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1. Background

5

• 137 countries have proposed carbon neutrality or net-zero emission targets.
• Hydrogen energy plays a pivotal role in the global pathway toward carbon neutrality. 

• Global hydrogen energy production will increase from the current 71 million tons to 168 million tons by 
2030; the industry’s market revenue will increase from $177.3 billion in 2020 to $420 billion in 2030 (Frost 
& Sullivan). 

• Global demand for hydrogen energy will reach 520 million tons by 2070 (International Energy Agency). 
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1. Background

p Global green hydrogen will grow at a compound annual growth rate of 57% to 5.7 million tons in 2030 
(Frost & Sullivan). 

p Total global potential green hydrogen market is probably reaching $250 billion by 2030 and $1 trillion 
by 2050 (Goldman Sachs).

Gray hydrogen 

• make from fossil fuel 
combustion 

• produce carbon dioxide 
emissions during the 
process

• account for about 95% of 
global hydrogen 
production at present

Blue hydrogen 

• make from natural gas by 
steam methane reforming 
or autothermal steam 
reforming

• use CCUS to capture 
greenhouse gases to reduce 
carbon emissions during 
the production

Green hydrogen 

• make from renewable 
energy

• no carbon emissions during 
the production

• will be the dominant trend 
in hydrogen energy 
development
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1. Background

p More than 40 countries and regions have released hydrogen energy development strategies, taking 
hydrogen energy as an important part of promoting the new climate and energy policy. 

Country
/Region

Released 
year Policies and related documents Source

United 
States

2002 National Hydrogen Energy Roadmap US DOE
2019 Road Map to a US Hydrogen Economy - Reducing Emissions and Driving Growth Across the Nation FCHEA
2020 Hydrogen Program Plan US DOE

EU
2011 Energy Roadmap 2050 European Commission
2020 A Hydrogen Strategy for a Climate-Neutral Europe European Commission

Germany 2020 The National Hydrogen Strategy German government
Russian 

Federation
2021 By 2050 the Concept of Development of Low Carbon Hydrogen Energy in the Russian Federation Russian Government
2020 Energy Strategy of the Russian Federation by 2035 Russian Government

Japan

2017 Hydrogen Basic Strategy Japanese Government
2021 The Sixth Basic Energy Plan Japanese Government
2022 Building a Large-scale Hydrogen Energy Supply Chain with the Goal of Achieving a Hydrogen Energy Society ANRE
2022 Current Status and Future Research Directions of Hydrogen/Ammonia MEIT

PRC

2016 Roadmap of Key Innovation Actions for the Energy Technology Revolution NDRC and NEA
2016 13th Five-year Plan on Technology and Innovation China State Council
2019 Green Industry Guidance Catalogue NEA
2022 Medium and Long-term Plan for the Development of Hydrogen Energy Industry (2021-2035) NDRC and NEA

Rep. of 
Korea

2019 A Blueprint for the Development of Hydrogen Economy Rep. of Korea government

2020 Law on the Promotion of Hydrogen Economy and Hydrogen Safety Management Rep. of Korea government

2021 Basic Plan for Hydrogen Economy Development Rep. of Korea government

Australia 2019 Australia’s National Hydrogen Strategy Australian Government
France 2020 National Hydrogen Plan French Government

Portugal 2020 National Hydrogen Strategy Portuguese Cabinet

Italy 2020 Preliminary Guide to National Hydrogen Energy Strategy Italy Ministry of Industry

Spain 2020 National Hydrogen Energy Roadmap Spanish Government
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2. Green hydrogen production

Alkaline water proton exchange 
membrane solid oxide

Electrolyte material 20%-30% KOH or 
NaOH solution

proton exchange 
membrane ceramic (Y2O3 / ZrO2)

Operating temperature (℃) 60-90 30-80 700-1000
Electrolytic efficiency 60%-75% 70%-90% 85%-100%

Energy consumption (kWh/m3) 4.5-5.5 3.8-5.0 2.6-3.6
Response speed ++ +++ +

Lifetime (h) 60000 5000-8000 -
Equipment cost ($/kW) 500-1500 1100-1800 -

Hydrogen purity >99% ≥99.9995% >99%
Requirements of operation and 

maintenance complicated simple -

Technology stage practical verification development 

Parameters comparison of three green hydrogen production technologies by water electrolysis

p According to the electrolyte material, green hydrogen production technology by water electrolysis can 
be divided into three categories: alkaline, proton exchange membrane, and solid oxide.
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2. Green hydrogen production

Future costs of green hydrogen production in 
global and several regions

• The production cost includes the energy
generation cost, water electrolysis equipment
cost, raw material (water) cost, and other
operation and maintenance costs.

• The cost of renewable energy generation is the
most critical factor affecting the cost of green
hydrogen; every 0.1 $/kWh reduction in
generation cost → 5.5 $/kg hydrogen cost
reduction.

• The global cost of green hydrogen production is
decreasing yearly from 4.2 $/kg (2020) to 1 $/kg
(2050).

• The cost of green hydrogen production is
highest in Europe and lowest in the Middle East
and North Africa by region. The difference in
electricity cost directly contributes to the
regional disparity in green hydrogen cost.

PRC



Contents

11

Role and applications of green hydrogen

1

2

3

Background

Green hydrogen production

Hydrogen development pathways under carbon neutrality4

Conclusion5



12

3. Role and applications of green hydrogen

Main factors of national support for green hydrogen 
energy development

• Green hydrogen energy can reasonably
cooperate with renewable energy, hydrogen
can be used as long-term energy storage to
improve the utilization rate of renewable
energy and grid reliability.

• Green hydrogen energy can help industries
that are difficult to achieve deep
decarbonization through electrification,
such as logistics and industries, supporting
the goal of carbon neutrality.

• Hydrogen energy can provide more options
for energy and fuel sources to ensure
national energy security, provide more
employment opportunities and create
economic benefits.

PRC
Rep. of Korea

Russian Federation



13

Deployment of green hydrogen energy applications in 
different countries and regions

• Industry: in oil refining, chemical, steel, etc.
areas.

• Power: long-term energy; fuel for gas turbines
or fuel cells to provide electricity for essential
facilities during power outages; converted into
ammonia and co-fired with pulverized coal to
reduce the carbon intensity.

• Transport: potential transportation fuel and a
clean alternative to oil and natural gas in road,
maritime, rail and air transportation.

• Building: heat buildings and communities;
backup power source to realize the
interconnection and complementation with
electricity and other energy varieties.

• Export: Ukraine, the Russian Federation, and
Australia have deployed strategic plans to
export hydrogen energy to maintain their status
as energy exporters.

3. Role and applications of green hydrogen

Rep. of Korea
PRC

Russian Federation
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4. Hydrogen development pathways 

uEuropean Union

Phase I 
(2020-2024)

Phase II 
(2025-2030)

Phase III 
(2031-2050)

• Aims to reduce carbon emissions of existing hydrogen production process and expand the applications of hydrogen 
energy. 
• Installed capacity of green hydrogen production equipment should at least reach 6 GW, annual green hydrogen 

production should reach 1 million tons in 2024.

• Aims to make hydrogen energy as an important component of energy system. 
• Installed capacity of green hydrogen production equipment should at least reach 40 GW, annual green hydrogen 

production should reach 10 million tons in 2030. 
• Applications of hydrogen energy will gradually extend to industry and transportation. 
• Hydrogen energy will still be produced close to the application terminals or in areas with rich renewable energy 

resources to realize a regional eco-energy system.

• Aims to realize a large-scale application of hydrogen energy, such as replace industries that struggle to decarbonize.
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u the United States

Phase I 
(2020-2022)

Phase II 
(2023-2025)

Phase III 
(2026-2030)

• Bring relatively mature hydrogen applications to market, increase the public awareness and acceptance of hydrogen, 
and continue to experiment with other applications of hydrogen. 
• Expand mature applications (such as forklifts) and near break-even applications (such as backup power). 
• Drive market demand growth to match the production capacity of hydrogen.

• Previously supportive policies will be phased out after 2030. 
• Various hydrogen production technologies with low cost and low carbon will compete. 
• The annual revenue of the hydrogen energy industry in the US will reach $750 billion in 2050.

4. Hydrogen development pathways 

Phase IV 
(2031-)

• Aims to achieve large-scale hydrogen production and build the first hydrogen production facilities of large-scale, low-
carbon or zero-carbon. 
• Transitioning policy incentives from early direct support to scalable market mechanisms. 
• The hydrogen demand in the US will reach 13 million tons in 2025.

• Various hydrogen production technologies will be widely used, hydrogen will be closely linked to the power grid and 
renewable energy. 
• Hydrogen demand will exceed 17 million tons, the annual investment in hydrogen energy will reach $8 billion in 2030.
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4. Hydrogen development pathways 

uPRC

Phase I 
(2020-2025)

Phase II 
(2026-2030)

Phase III 
(2031-2035)

• To provide a somewhat complete institutional and policy environment for the hydrogen energy industry development 
and initially establish a relatively complete supply chain and industrial system in 2025. 
• In 2025, annual production of green hydrogen will reach 0.1-0.2 million tons, becoming an important part of 

hydrogen energy consumption. 

• Supply pattern of hydrogen energy will gradually shift to a clean and low carbon route, with only a small amount of 
fossil energy hydrogen production for scenario-specific. 
• Green hydrogen production will reach 75-100 million tons in 2060, accounting for 75%-80% of all hydrogen energy 

production. Phase IV 
(2036-2060)

• Hydrogen production technology from renewable energy will be widely applied. 
• Installed capacity of hydrogen production facilities from renewable energy is expected to reach 100 GW, accelerating 

the scale effect.

• Form a hydrogen energy industry system and build a diversified hydrogen energy application ecology covering 
transportation, energy storage, industry, etc. 
• The proportion of green hydrogen in the terminal energy consumption will be obviously increased, vigorously 

supporting the energy transformation. 
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4. Hydrogen development pathways 

uRussian Federation

Phase I 
(2021-2024)

Phase II 
(2025-2035)

Phase III 
(2036-2050)

• Establish hydrogen clusters and implement pilot projects, and promote hydrogen energy in the domestic market. 
• Hydrogen energy export should reach 0.2 million tons in 2024.

• Launch commercial hydrogen production projects, establish large export-oriented hydrogen production stations, and 
pilot hydrogen applications. 
• Hydrogen energy export should at least reach 2 million tons in 2035, with a maximum target of 12 million tons.

• Develop global hydrogen energy market energetically. To compress the cost of hydrogen production from renewable 
energy to near that of fossil fuels and launch large-scale low carbon hydrogen production and export projects. 
• Hydrogen energy export should at least reach 15 million tons in 2050, with a maximum target of 50 million tons.
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u Japan

4. Hydrogen development pathways 

Phase I 
(2022-2030)

Phase II 
(2031-2050)

Phase III 
(2051-)

• To continuously expand the application of hydrogen energy in power generation, transportation, industrial, and
livelihood; research hydrogen production technologies from renewable energy.
• The commercial supply capacity of hydrogen energy should reach 3 million tons, and the cost of hydrogen energy is

expected to fall from 100 JPY ¥/m3 to 30 JPY ¥/m3 in 2030.

• To vigorously develop low carbon hydrogen production technologies, such as hydrogen production from renewable
energy and hydrogen production from lignite combined with CCS.
• Hydrogen energy will realize a large-scale application in power generation.
• The commercial supply capacity of hydrogen energy should reach 20 million tons, and the cost of hydrogen energy is

expected to reduce to 20 JPY ¥/m3 in 2050.

• Aims to realize a large-scale application of hydrogen energy in areas that are difficult to achieve deep decarbonization
through electrification to help achieve the goal of carbon neutrality.
• Diversify the supply sources of hydrogen energy to ensure national energy security.
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uRep. of Korea

4. Hydrogen development pathways 

Phase I 
(2021-2030)

Phase II 
(2031-2050)

• To vigorously develop hydrogen-fueled vehicles and ensure an annual increment of 100,000 hydrogen-fueled
household vehicles and 2,000 hydrogen-fueled commercial vehicles.
• To realize the commercial application of CCUS technology and 10 MW hydrogen production equipment by water

electrolysis, providing strong support for green hydrogen production.
• In 2030, total hydrogen energy demand will reach 3.9 million tons, the proportion of green hydrogen will reach 75%.

The amount of overseas purchased hydrogen will account for about 50%.

• To build 40 overseas import chains and commercialize the green hydrogen production equipment of GW grade.
• By 2050, total hydrogen energy demand will be 27.9 million tons, mainly composed of green and blue, the amount of

overseas purchased hydrogen will account for 82%.
• In 2050, hydrogen energy will account for 33% of terminal energy consumption and 23.8% of electricity generation in

the Rep. of Korea, surpassing oil to become the primary energy source.
• Rep. of Korea will generate $1 trillion, create 567,000 job opportunities, and reduce greenhouse gas emissions by

more than 200 million tons through implementing this plan.
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4. Hydrogen development pathways 

European 
Union

• green hydrogen 
production equipment 
at least reach 6 GW
• annual green 

hydrogen production 
reach 1 million tons

• Green hydrogen 
production at least reach 
40 GW
• annual green hydrogen 

production reach 10 
million tons

United States
uannual hydrogen 

demand reach 13 
million tons

uannual hydrogen demand 
reach 17 million tons

uannual investment in 
hydrogen energy reach 8 
billion dollars

uannual revenue of the 
hydrogen energy 
industry reach 750 
billion dollars 

PRC

• annual green 
hydrogen 
production reach 
0.1-0.2 million tons

• hydrogen production 
equipemnt from 
renewable energy reach 
100 GW

• green hydrogen production 
equipment reach 500-750 GW
• annual green hydrogen 

production reach 75-100 million 
tons, accounting for 75%-80%

Russian 
Federation

uexport hydrogen 
energy 0.2 million tons

uexport hydrogen 
energy 2-12 
million tons

uexport hydrogen 
energy 15-50 million 
tons

Japan

• commercial supply of 
hydrogen energy reach 3 
million tons
• cost of hydrogen energy 

fall to 30 JPY ¥/m3

• commercial supply of 
hydrogen energy 
reach 20 million tons
• hydrogen energy cost 

fall to 20 JPY ¥/m3

Rep. of Korea
u total hydrogen energy 

demand reach 3.9 million 
tons, 50% from overseas

u total hydrogen energy 
demand reach 27.9 
million tons, 82% from 
overseas

2024 2025 2030 2035 2050 2060
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5. Conclusion

uHydrogen energy plays a pivotal role in the world’s energy transformation, especially green 
hydrogen energy which with no carbon emissions. In the future renewable dominated energy 
system, 

• On the one hand, green hydrogen energy can be used as long-term energy storage to cooperate with 
renewable energy, which with the characteristics of randomness and volatility, to improve the utilization 
rate of renewable energy and the reliability of the power grid. 

• On the other hand, green hydrogen energy can help reduce carbon emissions in industries that are 
difficult to achieve deep decarbonization through electrification. More than 40 countries and regions 
have released strategies for hydrogen energy development, taking hydrogen energy as an important 
part of promoting the new climate and energy policy. 
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uFormulation of hydrogen development pathways under carbon neutrality

• The formulation of hydrogen development pathways should be based on the actual conditions and the 
targets should be set in stages.

a. Provide an institutional and policy environment for the hydrogen energy industry development, bring relatively 
mature hydrogen applications to market; 

b. Transitioning policy incentives from early direct support to scalable market mechanisms; hydrogen will be closely 
linked to the power grid and renewable energy; 

c. A phase of diversified development. Form a hydrogen energy industry system and build a diversified hydrogen 
energy application ecology covering transportation, energy storage, industry, etc.;

d. Aims to realize a large-scale application of hydrogen energy in areas that are difficult to achieve deep 
decarbonization through electrification to help achieve the goal of carbon neutrality.

5. Conclusion
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