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F O R E W O R D

The energy transformation entails a shift in electricity generation and electrification; still, not 
all sectors, industries or territories can easily move away from fossil fuels. In this regard, the 
Green Hydrogen has been seen as a possible solution to multiple problems: decarbonizing
hard-to-electrify sectors, allowing for seasonal storage to enhance electric systems 
flexibility, and replacing polluting materials in the production of chemicals, among others. 
Nevertheless, developing Green Hydrogen represents also a challenge because of several 
obstacles such as high cost or inexistent infrastructure and policy framework.

To unlock the potential of Green Hydrogen and overcome the barriers to its development, 
Morocco has recently published a National Roadmap with ambitious scenarios. The demand 
for Green Hydrogen and its derivatives could reach between 13.9 TWh and 30.1 TWh in 
2030, and further increase to 153.9 TWh and 307.1 TWh in 2050. Therefore, it is clear that 
Morocco is willing to position itself among the market leaders in this sector.

This study aims to shed light on the current situation and future perspectives of Green 
Hydrogen in Morocco, assessing strengths, challenges, and possible solutions to the creation 
of a dedicated regulatory and market framework. Policy recommendations are based also 
on a benchmark analysis of other countries’ best practices. 

The study has been prepared through a collaborative effort between RES4Africa Foundation 
and PwC. For a decade, the Foundation has acted as a catalyst for dialogue between the 
European private sector and Morocco’s decision-makers, providing support at the policy and 
regulatory level and fostering knowledge transfer and investments in the energy transition. 
PwC, as a knowledge partner, provides expertise and insights to address and solve some of 
the most important issues of our times.

We wish to thank the partners from industry and policy-making who generously provided 
their knowledge and insights. Their precious input contributed to making this study an 
example of sound analysis and another step towards a sustainable future for Morocco, its 
citizens, and the planet.

Roberto Vigotti       
Secretary General of RES4AFRICA FOUNDATION

Fabrizio Acerbis 
PwC Partner 
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EXECUTIVE SUMMARY

Hydrogen, often associated with the concept of Power-to-X, has recently become a buzzword in 
the energy sector. Its properties and characteristics make it very interesting for many industries 
which are currently carbon-intensive. However, to be truly sustainable and fully harness its 
decarbonization potential, hydrogen must be produced through the electrolysis of the water 
powered by renewable energy: the so-called Green Hydrogen.

Why Hydrogen?
In 2020, approximately 90 million metric tons of hydrogen have been produced globally 
every year.

What do we mean by Power-to-X or PtX?
The concept is defined as the conversion of power (electricity) to other energy carriers or
chemicals (X), which could be very diversified. The X in the terminology may refer to 
power-to-ammonia, power-to-chemicals, power-to-fuel, power-to-gas, power-to-heat, 
power-to-hydrogen, power-to-liquid, power-to-methane, power-to-mobility, power-to-
food, power-to-power, and power-to-syngas.

What is Green Hydrogen?
Green Hydrogen (Green H2) is the hydrogen produced using electricity that comes from 
a renewable source (Solar, Wind, Hydro, etc.), without any CO2 emissions. To produce 
Green H2, a method called electrolysis is used. Electrolysis consists of using electricity to 
split water molecules into Hydrogen and Oxygen.

7
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To date, Green H2 technologies’ economic and operational models have not yet been fully 
demonstrated on large-scale projects and require substantial investment and changes. To 
develop the Green H2 sector, create an enabling environment, and keep the Kingdom’s long-
lasting attractiveness, Morocco will face multiple challenges, bearing in mind that competition 
with other countries in this market will be high.

To properly identify the conditions which could hinder the ambitious objectives of the National 
Roadmap for Green Hydrogen, a literature review and interviews with several national and 
international stakeholders operating in the country have been conducted with multiple insights. 
On the other hand, since several countries around the world are facing the same barriers to the 
development of their Green H2 market, the study delves deeper into international best practices 
and experiences to propose some evidence-based policy recommendations classified into three 
distinct categories: strategic positioning, implementation and support; governance.

For instance, elaborating scenarios for the potential demand for Green H2 supplied by a country 
is important to understand the possible future role of its industry. Yet, having quantified targets 
in terms of production and usage, and electrolysis capacity could facilitate the routes to 
market for hydrogen and make it easier for investors to evaluate the process of implementation. 
Similarly, setting priorities and objectives for the natural gas sector could avoid cost duplication 
and investments. In addition, Green H2 has to be integrated into a comprehensive roadmap to 
decarbonize the industrial sector. At the same time, a careful consideration for the overall green 
transition should be made to avoid diverting renewable energy capacity from critical sectors like 
renewable energy for transport, industry and the electrification of buildings, and causing more 
fossil fuels to be brought into the power mix.

Morocco intends to export and consume the Green H2 produced internally. In this case, priorities 
should be carefully evaluated because they will affect different aspects of the support policies. 
In the case of domestic usage, for example, focusing on some sectors instead of others could 
maybe result in stranded assets or cost duplication. In the case of exports, costs and complexities 
of transportation, exposure to international competition and international standards needs to be 
taken into account. This could increase the risks for investment in the sector. In addition, depending 
on the final uses of Green H2, it is important to decide upfront the routes to transport, be them 
local and/or international.

Concerning the development of Green H2 technologies, reaching complete maturity before large-
scale deployment requires an important effort in terms of R&D programs and investments, which 

8

Many countries benefiting from existing or potential renewable energy sources are considered 
“natural” players in a future Green H2 market. This is the case of Morocco, which is rich in sun and
wind resources and has the capacity and the willingness to enter this new market. Moroccan public
institutions and the private sector, as well as many international institutions and companies, have 
already expressed their interest in the sector in the country. Those are also the main reasons 
why Morocco has been the first country in the region to design a National Roadmap for Green 
Hydrogen, joining a limited group of nations that have already published similar documents in 
the 7 past two years, including France, Japan, Korea, Australia, the Netherlands, or more recently 
Germany, Portugal, Chile, Spain or Finland.
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are dependent on the public support measures in place. In this regard, Morocco could assess the 
existing technical capabilities at the national level to understand the role of international players 
and local companies in the development of the sector.

Our analysis revealed that the real challenge is to put into practice the political will to achieve the 
targets, with specific measures to stimulate demand and incentives, along with a clear policy and 
regulatory framework. It is also important to integrate them systematically into energy, climate, 
and economic policies. In a rapidly advancing world with countries issuing laws and regulations in 
record time, being among the first to develop a regulatory and policy framework could become 
a strong competitive advantage.

In addition to setting targets within the development of the Green H2 sector, it is also important 
to finance the routes to market to these targets. In the case of Green H2, evidence shows that 
massive investments along the value chain are needed. In fact, one of the main challenges for the 
production of Green H2 is its cost – normally two to three times higher than grey hydrogen (if the 
recent surge in prices for natural gas is not considered). The cost of RES generation has decreased 
sharply in the last few years but the cost of electrolysers is still high.. This latter needs to fall from 
40% in the short term to 80% in the long term to achieve competitiveness with grey hydrogen.

Water is another key component in the development of Green H2. Morocco will use desalinated 
water, as described in the National Roadmap, but this will come with some associated costs, energy 
consumption, and constraints in terms of location for production, impacting negatively on LCOH.

The value sought in hydrogen in the upcoming years will be strongly dependent on its origin 
and in particular its certification of being “Green”. It is often hard to guarantee the traceability of 
hydrogen and its value chain because international standards and norms do not exist.

On the safety side, hydrogen has a wide range of flammable concentrations in air and lower 
ignition energy than gasoline or natural gas. Consequently, adequate ventilation and leak 
detection are important elements in the design of safe hydrogen systems. Because hydrogen 
burns with a nearly invisible flame, special detectors are required. Some metals can present 
structural problems if exposed to hydrogen, so selecting appropriate materials is fundamental 
for safe hydrogen systems. Training in safe hydrogen handling practices, testing - tank leak tests, 
garage leak simulations, and hydrogen tank drop tests – and safety norms, in general, are therefore 
very important.

The governance of the sector must be brought to the highest level of importance (highest state 
level) and it must promote the emergence of an ecosystem capable of carrying out the desired 
ambition for the sector and the market. For the successful creation of a Green H2 market, one of 
the challenges is to bring together academic and industrial skills, open up internationally, organise 
a technological watch and patent the results and findings.

9
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10 Recommendations for the development 
of the Green H2 market in Morocco

Strategic positioning

1. Complete the country’s national hydrogen strategy by setting quantified and ambitious 
but feasible targets for the whole Green H2 value chain (production, electrolyzers capacity, 
desalination plants, required transport infrastructure, costs of production and operations, 
R&D, etc.). Those targets should be accompanied also by intermediate targets in the short 
to medium term, to facilitate monitoring and evaluation.

2. Set the country’s priority in terms of Green H2 and its place in the energy strategy compared 
to other energy sources (Oil, RES, Natural Gas, etc.) and infrastructure.

3. Carefully evaluate the possible targets and the priorities in terms of local consumption 
and exports. As stated by the Decarbonization Pathway for Morocco the priority is cutting 
the national greenhouse gas emissions and this should be taken into account. Upon these 
considerations, the routes to transport should be decided considering that sector coupling 
is expected to be an important driver of decarbonization. 

4. Study and analyse the option of developing the necessary technologies for the production 
and transportation of Green H2 locally or involving international actors to meet the needs.

Implementation and support

5. Design and implement a dedicated, integrated, and coherent policy and regulatory 
framework. This would enable the creation of bankable contracts for off-takers and de-risk 
investments.

6. Design clear and transparent financial support mechanisms for market uptake and to 
close the price gap between Green H2 and substitutes. Various countries involved in the 
development of Green H2 initiatives have identified specific areas of support to be brought 
by the authorities, from direct support through grants/concessional loans to tax credits for 
specific uses of Green H2. In doing so, it is important to avoid market distortions and cross-
subsidies.

7. Setup certifications or guarantees of origins that are in accordance with export countries’ 
regulations and standards (in particular with the EU legislation, as the continent is considered 
as a major future destination for exports). Some kind of scheme to enable the labelling of 
hydrogen as “Green” is essential to provide transparency to consumers and create market 
pull for Green H2.

8. Setup the technical norms with a focus on safety (in particular for transport and storage).

Governance

9. Create and operationalize clear governance for the Green H2 market and sector development, 
identify the actors who will be involved, and implement the necessary coordination and 
synergies between them.

10. Deploy and empower R&D platforms with think tanks, national companies, and ministries to 
promote the continuous creation of research programs as soon as possible.

10
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Morocco benefits from great renewable energy sources, both wind and sun, allowing for high 
green energy performances and potential. The Kingdom’s 2010 National Energy Strategy places 
the development of renewable energies as a national priority to (i) meet national energy demand 
through abundant and cheap energy and thus reduce the country’s energy dependency (in 2009, 
Morocco used to import more than 95% of its energy needs) and (ii) materialise the country’s 
ambition to become a regional driving force in terms of sustainable development. This commitment 
has also resulted in major contributions to the fight against global warming by hosting the COP22 
in 2016 and the international Power-to-X (PtX) summit in 2020.

Moreover, the country’s decarbonization will allow the Moroccan industry to gain competitiveness 
and access to international markets, especially in a context where the EU (the country’s main 
economic trading partner) plans to apply a carbon tax at its borders shortly. In 2019, the country’s 
top exports are cars ($3.91B of which 63 % is exported to the EU), insulated wires ($3.75B of 
which 80% is exported to Europe), mixed mineral or chemical fertilisers ($2.71B of which 15% is 
exported to the EU), Phosphoric Acid ($1.48B, 23% of which is exported to the EU), and clothing 
($1.39B of which 80% is exported to the EU).

From this perspective, the production of Green H2 in Morocco represents an attractive opportunity 
that has already received extensive attention not only from the Moroccan authorities but also 
from international public and private actors. In addition, the country has a long experience in 
large-scale energy projects and, in general, in infrastructure development (ports, high-speed line 
trains, industrial and mining infrastructure, ammonia production plants, etc.), making it a strong 
candidate for the development of new energy markets.

Lastly, Morocco is one of the main actors in the extraction and valorization of phosphates through 
the company OCP (Office Chérifien des Phosphates), which now imports about 2 million tons of 
ammonia every year for its transformation processes. Ammonia being a derivative of hydrogen, 
could be produced in Morocco if large quantities of hydrogen were to be available. Thus, the 
development of Green H2 production capacity could serve a broader objective of energy and 
industrial autonomy.

CHAPTER

1
MOROCCO AND GREEN HYDROGEN
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 1.1 Strategic initiatives and studies

As for any nascent and capital-intensive activity, understanding technology readiness, demand, 
and the market size is important to the success of Morocco’s willingness to develop a Green 
H2 market. At this stage, several initiatives and studies have been undertaken to deepen the 
knowledge of the country’s potential, among which:
 

 � The study “International aspects of a Power-to-X roadmap”, by the World Energy Council 
published in 2018, identified Morocco as a “hyper potential” to produce Green H2. 

 � The report “A North Africa - Europe Hydrogen Manifesto” by Dii, mentioned that Morocco 
 � possesses strong public and private companies able to develop a consistent vertical 

ecosystem in this sector.
 � The Study on the opportunities of Power-to-X (PtX) in Morocco completed by Fraunhofer ISI 

in 2019 explores the potential of the country in detail.
 � The study on Electrolytic Hydrogen in Morocco for Ammonia production also completed by 

Fraunhofer IMWS in 2018 illustrates the capacity of the country from a technological view.
 � The Feasibility study for MASEN’s 100 MW project examines a large_scale initiative.

Another particularly relevant contribution to the topic is the PtX Roadmap for Morocco launched 
by the Ministry of Energy Transition and Sustainable Development and IRESEN with the support 
of GIZ-PAREMA and conducted by Frontier Economics. The roadmap study is based on a 
detailed analysis of the development potential of PtX in various sectors, including industry, 
transportation, residential, energy storage, and phosphate fertilisers. The interim results 
confirmed the opportunity that this sector represents for Morocco, through its positive socio-
economic and environmental impact.

In the short term, the study recommends actions aiming primarily at reducing costs throughout 
the value chain and setting up a Moroccan Cluster and an infrastructure Master Plan. It also 
envisages technology transfer, capacity building, and local content, as well as the creation of 
suitable conditions for the export of PtX products. In the medium term, actions should focus 
on the development of a storage plan for the electricity sector and the establishment of an 
appropriate regulatory framework for the use of PtX in transport. In the long term, it is crucial to 
develop a regulatory and commercial framework to extend PtX technologies to heat production.

According to the conclusion of the study, Morocco has the potential of acquiring up to 4% of 
this global PtX demand (between 12,8 and 29,04 TWh),1 which is estimated to be in a range 
from 320 to 726 TWh by 2030,2 thanks to its privileged geographical location as well as its 
exceptional abundance in terms of renewable energy sources (solar and wind).

1 Dii Desert Energy (2019), A North Africa - Europe Hydrogen Manifesto.
2 Fraunhofer ISI (2020), Opportunities and challenges when importing green hydrogen and synthesis products
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The Roadmap includes a timeline spanning from 2020 to 2050, which identifies the steps toward 
possible applications of Green H2 in the economy. In the short term (2020-2030) the main priorities 
are Green H2 exports, local usage for national industry, especially phosphates, and exploration of 
natural hydrogen deposits. In the medium term (2030-2040) Morocco will focus on developing 
hydrogen projects and using Green h2 as an energy storage vector. In the long term (2040-2050), 
the roadmap foresees higher levels of exports and ammonia production.

Figure 1: Action plan of Green H2 National Roadmap, PwC

1.2 National Roadmap for Green Hydrogen

Building on these recommendations and results, Morocco developed a National Roadmap for 
Green Hydrogen published in 2021. The document states that the country can provide a very 
high level of Green H2 production, to satisfy local demand, optimise the use of national potential, 
particularly through exports, and create an economic and industrial sector around green 
molecules, namely hydrogen, ammonia, and methanol. The National Roadmap outlines also an 
implementation pathway revolving around three main axes: technological developments and cost 
savings; investment and procurement, including the establishment of an industrial cluster and the 
elaboration of a Master Plan for the corresponding infrastructure; market and demand, referring 
to the realisation of demand opportunities, giving rise to new markets. Those axes are translated 
into a detailed action plan for 2050, where eight actions were identified for the development of 
Green H2 in Morocco: Cost Reduction; Research & Innovation; Local content; Industrial Cluster; 
Domestic markets; Storage; Exports; Financing. The figure below shows the details of each action:
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Sectors Reference 
scenario (2030)

Reference 
scenario (2030)

Reference 
scenario (2030)

Reference 
scenario (2030)

Export 10,3 114,7 21,7 229,5

Industry 3,1 20,7 6,8 21,4

Transport (Energy) 0,5 11,2 1,4 37,7

Industry (Energy) 0 5,4 0 14,4

Residential (Energy) 0 1,3 0 3,1

Energy storage (National demand 
and export) 0 0,6 0,2 1

Total demand (TWh) 13,9 153,9 30,1 307,1

Total demand (T) 417 000 4 617 000 903 000 9 213 000

Table 1: Estimated demand by sector 2030 -2050, Morocco Green Hydrogen Roadmap

It is clear from the Roadmap that the production of hydrogen will come only from additional 
renewable energy capacity; otherwise, the process of electrification of buildings, industry, and 
transport would slow down causing problems to a successful energy transition. Along with RES, 
the National Roadmap also estimates the necessary infrastructure for the potential production.

On the contrary, it is unclear how the Green H2 Roadmap will relate to the natural gas roadmap. 
The lack of coordination on this matter could pave the way to cost and investment duplication and 
financial unsustainability, especially in the long term. In addition, the National Roadmap does not 
mention measures to stimulate demand and incentives to promote the transition to Green H2, as 
well as a clear policy and regulatory framework. That is a crucial challenge to put into practice the 
vision of the Roadmap and to integrate it systematically into existing energy, climate, economic 
and geopolitical policies.

Potential demand estimate and capacity needed

The Roadmap suggests estimates for the potential demand that could be met by Green H2 
produced in Morocco. The table below presents the potential demand decomposed into 
consumption sectors (export being considered a sector) and analysed in two scenarios (reference 
scenario and optimistic scenario).
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Sectors RS (2030) RS (2040) RS (2050) OS (2030) OS (2040) OS (2050)

Industrial sector 
(heating) 0.0 0.7 1.4 0.0 1.8 3.8

Trasport 0.1 1.4 3.0 0.4 3.8 10.0

Residential sector 0.0 0.0 0.3 0.0 0.0 0.7

Industry (feedstock) 0.9 4.1 5.9 1.9 5.7 6.1

Total 1.0 6.2 10.6 2.3 11.3 20.6

Table 3: Annual CO2eq emission reduction potential for the 2 scenarios, 
Morocco Green Hydrogen Roadmap

This huge effort will result in a wide cut of CO2eq emissions in the long term (nearly a quarter of 
the total emissions of the country).

According to the Moroccan Green H2 Roadmap, the development of the Green H2 industry 
would require a total investment of 90 to more than 750 billion MDA (about USD 75 billion) for 
the reference scenario between 2020 and 2050, and of 140 to 1 000 billion MDA (about USD 
100 billion) for the optimistic scenario, to meet the estimated potential demand. To put this into 
perspective, in its pledge under the Paris Agreement in 2016, Morocco estimated the costs related 
to the conditional targets for the reduction of greenhouse gas emissions by 2030 to be USD 24 
billion (for a 42% cut below the business-as-usual levels)3.

Table 2: Capacities needed to meet the estimated demand 2030 – 2050,
Morocco Green Hydrogen Roadmap

Sectors Reference 
scenario (2030)

Reference 
scenario (2030)

Reference 
scenario (2030)

Reference 
scenario (2030)

RE in GW 8 78,2 14,6 131,5

Electrolyzers in GW 2,8 31,4 5,2 52,8

Desalination Plants in Mm3 4,4 49,2 7 70,4

Conversion Power to Liquid Gas 
(Ptl) plants in GW 0,4 5,3 0,8 11,6

Conversion Power to Ammonia 
(PtA) plants in GW 1,1 10,7 2,4 19,2

3 For more information, please see https://climateactiontracker.org/countries/morocco/.
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Sectors National International

Public policies support
Ministry of Energy, Ministry of Industry, ONEE, 
OCP, MASEN, ONHYM, ONDA, ANP, IMANOR, 
Local authorities: councils of municipalities and 
Regions.

Investment and development Banks, international IEC 
and ISO committees.

R&D and innovation

Mohammed VI Polytechnique University, Green 
Energy Park, IRESEN, MedV University (Rabat), 
Cadi Ayad University (Marrakech), Hassan II 
University (Casablanca), Med1 University (Oujda), 
and MASCIR.

Fraunhofer IMWS/ IGB/ CBP, ECN-TNO, Cea-Tech, 
Université Halle Leipzig, Université de Jülich, Université 
d’Offenbourg, Université de Fribourg, Hypos, Hydrogen 
Europe and Centro National.

Technological support 
and service for the 
industry sector

CGEM, Fédération de l’Energie, FIMME, 
FENELEC, FCP (Fédé. Chimie/Parachimie), FT 
(Fédération Transport), OCP, Masen, ONEE, JESA, 
CID, NOVEC, NAREVA, Afriquia, Somas, Maghreb 
Oxygène, SNTL, SNEP, ONDA, Royal Air Maroc, 
ONCF, Port Tanger MED, ANP and Startup/JV/
Spin-Off.

Siemens, Thyssenkrupp, Hydrogenics, McPhy, EDF, 
MAN Energy Solution, Engie, ENEL, Air Liquide, Total, 
Climeworks, Sunfire, Airbus, Lufthansa, PSA, Proton 
Ventures, Port de Rotterdam, Vopak, Linde, Tractebel 
and VDA.

Capacity building and 
training

Moroccan universities cited above, Moroccan 
industries, OFPPT, IFMEREE and CERIM.

International universities cited above, RENAC, 
Fraunhofer, INES, and Hypos.

Table 4: Actors involved in the strategic axes of the Green H2 National Roadmap, PwC

Looking specifically at the institutional actors, here is the list of several Ministries and research 
centres involved in the strategic axes of the Green H2 National Roadmap.

Although having elaborated two scenarios is a good way to understand the order of magnitude 
of the country’s potential, it is important also to state the specific targets in terms of production 
and usage. Similarly, desalination and electrolysis capacities have yet to be decided, along with 
the sources of finance for the routes to market.

Institutional framework

Green H2 is at the crossroad of multiple sectors. Several State-owned or State-controlled 
institutions and companies could be involved at various levels in the development of the Green 
H2 market. The following table presents the main Moroccan actors involved in each of the 
strategic axes of the Green H2 National Roadmap.
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Table 5: Roles of the institutional actors in the strategic axes of the Green H2 National Roadmap, PwC

Institutional actors Role

The Ministry of Energy Transition 
and Sustainable Development 

The Ministry has primary responsibility for Morocco’s overall energy policy and oversees 
safeguarding the security of supply, setting rules for energy markets, and managing the 
low-carbon transition by promoting energy efficiency and renewable energy. It also the has 
responsibility for authorizing and supervising energy projects. ONEE, MASEN, and other 
energy sector agencies (AMEE, IRESEN) report to this Ministry.

The Ministry of Economy and 
Finance (MEF)

The Ministry oversees the financial side of the energy sector. MEF is the financial control body 
of the State-owned entities involved in the sector.

The Ministry of Industry, Investment, 
Trade and Digital Economy (MICIEN)

Indirectly involved in the implementation of energy policy, it designs and implements industrial 
strategies, and works to enhance the competitiveness of the Moroccan industry.

The Ministry of Energy Transition 
and Sustainable Development

The Ministry has primary responsibility for Morocco’s overall energy policy and oversees 
safeguarding the security of supply, setting rules for energy markets, and managing the 
low-carbon transition by promoting energy efficiency and renewable energy. It also the has 
responsibility for authorizing and supervising energy projects. ONEE, MASEN, and other 
energy sector agencies (AMEE, IRESEN) report to this Ministry.

The Research Institute for Solar and 
New Energies (IRESEN)

The Ministry is responsible for identifying research priorities and projects in the fields of 
renewable energy and energy efficiency. In addition to financing and implementing research 
and development projects, it also disseminates research findings.

The Moroccan Agency for 
Sustainable Energy (MASEN)

The Group is responsible for leading and managing the deployment of renewable energy in the 
country. MASEN contributes to the emergence of a national renewable energy industry through 
training and capacity building, local development and industrial integration, preoperational 
research, development, and demonstration in Morocco’s RE sector.

The National Agency for Electricity 
and Drinking Water (ONEE)

The state-owned utility imports electricity and is responsible for electricity distribution (either 
directly or through private and public distribution companies).

The National Authority for Electricity 
Regulation (ANRE)

The regulator organizes the open and competitive segments of the electricity sector: regulating 
access to networks, setting the tariffs for the use of transmission and medium-voltage grid, and 
ensuring the efficient functioning of the market.

The National Office of Hydrocarbons 
and Mines (ONHYM) The Office is responsible for managing upstream hydrocarbon resources.
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Additionally, the OCP - a State-owned phosphate and fertilisers producer - plays a direct role in 
the Green H2 sector as it is expected to become the largest consumer of hydrogen, to be used as 
a feedstock in the production of ammonia. In this regard, the company has launched studies and 
initiated pilot projects to test the viability of Green H2 production. Each actor has specific roles in 
the development of technologies, supply and investments, demand, and markets as outlined in 
the figure below.

Figure 2: Responsibilities of main actors in the sector, The National Roadmap of H2 in Morocco

Within the governance framework described by the National Roadmap, the Moroccan authorities 
have also fostered the creation of the National Hydrogen Commission, Green H2 Maroc, and 
AMHYD, whose overarching objective is to coordinate and facilitate the development of the
Green H2 sector but have also specific duties.
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Figure 3: Moroccan institutions dedicated to the H2 sector, PwC

In general , the governance framework must promote the emergence of an ecosystem capable 
of carrying out the desired ambition for the sector and the market. However, in the first phases 
of implementation, the main stakeholders engaged in the Green H2 have other prerogatives 
and could be engaged in several projects. Therefore, the country must make sure they can be 
mobilised to work in the sector and define their respective roles, with strong coordination efforts 
to be put in place in order to harvest potential synergies.

1.3 Ongoing and planned projects

To implement the National Roadmap, Morocco aims to deploy an ambitious action plan entailing 
the creation of a Research and Development (R&D) centre, whose main objective is to promote 
innovation and technological research activities and to propose a set of pilot projects to thus 
reinforce the country’s positioning as a pioneer in these new technologies. In this regard, Morocco 
has an advantage with its ecosystem dedicated to energy, that includes research platforms, public 
agencies, energy service companies, clusters, associations of industries, etc. some of which have 
positioned themselves in the Green H2 sector. Several initiatives have been taken to start pilot 
projects and studies. For instance, two main pilot projects have been announced:

 � “Power-to-X project” is the first Moroccan industrial large-scale Green H2 project, and it 
was proposed by MASEN, the Moroccan Agency for Sustainable Energy. This project is a 
100MW renewable energy plant to produce Green H2 via electrolysis. It is expected to start 
operating by 2025.

 � A Portuguese company, Fusion Fuel Green and Consolidated Contractors (CCC), a global 
provider of engineering solutions signed an agreement related to the development of the 
“Hevo Ammonia Maroc project”. The project consists of producing green ammonia and H2, 
and the realization of the project is expected to start in 2022 after the completion of the 
feasibility study.
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Other pilot projects are in the development phase. A small-scale project to produce green 
ammonia is being developed in partnership with OCP Group, IRESEN, the “University Mohammed 
VI Polytechnique’’ and Fraunhofer IMWS&IGB centres. The pilot project will have a capacity of 4 
tons of green ammonia per day and will be equipped with an electrolysis capacity of 4MW.

IRESEN recently presented a new research platform to produce green fuels from renewable 
energy named GREEN H2A, the budget for this infrastructure is estimated at 150 million MAD 
and would be devoted to the R&D demonstration of «Power-To-X» technologies with a diversified 
research program on the applications of hydrogen in the production of green molecules with high 
added value, such as ammonia and methanol. The «Green H2 Maroc” Cluster will be dedicated to 
innovation and industrial development of hydrogen, in particular by relying on the infrastructures 
that IRESEN developed in partnership with the Mohammed VI University Polytechnic.

A dedicated scientific commission resulting from the National Hydrogen Commission was 
recently created to oversee the development of strategic orientations to produce hydrogen and 
its derivative and help identify the pilot projects for the implementation of the roadmap dedicated 
to the hydrogen project.

When it comes to the private sector, AMHYD was able to include Morocco as the first non-
European member of “Hydrogen Europe’’, an association bringing together nearly 400 players in 
the hydrogen sector, manufacturers, national associations, and research entities. The association 
is planning many events around the Green H2 sector, for example, The Hydrogen Moroccan Day, 
the first national event on Hydrogen and Fuel cells in Morocco in collaboration with AFHYPAC 
(Association Française pour l’Hydrogène et les Piles à Combustible) and the AMADEUS Institute.

The Moroccan Institute of Hydrogen and Fuel Cell (IMHYPAC) was created in 2019 to multiply the 
dissemination and training of H2 technologies through periodic regional events for sustainable 
and low carbon mobility in Morocco and Africa and promotes R&D. Finally, several international 
companies manifested their interest in investing in the development and construction of Green 
H2 plants in Morocco (for example, the Italian companies Saipem and Alboran Hydrogen).

Reaching a complete technological maturity before large-scale deployment entails an important 
effort in terms of R&D programs and investments, which are dependent on the public support 
measures in place. On the other hand, knowing the existing technical capabilities at the national 
level is crucial to understanding the role of international players and local companies in the 
development of the sector.
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Figure 5: GREEN H2 Pilot Projects, IRESEN

Figure 4: Green H2 Pilot Projects, IRESEN

Figure 6: GREEN H2 cluster main activities, IRESEN
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For Morocco to succeed in the endeavour of becoming a central player in a future Green H2 
market, realise the vision presented in its National Roadmap and overcome the existing challenges, 
each segment of the value chain must reach its potential. For this reason, this section analyses the 
fundamental components of production, infrastructure, and end uses. The assessment is the result 
of a literature and policy review, and interviews conducted by RES4Africa with several national and 
international stakeholders operating in Morocco in the renewable energy and/ in the hydrogen 
sector.

2.1 Production

Morocco has set very ambitious targets in line with its neighbour countries in Europe: for example, 
by 2030, France is aiming to install an electrolysis capacity of 6.5 GW and Germany of 5 GW. If 
we consider the optimistic scenario, the potential electrolysis capacity for Morocco is 5.2 GW 
(optimistic scenario) by 2030 which is comparable to both European countries.

Figure 7: Electrolyze capacity targets in European Hydrogen strategies for 2030, IRENA

CHAPTER
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4 Ministère de l’énergie des Mines et de l’Environnement (2009), Stratégie Energétique Nationale Horizon 2030
5 Climate Change Performance Index Report, 2020 and 2021
6 Observatoire Marocain de l’énergie, 2019

Availability of Renewable Energy for Green H2 production

The Moroccan energy strategy declares that by 2030, 52% of installed electricity production 
capacity will come from renewable energy sources, which corresponds to 7 300 MW.4 However, 
the country’s potential is enormous: more than 3 000 hours of sunshine per year and average 
irradiation of more than 5 KWh/m²; significant offshore and onshore wind fields with areas 
exceeding 10 m/s of average annual wind speed. If only 5% of the potential is installed, it will 
correspond to 1 000 GW of solar power and 325 GW of wind power.

Being aware of that, Morocco became a very dynamic market for renewable energy investments. 
The country was ranked sixth in the world in the 2020 Climate Change Performance Index and 
seventh in 2021, being the only non-European country in the top 20.5 In 2020, 4% of the electricity 
produced came from solar power (1 520 GWh), 12% from wind power (4 520 GWh), and 3.4 % 
from hydroelectric power (1 290 GWh).6

Figure 8: Renewable energy technical potential, IRESEN
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In 2021, Morocco has an operational RES installed capacity of 3 950 MW8 (750 MW solar energy, 
1430 MW Wind, et 1770 MW hydroelectric), corresponding to about 38% of the total. In addition, 
Morocco has an ambitious pipeline of projects planned for the near future which put the country 
on a good pathway to reaching the target of 52% of RES installed capacity by 2030. To date, of 
101 projects in the country, 51 are under construction or development, corresponding to 4 239 
MW and 51.7 billion MAD of investments9.

This good performance of the country is due to its enabling policy framework. Nearly three 
decades ago Morocco adopted Law No 2-94-503, allowing private electricity generation by 
authorising IPPs to install more than 10 MW of renewable energy. To support the development 
of the renewable energy sector, the Moroccan authorities issued Law No. 13-09 dedicated to 
renewable energies. Law 13.09 is a pioneering law in the region, focusing on the development of 
eligible customers and corporate PPAs. Under law 13.09, Independent Power Producers (IPP) can 
sign a PPA directly with end customers (High Voltage only so far), use the national grid for power 
transmission, and sell excess generation to ONEE, at a regulated price.

In 2015, Law 13.09 was further amended by Law 58-15 which gives additional flexibility to the 
corporate PPAs (opening it to Medium Voltage customers). The implementation decree of Law 
58-15 was published in January 2022, establishing a gradual opening of the medium voltage 
market with the publication of the RE injection volumes to be integrated into the MV network for 
the next 10 years. The self-generation Decree has been amended by the Law 82.21. The 13-09 
amendment is currently ongoing and will liberalise further the generation market. Although the 
implementing decrees that were to accompany Law 58-15 are still not available, it appears that 
this existing regulatory framework could be a major asset for the Green H2 developments. It could 
facilitate the development of integrated renewable energy/hydrogen production projects under 
the self-generation regime, and the development of Direct PPAs between IPPs and hydrogen 
producers.

Figure 9: Electricity production by source, Morocco Figure 10: Share of electricity production by source, 
Morocco7

7 Hannah Ritchie, Max Roser and Pablo Rosado, 2020, - Morocco: Energy Country Profile
8 Maroc Diplomatique, 2021, Interview with the minister of energy Mr. Aziz Rabbah
9 Ibid
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Although electricity production costs from renewable sources in Morocco are low, they are not 
the most competitive in the world, especially when compared to other countries in the Middle 
East or South America (see figure below). With the due premise that caution is always needed 
in comparing auction tariffs based on different assumptions and auction rules, the reason for 
the above-mentioned cost difference is due to two main factors. On the one hand, sun and wind 
conditions, although very good, are better in other countries such as Saudi Arabia or Chile. On 
the other hand, and more importantly, financing costs are currently higher in Morocco than in 
other potential competitors (UAE for example). This aspect needs to be taken into account when 
deciding to prioritize local consumption of hydrogen over exports, since the costs of transport 
are another key competitive factor. In the case of Morocco, its geographical position near some 
end-markets could be an advantage when compared to Chile or Mexico, but not when compared 
to UAE or Egypt.

10 Ministère de l’Energie, des mines et de l’Environnement,2021, Green Hydrogen Roadmap
11 PV power prices specific to Morocco were not found in any official document
12 IRENA, 2019, Renewable Power Generation Costs in 2019

Cost of Renewable Energy

The price of electricity as an input to Green H2 production is a key competitive factor. Based on 
the country’s history in terms of renewable energy implementation, Morocco has demonstrated its 
ability to develop RE power plants that produce electricity at a very competitive cost. Wind power 
prices nearly halved between 2012 and 2015: the contract signed between NAREVA and ONEE 
in 2012 for the Tarfaya Wind power plant was 61 Euro/MWh, and the 850 MW project signed 
between the ONEE and Enel Green Power / Nareva in 2015 was 28 Euro/MWh10 (32 USD/MWh) 
which is lower than the average global PPA price for Wind energy according to IRENA (see figure 
below). The latest PV calls for tenders were around 12 Euro/MWh (14 USD/MWh) in the MENA
region (similar conditions to Morocco).11

Figure 11: Global average PPA prices for RE, 2010-202312
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13 IRESEN, 2020, Power to X in Morocco, Driver of Mediterranean Energy Market Integration
14 Conseil Économique Social et Environnemental, 2020, Accélérer la transition énergétique pour installer le Maroc dans la croissance verte
15 IRENA, 2020, Global Renewables Outlook

Many countries will attempt to take a leading role in the future Green H2 global market. For Morocco 
to succeed in keeping its future Green H2 cost competitive, the country must continue to invest 
in additional REs to make sure electricity costs remain significantly low. Political orientation and 
vision could aim to lower energy tariffs as renewable energy projects are implemented. According 
to a recent study published by CESE (Le Conseil Économique Social et Environnemental) in 2020, 
the average cost of electricity on the grid could drop from 75 €/MWh today to 58 €/MWh in 2040 
and 46 €/MWh in 2050.14

Water consumption for Green H2 production

The World Energy Transitions Outlook from IRENA estimates that in 2050 the hydrogen demand 
will amount to more than 612 Mt, 160 Mt of which would be satisfied by Green H215; taking into 
account that to produce 1kg of hydrogen, about 25-30 kg of water is needed (including the 
process of demineralization), to produce 612 Mt, 25 Bm3 of water would be needed (or 6.5 bcm
only for Green H2)

Figure 13: Green H2 demand projection for 2030 and 2050, IRENA

Figure 12: Renewable Energy Recent Biding prices c$/kWh, IRESEN13
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Despite the high absolute numbers, water is not an issue specific to hydrogen. On the side of 
electricity generation, the much higher use of water for traditional power generation (except for 
natural gas), which can be saved by changing to wind and solar PV, outweighs the electrolysis 
feed water requirement. In the case of hydrogen use as a fuel, wind-generated hydrogen also 
saves water compared with current gasoline-fuels formulations. Thus, hydrogen as an enabler of 
wind and solar energy could even help with water scarcity. Concerning water used for electrolysis, 
quantities are low compared with municipal water requirements. A 1 GW electrolysis plant 
would use less than 10 million litres per day of water, which is low by the standards of seawater 
desalination plants. If a new desalination plant were oversized significantly compared with the 
electrolysis plant requirement, by a factor of two or three times, it would benefit from economies 
of scale while not adding much to the cost of hydrogen production. The additional capacity could 
provide useful water for local communities.

As stated by the National Roadmap, considering the scarcity of natural water resources in Morocco, 
the only viable solution is desalination. The required plants would have to produce an amount of 
water in the range of 50 to 70 Mm3 water, depending on the scenario. (for reference, in 2020, 
ONEE produced 1.25 bcm of water, representing about 85% of the country’s water production). 
To reach the objective, the country would therefore need to allocate between 4% and 6% of its 
water production to the Green H2 sector by 2050 (not taking into account the evolution of the 
country’s water demand). This will generate constraints, in terms of the location of the Green H2 
production, which would need to be close to the seaside.

2.2 Infrastructure

Transportation and storage will be key elements in the future Green H2 value chain. In other 
countries developing their strategies, usually Green H2 is treated similarly to natural gas because 
of several comparable characteristics. This means that countries with natural gas infrastructure 
and regulations in place have a stronger position because they can test the functioning of 
infrastructure carrying the Green H2 but also because they have a basis on which they can build a 
new policy framework. In other words, in a rapidly advancing world with countries issuing laws and 
regulations in record time, being among the first to develop a regulatory and policy framework 
could become a competitive advantage.

On the other hand, there are also important differences between the two sectors which need to be 
addressed separately. For example, in a decarbonization perspective, such as the one envisaged 
in different strategies for climate neutrality around the world, the natural gas sector must deal 
with the decommissioning of stranded assets. Groups that include regulated network companies 
should not be able to cross-subsidize their hydrogen activities thanks to their low-risk gas network 
revenues.

In Morocco, except for the segment of the Maghreb - Europe pipeline, there is currently no 
dedicated gas transport and storage infrastructure. The pipeline, starting from Algeria in Hassi 
R’mel and built in 1996, is 1 300 km long and crosses 540 km of Moroccan territory before arriving 
at Cordoba in Spain. Since 2011, Morocco has received an annual fee of half a billion cubic metres 
of gas as payment (nearly half of the country’s annual consumption). These long-term gas supply 
agreements expired in 2021.
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Another project worth mentioning is the Planned Morocco-Nigeria gas pipeline which is expected 
to be approximately 5,660 kilometres long; it would connect Nigerian gas resources to West 
African countries and Morocco to serve Europe afterward. It would follow the West African coast, 
crossing 14 countries: Nigeria, Benin, Togo, Ghana, Ivory Coast, Liberia, Sierra Leone, the three 
Guinea, Gambia, Senegal, Mauritania, and Morocco. This project is expected to be ready between 
2035 and 2040.

Given the situation, there are no possibilities for repurposing in Morocco. This is a disadvantage 
compared to other competing countries which can use the existing network for tests (through 
the blending of Green H2 and natural gas) and then possibly switch to 100% Green H2. New 
infrastructure would have to be built and associated financing would have to be secured and 
made available in time to meet the National Roadmap.

Having said that, for the Green H2 used for domestic industry, Morocco will have to develop a 
transport network either dedicated to H2 or a mix of both H2 and Natural Gas, considering that in 
this case the decarbonization efforts might be affected and it would most probably incompatible 
with the “green” qualification.

On the regulatory side, a draft national gas law16 has been elaborated and published by the 
Moroccan Ministry of Renewable Energy and Sustainable Development in 2017, but it has not 
been enforced so far. The two purposes of this draft law are to govern the natural gas value chain 
including import, storage, regasification, transport, and distribution of natural gas throughout the 
national territory, and regulate and control all these activities in terms of safety and environmental 
protection. The vision developed in the gas code is a fully regulated gas sector, with monopolies 
along the value chain and regulated tariffs. There is no indication as to whether this gas code 
(when eventually enforced) might apply to the hydrogen sector. In the meantime, a natural gas 
roadmap has been published in 2021. The schematic diagram of the roadmap is presented below:

Figure 14: Existing and planned pipeline infrastructure, Dii Desert Energy

16 Ministère de l’Energie, des Mines et de l’Environnement, 2017, Projet de loi relatif au secteur aval au Gaz Naturel
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Figure 15: Natural gas roadmap schematic diagram, PwC

Morocco benefits also from an advantageous geographical location (seafront of 3,500 km), a 
position on the Strait of Gibraltar at the crossroads of major international communication axes 
between Europe, Africa, and the Middle East, and good port connectivity. With 34 ports, including 
13 open to foreign trade (therefore a significant export experience), Morocco’s maritime transport 
infrastructure places the country at the top of the Mediterranean ports. In 2019, it was ranked in 
the top 40 well-connected ports worldwide.

For exports, two options are possible. To stand out, in terms of quality and regularity of supply for 
Europe, a dedicated pipeline would be needed. However, the construction of such infrastructure 
would require massive investments which Morocco might not be able to support by itself. On 
the other hand, coordination with European authorities would be necessary in order to have a 
corresponding infrastructure in the European continent. Alternatively, Morocco could export 
Green H2 by shipping it globally. However, in this case, the country will lose part of the strategic 
advantage in terms of flexibility/reliability of supply over other competing countries (Middle East, 
Australia) because the best sites for high-capacity factor for hydrogen production will be located 
in the South of the country and therefore ports and new logistics infrastructures may be required 
to be established. This is particularly true knowing that transport by trucks is a high-cost option and 
most probably incompatible with the “green” qualification. The country’s maritime infrastructure 
could be a real asset for storage at ports and for global exports, however, Green H2 shipping will 
require the availability of new sustainable carbon-neutral means of sea transport. Focusing on 
Green H2 exports in the short term could therefore increase the costs for the system.

Needless to say, for both transport and storage, hydrogen has a wide range of flammable 
concentrations in air and lower ignition energy than gasoline or natural gas. Consequently, 
adequate ventilation and leak detection are important elements in the design of safe hydrogen 
systems. Because hydrogen burns with a nearly invisible flame, special detectors are required. 
In addition, some metals can present structural problems if exposed to hydrogen, so selecting 
appropriate materials is fundamental for safe hydrogen systems. Training in safe hydrogen 
handling practices, testing - tank leak tests, garage leak simulations, and hydrogen tank drop tests
- and safety norms, in general, is also important. The country has not put in place a set of norms 
and identified public entities for control and verification.
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 2.3 End uses

Morocco’s final energy consumption has significantly increased since the beginning of the 20th 
century; this growth is explained by the country’s industrial, social, and economic development. 
In 2017, the total final energy consumption of the country reached 16.1 Mtoe which is mostly 
dominated by three sectors – transport (36%), residential (25%), and industry (24%) and mainly 
satisfied by fossil fuels.

Figure 16: Total final consumption by sector, IEA17

As can be observed in the following figure, in 2017, oil products represented 74.4% of the total 
energy consumption which amounts to approximately 12.12 Mtoe. This has an important impact 
in terms of energy security and economy, as the country fully depends on the import of fossil fuels. 
The energy import bill is estimated to be around EUR 7.58 billion in 2018.

Figure 17: Breakdown of total primary energy supply in IEA member countries, 2017

17 International Energy Agency, 2019, Energy Policies Beyond IEA countries: Morocco 2019 review.
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Excessive use of fossil fuels in the Moroccan industry and the associated high GHG emissions could 
have a negative impact on the export market. Europe, Morocco’s main trading partner, adopted 
in July 2021 a proposal for a new Carbon Border Adjustment Mechanism (CBAM) which will put 
a carbon price on imports of products from specific sectors. In its first phase, this mechanism will 
apply to five sectors, considered as high-risk of carbon leakage: iron and steel, cement, fertiliser, 
aluminium, and electricity generation. The adoption of CBAM will have repercussions for national 
and international companies that are located in Morocco and exporting to many countries in 
Europe, which will have the obligation to comply with the EU carbon tax on exports. As a matter of 
fact, in 2019 Morocco exported almost 12% of insulated wires, cables, and other conductors for 
electricity and 10% of natural and chemical fertilisers. Europe is Morocco’s largest trading partner 
with a share of 66% in 201918. The figure below shows the structure of exports by main sectors for 
2017, 2018, and 2019 in Billion MAD.

Several studies and research papers confirmed the capacity of hydrogen to become an alternative 
clean fuel that could replace oil and gas needs, in some cases and under some conditions as heat 
production processes in industry and heavy and/or long-distance transport solutions. This provides 
a window of opportunity for the development of Green H2 as a technological solution that will 
help the country make its low carbon transition a success. On the other hand, as an exporter and 
trading partner of Europe, Morocco could reduce oil and natural gas consumption in its industry 
by replacing it with alternative and clean sources, and Green H2 could be one, combined with 
energy efficiency and RE, this way reducing and eventually annulling the impact of the CBAM.
Nonetheless, a comprehensive roadmap to decarbonize its industrial sector is still missing.

Figure 18: Exports by main sectors

18 Office des changes, 2019, Report on export and import
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Exports

According to the National Roadmap, a significant part of the production of Green H2 will be, 
although not in the short term, destined for export, which represents between 65% and 70% of the 
demand projection established by the National Hydrogen Commission of Morocco. This is due 
to the fact that Morocco’s geographical position and existing logistics and energy infrastructure 
might allow the country to compete in international markets. For instance, Europe’s Green H2 
demand could reach almost 530 Mt by 2050 and Morocco could cover a share of that demand.

Morocco has a trade history with many European countries. In 2018 Morocco signed with 
Germany, France, Spain, and Portugal “The Sustainable Electricity Trade SET Roadmap” to 
facilitate the trade in renewable electricity with Europe. Similar trades could be implemented for 
Green H2 in the future. In particular, an agreement was signed between Morocco and Germany 
in June 2020 under which both countries will cooperate to set up research and investment 
projects in the use of hydrogen. In the frame of this agreement, Germany plans to provide 
financial support that will allow the country to source Green H2 from Morocco in the future. 
Other official agreements have been signed between Morocco and several European countries 
expressing their interest in importing Green H2 from Morocco to replace hydrocarbons and 
fully decarbonize their economy. Below is a table summarising these agreements:

Figure 19: Europe’s Hydrogen demand projection, IRENA - PwC
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It is important to mention that currently most partnerships and agreements that were signed 
between Morocco and other countries focus on common projects to develop value chains and 
joint R&D initiatives, however, the same countries have signed and demonstrated interest in other 
countries as well (see figure below). This suggests that Morocco should carefully consider the 
potential drawbacks of building its Green H2 production by mainly focusing on exports. By doing 
so, the country will be exposed to the high risk and volatility of the international market, which 
would require continuously ensuring national competitiveness in many fields: cost, sustainable 
transport, certificates of origin to name a few.

Country Objective of the agreement

«Power-to-X» project 
agreement (2020) Germany

Develop the Green H2 production sector and set up research and 
investment projects in the use of this material, a source of ecological 
energy.

Green Hydrogen 
declaration of cooperation 
(2021)

Portugal
Put in place the necessary bases to develop the partnership in this clean 
energy sector between the economic actors of the two countries (The 
country will use its bilateral relations to boost the sector),

Memorandum of 
understanding (2020) Germany

Establish an alliance for hydrogen, aiming to set up the bases of a lasting 
partnership but also provide technical and financial support for the 
construction and construction of a Green H2 production plant and a 
research, development, and innovation platform

Cooperation in the 
Hydrogen field (Agreement 
between Masen and Corfo) 
(2016)

Chile

Since both countries are intended to be converted to regional centers for 
the production and commercialization of renewable energies, particularly 
Green H2. In 2016 Corfo (Corporación de Fomento de la Producción) 
and MASEN signed an agreement to boost the solar industry, research 
and development and the execution of future renewable energy projects 
between the two countries.

Table 6: Morocco’s agreements with European countries for H2 export
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Ammonia production

Green H2 could be used as feedstock to produce green ammonia for fertiliser production 
and replace costly imports of grey ammonia. In 2018, Morocco imported 2 million tons which 
accounted for USD 424 million. To produce 2 million tons of ammonia, via solar and wind energy, 
an installed capacity of an additional 6 GW would be required. Beyond economic benefits, the 
use of Green H2 for ammonia production has a positive environmental impact as it does not have 
any associated CO2 emissions. Nevertheless, OCP (the main producer of fertilisers) has not so far 
confirmed any potential quantities of H2 required.

Possible risks of planned demand

Following the configuration illustrated above, the hydrogen investment and revenues in Morocco 
will be strongly exposed (i) to the conditions of the international Green H2 market (which does 
not exist for the time being) and (ii) to the purchasing capacities of a large national industrial 
customer (OCP). The rest of the local demand could account for less than 20%. Furthermore, the 
value sought in hydrogen in the upcoming years will be strongly dependent on its “Green” nature. 
It is, therefore, capital to guarantee the traceability of the hydrogen value chain, bearing in mind 
that shared international standards and norms do not exist yet.

Figure 20: Bilateral partnerships, WEC19

19 World Energy Council, 2021
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The objective of this Chapter is to formulate several policy recommendations to implement the 
Moroccan National Roadmap and address the multiple challenges described in the previous 
sections. To do so, an international benchmark analysis of Green H2 strategies and policies was 
conducted, highlighting the lessons learned from other countries. Given the cross-cutting nature 
of the sector, in some cases recommendations respond to challenges identified both in Chapter 
1 and 2. That is why actionable measures were categorised into three distinct categories:

 � Strategic positioning: measures related to the future position of Green H2 compared to 
other sources of energy and the priorities in terms of uses. This category focuses mainly on 
the development of the sector and gives investors a clear perspective on the short, medium, 
and long term.

 � Implementation and support: measures related to the practical implementation of the 
strategy and the financial support needed to pursue market maturity.

 � Governance: measures related to the organization of the market, its stakeholders, its 
operating mechanisms, etc.

Figure 21: Approach adopted for the recommendations, PwC

CHAPTER

3
HOW TO GO AHEAD?
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3.1 Strategic positioning

Recommendation 1: Complete the country’s national hydrogen roadmap by setting 
quantified and ambitious but feasible targets for the whole Green H2 value chain 
(production, electrolyzers capacity, desalination plants, required transport infrastructure, 
costs of production and operations, R&D, etc.). Those targets should be accompanied also 
by intermediate targets in the short to medium term, to facilitate monitoring and evaluation.

Elaborating scenarios for the potential demand for Green H2 supplied by a country is important 
to understand the possible future role of its industry. However, not having quantified targets in 
terms of production, usage, electrolysis capacity, and expected costs could hinder the routes to 
market for hydrogen and make it difficult for investors to evaluate the process of implementation. 
Instead, setting well-defined targets would send the right signals to investors, provide a more 
dependable Roadmap, and set the Green H2 market in motion.

As revealed by the EU’s strategy, the European Commission wants to increase its electrolysers 
capacity to 80 GW (40 GW in Europe, and 40 GW in neighbouring countries) by 2030. Likewise, 
Japan is targeting electrolyser costs of $475/kW, efficiency of 70% or 4.3 kWh/Nm3. Chile has also 
elaborated an ambitious national hydrogen strategy In November 2020, with a target of 25 GW by 
2030 and a hydrogen production cost of less than $1.50/kg. Through these targets, it is seeking 
to become the world’s cheapest green hydrogen producer and a leading exporter by the 2030s.

These examples testify the importance of spelling out detailed objectives accompanied by 
an overall vision and an action plan. At the same time, a careful consideration for the overall 
green transition should be made in the Green H2 Roadmap to avoid diverting renewable energy 
capacity from critical sectors like renewable energy for transport, industry and the electrification 
of buildings, and causing more fossil fuels to be brought into the power mix.

Recommendation 2: Set the Country’s priority in terms of Green H2 and its place in the energy 
strategy compared to other energy sources (Oil, RES, Natural Gas, etc.) and infrastructure

Unclear priorities and objectives for the natural gas and the other fossil fuels sectors and 
infrastructure could entail the duplication of costs and investments and not be financially 
sustainable, especially in the long term. This would also include identifying the role of Green H2 
in a comprehensive strategy of decarbonization of the industrial sector.

The relation with the natural gas sector is particularly tight because other countries are looking at 
the possibilities of repurposing the existing infrastructure or building a new one. France introduced 
the right to inject hydrogen into the natural gas grid network with Law no. 2019-1147 for testing. 
European TSOs want to create a hydrogen backbone composed of new pipelines (25%) and 
repurposed natural gas pipelines (75%) with transportation costs of about €0.13/kgH2/1000 km.
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Experiences carried out so far at an early stage tend towards the exploitation of existing natural 
gas networks for the injection of hydrogen (blending) to test the capability of networks and 
technology needed. This injection is accompanied by the implementation of a network code that 
will govern injection mechanisms. At a later stage, some countries plan to repurpose existing 
natural gas pipelines to have 100% hydrogen networks.

Since this is not the case for Morocco, the relations between the Natural Gas Strategy and the 
National Roadmap for Green Hydrogen should be carefully assessed.

Recommendation 3: Carefully evaluate the possible targets and the priorities in terms of 
local consumption and exports. As stated by the Decarbonization Pathway for Morocco 
the priority is cutting the national greenhouse gas emissions and this should be taken into 
account. Upon these considerations, the routes to transport should be decided considering 
that sector coupling is expected to be an important driver of decarbonization.

The decision to export or consume the Green H2 produced internally or a mix of the two should 
be carefully evaluated because it will affect different aspects of the support policies. In the case of 
domestic usage, prioritising some sectors instead of others could result in stranded assets or cost 
duplication, or high dependency on large national industrial customers. In the case of exports, 
countries are exposed to international competition and international standards. This could entail 
important risks for investment in the sector. In this regard, it is necessary to underline that there 
is no Green H2 market yet. Depending on the final uses of Green H2, it is important to decide 
upfront the routes to transport, be them local and/or international, keeping in mind that blending 
with natural gas should be considered as a short to medium-term solution.

For example, Japan is keen to stimulate Green H2 as an alternative to liquefied natural gas and 
has announced an action plan to set up 10,000 refuelling stations over the next decade. Germany 
aims at consuming Green H2 internally for the decarbonization of steel, chemical and cement 
industries; the UK for the heating sector. Australia has the objective to export Green H2.

Countries that are engaged in the development of the Green H2 market, position themselves 
depending on their production potential, export capacity, and trading experience as producers, 
importers, or exporters. In the case of domestic consumption, financial support should be dedicated 
to incentives for the final users rather than on the investment in transport infrastructure, and aimed 
at addressing investment risks of first movers. Compliance with international clients’ standards 
and guarantees of origin is not a critical factor. In the case of exports, export infrastructure is key, 
as well as the implementation of a regulatory framework compatible with potential international 
clients.
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Recommendation 4: Study and analyse the option of developing the necessary technologies 
for the production and transportation of Green H2 locally or involving international actors 
to meet the needs.

Reaching complete technological maturity before large-scale deployment entails an important 
effort in terms of R&D programs and investments, which are dependent on the public support 
measures in place. Knowing the existing technical capabilities at the national level is crucial to 
understanding the role of international players and local companies in the development of the 
sector. International partnerships and agreements signed with other countries can be both a 
critical success factor and an impediment to future developments with other players.

To name a few, Saudi Arabia’s state-controlled energy giant Saudi Aramco has signed an initial 
agreement to build a Green H2 and ammonia plant in collaboration with Hong Kong-based 
developer InterContinental Energy as it tried to bring private investment into the sector. In the 
United Arab Emirates, DEWA the state utility of Dubai has collaborated with Siemens Energy to 
build the first solar-driven electrolysis hydrogen facility in the Middle East; Masdar, Ethiad Airways, 
Lufthansa, Marubeni Corporation and Abu Dhabi Kalifa University have formed a consortium to 
build a kerosene synthesis plant-based used for aviation and based on Green H2. European 
countries, instead, are developing projects internally.

Countries that want to develop the technology locally, go through the creation of a dedicated 
national agency or an entity that brings together several national actors. Countries that choose to 
involve international developers, ensure the establishment of favourable and attractive conditions 
for foreign investment and installation.

3.2 Implementation and support

Recommendation 5: Design and implement a dedicated, integrated, and coherent policy 
and regulatory framework. This would enable the creation of bankable contracts for off-
takers and de-risk investments.

A National Roadmap is just a step in the development of a market. The real challenge is to put 
into practice the political will to achieve the targets and to integrate it systematically into energy, 
climate, and economic policies. In a rapidly advancing world with countries issuing laws and 
regulations in record time, being among the first to develop a regulatory and policy framework 
could become a strong competitive advantage.

For instance, Chile is reviewing land use regulations and associated permitting processes to 
identify and reduce potential barriers for Green H2 and wants to update power market regulations. 
South Korea has already passed an overarching Hydrogen Law laying the legal basis to support 
hydrogen with measures in multiple fields (education, standards, statistics, etc.). France published 
an ordinance on hydrogen in 2021 which sets targets in terms of low carbon and clean hydrogen 
penetration by 2030 and a first classification of the types of hydrogen. Portugal aims at simplifying 
licensing procedures for Green H2 production projects.
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Regulatory frameworks dedicated to Green H2 are flourishing around the world at different levels 
of maturity and implementation. The regulatory framework reflects the country’s strategy and 
desired position: some countries adopt laws that are dedicated to hydrogen, some go through 
ordinances to gain agility, and others create alliances to coordinate investments and cooperation, 
etc. (see Figure 22 below).

Recommendation 6: Design clear and transparent financial support mechanisms for market 
uptake and to close the price gap between Green H2 and substitutes. Various countries 
involved in the development of Green H2 initiatives have identified specific areas of 
support to be brought by the authorities, from direct support through grants/concessional 
loans to tax credits for specific uses of Green H2. In doing so, it is important to avoid market 
distortions and cross-subsidies.

It is not only important to determine targets within the development of the Green H2 sector but 
also how to finance the routes to market to these targets. In the case of Green H2, the financial 
effort will be massive and distributed along the value chain.

One of the main challenges for the production of Green H2 is its cost – currently two to three times 
higher than grey hydrogen. The cost of RES generation has decreased sharply in the last years but 
the cost of electrolysers is still high. This cost needs to fall from 40% in the short term to 80% in the 
long term to achieve competitiveness with grey hydrogen.20 Another challenge is represented by 
scarce water resources which could block or delay the development of Green H2. The only viable 
solution is using desalinated water with the associated cost, energy consumption, and constraints 
in terms of location for production, impacting negatively on LCOH.

Figure 22: Possible policy measures

20 IRENA, 2020, Green Hydrogen Cost Reduction, scaling up electrolysis to meet the 1,5°C climate goal.
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The sector and market’s development strongly depend on incentives allocated by the government. 
Several European governments have committed a high amount of funds to Green H2. Portugal 
is promoting Green H2 through a “purchase” mechanism substituting feed-in tariffs. France 
plans to invest €7 billion by 2030 targeting industrial decarbonization, heavy duty transport and 
R&D, similarly to Germany. The EU is looking at the possibility to develop Carbon Contracts for 
Difference (CCfDs)21. More in general, possible financial support actions from Government and 
public authorities to the Green H2 value chain include (see figure 23 below):

 � Renewable energy generation for Green H2 production and electrolysis: grant financing and/
or concessional financing towards RE for hydrogen projects, grant subsidies to electrolyzers 
project, hydrogen feed-in tariff/Contract for Difference or similar mechanisms guaranteeing 
minimum sales prices for Green H2, CO2 certificates or equivalent mechanisms to provide 
additional revenues to Green H2 producers.

 � Transport/storage: investment through a State-owned/financed entity that will absorb the 
initial loss-making operations and then either decide to keep it State-owned or let private 
investors step in once the activity level is sufficient to make the operation profitable, or 
provide a minimum revenue guarantee to the private investors that would finance the initial 
infrastructure. On the other hand, there is a risk of cross-subsidies, when a discounted 
access for hydrogen to natural gas networks is granted, creating misleading price signals 
that distort investment decisions and competition among energy vectors. This in turn will 
increase the cost of decarbonization overall.22 

 � Usage: grant subsidies to industry for conversion from gas or fuel devices to hydrogen ones, 
provide tax exemptions on Green H2 as an energy source.

 � Manufacturing: incentives for R&D and industries.

21 CCfDs are a funding mechanism that offer governments the opportunity to guarantee investors a fixed price that rewards CO2 emission 
reductions above the current price levels in the EU Emissions Trading System (ETS), as stated by CEFIC.
22 For example, hydrogen blending imposes costs on gas grids for current natural gas customers who may not benefit from hydrogen use 
in the future. It makes hydrogen transportation appear cheaper than it really is, and it increases future decommissioning and stranded 
asset costs for other parts of the gas networks. Making hydrogen producers and users pay the proper costs for access to infrastructure 
will ensure that investment decisions are efficient.

Figure 23: Possible financial support measures
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Recommendation 7: Setup certifications or guarantees of origins that are in accordance with 
export countries’ regulations and standards (in particular with the EU legislation, as the continent 
is considered as a major future destination for exports). Some kind of scheme to enable the 
labelling of hydrogen as “Green” is essential to provide transparency to consumers and create 
market pull for Green H2.

The value sought in hydrogen in the upcoming years will be strongly dependent on its origin and 
in particular in its certification of being “Green”. It is often hard to guarantee the traceability of 
hydrogen and its value chain because international standards and norms do not exist.

For this reason, the European Union is working towards the standardisation of the hydrogen sector 
through a common low-carbon standard for hydrogen production based on lifecycle performance. 
Another example is the CertifHy project which is a Guarantee of origin scheme for green and low 
carbon hydrogen, but there are also other initiatives (see figure below). A guarantee of origin 
system certifies all the emissions related to the production and transport of hydrogen.

Recommendation 8: Setup the technical norms with a focus on safety (in particular for 
transport and storage).

Hydrogen has a wide range of flammable concentrations in air and lower ignition energy than 
gasoline or natural gas. Consequently, adequate ventilation and leak detection are important 
elements in the design of safe hydrogen systems. Because hydrogen burns with a nearly invisible 
flame, special detectors are required. Some metals can present structural problems if exposed to 
hydrogen, so selecting appropriate materials is fundamental for safe hydrogen systems. Training 
in safe hydrogen handling practices and testing - tank leak tests, garage leak simulations, and
hydrogen tank drop tests - is also important.24

Figure 24: Examples of guarantee of origin schemes23

23 Jensterle et al., 2019; Velazquez Abad and Dodds, 2020. 
24 US Office of Energy Efficiency & Renewable Energy
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Since the publication of the Law-Decree No 2021-167 of 17 February 2021, the hydrogen 
produced in France can be blended with methane gas and injected into the existing natural gas 
networks. In this respect, the network operators must ensure the safety conditions of goods and 
people and ensure the proper functioning and balancing of the networks. As for the regulation 
of hazardous materials, hydrogen handling is treated under the Environmental Code (with inter 
alia the regulation on the environmentally classified installations, or ICPE), the General Code of 
Local Authorities (which for instance gives powers to local authorities to build and operate supply 
stations) and, more broadly, the Law on Energy Transition of 17 August 2015 and the Mobility 
Orientation Law of 24 December 2019.

In Germany, the construction and operation of a hydrogen production facility requires the execution 
of an authorization procedure by the Federal Immission Control Act. This entails a preliminary audit 
under the Environmental Impact Assessment Act and a Hazardous Incident Ordinance also has to be 
completed. For the blending of hydrogen into the natural gas network, the existing legal framework 
continues to apply, as hydrogen produced by electrolysis falls under the definition of gas. Even in 
the case of safety, norms and standards are inspired by the ones regarding natural gas.

3.3 Governance

Recommendation 9: Create and operationalize clear governance for the Green H2 market 
and sector development, identify the actors who will be involved, and implement the 
necessary coordination and synergies between them.

The governance of the sector must be brought to the highest level of importance (highest state 
level) and it must promote the emergence of an ecosystem capable of carrying out the desired 
ambition for the sector and the market. It can happen that the main stakeholders already have 
other prerogatives and are engaged in several projects.

In particular, Australia is developing thirteen regional clusters based on public-private partnerships. 
Similarly, France is giving a pivotal role to public authorities and initiatives in the creation of 
hydrogen territorial ecosystems.

The countries are developing and strongly involving the private sector in the efforts made for the 
development of the sector. The actions implemented are often coordinated by a public entity.

Recommendation 10: Deploy and empower R&D platforms with think tanks, national 
companies, and ministries to promote the creation of research programs as soon as possible.

For the successful creation of the Green H2 market, one of the challenges is to bring together 
academic and industrial skills, open up internationally, organise a technological watch and patent 
the results and findings.

Many countries are investing in R&D programs and are already developing pilot projects to 
accelerate the scaling up of the technology, such as China, Chile (Magallanes plant in particular) 
and Australia.
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ANNEX - International Best Practices25

Green H2 strategy with quantified and ambitious targets

EU

• The objective of the EU is to increase electrolyser capacity to 80 GW (40 GW in Europe, 40 GW in neighbouring 
countries) by 2030.

Japan

• Japan is targeting electrolyzer costs of $475/kW, efficiency of 70% or 4.3 kWh/Nm3, and a production cost of 
$3.30/kg by 2030.

Chile

• Chile launched its national strategy in November 2020, seeking to become the world’s cheapest green hydrogen 
producer and a leading exporter by the 2030s. Its strategy sets a target of 25 GW by 2030 with a hydrogen 
production cost of less than $1.50/kg.

Country’s priority in terms of Green H2 and its place in the energy strategy and infrastructure

France

• Injection of hydrogen into the natural gas grid network in France : The right for renewable and low-carbon 
hydrogen producers to access the natural gas grid network was introduced by Law no. 2019-1147 on Energy 
and Climate dated 8 November 2019. However, to date, the conditions pursuant to which a hydrogen project 
may be connected to the grid have not been set. Prior to their publication, these conditions must be approved by 
the Energy Regulation Commission (CRE). At this stage, the only projects injecting hydrogen into the natural gas 
network are experimental (for instance, project GRHYD or project Jupiter 1000).

EU

• In parallel, a report published in July 2020 states that the French natural gas transmission system operators(GRTgaz 
and Téréga) and nine other European gas transmission operators aim to create dedicated hydrogen transport 
infrastructure, a European hydrogen backbone of 23,000 km by 2040. It is envisaged that most of this infrastructure 
should constitute repurposed natural gas pipelines with only a few new pipelines created (They estimate that 
a European Hydrogen Backbone would consist of about 75% converted gas pipelines and 25% new hydrogen 
pipelines, with transportation costs of about €0.13/kgH2/1,000 km).

25 This section has been prepared with the contribution of ESCP Business School
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Evaluation of the objectives and the priorities in terms of local consumption and exports 
and the subsequent routes to transport

Japan

• Japan is arguably the most advanced green hydrogen market worldwide. The country leads the way in hydrogen 
fuel-cell vehicle development thanks to the efforts of automakers such as Toyota and Honda and policymakers are 
keen to stimulate green hydrogen as an alternative to liquefied natural gas, which Japan imports more of than any 
other country. Japan announced a global action plan to set up 10,000 refueling stations over the next decade.

Germany

• Germany sees hydrogen potentially being used in various applications, including transport and to decarbonize 
industry. The Energy and Climate Fund in Germany has allocated EUR 45 million to help decarbonise the steel, 
cement and chemical industries.

Australia

• Australia aims to mainly export the green H2 produced to energy importer countries that are seeking a low emission 
fuel such as Japan and South Korea.

UK

• The U.K. is looking to renewable hydrogen as a way to reduce gas imports and help decarbonize the heating sector.
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Study and analysis of the development of the necessary technologies for the production 
and transportation of Green H2

France

• Total and ENGIE have teamed up to build what is claimed to be France’s largest green hydrogen production site. 
The 40MW electrolyser, which will be developed at Total’s La Mède biorefinery, is forecast to produce 5 tons of 
green hydrogen every day and avoid 15,000 tons of carbon dioxide emissions each year.

Australia

• Australian developer Edify Energy secures approval for 1 GW green hydrogen and battery project.
• The Australian Renewable Energy Agency «ARENA” announced that it plans to grant USD 79.1 million to three 

projects, as part of its Renewable Hydrogen Deployment Funding Round as follows:
 - up to A$42.5 million to a 10 MW electrolyser project being developed by Engie Renewables Australia and Yara 

Pilbara Fertilisers in karratha, Western Australia;
 - A$28.7 million to ATCO Australia’s 10 MW electrolyser for gas blending at ATCO’s Clean Energy Innovation Park 

at Warradarge,
 - A$32.1 million to Cheung Kong Infrastructure subsidiary Australian Gas Networks Limited for a 10 MW electrolyser 

being developed in AGIG’s Murray Valley Hydrogen Park in Wodonga, Victoria. 

Germany

• Siemens held recently a ceremony to commemorate the start of construction at its Wunsiedel green hydrogen 
plant, a facility which will produce 1,350 tons of hydrogen annually from renewable energy. The Wunsiedel facility 
is joint-owned by Siemens and German gas company Rießner Gase, each boasting a 45% share, with the remaining 
10% owned by Stadtwerke Wunsiedel, a local public works body.

Saudi Arabia

• State-controlled energy giant Saudi Aramco has signed an initial agreement to build a new green hydrogen and 
ammonia plant with Hong Kong-based green hydrogen developer InterContinental Energy, as it tries to bring 
private investment into the sector.

United Arab Emirates

• Siemens Energy has collaborated with DEWA (the state electricity and water company of Dubai), to build the 
first solar-driven electrolysis hydrogen facility in the Middle East. The facility is designed to showcase the UAE’s 
hydrogen potential at EXPO 2020 (taking place from October 2021) and will be used as a prototype for larger 
capacity facilities in the Middle East; and

• Masdar (the renewable energy arm of the Abu Dhabi sovereign wealth fund), have partnered with Siemens 
Energy, the Abu Dhabi Department of Energy, Etihad Airways, Lufthansa, Marubeni Corporation and the Abu 
Dhabi based Khalifa University to develop an electrolysis facility to produce green hydrogen for the transport 
industry. The consortium will initially test green hydrogen for road transport, whilst constructing a kerosene 
synthesis plant to convert the majority of it into sustainable aviation fuel. The second phase of the programme 
will explore decarbonisation in maritime fuel.



47

Design and implementation of a dedicated, integrated, and coherent policy and regulatory 
framework

Chile

• Chile will review land use regulations and associated permitting processes to identify and reduce potential barriers 
for hydrogen, which include analyzing, holding, and leasing public lands which display adequate conditions for 
competitive development of green hydrogen and its derivatives. Chile also plans to review and update power 
market regulation to effectively allow the participation of hydrogen technologies in the provision of various services 
(energy, capacity, ancillary services). 

• Chile is also establishing a task force to accompany developers in permitting and piloting processes for green 
hydrogen projects and coordinate public services in key sectors to reduce uncertainty for private initiatives, 
generate learning, solve market coordination failures, and enable the safe introduction of new fuels and processes.

South Korea

• South Korea has passed an overarching «Hydrogen Law laying the legal basis to support hydrogen with measures 
to develop education programs, prepare hydrogen related statistics, establish safety standards, legislate for fueling 
systems and installation.

Portugal

• Portugal is promoting the simplification of licensing procedures - environmental, industrial, municipal - for some 
hydrogen production projects.

Canada

• Canada aims to promote open access to information to establish tiered, time-based requirements for renewable 
hydrogen content in government supported projects, and develop a suite of tools and resources, hosted through 
a central, government-run website, for early hydrogen markets to help end-users quantitatively evaluate hydrogen 
as an option for their operations.

EU

• The EU has created the European Clean Hydrogen Alliance to help build up a clear and robust pipeline of viable 
investment projects, which aims to coordinate investments and policies along the hydrogen value chain and 
promote cooperation across private and public stakeholders.

France

• Based on Article 52 of Law no. 2019-1147 dated 8 November 2019 on Energy and Climate, the French authorities 
published an ordinance on hydrogen dated 17 February 2021 (the Ordinance). «The Ordinance provides that the 
French authorities may launch a tender procedure to meet the objectives set by law, i.e. reaching 20-40% of low-
carbon and renewable hydrogen out of the total hydrogen and industrial hydrogen consumption by 2030.» One 
of its purposes is to introduce definitions of hydrogen into the French Energy Code. Depending on the energy 
used to create hydrogen (renewable or not) and a yet to be determined carbon dioxide threshold, hydrogen will 
be categorized as renewable, low-carbon or carbonaceous. Only renewable or low-carbon hydrogen produced by 
electrolysis will benefit from a support mechanism.
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A clear and transparent financial support mechanisms for market uptake and closing the 
price gap between Green H2 and substitutes

Netherlands

• The Dutch government aims to invest up to €338 million in green hydrogen projects in addition to planned 
investments of €9 billion of which most are private to develop an integrated hydrogen ecosystem.

• The SDE++ subsidy for green hydrogen can be up to USD 300/CO2 (about USD 3/kgH2). This would be enough to 
close the gap between green and grey hydrogen, with an electricity price of above 80 USD/MWh.

Portugal

• Hydrogen production associated with existing solar and wind power plants is promoted through a “purchase” 
mechanism by which feed-in tariffs are replaced with incentives for hydrogen production.

France

• France plans to invest €7 billion by 2030 targeting industrial decarbonization, heavy duty transport, and R&D.

Germany

• Germany has adopted a «package for the future» with €7 billion to speed up the market rollout of hydrogen 
technologies nationally, complemented by €2 billion to foster international partnerships. Funds are also coming 
from existing budgets to support energy transitions or innovation.

Japan

• Government has committed some $1.5 billion to support zero-emission hydrogen production locally and overseas 
and to develop distribution infrastructure.

EU

• The EU strategy suggests developing a Carbon Contracts for Difference (CCD) program to support the production 
of low carbon, circular steel, and basic chemicals, in which long-term contracts with a public counterpart would 
remunerate investors by paying the difference between the CO2 strike price and the actual CO2 price in the 
Emissions Trading System (EU-ETS) to bridge the cost gap compared to conventional hydrogen production.
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A system of certifications or guarantees of origins in compliance with targeted European 
countries to enable the labelling of hydrogen as “Green”

EU

• In the European Union, the Sector Forum Energy Management has a “Working Group on Hydrogen” that is working 
towards the standardization of the hydrogen sector among member states (JRC, CENELEC and NEN, 2019). 
However, the work is still at the pre-normative stage, and it will take years to create an actual standard.

• The EU plans a common low-carbon standard for hydrogen production installations based on their full lifecycle 
GHG performance that could be relative to the existing ETS benchmark for hydrogen production.

• CertifHy project in the European Union is a Guarantee of origin scheme that issued over 76 000 GOs for green or 
low carbon hydrogen, out of which 3 600 were used by 2019. This was a pilot project covering less than 0.05% of 
the total EU market and less than 4% of the certificates were from renewable energy. The following table presents 
this and other examples of GO certification schemes:

Technical norms with a focus on safety, in particular for transport and storage

France

• Since the publication of the Law-Decree No 2021-167 of 17 February 2021, the hydrogen produced in France 
can be blended with methane gas and injected into the existing natural gas networks. In this respect, the network 
operators must ensure the safety conditions of goods and people and ensure the proper functioning and balancing 
of the networks.

• As for the regulation of hazardous materials, hydrogen handling is treated under the Environmental Code (with inter 
alia the regulation on the environmentally classified installations, or ICPE), the General Code of Local Authorities 
(which for instance gives powers to local authorities to build and operate supply stations) and, more broadly, the 
Law on Energy Transition of 17 August 2015 and the Mobility Orientation Law of 24 December 2019.

Germany

• The construction and operation of a hydrogen production facility requires the execution of an authorization 
procedure by the Federal Immission Control Act. This entails a preliminary audit under the Environmental Impact 
Assessment Act and a Hazardous Incident Ordinance also have to be completed.

• For the blending of hydrogen into the natural gas network, the existing legal framework continues to apply, as 
hydrogen produced by electrolysis falls under the definition of gas.
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A clear governance for the Green H2 market and sector development

Australia

• The Federal Government proposed that thirteen regional hydrogen technology «clusters» be set up around Australia 
to help smaller companies gain a foothold in the rapidly emerging hydrogens national expertise in an area awash 
with international initiatives to support the development of the clean fuel. The development of a national hydrogen 
cluster was identified by the 2019 National Hydrogen Strategy as an important component to scale up Australia’s 
domestic industry to become a global hydrogen competitor. National Energy Resources Australia («NERA») has 
now formed a network of hydrogen technology clusters across Australia, providing seed-funding in partnership 
with governments and industry to build the skills, capability and commercialization opportunities in the emerging 
hydrogen industry. NERA is facilitating connections and knowledge sharing between the cluster network to lead 
the formation and early development of an overarching industry-led Australian Hydrogen Technology Cluster — 
Hydrogen Technology Cluster Australia (H2TCA).

• Australia will complete a National Hydrogen Infrastructure Assessment by the end of 2022, led and coordinated by 
the Australian Government. The assessment will consider hydrogen supply chain needs such as electricity and gas 
networks, water supply networks, refuelling stations, roads, rail and ports, while taking into account local community 
concerns and priorities. Main players in the country:
 - APT Management Services — a provider to industry of mechanical and engineering solutions
 - ATCO Australia - a global energy-infrastructure and transportation provider and operator
 - Australian Gas Networks- an Adelaide-based natural-gas distributor
 - BHP Billiton Nickel West - a West Australian-based mine-to-market nickel business
 - Engie Renewables Australia – an energy company with interests in wind and solar projects throughout Australia
 - Macquarie Corporate Holdings — the holding company of Macquarie Group . Woodside Energy - Australia’s 

largest natural gas producer

France

• To develop a more structured and mature hydrogen market, the role of public initiatives and authorities will be 
decisive. To support this, the ADEME (the French public agency for ecological transition) launched a series of calls 
for proposals in 2020:
 - «Hydrogen Territorial Ecosystems», aims to support investments in ecosystems that combine production and/

or distribution of hydrogen on the one hand, and hydrogen uses (industrial, mobility or stationary) on the other.
 - Another call for proposals, titled «Technological bricks and hydrogen demonstrators,» aims to support innovation 

that will develop or improve components and systems used for the production and transportation of hydrogen, 
as well as its uses.
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Deployment of R&D platforms with think tanks, national companies, and ministries

China

• R&D programs are still very active and necessary today, with one of the largest recently being adopted in China. China is exploring 

solutions to use hydrogen in cities: the previous subsidies for FCEVs are being replaced by pilot demonstrations in selected cities 

for an initial phase of four years. A focus will be on research into and application of critical components, and support from central 

government will be in the form of financial awards to these cities rather than purchase subsidies for consumers.

Chile

• First green hydrogen pilot plant in Magallanes, Chile is a plant that will produce green hydrogen through the process of 

electrolysis, powered directly by a wind turbine, which captures energy from the abundant wind in the area. This will be the first 

plant of its kind in the country and one of the largest in the region. It also marks a milestone as it is Enel Green Power’s first project 

to produce green hydrogen that begins construction globally. This first industrial-scale pilot project to produce green hydrogen 

is powered by green energy generated by a 3.4 MW wind turbine and uses a 1.25 MW electrolyzer that will produce green 

hydrogen from water. This hydrogen will then be used to produce carbon-neutral fuels. The plant is expected to be operational 

in the second quarter of 2022.

Australia

• Australia announced over AU dollar 100 million to support hydrogen research and pilot projects.
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