through rocks or 

access wells, and of geochemical and biological interactions between hydrogen and the 

cavern. Pipeline transport requires the assessment of the compatibility of pipeline material 

with hydrogen (see second part), of the suitability of safety mechanisms and gas metrology 

conversion. 

It is essential to study and improve the reliability and robustness of components, for 

example compressors and domestic components (boilers) in the case of hydrogen use for 

heating, and car components. The issue is of even greater importance for safety 

components, whether it is about their compatibility with hydrogen, their behaviour over time 

(cycling) or adaptation to a non-industrial use, which implies fewer possibilities in terms of 

maintenance and tolerance for errors. 

For all uses, work must be done regarding training and certification of skills of new 

workers in the hydrogen sector. This training concerns, first of all, maintenance 

technicians (particularly for ATEX and pressure equipment), operations technicians, 

engineers (design, regulation, risk analysis, ATEX), but also public decision-makers at local 

level, who must acquire knowledge of risks and the regulatory framework and a culture of 

safety. It is also necessary to raise the awareness of future workers. INERIS works with 

rescue services on hydrogen accident relief given the invisibility of the flame, which requires 

temperature sensor equipment. The national school for firefighters (ENSOSP) has 

developed procedures for intervening in hydrogen accidents and trains fire brigades in 

France. 

Lastly, it is necessary to capitalise on feedback from accidents and incidents. A European 

database (HIAD) has just been set up and is managed by the Joint Research Centre. 
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According to INERIS, the accident in Norway seems to have been due to a problem with the 

initial design of tanks, but also human factors, particularly in the station mounting phase, a 

bolt clamping procedure not being followed. This accident raises the importance of training 

and the human factor, hydrogen detection systems, and the need to improve understanding 

of ignition mechanisms80. 

These avenues of work must be accompanied by adaptations to the regulatory 

framework. With regard to classified installations, a recent adaptation was made for the 

deployment of service stations. Concerning the placing of equipment on the market, 

directives (PED, Machine, ATEX EMC) specify that explosion risk is partly assessed by self-

certification. The labour code (ATEX) requires regulation application guidelines to define 

reference scenarios. Approval of vehicles and components is addressed by European 

regulation ((EC) 79/2009 and R 134), which must be completed as from 2022 for heavy 

mobility, liquid hydrogen and light mobility (two-wheeled vehicles, tricycles and 

quadricycles). A specific hydrogen regulation must be developed to govern the safety of 

railway, water, maritime, and air transport and parking, port, airport and tunnel infrastructure. 

International standardisation organisations (ISO and IEC) have technical committees on 

hydrogen technologies (TC 197) and fuel cells (TC 105). Each committee has developed 

international standards on safety covering production, storage and its use with fuel cells, 

and is developing new ones to respond to new applications81. These standards often service 

as a basis for national and European regulations. It therefore seems appropriate to intensify 

French participation in standardisation and international cooperation activities on safety 

challenges. 

Lastly, insurers will have to perform an in-depth analysis of the risks related to non-industrial 

uses to be able to insure hydrogen risk in mobility or residential use, which, to date, is not 

insurable. 

  

 
80 The assumption according to which it was caused by the impact of the jet of hydrogen on the gravel has not 
been verified. 
81 For example, a group was launched by Alstom in the IEC on hydrogen trains.  
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Proposals by the working group on safety 

Introduce in the eligibility conditions of calls for tenders, in particular territorial, criteria 
relating to the safety of people and property. 

Conduct substantive work on the regulation and use of hydrogen, both in the field of 
transport and housing. 

Intensify French participation in standardisation and international cooperation 
activities on safety challenges. 
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