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ABSTRACT: The proposal of carbon neutrality target makes decarbonization and hydrogenation typical features of
future energy development in China. With a wide range of application scenarios, hydrogen energy will experience
rapid growth in production and consumption. To formulate an effective hydrogen energy development strategy for the
future of China, this study employs the departmental scenario analysis method to calculate and evaluate the future
consumption of hydrogen energy in China’s heavy industry, transportation, electricity, and other related fields. Multi-
dimensional technical parameters are selected and predicted accurately and reliably in combination with different
development scenarios. The findings indicate that the period from 2030 to 2050 will enjoy rapid development of
hydrogen energy, having an average annual growth rate of 2% to 4%. The technological progress and breakthroughs
scenario has the greatest potential for hydrogen demand scale among the four development scenarios. Under this
scenario, the total demand for hydrogen energy is expected to reach 446.37 Mt in 2060. The transportation sector will be
the sector with the greatest potential for hydrogen deployment growth from 2023 to 2060, which is expected to rise from
0.038 Mt to about 163.18 Mt, with the ambitious growth in the future. Additionally, hydrogen energy has a considerable
development potential in the steel sector, and the trend of de-refueling coke by hydrogenation in this sector will be
imperative for this energy-intensive industries.

KEYWORDS: Hydrogen; demand management; department scenario analysis; carbon neutrality

1 Introduction

As global clean energy transition process accelerates, hydrogen energy is considered to have a large
development potential. Countries worldwide have focused on the layout of the hydrogen energy industry
chain [1]. The Hydrogen Council report shows that hydrogen production reached 98.14 Mt in 2023 [2].
According to the International Energy Agency’s (IEA) net-zero roadmap released in 2023, the world’s
hydrogen demand will be about 150 and 430 Mt in 2030 and 2060, respectively, with an increase of 1.56
and 4.53 times compared to 2023 [3,4]. According to the different production methods, hydrogen is divided
into fossil fuel hydrogen production (gray hydrogen), gray hydrogen coupled with CCUS (blue hydrogen),
and renewable energy water electrolysis hydrogen production (green hydrogen). Therefore, hydrogen from
different sources will become an important part of the energy system transformation in the future.

China’s hydrogen energy industry has also entered a phase of rapid development, with deployment
across multiple sectors to achieve energy cleanliness. And the development prospects of hydrogen energy in
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China are broad in numerous industries [5]. In 2023, China’s hydrogen production reached 37.81 Mt, with
a year-on-year growth rate of 14.58%, accounting for about one-third of global hydrogen production [6].
The hydrogen energy industry has become a major concern for national governments and capital markets.
The China Hydrogen Energy Alliance’s “White Paper on China’s Hydrogen Energy and Fuel Cell Industry
2020”, released in 2021, points out that under the scenario of reaching peak carbon emissions by 2030,
China’s hydrogen demand will reach 40 Mt, accounting for about 5% of terminal energy [7]. By 2060, it
will reach 130 Mt, with a share of approximately 20% in terminal energy consumption [8]. This forecast,
however, considers the development of hydrogen generation by energy structure adjustment, rather than a
demand-driven analysis.

The future applications of hydrogen energy are diverse, aiding multiple low-carbon demands in
numerous industries for achieving the goals of carbon peak and carbon neutrality. Currently, the application
of hydrogen energy in China is primarily focused on the chemical industry, with 73.9% of hydrogen used in
2023 [9]. Among this, the synthesis gas industry accounts for 58.2%, with the demand for synthetic ammonia
remaining stable at 10 Mt. In addition, the refining industry requires approximately 9 Mt, accounting
for 23.7%, while other industry sectors are expected to require about 2 Mt [10,11]. Furthermore, the fuel
consumption for transportation continues to grow caused by the increasing number of vehicles. However,
the development of the hydrogen fuel cell vehicle industry cannot be overlooked [12]. In the energy transition
process of the heavy industry sector, hydrogen energy will play an important role, especially in industries
such as steel, cement, and heating [13]. Therefore, as hydrogen energy technology gradually improves, the
energy transition across various industries led by hydrogen will be achieved.

Currently, the world is accelerating the deployment of clean energy applications. Driven by carbon
neutrality goals, global decarbonization and hydrogenation are gradually becoming mainstream trends.
Many scholars are predicting the demand and production of hydrogen energy. Heydarzadeh et al. (2020)
utilised in-service natural gas pipelines and underground storage resources to transport and store hydrogen.
The goal is to use the natural gas infrastructure to meet the transport and storage needs of hydrogen, which
will be used to meet the demand for residential electricity use. It was found that by using the four major
pipelines to transport and store hydrogen, a portion of hydrogen could be used to meet 40 percent of the
electricity demand [14]. Olabi et al. (2021) demonstrated that combining hydrogen fuel cells with energy
sources such as wind or solar can enhance overall grid stability and sustainability. This study provides an
overview of currently well-developed hydrogen production and storage technologies and the challenges.
It aims to help identify better opportunities for large-scale clean energy systems [15]. Bhattacharyya et al.
(2022) assessed the demand for green hydrogen in India and the hydrogen supply capacity provided by
nuclear power for hydrogen production. It analyzed the demand across various industries for hydrogen
energy applications and compared the techno-economic aspects of nuclear hydrogen and solar hydrogen
production technologies [16]. You et al. (2020) developed a novel and innovative optimisation model for
the design and analysis of renewable energy networks. The results show different key cost drivers for
equilibrium energy costs, which range from about $0.43 to $0.65 per kWh [17]. Makepeace et al. (2024)
present a techno-economic model that demonstrates the economic feasibility of global green hydrogen
transport along 15 major regional routes from Australia to Asia and Europe [I8]. Henry et al. (2023)
investigated the production of hydrogen from wind energy in desalination and electrolysis plants. A model
was developed to determine the relationship between profitability and sales price over a decade. The results
show a strong correlation between surface hydrogen price and size [19]. Faye et al. (2022) provided a detailed
discussion of hydrogen production, storage and transport and reviewed promising technologies for the
production, storage and transport of hydrogen systems [20]. Wang et al. (2022) identified the key areas
of coal consumption and established a coal demand prediction model based on sectoral scenario analysis,
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which systematically analysed and predicted the coal demand of electric power, coal chemical industry,
iron and steel, cement, and thermal power sectors under different development scenarios [21]. Marchionna
et al. (2024) compared the environmental impacts and future development potential of hydrogen production
under different production pathways. The results show that hydrogen production methods based on blue
and green hydrogen have a high potential for development, but are not currently competitive enough from a
commercial viewpoint [22]. In addition, there is a larger body of literature assessing the potential and scale of
future hydrogen development from different perspectives. Pivac et al. analyzed greenhouse gases emissions
by use of hydrogen produced in a refinery by water electrolysis method [23]. Singla et al. compared the cost
of hydrogen for different production methods [24]. Challenges and future perspectives are also researched
from the technologies of hydrogen production, storage, and transportation [25]. Zainal et al. assessed the
development potential of coupled new clean energy sources [26]. Other publication provides a detailed
overview of the development opportunities of hydrogen in the future energy sector [27]. However, there is a
lack of clearer and more reliable forecasts for hydrogen energy applications across all industries.

To achieve the national vision of carbon neutrality by 2060, it is essential to vigorously develop
renewable-based hydrogen systems. Therefore, this study conducts sector-specific forecasts on the demand
for hydrogen energy from the perspective of different sectors in China to obtain a more accurate total
hydrogen energy demand. Specifically, a scenario analysis method is applied to conduct a comprehensive
analysis from four perspectives: heavy industry, transportation, electricity, and other sectors. This analysis
considered various multidimensional indicators and parameters, including social, policy, economic, and
technological factors, to provide more reliable predictions. Based on the above research objectives, this study
will address the following questions: (1) calculating the demand for hydrogen energy in China in the future
and its growth trends; (2) identifying key sectors with significant development potential, specifically the
hydrogen-consuming industries with the greatest growth potential; (3) investigating the changes in demand
for hydrogen energy applications under different development scenarios.

2 Model Construction and Data Sources
2.1 Calculation Method

This study employs the department scenario analysis method to forecast the future market size of
hydrogen energy in China, primarily focusing on demand predictions for core hydrogen-consuming sectors
such as transportation, industry, and electricity, thereby deriving the overall hydrogen demand in China.
In modeling, a greater variety of parameters has been introduced for a more precise model, including
technological advancement and sector reform as shown in Fig. 1. The specific forecast model for China’s total
hydrogen energy demand is as follows:

n
THD =) HDy )
k=1

THD is Chinas total hydrogen energy demand. HDj, is the hydrogen energy demand of the k sector,
which is divided into four sectors, namely the transportation sector, the industry sector, the power sector,
and other sectors.

n
HD; = Y (FL;j x AAM; x VP;;) + OT; ()

i=1

HD, is the hydrogen demand of the transportation sector. FL;j, AAM;, VP;;, OT; are the fuel
consumption, annual mileage, number of hydrogen vehicles, and hydrogen demand in the non-road sector
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of the transportation sector, where i and j are the vehicle type (passenger car, bus, logistics vehicle, heavy
truck) and year (2024-2060), respectively.

HDZZOR]+SG]+SK]+SI] (3)

HD; is the demand for hydrogen energy in the industry sector. OR;, SG;, SK;, SI; are respectively the
demand for hydrogen for oil refining, the demand for hydrogen for syngas, the demand for hydrogen for
steel making, and the demand for hydrogen energy for other industries, where j are the years.

HDs; = (HPGC; - HEP; = §;)/e; = (HPGC; x §; - HEP;)/8; x ¢; (4)

HDj is the hydrogen energy demand of the power sector. HPGCj, HEP}, §;, ¢; are the demand for
hydrogen power generation, hydrogen production by water electrolysis (power grid), hydrogen conversion
efficiency by water electrolysis, and hydrogen power generation conversion efficiency, respectively, where j
is the year.

HD4 = HNS; + HOS; (5)

HD; is the demand for hydrogen energy in other sectors, and HNS;, HOS; are the new hydrogen
industry and other hydrogen use sectors, where j is the year.
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2.2 Data Sources

Due to the consideration of various advancements in technical parameters in this study, a compre-
hensive design is made by the reports on hydrogen development such as the IEA report, the International
Hydrogen Council, and the China Hydrogen Alliance white paper, as well as future-scale predictions from
various scholars. Specifically, this includes the application of hydrogen energy in the chemical industry,
transitioning from a focus on raw materials such as syngas to a future fuel, creating a low-carbon chemical
industry primarily based on green hydrogen as a clean fuel. In addition, there is a shift from the current
market structure dominated by fuel vehicles and pure electric vehicles to a low-carbon transportation sector
primarily based on hydrogen and electricity in the transportation sector.

In addition, this research analyzes and predicts the transportation sector from a technical perspective,
including technical parameters such as fuel consumption and mileage, with references to literature and
scenario assumptions. Industry-specific forecasts are conducted in the industry sector, referencing data from
reports by the IEA and the Hydrogen Council and combining it with Chinas hydrogen production for
calculations. The power sector has introduced a comprehensive forecast that combines multiple technical
parameters [6]. Through scenario design and literature reference, all parameters are changing year by year.

3 Results and Discussion

3.1 Demand Analysis

This study selects every ten years from 2023 to 2060 as nodes for forecasting, with the growth rate
calculated from the compound annual growth rate over each decade. The results of the model calculation are
shown in Fig. 2. China’s hydrogen energy consumption growth rate will remain between 2% and 9%, with
the hydrogen energy consumption market reaching 28.425 Mt by 2060, which is nine times more than in
2023. The year 2040 marks a period of rapid expansion for China’s hydrogen energy market, with an average
annual growth rate of approximately 7.85%. By 2040, China’s terminal hydrogen consumption is expected to
reach 115.91 Mt. In comparison, the IEA predicts that global consumption during this period will approach
300 Mt, with China’s share exceeding one-third. Currently, China’s production capacity and consumption are
roughly balanced. China will play a larger, decisive role in the global hydrogen energy market around 2040.

Additionally, as a golden decade for hydrogen energy consumption growth, it is necessary to deploy
corresponding production capacity in advance from 2035 to 2045 to cope with the rapid growth of consumer
demand. According to the IEAs 2023 report on hydrogen production capacity, China is one of the few
countries where the development speed of hydrogen energy exceeds the predictions made in the IEA report.
This proves that the current hydrogen energy market in China is severely underestimated. The data selected
for analysis in this study is relatively conservative. If we predict the scale of hydrogen energy capacity without
being constrained by bottlenecks, the demand for hydrogen energy in China will have even greater growth
potential beyond this forecast. In summary, the accuracy of this study’s predictions needs to be verified by
considering multiple perspectives, including production capacity and policy development, to confirm the
true demand of the consumer market.
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Figure 2: China hydrogen energy market size forecast from 2023 to 2060

3.2 Sector Analysis

Through model calculations, the market size of hydrogen energy, primarily in industry, transportation,
and power generation, is illustrated in Fig. 3. All three sectors are on a continuous upward trend, with
transportation showing the greatest growth potential, followed by power generation. In the transportation
sector, the expected increase is from 0.038 Mt to approximately 16.318 Mt, indicating the greatest potential
for growth in the future. Currently, hydrogen energy is widely applicable in China’s industry sector. In
2022, hydrogen usage in the chemical industry accounted for 73.9%, with the syngas industry making up
58.2%. The demand for synthetic ammonia remained stable at 10 Mt, while the demand for refining was
about 9 Mt, accounting for 23.7%. Other industry sectors are expected to demand about 2 Mt. By 2060,
the industry sector is expected to grow to 65.2 Mt, which includes existing chemical fields as well as new
industry areas such as hydrogen metallurgy and hydrogen cement production. They will contribute to China’s
industry sector together, playing a significant role in the clean transformation of the industry and achieving
carbon neutrality.

As a clean energy source, hydrogen energy has excellent application scenarios, particularly in the
transportation sector. The endurance of 5 min of hydrogen refueling is farther than that of a single mileage of
a fuel vehicle. Additionally, hydrogen energy is more environmentally friendly. In the context of increasing
emissions in the country and the potential future imposition of an environmental emissions tax, FCEVs have
significant market development potential. The demand for hydrogen fuel is also expected to rise sharply,
reaching 111.86 and 163.18 Mt by 2050 and 2060, both accounting for over 50% of China’s hydrogen energy
consumption market.

This study considers the market share of Fuel Cell Electric Vehicles (FCEVs) and the total vehicle
ownership in China, including passenger cars, buses, and trucks, in the model for forecasting hydrogen
energy market demand in the transportation sector. It also considers the improvement in fuel consumption.
Taking the Toyota Mirai passenger car as an example, the fuel consumption is 1.02 kg of hydrogen per 100 km
presently. In the future, it is expected to be reduced to around 0.5 kg with advancements in technology. From
the perspective of market share in FCEVs, this study predicts that hydrogen fuel passenger vehicles will reach
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40% by 2060. And it will reach 70% in the hydrogen fuel bus sector. From the perspective of annual mileage,
this study considers that to further expand per capita travel demand, it will increase by 1.2 to 1.5 times.
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Figure 3: Hydrogen energy market size forecasts by sector from 2023 to 2060
3.3 Scenario Analysis

Based on the actual situation of the future development of Chinas hydrogen energy industry, it is
necessary to set up multiple scenarios for analysis and comparison of the hydrogen energy industry. In
addition to the baseline scenario (BAU), three potential scenarios are set up: the low-carbon development
scenario (LCD), the technological progress and breakthroughs scenario (TDB), and the structural adjust-
ment and change scenario (SAC). Because the future development of the hydrogen energy industry will
be affected by carbon targets, technological progress, and industrial applications, this study sets up three
scenarios corresponding to the more likely scenarios for comparative analysis. Specifically, the BAU scenario
is based on the current development of various industries. The LCD scenario takes into account lower
carbon development goals, which include low carbon transportation, low carbon electricity, and other related
parameters. The TDB scenario mainly considers the possibility of faster technological breakthroughs in the
future, which affects parameters such as technical efficiency and production efficiency. The SAC considers the

transformation of industrial structure, which has a greater role in promoting the new consumption industry
of hydrogen energy.

As shown in Fig. 4, TDB and LCD have a greater driving role in hydrogen energy development,
especially in the industrial and power sectors. In the transportation field, the hydrogen energy demand gap
between the four development scenarios is very small because the demand for hydrogen transportation is
related to the number of hydrogen vehicles, and the impact of different development scenarios on the trans-
portation industry is small. Under the SAC scenario, the new hydrogen energy consumption industry will
have greater development potential. These industries are potential hydrogen energy consumption industries,
and there may be greater development opportunities under the industrial structure transformation scenario.
Specifically, as shown in Fig. 4a, under the development scenarios of BAU, LCD, TDB, and SAC, the industrial

hydrogen consumption in 2060 will be 65.35, 95.79, 107.29, and 65.35 Mt, respectively, with a total difference
of about 65%. Where BAU and SAC scenarios have equal hydrogen energy demand in industry, because this
study considers that the industrial structural transformation does not affect the hydrogen energy demand in
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industry and electricity, which mainly have a large positive impact on other as shown in Fig. 4d. In addition,
as shown in Fig. 4b, hydrogen demand in the electricity sector is 37.88, 69.57, 77.05, and 37.88 Mt, respectively,
adifference of about 103%. As shown in Fig. 4c, the transportations hydrogen demand is 162.92,175.52,195.10,
and 136.12 Mt, respectively, with a small difference of about 43%. As shown in Fig. 4d, hydrogen requirements
in the other sectors are 19.14, 55.20, 66.92, and 36.07 Mt, respectively, a difference of about 86%. Among them,
2030-2050 is a critical period for the accelerated development of various industries.
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Figure 4: Comparison of hydrogen demand by industry under different scenarios from 2023 to 2060

As shown in Fig. 5, hydrogen demand in 2060 under the LCD and TDB scenarios is 396.09 and
446.37 Mt, respectively, and 285.29 and 275.42 Mt for the BAU and SAC scenarios, respectively. Since
hydrogen energy is undoubtedly clean energy, there will be a huge driving force for development under the
scenario of low-carbon development. Secondly, due to the current technical limitations of hydrogen energy
at the production end and the storage and transportation end, the demand for hydrogen energy under the
TDB scenario is the largest. The reason is that the growth in demand for hydrogen consumption is driven by
technology, cost, and policy.

From 2023 to 2030, global hydrogen energy consumption will be dominated by industry, accounting
for more than 65% as shown in Fig. 5d. Hydrogen energy will still be used as a raw material in chemical
and other fields with a slighter transformation from raw materials to fuel or energy storage in the future.
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At present, hydrogen energy is mainly used in chemical fields such as syngas. Most scholars believe that
hydrogen energy will be widely used in transportation, energy storage, new industries, and other sectors in
the future. In addition, hydrogen energy will contribute irreplaceably to the stable and safe development of
global renewable energy through multi-energy complementarity.
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Figure 5: Comparison of hydrogen demand by scenario under different industries from 2023 to 2060

In 2040, the highest proportion of hydrogen consumption will be in industry, accounting for about 36%.
The reason is that the current development of hydrogen energy in the world is dominated by the chemical
industry, including syngas, so the proportion of hydrogen energy in the industry will be unshakable for a
long time in the future. The share of electricity and transportation is almost equal in 2040. This is because the
consumption of hydrogen energy will be transformed into energy storage and fuel, which will be applied on
alarge scale in the power and transportation industries. At the same time, hydrogen at this time will be based
on low-emission hydrogen or renewable hydrogen, and sustainable hydrogen sources will lay the foundation
for the application of hydrogen in the power and transportation industries.

In 2050, the highest proportion of hydrogen energy consumption will be in transportation, and it will
account for about 42%-53%, of which the highest proportion will be in the BAU scenario as shown in Fig. 5a,
followed by the LCD scenario as shown in Fig. 5b. The transport sector will consume a large amount of
hydrogen in 2050, depending on the development of hydrogen vehicles, especially in the field of heavy-duty
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trucks and buses. The transportation sector also includes hydrogen demand for ships, aerospace, etc. The
transportation sector is considered an industry with great potential for hydrogen energy development, and
hydrogen energy will also become a key energy source for green, low-carbon, and sustainable development
in the transportation sector.

In 2060, the transportation industry will further expand the hydrogen demand, which accounts for
about 44%-58% of consumption, accounting for about half of the total hydrogen consumption as shown
in Fig. 5a,c. At this time, it is expected that in addition to heavy trucks and buses, hydrogen passenger
vehicles will also be applied on a large scale, and road traffic will be fully de-oiled to achieve electric
hydrogenation development.

4 Conclusions and Policy Implications

This study uses scenario analysis method to conduct a detailed analysis of the development of hydrogen
demand in China to predict its development scale and potential in different sectors in the future. Through a
comprehensive scenario analysis, four different development scenarios are used to figure out the difference
between different roadmaps. On this basis, the study also provides a detailed development analysis and an
evaluation for the hydrogen application in different sectors. Based on this model, the future demand potential
of China’s hydrogen energy industry is analyzed, and the changes in different industries are predicted, which
provides a practical and theoretical reference for Chinas hydrogen energy policy formulation.

The results show that the transportation sector is the sector with the greatest potential for hydrogen
demand growth from 2023 to 2060, which is expected to rise from 38,000 tons to about 163.18 Mt, with the
largest room for growth in the future. Especially, hydrogen energy has the greatest development potential in
the long-distance transportation sector. The trend of de-refueling and hydrogenation in the transportation
sector will be imperative for carbon emissions reduction. From 2030 to 2050, hydrogen energy development
will show explosive growth, during which the average annual growth rate of hydrogen demand will be about
4%-8%. By 2050, about half of hydrogen energy consumption will be used in the transportation sector,
due to the large-scale hydrogen consumption in heavy trucks, buses, passenger cars, ships, aerospace, and
other fields. Hydrogen energy will be considered an important energy source for the decarbonization and
sustainable development of the transportation industry.

The TDB scenario has the greatest potential for hydrogen demand scale among the four development
scenarios selected in this study. Under this scenario, the total demand for hydrogen energy is expected to
reach 446.37 Mt in 2060. The scenario BAU, SAC, and LCD are 285.29, 275.42, and 396.09 Mt, respectively.
The reason for the huge scale of hydrogen energy development under the TDB scenario is that the rapid
development of hydrogen energy will be driven by technology innovations, cost reduction, and policy
support. Only when the technology is mature can the industry be well developed. 2030 will be the inflection
point for technological breakthroughs, and the TDB scenario after 2030 will show significant advantages.

The transportation sector has the greatest potential for hydrogen energy demand among the four
hydrogen consumption sectors in this study. The total market for hydrogen transportation is expected to
reach 163-195 Mt in 2060. The demand for hydrogen energy in the transportation sector accounts for about
55%, while the proportion of electricity, industry, and others is relatively evenly distributed, accounting for
about 15%. In 2040, transportation, electricity, and heavy industry will account for about 30%. It can be
seen that after 2040, the demand for hydrogen energy development in the transportation sector will rise
rapidly. Hydrogen energy has the greatest development potential in the transportation sector after the year
2040, and the trend of de-refueling and hydrogenation in the transportation sector will be imperative for the
decarbonization process.
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From 2030 to 2050, hydrogen energy development will show explosive growth, during which the average
annual growth rate of hydrogen demand will be about 4%-8%. The demand for hydrogen energy will show
a rapid growth trend from 2030 to 2050 under the four development scenarios. It is also predicted that
transportation, electric power, and new industries will replace traditional energy sources with hydrogen
energy on a large scale during this period. The period from 2030 to 2050 will be considered an unprecedented
critical period for the rapid development of hydrogen energy.

Based on the results and conclusions of this study, this study makes the following policy recommenda-
tions. The period 2030-2050 is important for rapid development of hydrogen energy. According to China’s
social development, the demand for hydrogen in the transportation sector will be more competitive. In the
transportation sector, the management and layout can be standardized, and the problem of hydrogen station
network layout in 2030 can be solved, which will be helpful for expanding the advantages of hydrogen energy
and promote the development of hydrogen energy in the entire transportation industry. In the 2030 carbon
peak scenario, intensive attention to environmental pollution in transportation and other industries will have
a significant impact on the application of hydrogen energy in the heavy industry. The development of clean
energy and low-carbon hydrogen can be promoted under the direction of environmental pollution.
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Nomenclature

IEA International Energy Agency

Mt Million tons

FCEV  Fuel (hydrogen) cell electric vehicle

BAU Baseline scenario

SAC Structural adjustment and change scenario

LCD Low-carbon development scenario

TDB Technological progress and breakthroughs scenario
THD Total hydrogen energy demand

HD Hydrogen energy demand

FL Fuel consumption

AAM Annual mileage

VP Number of hydrogen vehicles

oT Hydrogen demand in the non-road sector of the transportation sector

OR Hydrogen for oil refining
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SG
SK
SI
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Hydrogen for syngas
Hydrogen for steelmaking
Hydrogen for other industries

HPGC  Hydrogen power generation

HEP

Hydrogen production by water electrolysis (power grid)

HNS The new hydrogen industry
HOS Other hydrogen use sectors
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