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Executive Summary

The state of China’s hydrogen economy

China is the largest hydrogen producer in the world, accounting for approximately one third of global
output. Its production volume reached 33 million tons in 2020, of which currently only a small fraction
(approximately 1 percent) is based on renewable energy-based electrolysis. Almost two thirds of
production comes from coal, while natural gas and industrial by-products account for a little under
20 percent each. Only one percent was produced via electrolysis using renewable energy in 2020.
Nevertheless, China represents a major producer of alkaline electrolyzers. Alkaline electrolyzers
in China are estimated to cost as little as $200 per kW, significantly below estimated costs in Europe
(approximately $1200 per kW). Given its abundant solar and wind resources in the North of the
country and major hydropower resources in the South-West, China is expected to significantly
increase production of renewable electricity-based hydrogen (hereafter renewable hydrogen). By
2030, the China Hydrogen Alliance predicts a share of 15 percent of total production. Costs of hydro-
gen produced by renew-able electricity supported by onshore wind and solar photovoltaics (PV) are
currently between 22.5 and 33.6 yuan/kg (around US $3.53 to 5.27 per kg).

By far the most well-established application - apart from traditional uses of hydrogen - is the use of
hydrogen in heavy-duty, commercial fuel cell vehicles. An increasing number of demonstration
projects in hydrogen infrastructure have emerged in the past years, including hydrogen refueling
stations, short-distance hydrogen pipelines and liquid hydrogen storage. Hydrogen development has
been concentrated in four major clusters (i.e. Beijing-Tianjin-Hebei Region, the Yangtze River Del-
ta, the Pearl River Delta and Ningdong Energy and Chemical Industry Base). Henan Province has al-
so recently launched a new ‘Hydrogen Corridor’. Chinese state-owned energy companies have
played a major role in large-scale and capital-intensive hydrogen projects, including the construction
of hydrogen refueling stations and pipelines. Private companies are investing in less capital-intensive
hydrogen projects, such as equipment manufacturing or R&D of specific hydrogen technologies,
especially in the fuel cell industry. The development of China’s hydrogen value chain still lags
behind advanced economies and remains dependent on technology imports in a number of areas such
as core eclements of fuel cells, hydrogen refueling stations and storage. The dependence on
technology imports might delay China’s hydrogen development, given the increasing geoeconomic
rivalry and related policy measures to restrict technology transfer.

China’s institutional environment governing hydrogen

As China’s supreme governmental body, the State Council sets the broad goals of hydrogen develop-
ment, as manifested in various five-year plans. The National Development and Reform Commissions
(NDRC) is responsible for the drafting of the five-year plans and holds the main responsibility for
governing China’s energy sector with its subordinate agency, the National Energy Administration
(NEA). Together with the Ministry of Industry and Information Technology (MIIT) and the Ministry
Science and Technology (MOST), NDRC also plays a central role in promoting innovation and indus-
trial development in hydrogen. The Ministry of Housing and Urban-Rural Development (MHURD)
develops technical regulations for hydrogen infrastructure (e.g. hydrogen refueling stations). The
Standardization Administration of the People’s Republic of China (SAC) sets technical standards. The
Ministry of Finance (MOF) oversees the design of subsidy schemes for supporting hydrogen
development. China Development Bank (CDB), China’s largest policy bank, has not issued
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any hydrogen-specific policies. However, CDB has declared its intention of supporting green
transport, namely increasing the use of new energy vehicles (NEVs).

Local governments have been crucial players at the early stage of developing hydrogen in China, en-
abling the central government to ‘test the waters’ in the hydrogen sector. The provincial or municipal
governments, or sometimes the local branches of the NDRC, are responsible for formulating hydrogen
development plans for their geographical areas. Local governments work closely with various local
branches of the respective central governments to promote different dimensions of the hydrogen econ-
omy in China. State-owned enterprises (SOEs) also cooperate with local administrations to imple-
ment their hydrogen development plans.

Hydrogen-related policy objectives

Promotion of the hydrogen sector in China dates back to 1986 and has strongly focused on fuel cells
and related refueling infrastructure. Policymaking at the local level is more advanced than that at the
central level. Before the issuance of the Mid-and-Long-Term Hydrogen Industrial Development Plan
in March 2022, local governments had already issued hydrogen development plans, mainly focused
on fuel cell vehicles and related infrastructure. The national hydrogen development plan identifies
hydrogen’s broader role in decarbonizing energy consumption and contributing to achieving carbon
neutrality in hard-to-abate sectors, including the steel, transport and chemical industry. It aims to pro-
duce 100,000 to 200,000 tons of renewable hydrogen per year by 2025 and aims to thereby reduce 1
to 2 million tons of CO, emissions annually. Despite these ambitions to promote hydrogen production
from renewable power, the PRC Energy Law (Draft) does not distinguish different forms of producing
hydrogen, and hydrogen development plans adopted by local governments include both ambitious
goals to expand renewable hydrogen and plans to scale up conventional hydrogen production in the
chemical sector.

The plan also reconfirms China’s longstanding aim to promote fuel cell vehicles and related tech-
nologies. By 2025, the central government is targeting 50,000 fuel cell vehicles. Building hydrogen
refueling stations has figured in local hydrogen development plans since at least 2015. The role of
hydrogen for the decarbonization of industry has only recently been addressed by Chinese policy mak-
ers. The national hydrogen development plan includes the aim to use renewable hydrogen as a source
of industrial heat and to replace fossil fuels in ammonia production, methanol production and the re-
finery sector.

The hydrogen economy is also seen as an area with important potential for innovation and industrial
development. While the government has emphasized fuel cells and fuel cell vehicles in the past, it has
recently increased its attention to other segments of the hydrogen value chain. The national hydrogen
development plan aims to improve the efficiency of hydrogen production based on renewable energy
and to scale up and increase the productivity of related production equipment. The plan also stresses
the importance of developing materials for hydrogen storage, which is viewed as a potential bottleneck
for the development of China’s hydrogen sector.

Finally, the hydrogen development plan has identified the development of technical standards as an
important priority. In 2020, the China Hydrogen Alliance had already issued the Standard and Evalu-
ation of Low-carbon Hydrogen, Clean Hydrogen and Renewable Hydrogen (2020), which defines
different types of hydrogen based on their production process and their CO, emissions. The CO,
benchmarks for clean and renewable hydrogen are equivalent to those of European schemes, while the
benchmark for low-carbon hydrogen is significantly above the estimated CO, emission intensity of
hydrogen based on natural gas. These standards do not serve as the reference for any government
communication at this stage.
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Support policies for hydrogen development

The Mid-and-Long-Term Hydrogen Industrial Development Plan (2021-2035) encourages invest-
ment in the hydrogen sector. The Green Industry Guidance (2019) and the Notice of Issuing the Cat-
alogue of Projects Supported by Green Bonds (2021) specify following hydrogen projects as eligible
for financial support: clean hydrogen production; hydrogen refueling stations; hydrogen storage facil-
ities; hydrogen fuel cells; hydrogen fuel cell vehicles; and gaseous hydrogen blending into gas pipe-
lines. This implies that investments in these areas may receive support via preferential loans, subsidies,
industrial funds, preferential tax treatment, green bonds and potential financial incentives via the car-
bon trading market. A number of local governments have actively encouraged the establishment of
industrial funds to finance hydrogen projects. The national hydrogen development plan also pro-
poses ‘supportive electricity prices’ for hydrogen production based on renewable energy, which have
already been in place in a number of localities.

Beyond the general investment support for hydrogen-related technologies, the Chinese government
has implemented a range of instruments to support the manufacturing and deployment of fuel cell
vehicles as well as related infrastructure, i.e. hydrogen refueling stations. To create demand for hydro-
gen fuel cell vehicles, the central government has granted subsidies to consumers who purchase hy-
drogen fuel cell vehicles. In addition, the central government announced a pilot city rewards scheme
in 2020, which is intended to replace consumer subsidies in selected jurisdictions. Such pilot city
schemes have been in place for the promotion of hydrogen refueling stations since 2014. Participating
cities receive funding to support the manufacturing of equipment for refueling stations. The funds
cannot be provided as direct subsidies for the construction of refueling stations. However, the partici-
pating cities provide local resources for this purpose. In addition to direct consumer subsidies and pilot
city schemes, the central government has supported fuel cell vehicles via its Dual Credit Policy for
NEVs. This provides automakers with credits when they exceed production targets for NEVs, which
can compensate for deficits in meeting fleet-based fuel consumption targets.

Finally, China’s emission trading scheme (ETS) is designed to decarbonize the carbon-intensive sec-
tors of the national economy by pricing related carbon emissions According to the Industrial Devel-
opment Plans of New Energy Vehicles (2021-2035), the State Council aims to stimulate automobile
companies to develop NEVs, including hydrogen fuel cell vehicles, by expanding the ETS to fuel
consumption in the transport sector. Similarly, the development of hydrogen in other sectors could
benefit from the possible expansion of the ETS to the refinery, petrol-chemical, steel, paper, and ce-
ment industry. In addition, the ETS can contribute to the development of renewable hydrogen under
the Chinese Certified Emissions Reductions scheme (CCER). The CCER regime is a supplement to
the national ETS, consisting in the creation of offset allowances based on emission reduction projects
(e.g. in the field of renewable energy).

Conclusion

China’s promotion of the hydrogen sector is emblematic of its broader efforts to promote greenhouse
gas reductions, while pursuing ambitious industrial development goals and promoting energy security.
To date, industrial policy goals have clearly taken center stage, however. Short-term ambitions to
promote renewable hydrogen are fairly modest compared to other major economies. Moreover, China
is currently pursuing a diversified strategy in support of hydrogen supply, which includes all different
types of hydrogen production, including coal-based hydrogen. Nevertheless, policy documents
increasingly emphasize the potential of renewable hydrogen as a vehicle for stabilizing an elec-
tricity system based on variable renewable energy as well as broader decarbonization efforts. They
also increasingly highlight the need to transition to an exclusively renewable hydrogen supply in the
future. In a number of cases, local-level strategies have come out more strongly in support of renewa-
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ble hydrogen than current central government policies. Central-level policies for hydrogen-based de-
carbonization of industry are only at a nascent stage. Similarly, China’s ambitions to promote hydro-
gen storage and transport remain at a relatively early stage of development with an important emphasis
on the promotion of innovation and acquisition of technological know-how.

Finally, both China’s hydrogen strategy and the engagement of its energy SOEs do not appear to be
strongly motivated by considerations of geopolitics at this stage. To be sure, Chinese officials are
considering increasing opportunities for investment in hydrogen projects around the world. In this
vein, the national hydrogen development plan considers the importance of the Belt and Road Initiative
(BRI) for promoting hydrogen-related standards and investments. Beyond these geoeconomic consid-
erations, the role of hydrogen as a future energy commodity and its geopolitical implications do not
figure prominently in Chinese policy efforts. Indeed, due to China’s relative abundance of renewable
energy resources, it is does not exhibit major vulnerabilities related to the future provision of hydrogen.
Conversely, hydrogen could even offer an opportunity to reduce its energy dependence in the future.
This and other efforts to shape global hydrogen trade do not seem to be a significant driver of its policy
efforts, however.
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1 Introduction

It is widely anticipated that hydrogen will play a crucial role in the global transition to climate-neu-
trality. Hydrogen offers opportunities to significantly reduce greenhouse gas (GHG) emissions from
carbon-intensive industrial applications and other hard-to-abate sectors (IRENA, 2022; IEA, 2021).
Its broader use as an energy carrier could also reduce reliance on fossil fuels and enhance energy
security (Tiwari, 2021). As China is a major carbon emitter, it is important to consider how efforts to
expand the use of hydrogen will contribute to its commitments to facilitating the global transition to
climate-neutrality (State Council, 2021). In 2020, China invested 71.2 billion yuan (around US$10.5
billion) in hydrogen projects (Chen & Li, 2021), and China’s investments accounted for 50 percent
of total project volume in Asia by early 2021 (Haitong Securities, 2021).

Despite the importance of hydrogen in China for the global energy transition and the role of policy
and regulation in this development, China’s policy and regulation of hydrogen remains under re-
searched. The present study aims to address this gap by studying China’s past, present and future
efforts to develop domestic hydrogen value chains by analyzing China’s hydrogen policy and regula-
tion. The study analyzes The Mid-and-Long-Term Hydrogen Industrial Development Plan (2021-
2035) (2022) (herein after the national hydrogen development plan), hydrogen-related five-year plans
and hydrogen-related policies issued by the central government and local governments. Interviews
supplement the policy and regulatory analysis. To gain a better understanding of the current develop-
ments in the field of hydrogen in China and of the challenges facing the Chinese hydrogen industry,
interviews were conducted with representatives from leading energy law firms and research institu-
tions.

The report is structured as follows: Section 2, following this introduction, outlines the current status
of the hydrogen sector in China. It presents current development across the hydrogen value chain and
across various regions and outlines the role of state-owned enterprises (SOEs) and private firms in
China’s hydrogen economy. Section 3 presents the institutional context (i.e. the main government
ministries and agencies) of Chinese hydrogen governance, both at the central and regional/local level.
Section 4 discusses the main policy objectives pursued by both the central government and local actors
in the hydrogen sector and traces their evolution over time. Section 5 gives an overview of the main
policy instruments at the central and local level in support of hydrogen development. Section 6
discusses the main findings of the report.
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2 The state of China’s
hydrogen economy

China is the largest hydrogen producer in the world, accounting for approximately one third of
global output. Its production volume reached 33 million tons in 2020, of which currently only a
small fraction (approximately 1 percent) is based on renewable energy-based electrolysis. Almost
two thirds of production comes from coal, while natural gas and industrial by-products account
for a little under 20 percent each. Nevertheless, China represents a major producer of alkaline
electrolyzers. Alkaline electrolyzers in China are estimated to cost as little as 3200 per kW, signif-
icantly below estimated costs in Europe (approximately $1200 per kW). Given its abundant solar
and wind resources in the North of the country and major hydropower resources in the South-West,
China is expected to significantly increase production of renewable electricity-based hydrogen. By
2030, the China Hydrogen Alliance predicts a share of 15 percent of total production. Costs of
hydrogen produced from onshore wind and solar photovoltaics (PV) are currently between 22.5
and 33.6 yuan/kg (around US $33.53 to 5.27 per kg).

By far the most well-established application is the use of hydrogen in heavy-duty, commercial fuel
cell vehicles. An increasing number of demonstration projects in hydrogen infrastructure have
emerged in the past years, including an increasing number of hydrogen refueling stations, short-
distance hydrogen pipelines and liquid hydrogen storage. Hydrogen development has been con-
centrated in four major clusters (i.e. Beijing-Tianjin-Hebei Region, the Yangtze River Delta, the
Pearl River Delta and Ningdong Energy and Chemical Industry Base). Henan Province has also
recently launched a new ‘Hydrogen Corridor’.

Chinese state-owned energy companies have played a major role in large-scale and capital-inten-
sive hydrogen projects, including the construction of hydrogen refueling stations and pipelines.
Private companies are investing in less capital-intensive hydrogen projects, such as equipment
manufacturing or R&D of specific hydrogen technologies, especially in the fuel cell industry. The
development of China’s hydrogen value chain still lags behind advanced economies and remains
dependent on technology imports in a number of areas such as core elements of fuel cells, hydrogen
refueling stations and storage. The dependence on technology imports might delay China’s hydro-
gen development, given the increasing geoeconomic rivalry and related policy measures to restrict
technology transfer.
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China’s hydrogen development is at an early stage. China’s companies face important technological
challenges, and cost reductions will be needed throughout the hydrogen value chain. Despite these
challenges, both SOEs and private enterprises have made progress in hydrogen development including
establishing pilot projects, developing storage technology, building short-distance hydrogen pipelines,
and advance the use of fuel cell vehicles. The following section provides a more detailed of key de-
velopments to date.

2.1 An overview of China’s hydrogen value chain:
production, transport and use

China is making efforts to develop hydrogen production, storage, and use (China Center for Interna-
tional Economic Exchanges, 2021; Yin, 2021; Sun & Yang, 2021). To date, China’s hydrogen sector
has been characterized primarily by developments in the following three areas: hydrogen production
mainly from fossil fuels, an increasing number of demonstration projects in hydrogen infrastructure to
link hydrogen supply and demand centers (e.g. short-distance hydrogen pipelines, liquid hydrogen
storage, increasing numbers of hydrogen refueling stations), and hydrogen use in the automotive in-
dustry.

2.1.1 Production

China is the largest hydrogen producer in the world. China’s hydrogen output accounts for roughly
one third of total global output (Haitong Securities, 2021). In 2020, China produced around 33 million
tons of hydrogen (International Ptx Hub, 2022). Of this, around 62 percent was produced from coal
(Xu & Yu, 2021), around 19 percent from natural gas (Leadleo Industry Research Institute, 2021;
AskCl Consulting (2021) and around 18 percent of hydrogen was produced from industrial by-prod-
ucts. Only 1 percent was produced via electrolysis with renewable energy, also referred to as “green
hydrogen” (see Figure 1 on the following page). The research institute of the China Hydrogen Alliance
has predicted that by 2030, the share of renewable electricity-based hydrogen (hereafter renewable
hydrogen) could grow to approximately 15 percent (AskCI, 2022). As most of hydrogen is produced
from coal at this early stage, there have been efforts to make use of carbon capture, use and storage
(CCUS) technologies to reduce carbon emissions. However, these efforts have not progressed beyond
the pilot stage (Xu et al., 2021; Meng et al., 2020; Wang et al., 2021). Before including the cost of
CCS, the cost of producing hydrogen from coal in China is around US$1.2/kg (Xu et al., 2021)!. When
including the cost of CCS, the cost of producing hydrogen from coal is estimated at approximately
US$2.48 to 2.9 per kg (China Hydrogen Alliance, 2019; Xu et al., 2021). This is slightly above the
International Energy Agency’s (IEA) estimate of USS$ 2.1 to 2.6 per kg (IEA, 2020).

' The statistics of the cost may vary depending on the calculation methodology.
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Figure 1 China’s hydrogen production in 2020
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Source: Authors’ own, based on Hydrogen Industrial Reports published in 2021 by Leadleo Industry
Research Institute and AskCl Consulting

China’s abundant renewable energy resources and its manufacturing of cost-competitive alkaline elec-
trolyzers provide the potential to produce significant amounts of renewable hydrogen in the future.
North China has abundant solar and wind resources and South-West China has rich hydropower re-
sources (KAS, 2022; GGII Research Institute, 2021). As the cost of generating renewable energy in
these regions decreases, shares of renewable hydrogen are expected to rise significantly. Furthermore,
China is a global leader in the field of alkaline electrolysis (Xu & Yu, 2021). The productivity of
alkaline electrolyzers in China is estimated at 1000 to 1200 m> per hour (Wen et al., 2019). Alkaline
electrolyzers in China are estimated to cost as little as $200 per kW (Energy Transition Commission,
2019), significantly below estimated costs in Europe (approximately $1200 per kW) (Energy Transi-
tion Commission, 2019). Resulting costs of hydrogen produced by renewable electricity supported by
onshore wind and solar photovoltaics (PV) are between 22.5 and 33.6 yuan per kg (around US $3.53
to 5.27 per kg) (S&P Global Commodity Insights, 2022; Xu et al., 2021). A large project sponsored
by China’s state-owned oil and gas company, to be launched in June 2023, is expected to bring down
the cost of hydrogen production supported by solar power to US$ 2.67 (Renewables, 2022). The cost
of producing hydrogen based on electrolysis with offshore wind has been estimated at US$5 to 10 per
kg (S&P Global Commodity Insights, 2022). Although these costs are still higher than the cost of coal-
based hydrogen (around US $1.01 to 1.16 per kg) (Xu et al., 2021; Wallstreet News, 2022a; China
Hydrogen Alliance, 2019), they are generally in the lower range of the IEA’s cost estimates for produc-
ing hydrogen via renewable electricity (currently between US$ 3 and 8 per kg) (IEA, 2021). Industry
analysts predict that by 2060 renewable-based hydrogen will account for 80 percent of hydrogen sup-
ply in China, considering renewables growth (S&P Global Commodity Insights, 2022).
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2.1.2 Storage and transport infrastructure

The divergence between energy supply and demand centers in China represents a challenge for the
development of its hydrogen economy. North China has abundant coal resources and expertise in the
processing of coal-based chemical products. North-West China and South-West China, such as Ning-
xia Province and Sichuan Province could be potential centers for the production of renewable hydro-
gen due to abundant renewable energy potential. East and South-East China are expected to be the
major centers of hydrogen demand (Xu & Yu, 2021; Zhang et al., 2022).

The most commonly used hydrogen transport solutions in China are tube trailers and pipelines (Wang
etal., 2017; Li et al., 2021), both of which pose specific challenges. Transport via tube trailers is costly
and has safety risks (Du & Mu, 2021), while transport via pipelines requires capital-intensive infra-
structural investments. Gas pipelines have been used on a small scale (Pan et al., 2020). Pure hydrogen
pipelines also exist (see the map below) (Yang et al., 2021). Most of them are located in Bohai Bay
and the Yangtze River Delta (People.cn, 2019). The longest so far is the Dingzhou-Gaobeidian pipe-
line in Hebei Province with a length of approximately 145 km (BJX, 2021a). Others include, for ex-
ample, Jinling-Yangzi (approximately 32 km) and the Jiyuan-Luoyang pipeline (approximately 25
km) (Energynews, 2021), Baling-Changling pipeline (approximately 42 km), Tongliao Pipeline (ap-
proximately 7.8 km), a hydrogen pipeline in the Ningxia Energy and Chemical Base (approximately
1.2 km) and a hydrogen pipeline in Yumen Oilfield (5.77 km) (see Figure 2 on the following page for
an overview of key hydrogen pipelines in China).

In China, hydrogen is usually stored as gaseous hydrogen, but China is developing liquid hydrogen
storage (Wang et al., 2017; Li et al., 2021). Liquid hydrogen transport solutions are considered to be
more cost-effective in the long term (Wang, 2021; Li et al., 2021). The development of storage and
transport infrastructure for liquid hydrogen could significantly strengthen inter-provincial hydrogen
trade (GUOFUHEE, 2021a). Whilst liquid hydrogen was previously used primarily in China’s mili-
tary, aviation, and aerospace industries (Hongda Xingye Co., 2021a), experts anticipate that it will be
adopted more widely in industrial production, public transport, electricity supply and other energy-
related purposes.

China is an active player in the construction of refueling stations for hydrogen use in the transport
sector (see more details below). In early 2021, there were 146 hydrogen refueling stations, of which
136 actively operating, in China (China Energy, 2021a). Most of China’s existing hydrogen refueling
stations are repurposed gas stations (e.g. the gas-hydrogen refueling station in Zibo, Shandong
(GUOFUHEE, 2021Db) or petroleum stations (e.g. those built by Sinopec as discussed below). Despite
progress, Chinese industry will have to continue to advance technology for hydrogen refueling stations
(see section 2.1.4) and to scale up their construction for two main reasons (Dongwu Securities, 2022):
First, the cost of hydrogen refueling based on 35MPa hydrogen refueling stations remains high (around
11.33 yuan/kg or US$ 2.69/kg). Second, existing hydrogen refueling stations do not operate at a ca-
pacity that would meet expected demand given current policy support for the scale-up of hydrogen
fuel cell vehicles (see section 4) (Wen et al., 2021; Wu et al., 2021).
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Figure 2 Major hydrogen pipelines in China
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2.1.3 Hydrogen use

In 2020, China’s demand for hydrogen was between 20 million tons and 25 million tons (Guosen
Securities, 2021; Wanlian Securities, 2021), representing around 22 to 27 percent of global hydrogen
demand (IEA, 2021). According to the China Hydrogen Alliance, China’s demand for hydrogen is
predicted to reach 30 million tons by 2025, while the Beijing municipal government anticipates that
China’s demand for hydrogen could reach up to 60 million tons. It is currently utilized primarily in
the chemical and refinery industry (Guosen Securities, 2021) and, on a smaller scale, as an industrial
raw material (e.g., highly pure electron hydrogen) (Haitong Securities, 2021). Figure 3 on the follow-
ing page offers an overview of hydrogen consumption in China in 2020 (Haitong Securities, 2021).
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Figure 3 China’s hydrogen consumption in 2020
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In recent years, steel producers in China have shown interest in the utilization of hydrogen in the steel
industry (Chen et al., 2020; Orient Securities, 2021), considering the general policy call of achieving
carbon peaking and carbon neutrality (see section 4.4.3). Pilot projects for decarbonizing steel produc-
tion are underway in the steel industry based on hydrogen direct-reduced iron (DRI) and hydrogen
plasma smelting reduction (Chen et al., 2020; Meng et al., 2020; Jiang et al., 2020). In Shanxi Prov-
ince, a pilot project for commercially viable hydrogen-based DRI was able to lower CO, emissions in
steelmaking from 1.8 tons of CO, per ton of steel to 0.6 ton of CO; per ton of steel (Zhu, 2021). The
hydrogen used in this case is produced from coke oven gas. HBIS Group Co., a provincial, state-owned
steel company in Hebei Province, signed a Memorandum of Understanding (MoU) with Tenova, a
company that works on the sustainability of metal technology (Meng et al., 2020). Similarly, Jianlong
Steel is trying to shift from coal- to hydrogen-based smelting reduction (Chen et al., 2020). In February
2022, Baogang Steel began a project to trial hydrogen DRI.

Finally, the development of fuel cells has been identified as a critical energy-related project in the
state’s high technology development plan early this century (Wang et al., 2013; Yi et al., 2018). China
focuses on the R&D and industrialization of polymer electrolyte membrane (PEM) fuel cells and solid
oxide (SO) fuel cells (China Hydrogen Alliance, 2019). Since 2017, fuel cells have been gradually
introduced in ships, buses and commercial vehicles (Ling et al., 2019; Sun & Yang, 2021). However,
hydrogen fuel cell vehicles account for just 0.4 percent of new energy vehicles (NEVs) in China (Hai-
tong Securities, 2021). It is predicted that the number of hydrogen fuel cell vehicles will reach around
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2 million by 2035 and around 11 million by 2060 (S&P Global Commodity Insights, 2022), which is
more ambitious than policy objectives of deploying hydrogen fuel cell vehicles (see section 4.4.1)

2.1.4 China’s insufficient technological capacities within
the hydrogen value chain

Despite the current development in hydrogen production, storage, transport and use, the development
of China’s hydrogen value chain still lags behind advanced economies and remains dependent on
technology imports in a number of areas such as core elements of fuel cells, hydrogen refueling sta-
tions and storage (Xu & Yu, 2021; Tu, 2020; Yu et al., 2021). For instance, China depends on imports
of key parts of PEM electrolyzers (Wallstreet News, 2022a), which are more suitable for running on
intermittent renewables than traditional alkaline systems (The Oxford Institute for Energy Studies,
2022). This is important for China, due to its policy objective of utilizing hydrogen as an option for
balancing variable renewable energy (see section 4.4.2). Chinese firms also lack the capacity for large-
scale manufacturing of platinum catalysts, needed for PEM fuel cell stacks (Haitong Securities, 2021).
Other crucial components in the production of fuel cells, including proton membranes, carbon paper
and air compressors, are also sourced from foreign suppliers (Tan & Yu, 2020). For instance, more
than 99 percent of proton membranes are imported (Shanghai Securities, 2021). Similarly China lacks
capacities in a number of storage and transport technologies. For example, current storage capacities
only allow for the storage of 20MPa or 35MPa high-pressure gaseous hydrogen (Haitong Securities,
2021). China currently also lacks the technology needed to store and transport liquefied hydrogen
(Chen et al., 2020). In neighboring Japan, liquid hydrogen accounts for 70 percent of storage capacity
(Haitong Securities, 2021). Moreover, China’s companies cannot independently manufacture refuel-
ing nozzles for hydrogen refueling stations (Wen et al., 2019).

The dependence on technology imports might delay China’s hydrogen development, given the increas-
ing geoeconomic rivalry and related policy measures to restrict technology transfer. China’s overseas
investments in the technology sector have been challenged by authorities of host states based on na-
tional security concerns (Reuters, 2016; O’Sullivan et al., 2017; Conrad B. & Genia K,, 2017). The
US, for instance, has prevented the export of hydrogen liquefiers to China (Chen, et al. 2021). In spite
of these challenges, policy and media reports view China as a potential competitor in hydrogen tech-
nology development (IRENA, 2022; Chan & He, 2021; Nakano, 2022; Eurasian Times, 2022).

2.2 Important regions of hydrogen development in China

Beijing-Tianjin-Hebei Region, the Yangtze River Delta, the Pearl River Delta, Ningdong Energy and
Chemical Base (located in Ningxia Province) are important areas of hydrogen development in China
(Sui, 2021; China Center for International Economic Exchanges, 2021). The emerging ‘Hydrogen
Corridor’ located in Henan Province will be an important hydrogen cluster in Central China (see
Figure 4 on the following page for a map of hydrogen clusters) Many cities and provinces in these
areas, such as Shanghai and Hebei Province, can build on a well-developed heavy chemical industry
for the development of hydrogen value chains (Securities Research, 2019), and concentrated
industrial activities can help to spread the high costs of building hydrogen infrastructure across a
larger number of players (Cleantech, 2019).

The Beijing-Tianjin-Hebei Region has made progress in hydrogen production based on renewable
energy power and in developing fuel cell vehicles (He et al., 2021). According to NDRC, the city of
Zhangjiakou, located in Hebei Province, is developing a renewable hydrogen production base (NDRC,
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2015). In 2017, the first wind-to-hydrogen project in China was initiated in Zhangjiakou (Sun et al,
2019). In 2020, Hebei Province launched a demonstration project for hydrogen blending in natural gas
pipelines (China Energy, 2021b). The region also provided more than 1,000 hydrogen fuel cell vehi-
cles and more than 30 hydrogen refueling stations for the 2022 Beijing Winter Olympics (Wallstreet
News, 2022b). Moreover, the HYPOWER project with an annual capacity of 1600 standard cube me-
ters of renewable hydrogen production went into operation at the end of 2019 (China Energy, 2019).

Figure 4 Hydrogen clusters in China
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Cities located at the Yangtze River Delta have developed the hydrogen sector mainly by producing
hydrogen from industrial by-products and focusing on hydrogen use in fuel cells (Zhu et al., 2021). In
2019, the state’s first project for the purification and liquefaction of gaseous hydrogen was launched
in Jiaxing, Zhejiang Province (Meng et al., 2020). The Pearl River Delta has the greatest number of
hydrogen refueling stations (Meng et al., 2020). As of June 2021, 61 hydrogen refueling stations had
been built or proposed or were under construction in Guangdong Province (Forward Economist, 2022).
By building hydrogen refueling stations, this region is promoting the use of hydrogen fuel cell vehicles
(Meng et al., 2020).

Ningdong Energy and Chemical Industry Base located in Ningxia Province has established itself
as another major center for hydrogen production in China (CNPC, 2021). For this it has exploited
existing industrial capacities in the coal-based chemical industry as well as its relatively low-cost solar
power and abundant land resources (NingXia State-owned Capital Operation Group, 2020). It pro-
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duces hydrogen based on coal, methanol (methanol steam reforming), industrial by-products and re-
newable electricity (GGII Research Institute, 2021). The region’s annual production of coal-based
hydrogen lies at about 2.35 million tons of hydrogen (BJX, 2021b). A growing number of renewable
hydrogen projects have also been established to restructure its local energy industry (CNPC, 2021).
As discussed in Section 2.1, an important factor affecting the cost competitiveness of renewable hy-
drogen is the price of renewable energy. Hydrogen production in Ningxia Province, where renewable
energy is becoming increasingly competitive (around 0.5~0.7 yuan/kw / US$ 0.078~0.11/kwh) (Eco-
nomic Information Daily, 2021; Ningxia DRC, 2021), is well positioned as a result (China Coal As-
sociation, 2021; Meng et al., 2020)). In April 2020, the world’s largest-scale demonstration project for
hydrogen production based on solar power was launched (BJX, 2021b). It is expected to produce
300,000 tons of renewable hydrogen by 2025, according to the director of Ningdong industrial devel-
opment center (Ningxia News, 2022). The produced hydrogen will be stored in fuel cells and used in
the chemical industry or the public transport sector. By using renewable hydrogen to meet the hydro-
gen needs of the chemical industry and fuel cell vehicles, this project will help to reduce coal con-
sumption in this base by around 25.4 million tons annually (China Coal Association, 2021; Meng et
al., 2020).

Henan Province has only recently launched a new ‘Hydrogen Corridor’, in response to the national
hydrogen development plan (Henan Government, 2021). This hydrogen corridor is planned to connect
the hydrogen cluster in the Beijing-Tianjin-Hebei Region, the hydrogen cluster in the Pearl River
Delta, and hydrogen value chains in Hong Kong (China Energy, 2022). Furthermore, since Zhengzhou,
the capital city of Henan Province, has been a pilot city for the development of fuel cell vehicles, this
corridor will advance innovation and manufacturing in the fuel cell vehicle sector(Finance Eastmoney,
2022).

2.3 The role of state-owned enterprises (SOEs) and
the private sector in China’s hydrogen economy

Both state-owned enterprises (SOEs) and privately-owned firms are exploring the opportunities of
developing hydrogen value chains and contributing to the operation of hydrogen clusters located in
those important regions. The following sub-section describes the most prominent activities being pur-
sued by these two groups.

SOEs have to date invested primarily in large-scale and capital-intensive hydrogen projects,
including the construction of hydrogen refueling stations and pipelines. Interviewees explained that
these invest-ments may not necessarily be profitable, in spite of subsidies. However, such projects
provide these energy SOEs with opportunities to explore the potential of hydrogen-related business.
They have en-tered the hydrogen industry mainly by relying on their existing business (Downs,
2021). According to one interviewee, where hydrogen investments build on existing energy assets,
the owners of these assets have become important players in its promotion. SOEs have dominated
China’s traditional en-ergy sectors and are likely to continue to influence the national economy by
pursuing growth in the hydrogen sector (Zhao, Liu, & Jamasb, 2021; SPIC, 2019). In the following,
activities of major energy SOEs are described in more detail (see Table 1 on the following page for
an overview).

China National Petroleum Corporation (CNPC) and Sinopec are government-owned national oil and
gas corporations. They are leveraging their expertise in the petrochemical sector as well as the oil and
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gas sector more broadly (Zhao, Liu, & Jamasb, 2021; Ling, 2019). CNPC, which owns most of the
pipeline assets in China, is positioned to play a significant role in hydrogen transport (International
Gas, 2017). Its pipeline design branch has established a new energy innovation center, which is devel-
oping new energy innovations for the hydrogen economy and provides services including consultancy,
design, and contracting projects (BJX, 2021a). CNPC won the bid for the Dingzhou-Gaobeidian pipe-
line in Hebei Province (BJX, 2021a) and one of its subsidiaries built the Jiyuan-Luoyang pipeline in
2015 (Yang et al., 2021). It also facilitates hydrogen transport in the Beijing-Tianjin-Hebei Region
and promotes hydrogen across the region (Yang et al., 2021).

Table 1 Contribution of key energy SOEs to China’s hydrogen development
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In 2020, China National Oil & Gas Piping Network Company (PipeChina) was established by the
Chinese government to own and operate pipeline assets (Xinhua, 2021a). The establishment of Pipe-
China represents China’s efforts to encourage third-party access to transmission networks (Reuters,
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2019a). An analyst argues that PipeChina will play an increasingly important role in hydrogen
transport such as low concentration hydrogen blending (Tu, 2020). Indeed, PipeChina has set up a
subsidiary focusing on infrastructure construction in 2020 (Ofweek, 2022). This subsidiary will be
responsible for the construction of hydrogen pipelines and hydrogen blending in gas pipelines, thus
providing more accesses for hydrogen producers (GG-FC, 2021). It should be noted that CNPC owns
a dominant share of PipeChina (around 29.9%) (East Money, 2020). Therefore, CNPC is very likely
to continue influencing hydrogen transport through PipeChina.

Sinopec has the ambition of expanding its market share in the hydrogen sector by leveraging its status
as the leading supplier of refined-oil and petrol-chemical products (China Petrol Association, 2019).
The company is currently the largest hydrogen producer in China and can produce hydrogen from its
chemical by-products or directly from coal and gas (Sinopec, 2021a). In 2020, Sinopec had the capac-
ity to produce around 3.5 million tons of hydrogen, accounting for 14 percent of China’s 2020 pro-
duction (Sinopec, 2021b). The company also ventured into renewable hydrogen production in 2020
(Sinopect, 2021b) and has established operations in Xinjiang and Inner Mongolia (SASAC, 2021a).
Sinopec’s renewable hydrogen production plant in Xinjiang will provide climate-friendly hydrogen
for chemicals production, thus helping to decarbonize chemical factories in Xinjiang (KAS, 2022).
Sinopec is also a crucial player in the development of hydrogen infrastructure, and it announced in
2021 that it will build more than 1000 hydrogen refueling stations during the 14% five-year period
(2021-2025) (China Energy, 2021c). Sinopec’s Luoyang branch invested in the Jiyuan-Luoyang pipe-
line, and a subsidiary of Sinopec built the Baling-Changling hydrogen pipeline in 2014. The company
has also been involved in developing infrastructure in different industrial clusters (China Center for
International Economic Exchanges, 2021), leveraging its petrol-refueling network to this end (Energy
Review, 2021). The company has been a frontrunner in the construction of hydrogen refueling stations
in the Pearl River Delta (Ling, 2019) and built the country’s first petrol-hydrogen combined station in
Foshan, Guangdong in July 2019 (SASAC, 2019). The company is also engaged in the construction
of hydrogen refueling stations in Beijing-Tianjin-Hebei Region and the Yangtze River Delta (Sinopec,
2020) and aims to continue to advance the construction of hydrogen refueling stations and storage
facilities, mainly by repurposing existing petrol/gas stations (Sinopec, 2020). In the downstream, Si-
nopec launched in 2020 the first phase of a major hydrogen fuel cell hydrogen supply project (Sinopec,
2021c). It is so far the biggest hydrogen supply project in Guangdong Province and will meet demand
for hydrogen in the western part of Guangdong Province (SASAC, 2021b).

Hydrogen development is also an important part of the State Power Investment Corporation’s (SPIC)
corporate development plan. The State Power Investment Corporation (SPIC) is building on existing
capacities in the power sector to explore opportunities in the field of electricity-based hydrogen pro-
duction. The company focuses on coordinating the development of renewable power with electricity-
based hydrogen production (SPIC, 2020a; SPIC, 2021a). Since 2019, SPIC and its subsidiaries in
Ningxia have developed the National Comprehensive Demonstration Project for Hydrogen Production
by Solar Water Electrolysis to support the development of hydrogen value chains (SASAC, 2020;
BJX, 2021b). This project has been in commercial operation since July of 2021 (SPIC, 2021b). In
2019, Siemens and SPIC signed a MOU establishing cooperation in the field of renewable hydrogen
(Sina, 2020). To implement this MOU, the hydrogen subsidiary of SPIC signed another MOU with
Siemens Energy in 2020 for the delivery of a PEM electrolyzer to supply hydrogen in the Beijing
Winter Olympics (Radowitz, 2020). In the mid-stream, SPIC also realized the first nation-wide project
for hydrogen blending in a natural gas pipeline in 2019 (BJX, 2019). Its success suggests that related
solutions can be expanded in the near future (Wang, 2021). With respect to downstream use, SPIC
promotes the application of hydrogen fuel cell vehicles in Ningbo (Yangtze River Delta) and also
meets the demand for hydrogen in public transport in Hainan, South China (SPIC, 2020b; SPIC,
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2021a). Furthermore, to advance hydrogen technology innovation, SPIC set up the Hydrogen Energy
Technology Development Corp. in 2017 to work on the R&D and manufacturing of equipment for
water electrolysis and fuel cells (SPIC, 2021a).

Private companies play various roles in developing hydrogen value chains, from upstream to transport
to downstream. Upstream, private companies, such as ALLY HI-TECH, Ningxia Baofeng Energy
and Longi, are advancing hydrogen production technology (e.g., the manufacturing of electrolyzers).
In the mid-stream, private companies, such as CIMC Enric, FULLCYRO, Hongda Xingye Co.Ltd.,
and Jiangsu Guofu Hydrogen Energy Equipment Co. Ltd. (GUOFUHEE), are emerging in the field
of equipment manufacturing and innovation for hydrogen storage and transport. FULLCYRO and
Hongda Xingye Co.Ltd. are pioneers in the field of liquid hydrogen storage. In the downstream, pri-
vate companies, for example, Wuxi BEST, Nanning Baling Technology and YAPP Automotive, are
man-ufacturing elements of fuel cells or developing fuel cell vehicles. YAPP Automotive is
developing on-board hydrogen storage to accelerate the use of fuel cell vehicles.

Foreign companies have been actively contributing to China’s hydrogen development as well. The
Catalogue of Industries for Encouraging Foreign Investment 2020 included projects of hydrogen pro-
duction, storage, transport, liquification, the manufacturing of hydrogen equipment, and the construc-
tion of hydrogen refueling stations (NDRC, 2020). The Special Management Measures for the Market
Entry of Foreign Investment (Negative List) (2021 Version) does not impose restrictions on the in-
volvement of foreign parties in hydrogen projects (NDRC & MOFCOM, 2021). For instance, Bosch
and Ballard produce components of fuel cells in China. Toyota and Hyundai have also been investing
in the production of fuel cell vehicles.

Most of the private companies are investing in less capital-intensive hydrogen projects such as equip-
ment manufacturing or R&D of specific hydrogen technologies, especially in the fuel cell industry
(Yang & Gao, 2020; Zhao, Liu, & Jamasb, 2021; China Hydrogen Alliace, 2019). In contrast to SOEs,
they do not rely on fixed assets such as petrol or gas-refueling stations to support the development of
hydrogen value chains. Important areas of private sector engagement include research in the field of
liquid hydrogen, equipment and services for hydrogen refueling stations and the production of elec-
tricity-based hydrogen (KAS, 2022). Hongda Xingye Co.Ltd., Jiangsu Guofu Hydrogen Energy
Equipment Co. Ltd. (GUOFUHEE) and Ningxia Baofeng Energy, respectively, are important actors
in those important areas and are frequently mentioned in media reports.

Hongda Xingye, a publicly listed company in the industry of energy and resources, has played a crucial
role in the R&D of liquid hydrogen (Hongda Xingye Co., 2021a). In April 2020, the company built
the state’s first commercial liquid hydrogen plant in Inner Mongolia, serving Guangzhou in the Pearl
River Delta (Hongda Xingye Co., 2021b). Hongda Xingye Co.Ltd. has also launched projects for the
construction of mobile liquid-hydrogen refueling stations that will serve fuel cell buses (Hongda
Xingye Co., 2021c¢).

GUOFUHEE was established in 2016 to specifically provide hydrogen-related services and compo-
nents (e.g. equipment for hydrogen refueling stations) (GUOFUHEE, 2021c¢). GUOFUHEE has sup-
plied equipment for the construction of hydrogen refueling stations built by Sinopec in the Beijing-
Tianjin-Hebei Region (GUOFUHEE, 2021d), the Pearl River Delta (GUOFUHEE, 2021e), and the
Yangtze River Delta (GUOFUHEE, 2021f). In the Yangtze River Delta, the company established a
hydrogen industrial base in Zhangjiagang, Jiangsu Province (GUOFUHEE, 2021g). In the Pearl River
Delta, GUOFUHEE is engaged in R&D for the direct production of electricity-based hydrogen within
hydrogen refueling stations (GUOFUHEE, 2021h) and for the advancement of technological innova-
tion for the storage, transport, and use of liquid hydrogen (BJX, 2021c¢).
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Ningxia Baofeng Energy, a crucial player in the Ningdong Energy and Chemical Base, is engaged in
the development of renewable hydrogen production. It has established an electrolyzer with a capacity
of 20,000 standard cube meters, powered by a 200MW solar PV power plant (CFEJ, 2021; IRENA,
2021). The project has a production volume of 160 million cubic meters of hydrogen (IRENA, 2021).
According to its Social Sustainability Report, Baofeng plans to engage in broader activities aimed at
promoting the use of hydrogen to reduce around 445,000 tons of CO, emissions and the consumption
of 254,000 tons of coal every year (Baofeng Energy, 2021; Climate Change Data Portal, 2021;
SASAC, 2020).
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3 China’s institutional
environment governing
hydrogen development

As China’s supreme governmental body, the State Council sets the broad goals of hydrogen devel-
opment, as manifested in various five-year plans. The National Development and Reform Commis-
sion (NDRC) is responsible for the drafting of the five-year plans and holds the main responsibility
for governing China’s energy sector with its subordinate agency, the National Energy Administra-
tion (NEA). Together with the Ministry of Industry and Information Technology (MIIT) and the
Ministry of Science and Technology (MOST), NDRC also plays a central role in promoting
innovation and industrial development in hydrogen. The Ministry of Housing and Urban-Rural
Development (MHURD) develops regulations for hydrogen infrastructure, such as hydrogen
refueling stations. The Standardization Administration of the People’s Republic of China (SAC)
sets technical standards. The Ministry of Finance (MOF) oversees the design of subsidy schemes
for supporting hydrogen development. China Development Bank (CDB), China’s largest policy
bank, has not issued any hydrogen-specific policies. However, CDB has declared its intention to
support green transport, namely increasing the use of new energy vehicles (NEVs).

Local governments have been crucial players at the early stage of developing hydrogen in China,
enabling the central government to ‘test the waters’ in the hydrogen sector. The provincial or mu-
nicipal governments, or sometimes the local branches of the NDRC, are responsible for formulating
hydrogen development plans in their jurisdictions. Local governments work closely with various
local branches of the respective central governments to promote different dimensions of the hydro-
gen economy. SOEs also cooperate with local administrations to implement their hydrogen devel-
opment plans.
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This section provides an overview of the relevant institutional environment for the development and
promotion of a hydrogen economy in China. It first identifies the main governmental bodies governing
different dimensions of China’s hydrogen economy and briefly outlines their role. This also includes
China Development Bank, China’s most prominent “policy bank”, and major SOEs, given their close
links to responsible ministries. Next, it provides an overview of local hydrogen governance in Chi-
na. Finally, it discusses the regulatory environment governing SOEs in the hydrogen sector.

3.1 National hydrogen governance

The State Council stands at the top of the government structure and in accordance with the Communist
Party of China sets the broad goals for hydrogen development, as manifested in various five-year plans
(The CPC Central Committee & State Council, 2021a; NEA, 2020a). The National Development and
Reform Commission (NDRC), directly under the State Council, is the leading ministry that governs
China’s energy sector with its subordinate agency, the National Energy Administration (NEA). In
accordance with the State Council, it has issued the Mid-and-Long-Term Hydrogen Industrial Devel-
opment Plan (2021-2035) (2022) (herein after the national hydrogen development plan) to provide
overall guidance for the development of hydrogen. NDRC is also tasked with the promotion of
technological innovation in low-carbon hydrogen production, storage, transport, and application
(especially in fuel cell vehicles and energy storage) (see section 4.5) (NDRC & NEA, 2021; NDRC
& NEA, 2016). NDRC also takes the lead in formulating industry guidance or catalogues that list the
hydrogen industry as a green or ‘encouraged’ industry (NDRC et al., 2019). NDRC’s industry
guidance or catalogues reflect the governmental priorities of industrial development and give
indications on whether the certain industry can benefit from policy support (see section 5). In
collaboration with the People’s Bank of China (PBOC) and China Securities and Regulatory
Commission (CSRC), NDRC also adjusts and revises the Catalogue of Projects Supported by Green
Bonds, which determines the eligibility of technologies for financing via green bonds (PBOC et al.,
2020; PBOC et al., 2021). The National Energy Administration (NEA) is tasked with the drafting
of laws and regulations in the energy sector (State Council, 2014a). NEA has included the promotion
of hydrogen technological innovation and industrial development in its working plan (NEA, 2020a).
The State-owned Assets Supervision and Administration Commission (SASAC) of the State
Council, which reports directly to the State Council, is responsible for supervising and managing
state-owned enterprises (SOEs), including those in the energy sector. It can thus influence SOEs hy-
drogen-related strategies and plans.

The Ministry of Industry and Information Technology (MIIT) has played a leading role in pro-
moting hydrogen use in public transport. Since 2012, MIIT has led the ‘interdepartmental coordination
mechanism for developing the energy efficiency and new energy automobile industry’ in which hy-
drogen fuel cell vehicles are included (State Council, 2012). Within this mechanism, MIIT has been
working with NDRC, the Ministry of Science and Technology (MOST), the Ministry of Transport
(MOT), the Ministry of Housing and Urban-Rural Development (MHURD), the State-Owned Assets
Supervision and Administration Commission (SASAC) and the Ministry of Finance (MOF) to coor-
dinate the policies of promoting NEVs with the policies of energy, transport and information technol-
ogy (State Council, 2012; State Council 2020b). The leaderships of these central ministries have meet-
ings annually to identify their missions. For example, in 2019, their meeting focused on the safe use
of NEVs (e.g. the safety standards of fuel cells) (EVPartner, 2019). Their latest 2022 inter-ministerial
meeting led by MIIT highlighted the following goals in the sector of NEVs, which includes fuel vehi-
cles: implementing Industrial Development Plans of New Energy Vehicles (2021-2035) (2020), im-
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proving financial support mechanisms to NEVs (e.g. preferential tax policies), advancing the construc-
tion of refueling facilities, and designing the path of the green development of China’s automobile
industry (MIIT, 2022). MIIT also participates in setting the technical standards of hydrogen fuel cell
vehicles (as discussed in more detail in section 4.3) (MIIT, 2020c; MIIT, 2021).

The Ministry of Science and Technology (MOST) supports hydrogen development by promoting
technology innovation in the sector as well as the use of hydrogen fuel cell vehicles and the construc-
tion of hydrogen refueling stations, in collaboration with other ministries (e.g. MIIT). The program of
‘National Science and Technology Major Project of the Ministry of Science and Technology of China’
was established to help China boost its industrial development (State Council, 2006).? Since the im-
plementation of the 13" Five-Year Plan (2016 to 2020), it has included renewable hydrogen produc-
tion, safe hydrogen storage and transport, highly-efficient hydrogen use, and the core technology of
hydrogen fuel cell vehicles (MOST, 2021a).

The Ministry of Housing and Urban-Rural Development (MHURD) develops technical regula-
tions for parts of the hydrogen infrastructure (MHURD, 2021). The Standardization Administration
of the People’s Republic of China (SAC) releases hydrogen technical standards including those for
liquid hydrogen storage and hydrogen fuels, with support from different industrial associations or re-
search institutes (e.g., China Automotive Engineering Research Institute) (SAC, 2021a). The Ministry
of Finance (MOF) oversees the design of subsidy and award mechanisms for supporting hydrogen
development (MOF, 2015). Since 2014, MOF, in coordination with MOST, MIIT and NDRC, has
reviewed the application of pilot cities or city clusters for rewards for building qualified hydrogen
refueling stations (see section 5) (MOF et al., 2014). Since 2016, MOF, with the support from MOST,
MIIT and NDRC, has been responsible for designing the subsidy scheme to promote the use of NEVs
(MOF et al., 2015; MOF et al. 2020a; MOF et al. 2019). MOF, in collaboration with MIIT, MOST,
NDRC and NEA, is also tasked with granting rewards to pilot city clusters that promote the use of
NEVs (e.g. Beijing, Shanghai, Foshan) (MOF, MIIT, MOST, NDRC & NEA, 2020).

China Development Bank (CDB), China’s largest policy bank, has not issued any hydrogen-specific
policies. However, CDB has declared its intention of supporting green transport, namely increasing
the use of NEVs (China Development Bank, 2020). Therefore, promoting the application of hydrogen
fuel cell vehicles could be supported by CDB. Following a meeting on August 6%, 2020, the Party
Secretary of SPIC and the head of CDB announced that CDB would enhance its support to hydrogen
projects of SPIC (SPIC, 2020c). In 2021, CDB issued the Working Plan of Supporting the Achievement
of the Objectives of ‘Carbon Peaking and Carbon Neutrality’ in the Energy Sector (2021), pledging
subsidized loans of CNY 500 billion (around US$75.1 billion) for various applications in the green
energy sector, including hydrogen. Table 2 on the following page provides a summary of major central
government entities and their role in governing China’s hydrogen sector.

Supported and supervised by NDRC, MOST, MIIT, MOF, MOT, NEA and SASAC, the China Hy-
drogen Alliance was established in 2018 as ‘a high-end communicational and cooperative platform’
(China Hydrogen Alliance). The establishment of this alliance was led by China Energy Corporation

2 The draft of the National Plan of Mid-and-Long Term Science and Technology Development (2021-2035) is still
being processed by the Ministry of Science and Technology of the People’s Republic of China (MOST).
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Table 2: Major central government entities governing China’s hydrogen sector

Government entity Main responsibilities

State Council = Sets the broad goals for hydrogen development,
as manifested in various five-year plans

National Development and Reform Formulates energy development plans
Commission (NDRC) (e.g. the national hydrogen development plan)
with NEA

Formulates industry guidance or catalogues that
list the hydrogen industry as a green or
‘encouraged’ industry

National Energy Administration = Subordinated to NDRC and assists NDRC in
(NEA) governing the energy sector

Drafts laws and regulations related to the energy
sector, including hydrogen

State-Owned Assets Supervision
and Administration Commission
(SASAC) of the State Council

Supervises the management of energy SOEs

Ministry of Industry and Information Promotes the use of new energy vehicles,
Technology (MIIT) including hydrogen fuel cell vehicles

Participates in setting the technical standards for
hydrogen infrastructure

Leads interdepartmental coordination mechanism
for developing the new energy automobile
industry, including fuel cell vehicles

Ministry of Science and Technology = Promotes hydrogen-related technologies
(MOST)

Grants subsidies and rewards for the use of
hydrogen fuel cell vehicles

Ministry of Finance (MOF)
Ministry of Housing and Urban-Rural = Formulates regulation for hydrogen infrastructure
Development (MHURD)
Ministry of Transportation (MOT) = Promotes the use of hydrogen fuel cell vehicles

China Development Bank (CDB)

Provides financing for green transport and new
energy vehicles, including fuel cell vehicles

Standardization Administration of Develops technical standards for hydrogen
the People’s Republic of China infrastructure
(SAC)

Source: Authors’ own.
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and its daily operation is supported by other leading energy companies, universities and research in-
stitutes (China Hydrogen Alliance).? The alliance aims to facilitate communication, cooperation and
resources pooling in China’s hydrogen sector. More specifically, the alliance focuses on advancing
the R&D of hydrogen energy and hydrogen fuel cells, the manufacturing and standard-setting of key
equipment, the support to hydrogen investments or demonstration projects, and fostering a favorable
social environment for hydrogen development (China Hydrogen Alliance). It issued the Standard and
Evaluation of Low-carbon Hydrogen, Clean Hydrogen and Renewable Hydrogen in 2020 (discussed
in section 4) (China Hydrogen Alliance, 2020), which defines benchmarks for the carbon intensity of
different types of hydrogen (China Hydrogen Alliance, 2021a). In addition, according to the national
hydrogen development plan, the government intends to create an inter-ministerial coordinating mech-
anism for hydrogen industrial development. It will be established to address challenges of hydrogen
development and to formulate hydrogen policies and regulations, according to the national hydrogen
development plan (NDRC, 2022). What ministries will be involved in this mechanism and how they
are going to design the policy and regulatory framework remains open.

3.2 Local hydrogen governance

Local governments have been crucial players at the early stage of developing hydrogen in China, en-
abling the central government to ‘test the waters’ in the hydrogen sector (Yang & Gao, 2020). The
provincial or municipal governments, or sometimes the local branches of the NDRC, are responsible
for formulating hydrogen development plans for their geographical areas (Qingdao DRC, 2020; Bei-
jing Municipal Bureau of Economy and Information Technology, 2021). They also help central min-
istries with the implementation of hydrogen-related policies (e.g. the rewards for pilot cities develop-
ing fuel cell vehicles). More specifically, the local administration of NDRC shoulders the mission of
developing a diversified hydrogen supply system, with the support from the local administration of
MIIT (Tianjin Government, 2020; Guangdong Government, 2018; Dalian Government, 2018). To
minimize the cost of hydrogen production, in Guangdong Province (located in Pearl River Delta),
Chengdu (located in South-West China) and Inner Mongolia (located in North China), the local
branches of NDRC are also responsible for offering discounted electricity rates to hydrogen production
based on renewable energy (see section 5.4) (Chengdu Government, 2020; Guangdong Government,
2018; Inner Mongolia Government, 2022) . This support mechanism is largely arranged by local
branches themselves at this stage, as NEA is still drafting related policies (BJX, 2022a).

By coordinating with the local administration of NDRC and NEA (NDRC and NEA, 2016), the local
administrations of MOST are tasked with advancing technology innovation in the fields of hydrogen
production, storage, transport and application, with a particular focus on fuel cells (Chengdu Govern-
ment, 2020; Tianjin Government, 2020; Guangdong Government, 2018; Jiaxing Government, 2021;
Dalian Government, 2018). For example, the Guangdong branch of NDRC works with the provincial
branches of MOST to promote technological advancement in hydrogen fuel cell vehicles (Guangdong
Government, 2018). The local administrations of MIIT focus on establishing industrial clusters around
hydrogen fuel cells, encourages companies to strengthen their manufacturing capacities and promotes
the use of hydrogen fuel cell vehicles (Tianjin Government, 2020; Jiaxing Government, 2021). The

3 The leading energy companies include Sinopec, State Grid, China Three Gorges Corporation, China Iron & Steel
Research Institute Group., China Shipbuilding Industry Corporation, BP China. The Universities and research insti-

tutes include Tongji University, Harbin Institute of Technology, North China Electric Power University, Tsinghua
University, etc. include Universities and research institutes include Tongji University, Harbin Institute of Technology,
North China Electric Power University, Tsinghua University, etc.
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local traffic management administrations are also involved in facilitating hydrogen use in automobiles.
They handle the registration of hydrogen-based fuel cell vehicles and encourage the purchase of these
vehicles (Chengdu Government, 2020; Tianjin Government, 2020; Guangdong Government, 2018).

The local finance administrations play crucial roles in granting subsidies to or providing various funds
for hydrogen storage, technology innovation, the construction of hydrogen refueling stations, and the
manufacturing of hydrogen fuel cells (Chengdu Government, 2020; Tianjin Government, 2020;
Guangdong DRC, 2016; Foshan DRC, 2020a; Jiaxing Government, 2021; Shanghai Government,
2021). For instance, the municipal finance bureau of Chengdu has invested in industrial funds to sup-
port the development of hydrogen value chains. The local finance administration of Guangzhou, with
the support from the administrations of NDRC, MOST and MIIT, should help companies to diversify
funding sources (Guangzhou Government, 2020).

Several local administrative departments jointly govern the construction of hydrogen infrastructure.
As there has so far been no national regulation that governs hydrogen refueling stations, the local
governance of hydrogen refueling stations varies. Investors need to turn to different local administra-
tive departments to undergo various administrative procedures. These local administrative
departments usually include the local planning and natural resources administration, the local
branches of MHURD, the local gas administration, the local branches of the Ministry of Ecology and
Environment (MEE), and the local branches of SAC. These departments work together to review the
application for land permits for hydrogen-related infrastructure (Zhangjiakou Government, 2020;
Guangdong Government, 2018; Foshan Housing and Urban Design Administration, 2018; Fuzhou
Government, 2020; Shanghai Government, 2021; Weifang Government, 2019). Typically, the local
emergency management administration, the local branches of MHURD, NDRC, MEE and SAC are
responsible for the final approval of hydrogen refueling stations (Zhangjiakou Government, 2020;
Foshan Housing and Urban Design Administration, 2018; Fuzhou Government, 2020; Suzhou
Government, 2021). The local emergency management administration is also responsible for
drafting the safety rules of and standards for hydrogen refueling stations (Zhangjiakou Government,
2020).

3.3 The enabling environment for SOEs’ engagement
in the hydrogen sector

The potential promotion in the political career incentivizes the top management of SOEs to comply
with the Party’s policies (State Council, 2017; Lin & Milhaupt, 2013; Chen et al., 2020). This includes
the development of the hydrogen economy as well as promoting carbon neutrality and reducing
China’s reliance on foreign oil and gas supply by developing renewable-based hydrogen. To minimize
the cost of green hydrogen production, the local branches of State Grid or China South Power Grid are
expected to work with the local branches of NDRC to develop supportive electricity prices for hydro-
gen production, as stipulated in, for example, the Guidance on Promoting the High-Quality Develop-
ment of the Hydrogen Industry in Chengdu (2020) (Chengdu Government, 2020).

SOEs also cooperate with local administrations to implement their hydrogen development plans (KAS,
2022). According to the Implementation Plans of the Hydrogen Development Plan in Beijing (2021-
2025), electricity and energy SOEs will produce hydrogen at a large scale, build hydrogen infrastruc-
ture, and promote cross-region hydrogen transport in the Beijing-Tianjin-Hebei Region (Beijing Mu-
nicipal Bureau of Economy and Information Technology, 2021). This is embedded in the strategic
cooperation agreements of central electricity and energy SOEs with the governments of Hebei Prov-
ince, Beijing, and Tianjin (Beijing Municipal Bureau of Economy and Information Technology, 2021).
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The municipal government of Zhangjiakou worked with various SOEs, including China Energy In-
vestment Group Co., Hebei Construction and Investment Group Co. and Sinopec, to accelerate the
construction of hydrogen refueling infrastructure ahead of the Beijing Winter Olympics 2022 (Zhang-
jiakou Government, 2020; the District Government of Chongli in Zhangjiakou, 2021; Zhangjiakou
Government, 2020; NEA, 2021). Tianjin’s Hydrogen Development Plan (2020 — 2022) states that
SOEs should support the replacement of existing vehicles with hydrogen fuel cell vehicles (Tianjin
Government, 2020; Dalian Government, 2018; Guangdong DRC, 2016). Local governments in Dalian,
Tianjin and Guangdong Province provide SOEs with incentives for developing hydrogen fuel cell
vehicles (Dalian Government, 2018; Guangdong DRC, 2016; Tianjin Government, 2020). In Guang-
dong Province in the Pearl River Delta, the operation of fuel cell vehicles is exempted from the eval-
uation of SOEs’ business performance (Guangdong DRC, 2016) to give executives the ability to take
on riskier projects without endangering their career prospects (SASAC, 2016). Furthermore, local
branches of SASAC have encouraged SOEs to create industrial funds to attract private capital in areas
such as NEVs (Guangdong DRC, 2016; Jiaxing Government, 2021). Accordingly, similar to their roles
in the traditional energy sector, energy SOEs contribute to the implementation of hydrogen policies.
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4 Hydrogen-related
policy objectives

Promotion of the hydrogen sector in China dates back to 1986 and has strongly focused on fuel
cells and related refueling infrastructure. Policymaking at the local level is more advanced than
that at the central level. Before the issuance of the Mid-and-Long-Term Hydrogen Industrial De-
velopment Plan in March 2022, local governments had already issued hydrogen development
plans, mainly focused on fuel cell vehicles. The national hydrogen development plan identifies hy-
drogen’s broader role in decarbonizing energy consumption and contributing to achieving carbon
neutrality in hard-to-abate sectors, including the steel, transport and chemical industry. It aims to
produce 100,000 to 200,000 tons of renewable hydrogen per year by 2025 and aims to thereby
reduce 1 to 2 million tons of CO; emissions annually. Despite these ambitions to promote hydrogen
production from renewable power, the PRC Energy Law (Draft) does not distinguish different
forms of producing hydrogen. Hydrogen development plans adopted by local governments include
both ambitious goals to expand renewable hydrogen and plans to scale up conventional hydrogen
production in the chemical sector.

The plan also reconfirms China’s longstanding aim to promote fuel cell vehicles and related tech-
nologies. By 2025, the central government is targeting 50,000 fuel cell vehicles. Building hydrogen
refueling stations has figured in local hydrogen development plans since at least 2015. The role of
hydrogen for the decarbonization of industry has only recently been addressed by Chinese policy
makers. The national hydrogen development plan includes the aim to use renewable hydrogen as
a source of industrial heat and to replace fossil fuels in ammonia production, methanol production
and the refinery sector.

The hydrogen economy is also seen as an area with important potential for innovation and indus-
trial development. While the government has emphasized fuel cells and fuel cell vehicles in the past,
it has recently increased its attention to other segments of the hydrogen value chain. The national
hydrogen development plan aims to improve the efficiency of hydrogen production based on re-
newable energy and to scale up and increase the productivity of related production equipment. The
plan also stresses the importance of developing materials for hydrogen storage, which is viewed as
a potential bottleneck for the development of China’s hydrogen sector.

Finally, the hydrogen development plan has identified the development of technical standards as
an important priority. In 2020, the China Hydrogen Alliance had already issued the Standard and
Evaluation of Low-carbon Hydrogen, Clean Hydrogen and Renewable Hydrogen (2020), which
defines different types of hydrogen based on their production process and their CO; emissions. The
CO:; benchmarks for clean and renewable hydrogen are equivalent to those of European schemes,
while the benchmark for low-carbon hydrogen is significantly above the estimated CO; emission
intensity of hydrogen based on natural gas. These standards do not serve as the reference for any
government communication at this stage.
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The following section highlights China’s policy objectives and their evolution over time as they relate
to different segments of the hydrogen value chain as well as broader policies to decarbonize its energy
system, to diversify its energy mix, and to boost industrial development. To achieve carbon neutrality,
China aims to boost renewable hydrogen production and to utilize hydrogen for energy storage and
in fuel cell vehicles. The establishment of such hydrogen value chains also represents another eco-
nomic growth point and the chance of reforming China’s industrial structure.

4.1 General objectives for hydrogen development
in China’s Five-Year Plans

The promotion of developing fuel cells by the government dates back to 1986. In the past 15 years,
the hydrogen sector, with a particular emphasis on fuel cells and related refueling infrastructure, has
received increasing attention. In a first step in 2006, the State Council listed hydrogen storage and
transport as an emerging technology, according to the National Mid-and-Long Term Development
Plan of Science and Technology (2006-2020). The Planning for the Development of the Energy-Saving
and New Energy Automobile Industry (2012-2020) identified the importance of hydrogen production,
refueling, storage and transport as the basis for the development of fuel cell vehicles.

In a second major step, the /3th Industrial Development Plan of Strategic Emerging Industries (2016)
identified hydrogen production and storage and hydrogen refueling stations as strategic emerging in-
dustries, demonstrating the central government’s aim to pursue industrial leadership in the sector (State
Council, 2016). In this vein, the Action Plans of Energy Technological Revolution and Innovation
(2016-2030) adopted by NEA and MOST pointed out priority areas for the promotion of innovation
in the hydrogen sector (NDRC & NEA, 2016). The 13th Specific Plan of Scientific and Technological
Innovation in Transportation (2017) identified hydrogen fuel cell vehicles (MOST and MOT, 2017)
as well as hydrogen storage and refueling, both of which are important for the use of hydrogen fuel
cell vehicles, as policy priorities (MOST and MOT, 2017). The Governmental Work Report on Na-
tional Economic Development presented by State Council in 2019 promoted the construction of hy-
drogen refueling stations (State Council, 2019), attracting increasing attention from local governments.

In 2021, the Outline of the People’s Republic of China 14th Five-Year Plan for National Economic
and Social Development and Long-Range Objectives for 2035 (2021) highlighted the hydrogen indus-
try as a ‘future’ emerging industry and encouraged R&D in the field of hydrogen energy (The CPC
Central Committee & State Council, 2021a). In the same year, the 14" Five-Year Plan of Energy
Technology Innovation (2021) adopted by NEA and MOST updated the priority areas of hydrogen
technology innovation (NEA and MOST, 2021).

In addition to the active promotion of innovation in hydrogen technology, China has also shifted its
perception of hydrogen as a dangerous chemical to hydrogen as a form of energy for the reduction of
fossil-fuel use and for meeting carbon neutrality targets. Hydrogen will be officially recognized as an
energy carrier if the Energy Law of PRC (2020 Draft) comes into effect (NEA, 2020b). According to
the Working Guidance for Carbon Dioxide Peaking and Carbon Neutrality in Full and Faithful Im-
plementation of the New Development Philosophy (2021), developing hydrogen value chains will help
achieve the goal of accelerating the establishment of a clean, efficient, low-carbon and safe energy
system and will increase the supply of non-fossil fuels (The CPC Central Committee & State Council,
2021b). In the Notice by the State Council of the Action Plan for Carbon Dioxide Peaking Before
2030 (State Council, 2021), the State Council disclosed the goal of piloting the application of hydro-
gen in the chemical, metallurgy, transport and construction industry to reduce carbon emissions.
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Figure 5 Hydrogen-related Five-Year Plans and relevant targets since 2016

The 13t Industrial Development Plan of Strategic Emerging Industries (2016)

= Promote the development of the technology of on-board hydrogen storage,
hydrogen production and hydrogen refueling

= Advance the construction of hydrogen refueling stations
= Promote R&D for the hydrogen fuel engine

The 13t Specific Plan of Scientific and Technological Innovation in
Transportation (2017)

= Accelerate R&D for key equipment of fuel cell vehicles
= Advance the construction of hydrogen refueling facilities
= Promote R&D for hydrogen refueling and storage

Outline of the People’s Republic of China 14" Five-Year Plan for National
Economic and Social Development and Long-Range Objectives for
2035 (2021)

= Recognize the hydrogen energy industry as a ‘future industry’ and focus on the R&D
for hydrogen energy

The 14t Five-Year Plan of Modern Energy System (2022)

= Significantly improve innovation in hydrogen technology
= Formulate safety standards for hydrogen energy

Overcome the technological difficulties of hydrogen production based on renewable energy,
hydrogen storage, hydrogen use including hydrogen fuel cells

Promote the demonstration of hydrogen production based on solar and wind power
Encourage hydrogen use in stabilizing the use of renewable energy power

The 14t Five-Year Plan of Renewable Energy Development (2022)

= Promote green hydrogen production as a way of using renewable energy on
a large scale
" Promote green hydrogen use in transportation, the chemical industry and metallurgy

= Strengthen the technology innovation for electrolyzers

Source: Authors’ own, based on hydrogen-related five-year plans.
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The 14th Five-Year Plan of Modern Energy System (2022) provides additional details of hydrogen
development. It articulates the need for drafting safety standards for hydrogen as an energy carrier. It
also emphasizes the importance of producing hydrogen from renewable energy resources and of hy-
drogen as a storage medium in an energy system dominated by renewables (NDRC & NEA, 2022a).
This was reconfirmed in the Notice on the Implementation Plan of Developing New Energy Storage
During the 14th Five-Year Period (2022) and 14" Five-Year Plan of Renewable Energy Development
(NDRC et al., 2022) (see Figure 5 on the previous page for an overview of hydrogen-related targets in
China’s Five-Year Plans since 2016).

Finally, the Mid-and-Long-Term Hydrogen Industrial Development Plan published in March 2022
highlights the importance of hydrogen for developing a safe and climate-neutral energy supply and its
potential contribution to national economic development. According to the plan, hydrogen will help
decarbonize energy consumption and contribute to achieving carbon neutrality in hard-to-abate sec-
tors, including the steel, transport and chemical industry. Overcoming remaining technological barri-
ers in hydrogen value chains is seen as an opportunity to foster economic growth and low-carbon
industrial development. It further stresses the importance of international cooperation within the Belt
and Road Initiative (BRI) to foster hydrogen development and the advancement of technology and
safety standards in the sector (NDRC, 2022) (see Figure 6 on the following page for an overview of
the main goals of the plan).

4.2 Objectives for the development of hydrogen supply

China aims to increase the percentage of renewable hydrogen in its future energy system. In the 14"
Five Year Plan for a Modern Energy System (2022), NDRC and NEA announced that hydrogen pro-
duction from solar and wind power represented an important avenue for establishing a low-carbon
energy system (NDRC & NEA, 2022a). By 2025, China seeks to establish a hydrogen supply system
based on hydrogen from industrial by-products and renewable hydrogen to reduce 1 to 2 million tons
of CO; emissions annually (NDRC, 2022). The Mid-and-Long-Term Hydrogen Industrial Develop-
ment Plan explicitly advances renewable hydrogen, aiming to produce 100,000 to 200,000 tons of
renewable hydrogen per year by 2025 (NDRC, 2022). The plan does not make any reference to CCUS
technologies to reduce the carbon footprint of hydrogen production. According to the China Hydrogen
Alliance, China’s demand for hydrogen is predicted to reach 30 million tons by 2025, while the Beijing
municipal government anticipates that China’s demand for hydrogen could reach up to 60 million tons.
Therefore, renewable hydrogen can hardly meet a large portion of demand for hydrogen by 2025. By
2030, according to this national hydrogen development plan, China aims to establish a comprehensive
renewable hydrogen production and supply system (NDRC, 2022). After 2030, securities analyst pre-
dicts that renewable hydrogen industry will develop rapidly with corresponding cost reductions (Ever-
bright Securities, 2022a). By 2035, China’s hydrogen value chains are targeted to meet the increased
demand for climate-neutral hydrogen in transport, energy storage and industrial development (NDRC,
2022). According to the China Hydrogen Alliance, renewable hydrogen will represent 15 and 70 per-
cent of hydrogen supply, respectively by 2030 and 2050 (Everbright Securities, 2022b).

Before issuing the national hydrogen development plan, the Chinese government had already sup-
ported pilot city clusters for the promotion of fuel cell vehicles to explore options for renewable hy-
drogen production and to increase renewable hydrogen use in fueling automobiles (MOF et al., 2020a;
Chonggqing Economic and Information Commission, 2020). The 14" Five-Year Plan of Renewable
Energy Development (2022) further explains that renewable hydrogen production will be established
in places where the cost of generating renewable electricity is low and where there have been pilot
applications of hydrogen storage, transport and use (NDRC et al., 2022).
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Figure 6 The Mid-and-Long-Term Hydrogen Industrial Development Plan (2021-2035)

T Recognizes hydrogen energy as a crucial source of China’s future energy supply

Hydrogen use to decarbonize final energy consumption

Development of renewable electricity-based hydrogen

= 100,000~200,000 tons per year by 2025

Ensure the safe use of hydrogen

Use of hydrogen fuel cell vehicles

= 50,000 hydrogen fuel cell vehicles by 2025

Expansion of hydrogen use in the refinery and chemical industry and exploration of hydrogen
use in metallurgy

Support hydrogen as storage for solar/wind power and hydrogen fuel cells

Hydrogen infrastructure

= Explore the demonstration of hydrogen blending in gas pipelines or hydrogen pipelines
= Refurbish the current petrol-/gas-refueling stations into hydrogen refueling stations

Hydrogen industry as a strategic emerging industry

= Improve technology innovation, such as R&D for PEM fuel cells and increase the efficiency of

storing high-pressure gaseous hydrogen
= Formulate quality and safety standards for hydrogen production and use, standards for key
equipment, hydrogen refueling stations, hydrogen as energy carriers and fuel cell vehicles

International collaboration

® |nternational cooperation for equipment, technology and the formulation of global standards

® Strengthen cooperation in the Belt and Road Initiative

Source: Authors’ own, based on NDRC, The Mid-and-Long-Term Hydrogen Industrial Development
Plan (2021-2035) ( (A #er R REHKIHHERI (2021-2035 4£) ) ) (2022).

Despite these ambitions to promote hydrogen production from renewable power, the PRC Energy Law
(Draft) does not distinguish different forms of producing hydrogen. Moreover, both the central gov-
ernment and local governments refer to ‘hydrogen’ and ‘green hydrogen’ without explicitly defining
the terms. When referring to the use of hydrogen as a medium for storing renewable energy power, it
is implicitly clear that this translates into support for the development of renewable hydrogen produc-
tion. However, China’s hydrogen policy has yet to establish mechanisms to regulate the sources or
carbon footprint of hydrogen. This ambiguity is mirrored in plans at the local level.
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Hydrogen development plans adopted by local governments include both ambitious goals to expand
renewable hydrogen and plans to scale up conventional hydrogen production in the chemical sector.
The shares of renewable hydrogen production and production of hydrogen from other sources vary in
different regions. Renewables-rich provinces such as Sichuan Province emphasize the development of
renewable hydrogen. Coal-rich provinces or provinces that have mature chemical industries such as
Shandong Province and Shanxi Province still mainly pursue the production of hydrogen from coal or
industrial by-products. Provinces with both rich renewables and coal are developing hydrogen from
all sources, such as Ningxia Province and Autonomous Region of Inner Mongolia.

In terms of renewable hydrogen production, Beijing aims to launch demonstration projects for cou-
pling hydrogen and renewable energy production (Beijing Municipal Bureau of Economy and Infor-
mation Technology, 2021). Tianjin plans to produce hydrogen from renewable energy in an effort to
diversify hydrogen supply (Tianjin Government, 2020). Hebei provincial government has the goal of
establishing Zhangjiakou as a renewable hydrogen production base to integrate renewable energy
power into the power supply system (Hebei DRC, 2019; Zhangjiakou Government, 2019). In the
Yangtze River Delta, the Municipal People’s Government of Suzhou and the Municipal People’s Gov-
ernment of Shanghai have stated that they seek to produce hydrogen via wind or solar power (Suzhou
Government, 2018; Shanghai DRC, Shanghai Science and Technology Commission & Shanghai Eco-
nomic and Information Commission, 2017). In North China, Shandong Province aims to develop re-
newable hydrogen through PEM electrolysis and SO electrolysis powered by solar or wind power
(Shandong Government, 2020). Ningxia Province, where Ningdong base is located, promotes the use
of wind or solar power in hydrogen production (Ningxia Government, 2020). According to Ningxia
Provincial People’s Government, the base aims to produce 300,000 tons of renewable hydrogen during
the 14" five-year period, to facilitate its transformation from a coal-chemical industrial base to a low-
carbon energy base (Ningxia Government, 2021). The Autonomous Region of Inner Mongolia aims
to produce more than 480,000 tons of green hydrogen per year by 2025 (Inner Mongolia Energy Bu-
reau, 2022). This would represent 25 to 50 percent of the central government’s target for 2025. In the
Pearl River Delta, Foshan aimed to produce hydrogen from renewable energy (Foshan DRC, 2015). It
will launch solar-powered demonstration projects during the 14" five-year period (Foshan Govern-
ment, 2021). Shenzhen disclosed its objectives of producing hydrogen from PEM electrolysis and SO
electrolysis in its hydrogen development plan (2021-2025) (Shenzhen DRC, 2021). More specifically,
it seeks to produce hydrogen from offshore wind power plants in its special cooperative zone with
Shantou (Shenzhen DRC, 2021).

Despite these plans to expand the production of hydrogen from renewable power, local governments
identify hydrogen derived from industrial by-products as the primary source of hydrogen supply at the
current stage of developing hydrogen (Foshan DRC, 2020b; Changshu Government, 2021a). In line
with the national hydrogen development plan, local governments will continue to promote hydrogen
production from industrial by-products until at least 2025. The local governments of Yangtze River
Delta (e.g. Zhejiang Province and Jiangsu Province) (Changshu Government, 2021b; Zhejiang DRC,
Zhejiang Economic and Information Administration and Zhejiang Science and Technology Admin-
istration, 2019), Jiaxing located in Zhejiang Province (Jiaxing Government, 2021), Beijing and Hebei
provinces (Beijing Municipal Bureau of Economy and Information Technology, 2021; Hebei DRC,
2019) as well as Shandong Province and Ningxia Province (Shandong Government, 2020; Ningxia
Government, 2020) seek to increase their production of hydrogen from chemical by-products. Tianjin
plans to supply hydrogen from chlor-alkali (Tianjin Government, 2018; Shandong Government, 2020;
Ningxia Government, 2020), while, in the Pearl River Delta, Foshan aims to increase production of
hydrogen from polypropylene (Foshan DRC, 2020b). Although the national hydrogen development
plan does not highlight the use of CCUS in hydrogen production, Shandong Province and Shenzhen
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disclosed their targets of developing CCUS technology for hydrogen production (Shandong Govern-
ment, 2020; Shenzhen DRC, 2021). Additionally, Shandong Province, Shenzhen and Foshan also aim
to produce hydrogen from nuclear power, given existing nuclear capacities in the province (e.g.
Guangdong Daya Bay Nuclear Power Plant in Shenzhen).

4.3 Developing hydrogen transport and storage infrastructure

As outlined in the previous section, China has a longstanding policy aimed at promoting hydrogen
refueling infrastructure and related technological innovation to support the development of fuel cell
vehicles. In 2016, the Society of Automotive Engineers of China stated that China aimed to establish
300 hydrogen refueling stations by 2025 and 1000 hydrogen refueling stations by 2030 (China Society
of Automotive Engineers, 2017). In 2020, the Society of Automotive Engineers of China was more
ambitious about the construction of hydrogen refueling stations, aiming at 1000 and 5000 hydrogen
refueling stations in service by 2025 and 2050, respectively (China Society of Automotive Engineers,
2020). NDRC and NEA have recently reemphasized the aim to promote construction of hydrogen
refueling facilities (NDRC & NEA, 2022b). The national hydrogen development plan also promotes
the conversion of existing petrol and gas-refueling stations and explores the possibility of building
hydrogen refueling stations with on-site hydrogen production (NDRC, 2022).

Recent policy documents have also articulated broader policy objectives, encompassing additional
dimensions of hydrogen storage and transport, though still focused primarily on enabling hydrogen
use in the transport sector. The Industrial Development Plans of New Energy Vehicles (2021-2035)
and the national hydrogen development plan aim to promote the pilot application of storing and trans-
porting solid hydrogen, high-temperature gaseous hydrogen, cryogenic gaseous hydrogen, and low-
temperature liquid hydrogen (State Council, 2020a). The national hydrogen development plan also
promotes the use of existing oil and gas transport pipelines for hydrogen transport, i.e. via blending in
gas pipelines or conversion of oil and gas pipelines for hydrogen transport (NDRC & NEA, 2022b;
NDRC, 2022).

Building hydrogen refueling stations has also figured in local hydrogen development plans since at
least 2015 (Ling et al., 2019; Foshan DRC, 2015). Table 3 on the following page provides an overview
of targets for the construction of hydrogen refueling stations in Chinese cities and provinces. To lower
the cost of building and operating hydrogen refueling stations, local governments have promoted the
repurposing of existing petrol and gas stations and encouraged combined services of petrol, gas, hy-
drogen and electricity supply (Zhejiang DRC, Zhejiang Economic and Information Administration &
Zhejiang Science and Technology Administration, 2019; Shandong Government, 2020; Chongqing
Economic and Information Commission, 2020; Hebei DRC, 2019; Guangdong Government, 2018).
The city cluster of the Yangtze River Delta (including Shanghai, Suzhou and Changshu) propose the
refurbishment of oil and gas refueling stations owned by CNPC and Sinopec into hydrogen refueling
stations (Suzhou Government, 2018; Changshu Government, 2021a; Shanghai DRC, Shanghai Sci-
ence and Technology Commission & Shanghai Economic and Information Commission, 2021). In the
Pearl River Delta, almost 70 percent of the total volume of hydrogen refueling stations in Foshan will
be repurposed from petrol-refueling stations (Foshan DRC, 2020b).
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Table 3 Local-level targets for the expansion of hydrogen refueling stations

Industrial Clusters Provinces/Cities Target for building

hydrogen refueling
stations (by 2025)

Yangtze River Delta Changshu 4
Ningbo 10-15
Jiaxing 20
Shanghai 70
Beijing-Tianjin-Hebei Beijing 37
Region Hebei province 50
Pearl River Delta Foshan 30
Guangzhou >50
Shenzhen 10
Maoming >10
Hydrogen Corridor in Henan province >80

Henan province

Ningdong Energy and Ningxia province 1-2
Chemical Base

Source: Authors’ own, based on hydrogen development plans issued by local governments.

A number of provincial or municipal governments have also been promoting various storage and
transport solutions, including high-temperature gaseous hydrogen, solid hydrogen and low-tempera-
ture liquid hydrogen storage (Beijing Municipal Bureau of Economy and Information Technology,
2021; Changshu Government, 2021b; Jiaxing Government, 2021; Shanghai DRC, Shanghai Science
and Technology Commission & Shanghai Economic and Information Commission, 2021; Shandong
Government, 2020; Hebei DRC, 2019). While the national hydrogen development plan does not ad-
dress questions of hydrogen trade in China, the municipal governments of Qingdao (a coastal city in
Shandong Province near Beijing-Tianjin-Hebei region), Ningxia and Foshan stated that, in the long
term, they seek to build networks to enable the trade of hydrogen both within and across regions in
China (Qingdao DRC, 2020; Foshan Government, 2021; Ningxia Government, 2021). Qingdao also
articulated the objective of creating a trading platform and developing a regime for hydrogen transac-
tions and pricing (Qingdao DRC, 2020). However, these cities have not given details of potential do-
mestic hydrogen trade (e.g. a certification regime). Similarly, the Changshu municipal government
aims to collaborate with the municipal governments of Nanjing, Ningbo and Shanghai to develop a
hydrogen network in the Yangtze River Delta (Changshu Government, 2021a). Overall, local govern-
ments appear to be more advanced in their efforts to promote domestic hydrogen trade than the central
government.
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4.4 Expanding hydrogen use

According to the national hydrogen development plan, hydrogen energy plays an important role in
decarbonizing energy end-use, and its use should be promoted in transport, the power sector and in-
dustrial production (NDRC, 2022). In the following, specific goals are detailed for these various sub-
sectors.

4.4 .1 Transport

The State Council’s strategy for the new energy automotive industry from 2012 to 2020 formulated
the aim of developing a China’s hydrogen-fueled vehicle industry in tandem with developments in the
rest of the world (State Council, 2012). In 2020, the central government launched pilot applications of
mid- to long-distance commercial fuel cell vehicles in hydrogen industrial clusters (e.g., Beijing and
Shanghai) (MOF et al., 2020a). The Mid-and-Long-Term Hydrogen Industrial Development Plan
(2021-2035) (2022) highlights that in the transport sector, hydrogen will first be used to fuel hydrogen
fuel cell commercial heavy vehicles and will then be gradually used to fuel hydrogen fuel cell passen-
ger vehicles. By 2025, the number of hydrogen fuel cell vehicles should reach around 50,000 (NDRC,
2022). The Society of Automotive Engineers of China stated in 2016 that the production capacity for
commercial hydrogen fuel cell vehicles should reach approximately 100,000 units and the deployment
should reach 1 million units by 2030 (China Society of Automotive Engineers, 2017). In 2020, the
deployment target for commercial fuel cell vehicles was postponed to 2035 (China Society of Auto-
motive Engineers, 2020).

In addition, the national hydrogen development plan articulates the aim to expand hydrogen use in
shipping or aviation (China Society of Automotive Engineers, 2017). Although there are no further
details of developing hydrogen-fueled shipping, in May 2022, China’s first hydrogen-fueled ship
‘Three Gorges Hydrogen Boat 1° started its inspection process with China Classification Society
(FuelCellsWorks, 2022). Similarly, in 2017, China tested its first hydrogen-fueled aircraft (Sohu,
2017).

As already indicated above, local governments have been active players in the promotion of hydrogen
fuel cell vehicles (Maoming Government, 2020; Beijing Municipal Bureau of Economy and Infor-
mation Technology, 2021). Before the national policy for the pilot application of fuel cell vehicles was
launched in 2020, the provincial government of Guangdong and Zhejiang, and the municipal govern-
ment of Suzhou had already formulated targets for the development of fuel cell vehicles (Guangdong
Government, 2018; Zhejiang DRC, Zhejiang Economic and Information Administration & Zhejiang
Science and Technology Administration, 2019; Suzhou Government, 2018). The municipal govern-
ments of Chongqing, Shanghai and Changshu, and the provincial governments of Ningxia and Henan
joined them after the launch of the central government’s initiative, focusing on buses and heavy trucks
for logistics (Chongging Economic and Information Commission, 2020; Ningxia Government, 2021;
Shanghai DRC, Shanghai Science and Technology Commission and Shanghai Economic and Infor-
mation Commission, 2021; Changshu Government, 2021b; Foshan DRC, 2020b; China Center for
International Economic Exchanges, 2021). Table 4 on the following page presents the number of
hydrogen fuel cell vehicles the relevant cities aim to use by 2025.
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Table 4: Local government targets for the promotion of hydrogen fuel cell vehicles

Industrial Clusters

Target volume for

hydrogen fuel cell vehicles
(by 2025)

Yangtze River Delta

Beijing-Tianjin-Hebei
Region

Hydrogen Corridor in

Ningbo
Jiaxing
Shanghai
Beijing
Hebei province

Henan Province

600-800 (by 2022)

1,500
More than 10,000
More than 10,000
10,000
More than 5,000

Henan province

Pearl River Delta Foshan 30,000
Maoming 600

Source: Authors’ own, based on hydrogen development plans issued by local governments.

4.4.2 Renewable hydrogen use in the power system

Stabilizing variable renewable power through hydrogen storage is an important area of application,
due to its role in decarbonizing energy consumption. According to the 14" Five-Year Plan of Modern
Energy System (2022), hydrogen is envisioned to help increase the share of renewable energy in
China’s power system (NDRC & NEA, 2022a). The Mid-and-Long-Term Hydrogen Industrial Devel-
opment Plan (2021-2035) (2022) states that China will explore and foster ‘energy storage via hydrogen
energy and wind or solar power.” (NDRC, 2022). The national hydrogen development plan also pro-
motes hydrogen fuel cells as back-up power supply in areas such as data centers or communication
stations. Hydrogen energy is also planned for use in distributed power and heat supply in residential
areas, industrial parks, mining areas and ports (NDRC, 2022). NDRC and NEA further introduce that
there will be demonstration projects for the use of hydrogen-based storage for balancing variable re-
newable power generation (NDRC & NEA, 2022a; Yang et al., 2021; Li et al., 2021). According to
the Notice on the Implementation Plan of Developing New Energy Storage During the 14th Five-Year
Period (2022), NDRC and NEA aim to establish Zhangjiakou, located in Hebei Province, as a pilot
region for this purpose (NDRC & NEA, 2022c).

At the local level, Shandong Province aims to launch pilot projects for storing surplus renewable power
in the form of hydrogen and to establish combined renewable energy power and hydrogen energy
storage systems (Shandong Government, 2020). Tianjin also aims to use hydrogen as seasonal energy
storage in the renewable energy power system (Tianjin Government, 2020). Guangzhou aims to a pilot
renewable-hydrogen peak-shaving power station by 2022 (Guangzhou DRC, 2020a). Furthermore,
dating back to 2018, Beijing, Suzhou and Foshan have already disclosed their objectives of accelerat-
ing the application of distributed hydrogen energy storage systems in buildings or industrial parks to
enable the increasing use of renewable power (Beijing Municipal Bureau of Economy and Information
Technology, 2021; Suzhou Government, 2018; Foshan DRC, 2020b; Shenzhen DRC, 2021). More
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specifically, Beijing aims to build a distributed power supply system (>= 10MW) by 2025 (Beijing
Municipal Bureau of Economy and Information Technology, 2021). Suzhou aims to broaden hydrogen
use in power supply for residential use (Suzhou Government, 2018). Zhejiang Province and Foshan
located in Guangdong Province also explore the ways of using hydrogen fuel cells as back-up power
for communication stations (Zhejiang DRC, Zhejiang Economic and Information Administration &
Zhejiang Science and Technology Administration, 2019; Foshan DRC, 2020b).

4.4.3 Hydrogen for the decarbonization of industry

The role of hydrogen for the decarbonization of industry has only recently been addressed by Chinese
policy makers. Beginning in 2021, China has formulated goals to use hydrogen to decarbonize the
steel industry and the chemical industry (Zhao et al., 2015). According to the Notice by the State
Council of the Action Plan for Carbon Dioxide Peaking Before 2030 (2021) and the Mid-and-Long-
Term Hydrogen Industrial Development Plan (2021-2035), steel companies are expected to explore
the use of renewable hydrogen to reduce carbon dioxide emissions. Since 2022, NDRC and NEA aim
to support the coupling of the coal-chemical industry and green hydrogen development and to promote
the use for renewable hydrogen as raw materials in chemicals production (NDRC & NEA, 2022a).
The Implementation Plan of Carbon Peaking of Industry (2022) recognizes hydrogen as low-carbon
energy or a low-carbon raw material in decarbonizing the steel industry, the construction industry and
the transport industry (MIIT et al., 2022).

According to the Mid-and-Long-Term Hydrogen Industrial Development Plan (2021-2035), the Chi-
nese government aims to use renewable hydrogen as a source of industrial heat and to replace fossil
fuels in ammonia production, methanol production and refinery. Prior to the encouragement given by
the national hydrogen development plan, there have been pilot projects for the use of renewable hy-
drogen in the chemical industry. For instance, Ningxia Baofeng Energy at Ningxia Energy and Chem-
ical Base produced 13,000 tons of methanol using renewable-based electricity in 2021 (Li et al., 2022).
Additionally, according to the Implementation Plan of Carbon Peaking of Industry (2022), MIIT,
NDRC and MEE aim to develop the technology to enable the use of hydrogen for the decarbonization
of the cement industry (MIIT et al., 2022).

At the local level, Shandong and Ningxia provinces have articulated plans for hydrogen use for the
decarbonization of industry. Shandong Province aims to use hydrogen fuels to power mining machin-
ery (Shandong Government, 2020). The 14" Five-Year Plan of Ningxia Province highlights that re-
newable hydrogen will increasingly be used in the production of chemical products, such as methanol,
and for the upgrading of the coking industry in the Ningdong Energy and Industrial Base (Ningxia
Government, 2021). Hydrogen will be used as a feedstock in the refining of coking crude benzol and
coal tar hydrogenation, thus helping to increase the rate of resource conversion and to enhance the
competitiveness of the coking industry (Ningxia Government, 2021).

4.5 Promotion of innovation and industrial development in the
hydrogen sector

The hydrogen economy is also seen as an area with important potential for economic growth (Sun &
Yang, 2021); Yang & Gao, 2020). Overcoming technological bottlenecks of related core technology
and key manufacturing equipment is considered important for its economic development (NDRC,
2022). The following section provides an overview of key objectives and priority areas for promoting
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innovation and industrial development in China’s hydrogen sector, first at the central and then at the
local level.

4 .5.1 At the central level

The Chinese government first started to promote hydrogen-related technologies in its State Plan of
High Technology Research and Development, issued in 1986 (The CPC Central Committee & State
Council, 1986; MOST, 2010; Li & Song, 2021). It stepped up its efforts in the National Mid-and-Long
Term Development Plan of Science and Technology of 2005 (State Council, 2005). An important pri-
ority at this stage was the promotion of R&D and manufacturing of hydrogen fuel cells. Therefore, in
2017 and 2020, the State Council, together with MOST and MOT, reiterated the need for R&D in fuel
cells (MOST & MOT, 2017; State Council, 2020b). In 2021, the central government advanced the
innovation and manufacturing of key elements of hydrogen fuel cells (NDRC, 2021). The national
hydrogen development plan encourages the development of PEM fuel cells, specifically.

China is also increasingly focusing on R&D in the field of electricity-based hydrogen production to
achieve corresponding supply targets. Initially, the National Mid-and-Long Term Development Plan
of Science and Technology (2005) highlighted the importance of advancing the technology for pro-
ducing hydrogen from both renewable energy and fossil fuels (including coal gasification) in an effi-
cient and cost-effective manner. The Action Plans of Energy Technological Revolution and Innovation
(2016-2030) promoted innovation in the field of hydrogen purification for its production from indus-
trial by-products. With the State Council’s strategy document, Energy in China’s New Era (2020), the
focus shifted to advancing technologies for producing hydrogen from electricity (State Council,
2020b). The Mid-and-Long-Term Hydrogen Industrial Development Plan (2021-2035) (2022) aims to
improve the efficiency of hydrogen production based on renewable energy and to scale up and increase
the productivity of related production equipment (NDRC, 2022). NDRC also aims to advance R&D
in various electrolyzer technologies, including SO electrolysis, hydrogen production from sea water
and hydrogen production from nuclear energy (NDRC, 2022; NDRC et al., 2022). In its 2022 working
plan, NEA aims to advance the demonstration of renewable hydrogen production and to support the
commercial application of hydrogen technology (NEA, 2022).

Over time, hydrogen storage and transport has been recognized as another important technological
bottleneck for China’s hydrogen development. Therefore, the national hydrogen development plan
stresses the importance of developing materials for hydrogen storage. As stated by the Action Plans of
Energy Technological Revolution and Innovation (2016-2030), hydrogen refueling stations are con-
sidered a crucial element in this field, as they can enable distributed hydrogen production and thus
reduce the need for transport over longer distances. The 13th Specific Plan of Scientific and Techno-
logical Innovation in Transportation (2020) promotes the manufacturing of equipment for high-pres-
sure hydrogen storage and refueling (i.e. at 70 MPa)(MOST & MOT, 2017). The [4th Five-Year Plan
of Energy Technology Innovation seeks to advance the innovation and manufacturing of hydrogen
pipelines and hydrogen refueling stations with varying levels of compression (e.g. 70MPa hydrogen
dispenser, 45MPa/90MPa compressor and the key element of 35MPa/70MPa hydrogen refueling
equipment). It also supports R&D in the fields of hydrogen cracking, low-temperature absorption,
hydrogen leakage and hydrogen deflagration in storage and transport (NDRC & NEA, 2022¢; NDRC
& NEA, 2022a).

In addition to the R&D initiated by China’s domestic energy companies, since 2019, NDRC and the
Ministry of Commerce (MOFCOM) have encouraged foreign companies to manufacture hydrogen-
related technology and equipment in China (NDRC & MOFCOM, 2019; NDRC & MOFCOM, 2020).
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This means that foreign companies receive preferential treatment when developing related projects,
such as financial rewards in the case of Guangdong Province or simplified administrative procedures
(Gong & Boute, 2021). This has facilitated agreements, such as the MoU signed by Sinopec and French
Air Liquide for the joint construction of the West Shanghai petrol-hydrogen refueling station (Reuters,
2019b). In this venture, the French company is contributing its expertise in the construction of hydro-
gen refueling stations (Reuters, 2019b). Finally, hydrogen-related innovation and industrial develop-
ment is also considered a promising field for economic development in West China, given its abundant
renewable energy resources. The Catalogue of Encouraged Industries in West China issued in 2020
encouraged the manufacturing of hydrogen-related equipment, including key equipment for hydrogen
refueling stations and fuel cells.

Figure 7 on the following page provides an overview of hydrogen-related targets in the realm of tech-
nology and innovation at the central level.

4.5.2 At the local level

Local governments are engaging in the promotion of innovation and the manufacturing of hydrogen
fuel cells as well as electrolyzers, with a particular emphasis on the former (Ling et al., 2019; Foshan
DRC, 2015; Ningxia Government, 2020). Cities located in the Yangtze River Delta aim to establish a
world-class fuel cells manufacturing cluster (Zhu et al., 2021). For instance, Changshu Municipal Peo-
ple’s Government has issued a specific development plan for hydrogen fuel cells (Changshu Gov-
ernment, 2021b). These cities have focused on manufacturing electric pile, bipolar plates, PEM fuel
cell engines, fuel cell stacks and membrane electrodes and other key elements of fuel cells (Changshu
Government, 2021b; Shanghai DRC, Shanghai Science and Technology Commission & Shanghai
Economic and Information Commission, 2021; Ningbo Government, 2019; Jiaxing Government,
2021)). Since 2019, Zhejiang Province aims to develop the technology of fuel cell stacks, on-board
hydrogen supply systems, PEM, and fuel-cell power generation plants (Zhejiang DRC, Zhejiang Eco-
nomic and Information Administration & Zhejiang Science and Technology Administration, 2019;
Tianjin Government, 2018). In the Beijing-Tianjin-Hebei Region, Beijing and Tianjin both aim to
advance the technological development of fuel cells (Beijing Municipal Bureau of Economy and In-
formation Technology, 2021; Tianjin Government, 2018). In the Pearl River Delta, Foshan aims to
become a leading R&D and manufacturing base for hydrogen fuel cells (e.g., PEM and bipolar plate)
and hydrogen fuel cell vehicles (Foshan DRC, 2015). Guangzhou aims to overcome technological
bottlenecks in the field of low-platinum catalysts, PEM, carbon paper for use in fuel cells, metal bipo-
lar plates, membrane electrodes and equipment for hydrogen storage (Guangzhou DRC, 2020b). In
North China, Weifang in Shandong Province has also explored the development of on-board hydrogen
storage systems since 2019 (Weifang Government, 2019).

In the sphere of hydrogen production, Beijing supports technology development in the field of PEM
electrolysis and SO electrolysis systems and seek to improve the efficiency of alkaline electrolysis
(Beijing Municipal Bureau of Economy and Information Technology, 2021). In the Yangtze River
Delta, Changshu has the objective of improving the efficiency of water electrolysis powered by solar
power (e.g. SO electrolysis systems) (Changshu Government, 2021b). It also seeks to promote re-
search on reversible hydrogen electrolysis (Changshu Government, 2021b). Jiaxing aims to support
R&D of electrolysis, solar photocatalytic electrolysis and pyrolysis (Jiaxing Government, 2021). Sim-
ilarly, in its hydrogen development plan, Ningbo states that it will support the manufacturing of equip-
ment for purifying hydrogen from industrial by-products and for electrolysis (Ningbo Government,
2019).
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Figure 7 Central-level targets for hydrogen-related technology and innovation (according to the 14" Five-Year

Plan of Energy Technology Innovation)

Renewable electricity-based hydrogen production

= Achieve technological breakthroughs in renewable electricity-based hydrogen production
through PEM and SO electrolyzers

= Start basic research for solar water splitting, thermochemical cycle water splitting,

hydrogen production from low-heating carbon materials

Establish demonstration projects for the most efficient hydrogen production systems,

renewable energy-fuel cells coupling system, hydrogen production based on off-grid

renewable energy, various application areas of renewable electricity-based hydrogen

Hydrogen storage and transportation

= Achieve technological breakthroughs in 50Mpa gaseous hydrogen cylinders, long-distance
hydrogen transportation, safe and efficient storage and transportation of liquid and
solid hydrogen;
Establish demonstration projects for hydrogen pipelines, hydrogen blending in gas pipelines,
and manufacturing the equipment of liquifying and storing hydrogen

Hydrogen refueling

= Demontration projects for 70MPa hydrogen dispensers, 45MPa/90MPa compressors and
35MPa/70MPa hydrogen refueling facilities

Fuel cells

= R&D for PEM, SO and microbial fuel cells

= Demontration projects for stationary fuel cell power and fuel cell use in distributed energy
supply

:

Safe use of hydrogen

= R&D on detecting hydrogen leaks

Source: Authors’ own, based on NEA and MOST, The 14th Five-Year Plan of Energy Technology
Innovation ( § “1DUF” BRIRSUREHLAEH LD ) (2021).

4.6 Advancing the formulation of hydrogen standards

In 2020, the China Hydrogen Alliance issued the Standard and Evaluation of Low-carbon Hydrogen,
Clean Hydrogen and Renewable Hydrogen (2020). The standards are likely to determine the future
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eligibility of hydrogen projects for receiving financial support (discussed further in section 5), al-
though the government has not officially referred to the standard in any of its recent policy
documents. The drafting parties include crucial energy companies, such as the hydrogen technology
subsidiary of China Energy, the sales subsidiary of Sinopec, State Grid, important manufacturing
companies such as the Chinese branch of Air Liquide, and certification institutions or companies,
such as Shanghai Environment and Energy Trade Center and Shenzhen CTI International
Certification Co.

According to the document, low-carbon hydrogen should not exceed 14,51 kilograms of CO, emis-
sions per kg of hydrogen, while clean and renewable hydrogen should not exceed 4,9 kilograms of
CO; emissions per kilogram of hydrogen (see Table 5 below). The standard for clean hydrogen roughly
equates to the benchmark of 36,4g of CO, per MJ for low-carbon hydrogen set by the European Cer-
tifHy scheme (assuming an energy density of 120 to 140 MJ per kilogram of hydrogen). The Chinese
benchmark for low-carbon hydrogen exceeds even the estimated emissions of hydrogen produced from
natural gas via steam methane reforming (referred to as gray hydrogen). The emissions benchmarks
should be quantified using a lifecycle approach, which takes into account the raw material acquisition
phase, the transport phase of raw materials, the phase of production, on-site storage and transport of
hydrogen energy. For coal- and natural gas-based hydrogen this includes the stage of coal and gas
extraction and transport, respectively. For electricity-based hydrogen, the assessment begins with the
production of electricity. Neither low-carbon nor clean hydrogen is subject to any restrictions in terms
of the process of hydrogen production and may in principle include hydrogen production from any
source. Renewable hydrogen is considered a sub-category of clean hydrogen with the added require-
ment that the hydrogen should be produced via electrolysis with renewable energy. The latter may be
produced on-site or may be purchased via an eligible certificate program.

Table 5 CO: emissions standards for low-carbon, clean and renewable hydrogen issued by China’s Hydrogen

Alliance

_ Low-carbon hydrogen Clean hydrogen Renewable hydrogen

Maximum 14.51 kg 4.9 kg 4.9 kg
CO, emissions per
kilogram of hydrogen

Hydrogen Not required Not required Required
production from
renewable energy

Source: Authors’ own, based on China Hydrogen Alliance, Standard and Evaluation of Low-carbon
Hydrogen, Clean Hydrogen and Renewable Hydrogen ( {flKikE JEIEE 57 A REIR A MIAR
HPE) ) (2020)

In addition, the central government aims to gradually establish a system of hydrogen technology and
safety standards. The Mid-and-Long-Term Hydrogen Industrial Development Plan (2021-2035)
(2022) highlights the importance of establishing a system of hydrogen industrial standards for different
segments of the hydrogen value chain from production to different areas of application (NDRC, 2022).
Dated back to 2005, SAC issued national standards for hydrogen production from electrolysis (SAC,
2005). The formulation of standards for storage and applications mainly focused on fuel cells at this
stage (China National Institute of Standardization, 2022). Since 2020, MIIT has already initiated the
formulation of standards for on-board hydrogen supply systems, hydrogen refueling nozzles, refueling
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receptacles, air compression and communication protocols for refueling of fuel cell vehicles (MIIT,
2020c; MIIT, 2021). MIT published the Standard of fuel cell electric vehicles-Hydrogen refueling
nozzle in 2020 (SAC, 2020) and its draft of Compressed hydrogen dispenser for vehicles for collecting
public opinions in 2021 (China National Institute of Standardization, 2021). In 2021, to regulate the
design and the construction of hydrogen refueling stations, MHURD revised the technical regulations
for hydrogen refueling station, regarding location and equipment, issued in 2010 (MHURD, 2021). In
the same year, SAC issued the Fuel Specification for Hydrogen Powered Vehicles—Liquid Hydrogen
(SAC, 2021a), the Technical Specification for Liquid Hydrogen Production Systems (SAC, 2021b),
and Technical Requirements for Storage and Transportation of Liquid Hydrogen (SAC, 2021c).

The Chinese government has also formulated goals for engaging in international cooperation on hy-
drogen standards, mainly in the sphere of technological standards at this stage (NDRC & NEA, 2022a).
In 2020, MIIT announced its intention to work with international organizations to formulate the rules
governing fuel cell vehicles and to design related standards (MIIT, 2020a). MIIT also aims to deepen
collaboration with the EU, Germany, France, Japan and APEC on formulating standards for fuel cell
vehicles (MIIT, 2020a). In the Mid-and-Long-Term Hydrogen Industrial Development Plan (2021-
2035) (2022), NDRC emphasizes the importance of advancing international cooperation on standards
for core hydrogen technology, equipment and materials (NDRC, 2022) At the local level, the govern-
ment of Qingdao has encouraged companies and research institutes to join the Hydrogen Council, the
International Hydrogen Fuel Cell Association (IHFCA) or other international hydrogen organizations
to participate in the formulation of standards and rules (Qingdao DRC, 2020). Hydrogen cooperation
may also figure more prominently in the BRI in the future (China Center for International Economic
Exchanges, 2021). Via the BRI, MIIT aims to promote China’s standards for NEVs, including hydro-
gen fuel cell vehicles, among Association of Southeast Asian Nations (ASEAN) and Central Asian
states (MIIT, 2020a).
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5 Support policies for
hydrogen development

The Mid-and-Long-Term Hydrogen Industrial Development Plan (2021-2035) encourages invest-
ment in the hydrogen sector. The Green Industry Guidance (2019) and the Notice of Issuing the
Catalogue of Projects Supported by Green Bonds (2021) specify the following hydrogen projects
as eligible for financial support: clean hydrogen production; hydrogen refueling stations; hydro-
gen storage facilities; hydrogen fuel cells;, hydrogen fuel cell vehicles; and gaseous hydrogen
blending into gas pipelines. This implies that investments in these areas may receive support via
support schemes, like preferential loans, subsidies, industrial funds, preferential tax treatment,
green bonds and potential financial incentives via the carbon trading market. A number of local
governments have actively encouraged the establishment of industrial funds to finance hydrogen
projects. The national hydrogen development plan also proposes ‘supportive electricity prices’ for
hydrogen production based on renewable energy, which have already been in place in a number of
localities.

Beyond the general investment support for hydrogen-related technologies, the Chinese government
has implemented a range of instruments to support the manufacturing and deployment of fuel cell
vehicles as well as related infrastructure, i.e. hydrogen refueling stations. To create demand for
hydrogen fuel cell vehicles, the central government has granted subsidies to consumers who pur-
chase hydrogen fuel cell vehicles. In addition, the central government announced a pilot city re-
wards scheme in 2020, which is intended to replace consumer subsidies in selected jurisdictions.
Such pilot city schemes have been in place for the promotion of hydrogen refueling stations since
2014. Participating cities receive funding to support the manufacturing of equipment for refueling
stations. The funds cannot be provided as direct subsidies for the construction of refueling
stations. However, the participating cities provide local resources for this purpose. In addition to
direct consumer subsidies and pilot city schemes, the central government has supported fuel cell
vehicles via its Dual Credit Policy for new energy vehicles (NEVs). This provides automakers with
credits when they exceed production targets for NEVs, which can compensate for deficits in meeting
fleet-based fuel consumption targets.

Finally, China’s emission trading scheme (ETS) is designed to decarbonize the carbon-intensive
sectors of the national economy by pricing related carbon emissions According to the Industrial
Development Plans of New Energy Vehicles (2021-2035), the State Council aims to stimulate au-
tomobile companies to develop NEVs, including hydrogen fuel cell vehicles, by expanding the ETS
to fuel consumption in the transport sector. Similarly, the development of hydrogen in other sectors
could benefit from the possible expansion of the ETS to the refinery, petrol-chemical, steel, paper,
and cement industry. In addition, the ETS can contribute to the development of renewable hydrogen
under the Chinese Certified Emissions Reductions scheme (CCER). The CCER regime is a supple-
ment to the national ETS, consisting in the creation of offset allowances based on emission reduc-
tion projects (e.g. in the field of renewable energy).
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This section provides a detailed review of various policy instruments in support of the hydrogen sector
and their application to date. It begins with a review of R&D funding and different forms of investment
support. This is followed by an overview of rewards and subsidies for fuel cell vehicles and refueling
stations, the most significant area of support to date.

5.1 R&D support for hydrogen technologies from the
central government

Although the national hydrogen development plan clearly articulates the aim of building and improv-
ing hydrogen-related technological capacities, it does not establish specific support mechanisms for
hydrogen R&D. Nevertheless, hydrogen R&D benefits from a range of more general R&D funding
regimes. According to the /4th Five-Year Plan of Energy Technology Innovation (2021), the central
government will support a range of hydrogen-related technologies (see Figure 7 on page 46). While
the plan does not define any particular financial allocation, this implies that major funding programs
like the National High-tech R&D program (863 Program) and the National Key Technologies R&D
program may include support for hydrogen-related technologies (State Council, 2014b). In this vein,
the National Natural Science Foundation of China (NSFC) issued a specific funding regime (2023-
2025) for efficient hydrogen production from fossil fuels, off-grid renewable hydrogen production and
underground hydrogen storage (BJX, 2022b). The central government has also created a special pro-
gram for supporting the development of hydrogen-related technologies (State Council, 2014b). In 2021,
the key program for ‘Hydrogen Technology’ supported seventeen projects focusing on fuel cells, re-
newable hydrogen production and electrolyzers, hydrogen storage and hydrogen pipelines and hydro-
gen blending in gas pipelines (MOST, 2021b). Secondly, the central government may incentivize com-
panies to invest in hydrogen-related technology innovation through different mechanisms, including
investments in venture capital funds for emerging industries, the National S&T Achievements Dis-
semination Program and the TORCH Program (State Council, 2014b). Finally, in the pilot city reward
regimes for fuel cell vehicles (as introduced below), the central government allocates funds to selected
local governments, for the purpose of commercializing and industrializing the key technologies rele-
vant for fuel cells and fuel cell vehicles.

5.2 Investment support via green corporate bonds, industrial funds,
preferential tax treatment and reduced electricity prices

The Mid-and-Long-Term Hydrogen Industrial Development Plan (2021-2035) (2022) encourages
investment in the hydrogen sector. It indicates its support for banks to grant loans without damaging
their financial viability, encourages industrial funds to invest in emerging hydrogen companies and
encourages hydrogen companies to raise financing from capital markets. The national hydrogen deve-
lopment plan does not provide specific guidance on which specific parts of the sector should be
eligible for support (NDRC, 2022). However, according to the Green Industry Guidance (2019) and
Notice of Issuing the Catalogue of Projects Supported by Green Bonds 2021 (2021), the following
hydrogen projects are eligible for financial support (NDRC et al., 2019; NDRC et al., 2021): clean
hydrogen production; hydrogen refueling stations; hydrogen storage facilities; hydrogen fuel cells;
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hydrogen fuel cell vehicles; and gaseous hydrogen blending into gas pipelines.* This implies that in-
vestments in these areas may receive support via preferential loans, subsidies, industrial funds, pref-
erential tax treatment, green corporate bonds and potential financial incentives via the carbon trading
market. Many of these measures are then deployed locally with or without direct funding from the
central government. The following section provides further details on each of these mechanisms and
their status of implementation. This includes the implementation of support schemes at the local
level (see also the overview of local support schemes in Table 6 on page 53).

5.2.1 Green bonds

Issuing green corporate bonds® to banks, funds, insurance companies or general public investors offers
a low-cost way of financing investments in low-carbon technologies. The interest rates of green cor-
porate bonds are usually below those of other corporate bonds at the same grade and the same payback
period. PBOC, NDRC, CSRC and MOF have developed China’s green bond mechanism which clari-
fies the requirements of issuing green corporate bonds, as set out in the Guiding Opinions on Support-
ing the Development of Green Bonds (2017). When applying for issuing green corporate bonds, com-
panies are required to disclose project details, environmental objectives, and the management rules of
the capital raised. Seventy percent or more of the capital raised from issuing green corporate bonds
must be allocated to operate eligible projects, acquire eligible projects or repay loans to banks, accord-
ing to the Guidelines issued by Shenzhen Securities Exchange and Shanghai Securities Exchange. An
example from the hydrogen sector is the Guangzhou fuel cell manufacturer HTWO, a subsidiary of
Hyundai Motor Group, which gained the qualification for issuing green corporate bonds to finance its
hydrogen fuel cells projects. Similarly, in 2022, the subsidiary of BAOWU, a steel SOE, issued its
green corporate bonds to finance its hydrogen-enriched carbon-recycling blast furnaces.

5.2.2 Local industrial funds and reward schemes

A number of local governments have actively encouraged the establishment of industrial funds to
finance hydrogen projects. In China, industrial funds blend public and private finance to support in-
vestment in strategic emerging industries (China Financial News, 2020), including the hydrogen in-
dustry. Despite their public purpose, they seek to generate returns for investors (Future Services; 21
News, 2021). It implies that local governments encourage private actors to play a role in promoting
hydrogen development. Jiaxing municipal government aims to seek financial support from the auto-
mobile fund set up by Zhejiang Province to develop the industry of hydrogen fuel cell vehicles (Jiaxing
Government, 2021). Shanxi Province established a government-led hydrogen industrial fund to fi-
nance hydrogen production, hydrogen purification, hydrogen storage, hydrogen transport and hydro-
gen fuel cells (e.g. promoting the use of hydrogen fuel cell heavy trucks) (Xinhua, 2021b). The limited
partners of this fund include Shanxi Provincial Fund Management Co., the hydrogen production com-
pany of Shanxi — Pengfei Group Company and a local hydrogen fuel cell enterprise (Shanxi Daily
News, 2021). In Hebei Province, Tianjin, Qingdao, Shenzhen and Chengdu, local governments are
seeking to attract private co-financing for their hydrogen-related industrial funds as well as hydrogen-
related projects, such as hydrogen refueling stations, fuel cells for energy storage and fuel cell vehicles

4 While the document does not define the term ‘clean hydrogen’, it is likely that the government will follow the defi-

nitions developed by the China Hydrogen Alliance (see section 4.6 above).

5 Companies and financial institutions can issue green bonds. Here we refer only to green corporate bonds.
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(Qingdao DRC, 2020; Chengdu Government, 2020; Tianjin Government, 2018; Shenzhen DRC,
2021).

To attract investments and thus build hydrogen value chains, by coordinating with local investment
promotion administrations and the local branches of NDRC, the local finance administrations of
Chengdu, Tianjin and Jiaxing reward competitive hydrogen companies with cash awards (Chengdu
Government, 2020; Tianjin Government, 2020; Jiaxing Government, 2021). The amount of the awards
varies depending on the amount of the invested capital. For example, companies that registered in
Chengdu will be rewarded 5 percent of the volume of their fixed assets, if their hydrogen business is
listed in the Fortune Global 500 for the first time.

5.2.3 Preferential tax treatment

NEVs are eligible for preferential tax treatment, according to the Central Committee of the Communist
Party of China (CPC) and the State Council (The CPC Central Committee & State Council, 2021b).
The owners or managers of NEVs are exempted from vehicle tax, according to the Vehicle and Vessel
Tax Law of the People’s Republic of China (National People’s Congress, Article 4). Since 2014, con-
sumers of NEVs are also exempted from the vehicle purchase tax (MOF,ChinaTax and MIIT, 2022).
The implementation of the preferential treatment of vehicle purchase tax will be extended to the end
of 2023 (Xinhua News, 2022). At the local level, the municipal government of Shanghai also grants
preferential tax treatment specifically to enterprises engaged in the manufacturing of fuel cell vehicles.
They are entitled to tax breaks of 15 percent for 5 years after their registration date in Shanghai (Shang-
hai DRC, Shanghai Science and Technology Commission and Shanghai Economic and Information
Commission, 2021).

5.2.4 Reduced renewable power prices for green hydrogen production

To advance the development of green hydrogen, the central government and local governments offer
lower electricity rates for hydrogen production based on renewable energy. The Mid-and-Long-Term
Hydrogen Industrial Development Plan (2021-2035) (2022) proposes ‘supportive electricity prices’
for hydrogen production based on renewable energy. Before issuing the plan, renewable hydrogen
production already benefited from cheaper electricity rates in a number of cities or provinces. In Fo-
shan, off-peak electricity to produce hydrogen costs investors 0.26 yuan/kwh (around US$ 0.041) since
2017. From 2020 to 2023, in Chengdu, renewable hydrogen companies pay a transmission price of
US $0.015/kwh and a distribution price of US $0.043/kwh. In 2020, the regular transmission and dis-
tribution price in Chengdu was US $0.034/kwh, and US $0.086/kwh, respectively. Since 2019, hydro-
gen production from water electrolysis in Zhangjiakou has also been subject to lower electricity rates
of 0.36 yuan/kwh (around US$ 0.056).
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Table 6 Local hydrogen-related support schemes

Industrial . . .
Clustars City/Province Support Mechanisms
Beijing-Tianjin- Hebei province = Hydrogen industrial fund to finance the development
Hebei Region of hydrogen value chains

Zhangjiakou, Subsidies for the construction of hydrogen refueling
Hebei province stations

Discounted electricity rates for the production of
renewable electricity based hydrogen

Tianjin, centrally- Subsidies for the construction of hydrogen refueling
administered stations

Hydrogen industrial fund to finance the development
of hydrogen value chains

Yangtze Shanghai, Preferential tax treatment specifically for enterprises
River Delta centrally- engaged in the manufacturing of fuel cell vehicles
administered

Zhejiang province = Automobile industrial fund to support the develop-
ment of fuel cell vehicles

Jiaxing, = Subsidies for the operation of hydrogen refueling
Zhejiang province stations
Pearl Guangzhou, ® Subsidies for the manufacturing of key fuel cell
River Delta Guangdong components and for the operation of hydrogen
province refueling stations
Foshan, = Discounted electricity rates for the production of
Guangdong renewable electricity based hydrogen
iidlic = Subsidies for the purchase of hydrogen fuel cell
vehicles and for the construction of hydrogen
refueling stations
Emetrging Zhengzhou, = Subsidies for the development of fuel cell vehicles
Hydrogen Henan province
Corridor in
Henan Province Puyang, = Subsidies for the construction and operation of
Henan province hydrogen refueling stations
Other cities Chengdu, = Discounted electricity rates for the production of
Sichuan province renewable electricity based hydrogen
= Hydrogen industrial fund to finance the development
of hydrogen value chains
= Subsidies for the production of fuel cell equipment
and for the construction and operation of hydrogen
refueling stations
Qingdao, = Hydrogen industrial fund to finance the development
Shandong province of hydrogen value chains

Shanxi province = Hydrogen industrial fund to finance the development
of hydrogen value chains

Source: Authors‘ own, based on hydrogen development plans issued by local governments.
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5.3 Support for fuel cell vehicles and refueling stations

Beyond the general investment support for hydrogen-related technologies, the Chinese government
has implemented a range of instruments to support the manufacturing and deployment of fuel cell
vehicles as well as related infrastructure, i.e. hydrogen refueling stations. These encompass direct sub-
sidies, pilot city schemes and a credit system aimed at promoting NEVs more generally.

5.3.1 Direct subsidies in support of fuel cell vehicles and refueling stations

To create demand for hydrogen fuel cell vehicles, the central government has granted subsidies to
consumers who purchase hydrogen fuel cell vehicles (Tu, 2020). Consumers purchase the cars at dis-
counted prices, while automobile companies are compensated for the price difference from the central
government. It is expected that subsidies will play an important role in promoting hydrogen fuel cell
vehicles up to 2035, with subsidy rates declining over time (Wallstreet News, 2022a). Since their
introduction, rates have been reduced several times (see Table 7 below). In addition, the central gov-
ernment announced a pilot city rewards scheme in 2020 (see section 5.3.2), which is intended to re-
place consumer subsidies in selected jurisdictions.

Table 7 Consumer subsidies for the purchase of fuel cell vehicles between 2016 and 2022 (granted by

central government)

Reduction in | Reduction in | Reduction in | Reduction in

Types of fuel | Subsidies to

cell vehicles | each vehicle 2017 . 2019 2021 2022
in 2016 (CNY) (base year: (base year: (base year (base year:
2016) 2016) 2019) 2021
Passenger 20.000
vehicles 2
20% 30%
Light (private use) (private use)
vehicles S 20% 40%
10% 20%
Heavy/ (public use) (public use)

medium-size 50,000
bus or vans

Source: MOF et al. 2015; MOF et al. 2020b; MOF et al., 2021

At the local level, Foshan municipal government has been subsidizing the purchase of hydrogen fuel
cell vehicles since 2020 (Foshan DRC, 2022a). The level of the subsidies varies depending on the
price of the vehicles (Foshan DRC, 2022a). Guangzhou municipal government has also been granting
subsidies of up to 10 billion yuan (around US$ 1.57 million) to companies that manufacture key fuel
cell components (Guangzhou DRC, 2020b). Chengdu municipal government has planned to provide a
reward of up to 1 million yuan (around US$ 156,742) to companies that produce fuel cell equipment
(Chengdu Government, 2020).

The central government has not promoted hydrogen refueling stations via direct subsidies but has been
operating a pilot city reward scheme since 2014 (see section 5.3.2). However, pilot cities within the
scheme have utilized their local resources to provide subsidies, either for the construction of refueling
stations or the operation of the stations (see Table 8 on the following page). In 2018, the municipal
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Table 8 Subsidies for the construction

local governments)

Industrial

Clusters

Yangtze
River Delta

Beijing-Tianjin-
Hebei Region

Pearl River
Delta

Hydrogen
Corridor in
Henan Province

Others

City

Jiaxing,
Zhejiang province

Tianjin,
centrally-
administered city

Zhangjiakou,
Hebel province

Foshan,
Guangdong
province

Guangzhou,
Guangdong
province

Puyang,
Henan province

Chengdu,
Sichuan province

or operation of hydrogen refueling stations (granted by

Subsidies to companies

20 yuan/kg (around US$ 3.13/kg) for operation

Annual decrease of 5 yuan/kg (around US$ 0.78)

Up to 5 million yuan (around US$ 783,712)
for construction

Up to 8 million yuan (around US$ 1.25 million)
for construction

Up to 5 million yuan (around US$ 783,712)
for construction

Up to 2.5 million yuan (around US$ 391,856)
for operation

Up to 10 million yuan (around US$ 1,500,000)
for construction

2022-2023:15 yuan/kg (around US$ 2.14/kg)
for operation

2024 -2025: 10 yuan/kg (around US$% 1.43/kg)
for operation

Up to 5 million yuan (around US$ 783,712)
for construction

20 yuan/kg (around US$ 3.13/kg) for operation

Source: Authors’ own, based on hydrogen development plans issued by local governments.

Note: Unless otherwise stated, these subsidy rates were effective in 2022.

government of Foshan started to grant subsidies for the construction of hydrogen refueling stations
depending on their daily capacities of hydrogen refueling (Foshan DRC, 2020c). Hydrogen refueling
stations with the daily capacity of hydrogen refueling (>=500 kg) received subsidies of 5 million yuan
(Foshan DRC, 2020c). After 2018, Foshan subsidized the very first petrol-hydrogen refueling sta-
tion in Foshan developed by Sinopec (PEIAG, 2019). In 2020, the municipal government of Zhang-
jiakou also began to offer subsidies for the construction of hydrogen refueling stations (Zhangjiakou
Government, 2020). Hydrogen refueling stations with the daily capacity of hydrogen refueling
(>=500kg) receive subsidies of 8 million yuan (Zhangjiakou Government, 2020). Hydrogen refueling
stations with the daily capacity of hydrogen refueling (200~500kg) receive 4 million yuan (Zhangjia-
kou Government, 2020). Starting from 2020, companies received subsidies (up to 5 million yuan) for
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the construction of hydrogen refueling stations from the municipal government of Tianjin (Tianjin
Government, 2020). In 2020, the municipal government of Jiaxing decided to subsidize the operation
(rather than the construction) of hydrogen refueling stations with 20 yuan per kg, decreasing annually
by 5 yuan per kg (Jiaxing Government, 2021). Guangzhou also offers subsidies to hydrogen purchases.
However, the level depends on the price of hydrogen. The subsidy is 20 yuan per kg (around US$
3.13) if the sales price is not more than 35 yuan per kg (around USS$ 5.49) (Jiaxing Government, 2021).
The subsidy is 15 yuan per kg (around US$ 2.35) if the sales price is not more than 30 yuan/kg (around
US$ 4.70) (Jiaxing Government, 2021).

5.3.2 Pilot city schemes for hydrogen refueling stations and fuel cell vehicles

When advancing the implementation of new policies, China frequently selects pilot cities to test the
effectiveness of new policies and to detect implementation problems (e.g. the establishment of emis-
sion trading schemes in China). The governance of hydrogen refueling stations and fuel cell vehicles
is no exception. In this vein, the central government has provided rewards for pilot cities or city clus-
ters to promote the construction of hydrogen refueling stations since 2014. Rewards granted to cities
or city clusters are intended for the industrialization of key hydrogen technologies, for the development
of human resources and for pilot applications of new hydrogen technology. They are not intended as
subsidies for direct investments in increasing the number of hydrogen refueling stations or as consumer
subsidies for fuel cell vehicles (The Central Government of PRC, 2020). Instead, participating local
governments should invest the rewards in the promotion of technology relevant for hydrogen refueling
and fuel cells. Pilot cities or city clusters in Beijing-Hebei-Tianjin region, Yangtze River Delta and
Pearl River Delta were rewarded 4 million yuan (around US$ 626,969) per hydrogen refueling station
for this purpose (MOF et al., 2014). After 2016, the central government adjusted the rewards in view
of the cost of building hydrogen refueling facilities (MOF et al, 2014). It has allocated the rewards
from the central budget and has granted them to local governments who are required to make use of
the rewards to deploy innovative technologies within the refueling stations (MOF et al., 2014). In
contrast to the national regime, local governments, including those participating in the pilot schemes,
have utilized their local resources to grant subsidies to companies that build or operate hydrogen refu-
eling stations, while reducing them over time (see section 5.3.1 above).

While the central government has provided direct consumer subsidies for fuel cell vehicle purchases
(see section 5.3.1 above), in 2020, it announced a shift to a reward regime for pilot city clusters, similar
to refueling stations (MOF et al., 2020a). This shift aims to facilitate the commercialization of the
technology of fuel cells, support the development of industrial value chains and avoid overinvestments
in fuel cell vehicles (BJX, 2021d). In the pilot cities, selected in 2021,% consumer subsidies will no
longer be available. In these pilot cities local governments will be rewarded 300,000 yuan (around
USS$ 47,023) per 100 tons of clean or renewable hydrogen used for refueling vehicles (MOF et al.,
2020a).

61n 2021, the MOF, MIIT, MOST, NDRC and NEA approved the application of Beijing, Shanghai, Guangzhou, Zibo

and other cities for being pilot cities.
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5.3.3 The new energy vehicles (NEVs) credit system

In addition to the consumer subsidy scheme and the pilot city scheme aimed at fuel cell vehicles speci-
fically, the so-called Dual Credit Policy promotes NEVs more generally, which includes fuel cell vehi-
cles. The regulation was introduced in 2017 by MIIT, with support from MOF and MOFCOM, and
updated in 2020 (MIIT, 2020b). The regulation consists of two sets of credit rules, the Corporate Av-
erage Fuel Consumption (CAFC) credits and the New Energy Vehicle (NEV) credits. The former sets
targets for the production-weighted average fuel consumption for vehicle manufacturers, while the
latter obliges manufacturers to meet production quotas for NEVs. The Dual Credit policy provides
automakers with credits when they exceed production targets for NEVs, which can compensate for
deficits in meeting CAFC credit rules. The system incentives both the production of more efficient
internal combustion engine vehicles and the production of NEVs. In addition, NEV credits can be sold
to other manufacturers, providing a source of additional income to producers of NEVs.

5.4 The emission trading scheme as a potential support instrument

Finally, China’s emission trading scheme (ETS) is designed to decarbonize the carbon-intensive sec-
tors of the national economy by pricing related carbon emissions (Boute & Zhang, 2018; Zhang, 2016).
After several years of implementing pilot regimes in different cities (e.g. Beijing), the national emis-
sion trading system was launched in July 2021 (Central Government, 2021). Although at this stage
most of the participants in the national ETS are power generation companies (e.g. China Huadian)
(Central Government, 2021), analysts expect China’s ETS to play a role in facilitating clean or renew-
able hydrogen use in carbon-intensive sectors (SinoHytec, 2021; CICC Research & CICC Global In-
stitute, 2022; CarbonBrief, 2020). Under the ETS, large GHG emitters are required to cover their GHG
emissions in a given year with a corresponding number of carbon allowances (Huabao Securities,
2021). The provincial ecological and environmental administration allocates carbon allowances free
of charge to emitters that have the right to trade their allowances on the market (MEE, 2021). Accord-
ing to the Industrial Development Plans of New Energy Vehicles (2021-2035) (2020), the State Coun-
cil aims to stimulate automobile companies to develop NEVs, including hydrogen fuel cell vehicles,
by expanding the ETS to fuel consumption in the transport sector (State Council, 2020a). Similarly,
the development of hydrogen in other sectors could benefit from the possible expansion of the ETS to
the refinery, petrol-chemical, steel, paper, and cement industry (Central Government, 2021) (Qin &
Lin, 2022). The expectation is that renewable hydrogen use and hydrogen fuel cells would become
cost-competitive at carbon prices of 100-200 yuan per ton of CO; (around US$16~31/ton of CO») (Li,
Shi, & Phoumin, 2021).

In addition, the ETS can contribute to the development of renewable hydrogen under the Chinese
Certified Emissions Reductions scheme (CCER). The CCER regime is a supplement to the national
ETS, consisting in the creation of offset allowances based on emission reduction projects (e.g. in the
field of renewable energy) (Beijing Municipal Bureau of Economy and Information Technology,
2021). It might be possible for producers of renewable hydrogen to receive economic benefits by sell-
ing their offset allowances to other emitters. For instance, the Beijing municipal government aims to
design a hydrogen-related transaction regime within the existing CCER system by recognizing the
emission reductions achieved by clean hydrogen under the Beijing Green Transaction Center (Beijing
Municipal Bureau of Economy and Information Technology, 2021).
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6 Conclusion

China’s promotion of the hydrogen sector is emblematic of its broader efforts to promote greenhouse
gas reductions, while pursuing ambitious industrial development goals and promoting energy security.
To date, industrial policy goals have clearly taken center stage in its policies, however. It builds on
long-standing efforts to promote fuel cell technologies and in particular fuel cell vehicles, which is
part of its broader efforts to obtain technological and industrial leadership in New Energy Vehicles.
A key aim in this context will be to overcome remaining insufficiencies in selected segments of the
hydrogen sectors. To this end, the Chinese government is providing encouragement to foreign firms
to invest in hydrogen-related projects in China in cooperation with Chinese partners. If perceived
insufficiencies of China’s domestic innovation system in the sector persist, this may represent an
obstacle for more ambitious efforts to promote the sector. Indeed, China’s measures to support the
demand for hydrogen remains rather limited, still focusing primarily on applications in the transport
sector, i.e. commercial fuel cell vehicles. Nevertheless, with the launch of its pilot city scheme for
fuel cell vehicles in 2020 and emerging hydrogen-based industrial clusters in various parts of the
country, there appears to be increased policy momentum in support of the sector. This builds on
important developments at the sub-national level. Indeed, combined local targets for fuel cell
vehicles surpass central-level tar-gets. Quantitative targets for refueling station remain exclusively
local.

The link between China’s industrial policy ambitions and decarbonization remains uncertain. Short-
term ambitions to promote renewable hydrogen are fairly modest compared to other major economies.
Moreover, China is currently pursuing a diversified strategy in support of hydrogen supply, which
includes all different types of hydrogen production, including coal-based hydrogen. Correspondingly,
the unofficial standards for hydrogen production promoted by China Hydrogen Alliance also consider
low-carbon based hydrogen production based on coal. Nevertheless, policy documents increasingly
emphasize the potential of renewable hydrogen as a vehicle for stabilizing an electricity system based
on variable renewable energy as well as broader decarbonization efforts. They also increasingly high-
light the need to transition to an exclusively renewable hydrogen supply in the future. Similarly, in-
centives for investments in renewable hydrogen are expanding in a host of localities that see renewable
hydrogen and related decarbonization of industry as an opportunity for future industrial growth. In a
number of cases, local-level strategies have come out more strongly in support of renewable hydrogen
than current central government policies. Ambitious production targets for renewable hydrogen in
Inner Mongolia are a case in point. As a region with modest levels of industrialization and abundant
renewable energy resources, hydrogen-based development offers a possible opportunity for the region.
Central-level policies for hydrogen-based decarbonization of industry are only at a nascent stage, with
initial announcements made in 2022.

Similarly, China’s ambitions to promote hydrogen storage and transport remain at a relatively early
stage of development with an important emphasis on the promotion of innovation and acquisition of
technological know-how. The national hydrogen development plan does not define a clear vision for
national infrastructure development for hydrogen trade. Nevertheless, energy SOEs are being encour-
aged to build on their existing assets to develop projects to support local developments. Most notably,
Sinopec has been leveraging its existing network of refueling stations (i.e. petroleum-based) as a plat-
form for its engagement in the construction of hydrogen refueling stations.
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Finally, both China’s hydrogen strategy and the engagement of its energy SOEs do not appear to be
strongly motivated by considerations of geopolitics at this stage. To be sure, Chinese officials are
considering increasing opportunities for investment in hydrogen projects around the world. In this
vein, the national hydrogen development plan considers the importance of the BRI for promoting hy-
drogen-related standards and investments. Beyond these geoeconomic considerations, the role of hy-
drogen as a future energy commodity and its geopolitical implications do not figure prominently in
Chinese policy efforts. Indeed, due to China’s relative abundance of renewable energy resources, it is
does not exhibit major vulnerabilities related to the future provision of hydrogen. Conversely, hydro-
gen could even offer an opportunity to reduce its energy dependence in the future. This and other
efforts to shape global hydrogen trade do not seem to be a significant driver of its policy efforts, how-
ever.
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Annex 1: Hydrogen-related
policy documents issued by
the central government
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State Council

State Council

MOF, MOST, MIIT and
NDRC

State Council

MOF, MOST, MIIT and
NDRC

State Council

NDRC & NEA
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Engineers of China

MOST, MIIT and NDRC

MIIT

MOST and MOT

MOF, MIIT, MOST and
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NDRC, MIIT, MNR, MEE,

MHURD, PBOC and NEA

NDRC

NDRC and MOFCOM
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The National Mid-and-Long Term Development Plan of Science and
Technology (2006 -2020) ( (ERFKEMFMZRREMRINE
(2006 -20204) ) )

The Planning for the Development of the Energy-Saving and New
Energy Automobile Industry (2012 -2020) ( (TiRES#HgERSE IR EMR
(2012-2020) ) )

Notice of Awarding the Construction of Charging Facilities of New
Energy Vehicles ( (XTFHaERSEFBIREREIREZEHRER) )

Made in China 2025 ( (+E#l&E2025) )

Notice of the Fiscal Subsidy Policies for the Promotion and
Application of New Energy Vehicles (2016 -2020) ( (¥F2016-2020
EREERSERE R A MBS BURREA) )

The 13t Industrial Development Plans of Strategic Emerging
Industries ( (+=%" EREBEEF=LRENL) )

Action Plans of Energy Technological Revolution and Innovation
(2016 -2030) ( (EEREARERLFITEHIHE (2016 -2030)) )

Hydrogen Fuel Cell Vehicle Technology Roadmap
( (SHMEERERHEIRERE) )

The Mid-and-Long Term Development Plan of Automobile Industry
( CREFLHRBREALY) )

Measures for the Parallel Administration of the Average Fuel
Consumption and New Energy Vehicle Credits of Passenger Vehicle
Enterprises ( (REZERTFHREIEER SHERSERDHITEEME) )

The 13t Specific Plan of Scientific and Technological Innovation
in Transportation ( (+=ARBMHEHLZLIFHEZTRIKI) )

Notice of Adjusting and Improving the Policies of Financial Subsidies
to the Promotion and Application of New Energy Vehicles
( T AZETEMAERSENRT R AVEAMNEBERREE) )

Green Industry Guidance (2019 edition) ( (&&= IIiESER
(2019%hR) ) )

Catalogue for Guiding Industry Restructuring (2019 Version)
( (FlEmREESEE (2019%) ) )

Catalogue of Industries for Encouraging Foreign Investment
( (RN~ ER) )

The Government Work Report ( (BFEI{ERE) )
Notice of Improving the Policies on Government Subsidies for

Promotion and Application of New Energy Vehicles
( (XTEEMERSENRT N AVBAGBERIGEA) )

2005

2012

2014

2015

2015

2016

2016

2016

2017

2017,
amended
in 2020

2017

2018

2019

2019

2019 &

2020

2019 &
2020

2020
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m

MOF, MIIT, MOST and
NDRC

State Council

MOF, MIIT, MOST,
NDRC and NEA

NDRC and MOJ

MOF

PBOC, NDRC and
CSRC

MIIT

NEA

Member of the
Standing Committee
of the Political Bureau
of the CPC Central
Committee and State
Council

State Council

NDRC and NEA

NEA and MOST

MOF, MIIT, MOST and
NDRC
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Notice of Further Improving the Fiscal Subsidy Policies for the Pro-
motion and Application of New Energy Vehicles
( (T H—PEEMAERSENT M AMBAMEBEREEM) )

Industrial Development Plans of New Energy Vehicles (2021-2035)
( (FgEmsESLRRMA% (2021-2035 ) ) )

Energy in China’s New Era ( (SN TELERRE) )

Notice of the Pilot Application of Fuel Cell Vehicles
( (RTFREREESEREHARED) )

Notice of Issuing the Opinions on Accelerating the Establishment of
a System of Regulations and Policies on Green Production and
Consumption ( (XFIRELZEEFHEEMBERERNEL) )

The Interim Measures for the Administration of Subsidy Funds for
Energy Conservation and Emission Reduction
( (TTRERHRNB BT R BB ETINE) )

Notice of Issuing the Catalogue of Projects Supported by Green
Bonds 2021 ( ((FENK < F&HEHXIFTEER(2021451R)>HEH) )

Key Working Dimensions of Automobile Standardization 2020
( (2020FESFEMELTIEER) )

The Guiding Opinions on Energy-related Work in 2020
( (2020FEERITIFIESENR) )

The Guiding Opinions on Energy-related Work in 2021
( (2021FERIFHESERL) )

Outline of the People’s Republic of China 14t Five-Year Plan for
National Economic and Social Development and Long-Range
Objectives for 2035 ( (FEAREMEERZFNEERRETHNEEMRM2035
FERZERNE) )

Working Guidance for Carbon Dioxide Peaking and Carbon Neutrali-
ty in Full and Faithful Implementation of the New Development
Philosophy ( (fh#tsR, ESkXTREERLERLNRBESMFHAERPMIE
HER) )

Notice by the State Council of the Action Plan for Carbon Dioxide
Peaking Before 2030 ( (203O04RifAIETHAR) )

The Guiding Opinions on Accelerating the Promotion of Developing
New Energy Storage (Draft for Public Opinions)
( (TR EDFREFEERRVIESEL) )

The 14t Five-Year Plan of Energy Technology Innovation
(( “+mAE sERSAHESIEIMR) )

Notice of the Policies on Fiscal Subsidies for Promotion and
Application of New Energy Vehicles in 2022 ( (%F2022FHHeRSENRT
[z FA A B A BUR AT )

2019 &
2020

2020

2020

2020

2020

2015,
2020
amend-
ment
2021
2020
2020

2021

2021

2021

2021

2021

2021

2021
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MHURD Technical Regulation for Hydrogen Refueling Station 2010,
( (MEsEARE) ) amended
in 2021
NDRC Catalogue of Encouraged Industries in West China 2020 ( (@Rt XSk 2021

=B 2020) )

MIIT Key Working Dimensions of Automobile Standardization 2021 2021
( (2021 FSEFEREXTHEER) )

SAC Fuel specification for Hydrogen Powered Vehicles - Liquid 2021
Hydrogen ( (S#ESERRE-RE) )

Technical Specification for Liquid Hydrogen Production System
( (REEFRGEARIE) )

Technical Requirements for Storage and Transportation of Liquid
Hydrogen ( (REEMSREAER) )

NDRC The Mid-and-Long-Term Hydrogen Industrial Development Plan 2022
(2021-2035) ( (SRR BN (2021-2035 £ ) ) )

NEA Guidelines on Energy Work in 2022 ( (2022F8EFEIL{EiESER) ) 2022
NDRC and NEA Notice on the Implementation Plan of Developing New Energy 2022

Storage During the 14t Five-Year Period ( (+PHABEUERESRMEASE) )

Opinions on Improving the Regime and Implementation Measures of 2022
Energy Green Low-Carbon Transition ( (XFxEsERFEEFREEREFIHEI
BURIERAEL) )

The 14t Five-Year Plan of Modern Energy System 2022
(( “+mE” RREERERARD )

NDRC and others The 14t Five-Year Plan of Renewable Energy Development 2022
(( “THEE" TJEERERAR) )

MIIT, NDRC and MEE Implementation Plan of Carbon Peaking of Industry 2022
( (TAeSTuEspAIETTSE) )
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Annex 2: Hydrogen-related
policy documents issued by
sub-national governments
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Province/

City

Jiangsu
province

Zhejiang
province

Shanghai
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Institution

Suzhou
Municipal People’s
Government

Changshu
Municipal People’s
Government

Emergency
Management
Bureau of Nanjing
Municipal
Government

Zhejiang Develop-
ment and Reform
Administration,
Zhejiang Economic
and Information
Administration and
Zhejiang Science
and Technology
Administration

Office of Ningbo
Municipal People’s
Government

Office of Jiaxing
Municipal People’s
Government

Shanghai Develop-
ment and Reform
Commission,
Shanghai Science
and Technology
Commission and
Shanghai Economic
and Information
Commission

Office of Shanghai
Municipal People’s
Government

Policy

Yangtze River Delta

Guidance on Hydrogen Development in Suzhou (Trial
Implementation) ( (GMHSaE~LRBESER (£17) ) )

Interim Regulations on the Safety Management of Hyd-

rogen Refueling Stations ( (FMmMEELLERETAE) )

Industrial Development Plans of Hydrogen Fuel Cells
2021-2030 ( (HE@mmsumsiat=l2REML (2021 -2030%F)
))

Interim Measures of Safety Management of Hydrogen
Refueling Stations in Nanjing (Draft for Public Opini-
ons) ( (ARMMEHRLBEEETIE) ) (AFERERRE)

Guiding Opinions of Zhejiang Province on Accelerating
Hydrogen Development ( (GiI&MRIEESRET L ERHESE
)

Several Opinions on Accelerating Hydrogen Industrial
Development ( (xFimREgE=LERIETERL) )

Guidance on Hydrogen Development in Jiaxing
( (BHHXATMRSEETLRRAOTERRL) )

Shanghai’s Development Plan of Fuel Cell Vehicles
( (LisThisiBEitsRERRAR) )

The Implementation Plan of Quickening the Industrial
Development of New Energy Vehicles in Shanghai
2021-2025 ( (LismmiR#eeRaE ™l RREHETR
(2021-2025%) ) )

Management Measures of the Construction and Ope-
ration of Hydrogen Refueling Stations that Serve Fuel
Cell Vehicles in Shanghai ( ( EiEH#sBEtSEMSSEIREE
FIEIME) )

2018

2021

2021

2022

2019

2019

2020

2017

2021

2022
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Province/ oL
City Institution

Beijing-Tianjin-Hebei Region

Tianjin Office of Tianjin The Three-Year Action Plan of Tianjin New Energy 2018
Municipal People’s Industrial Development (2018 -2020) ( (KZEhHFEEE™ K&
Government BR=F1T8hit1(2018-2020) ) )
The Action Plan of Tianjin Hydrogen Development 2020
(2020-2022) ( (KEmEaE= I RETHHE(2020 - 20225F)
»)
Beijing Beijing Science and Guiding Opinions of Beijing on Accelerating Techno- 2017
Technology logical Innovation and Development of New Energy
Commission Smart Automobiles ( (IbRMMREIE SIFIE SRS sESEr L
HIESERL) )
Beijing Municipal The Implementation Plans of the Hydrogen Develop- 2021
Bureau of Economy ment Plan in Beijing (2021-2025) ( ({t=mSgEr= L RREHE
and Information HE(2021-2025 %) ) )
Technology
Hebei Hebei Development Implementation Opinions on Promoting Hydrogen 2019
province and Reform Industry Development in Hebei ( Gaiva#eEaer= il R R
Commission HEEL) )
Zhangjiakou Zhangjiakou’s Ten Measures of Supporting the 2019
Development and Development of Hydrogen Industry ( (skXROmXFSEE
Reform Commission RRIIFRIERE) )
Zhangjiakou Development Plan of Zhangjiakou’s Hydrogen Energy 2019
Municipal People’s (2019-2035) ( (SaEKKROREZME (2019 -2035%)) )
Government
Implementation Plan of Phase | Project of Securing 2020

Hydrogen Supply to Zhangjiakou ( (GkROSEERBEHNER
—HITRBIZERAR) )

Emerging Hydrogen Corridor in Henan province

Henan The provincial 14t Five-Year Development Plan of Strategic Emerging 2022
province government of Industries and Future Industries ( (fAIEE& “+HA" EER
Henan province AR R RAIRD) )
Action Plans of the Development of Hydrogen Fuel 2020

Cells Industry in Henan ( (a@&SskiEit= L ZRTHAE) )

Ningdong Energy and Chemical Base

The Auto- The Government Guiding Opinions on Accelerating and Fostering the 2020
nomous of Autonomous Development of Hydrogen Industry ( (XFinRgESae=1k
Region of Region of Ningxia RRMIESEL) )
Ningxia
The 14t Development Plan of Ningdong Energy and 2021

Chemical Base ( (THREERGCIE “+MA" KRML) )
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Province/
City

Guang-
dong
province
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Institution

Foshan Develop-
ment and Reform
Commission

Guangdong
Development and
Reform Commission

Foshan Develop-
ment and Reform
Commission

Foshan Housing
and Urban Design
Administration

Guangdong
Provincial People’s
Government

Guangzhou
Municipal People’s
Government

Foshan
Development and
Reform Commission

Guangzhou
Development and
Reform Commission

Foshan Municipal
People’s
Government

Shenzhen
Development and
Reform Commission

Maoming Municipal
Government

Policy

Pearl River Delta

Industrial Development Plan of New Energy Vehicles in
Nanhai District, Foshan (2015 -2025) ( (#UhEEX#HEER
REFELARI2015-2025) )

Implementation Opinions on Accelerating the Promo-
tion and Application of New Energy Vehicles
( (CETINRIFRETRSEMT MAREERL) )

Implementation Details of Support Measures of the
Industrial Development of New Energy Vehicles
( (BRI RSB X {ERFAERSEr™ L R BHkIFIESSiELAn) )

Interim Measures of Managing Foshan Hydrogen
Refueling Stations (Draft for Public Opinions)
( (BEUTHINSEEREThE ERBRR) ) )

The 13t Five-Year Plan of Developing Strategic
Emerging Industries in Guangdong
((rRESEBERTLRR “+=7" A%) )

Opinions on Accelerating the Innovation and Develop-
ment of the Industry of New Energy Vehicles ( (ZF#nig
EERSET LI RBRIEL) )

Implementation Plans of Promoting the Construction
of New Infrastructure (2020-2022) ( (/M REERIZ
MERIZEREAE(2020-20224) ) )

Hydrogen Industrial Development Plan in the Nanhai
District of Foshan 2020 -2035 ( (#LiEsXSaE= L ZRER
%2020-2035) )

Management Measures of Financial Subsidies to the
Promotion and Application of New Energy Bus and to
the Construction of Relevant Infrastructure ( (#LLm#raE
RARERT LANREEMIRERIRVEINGESEEME) )

Implementation Details of the Measures of Promoting
Hydrogen Industrial Development of Development
Zones of Guangzhou ( (IHMEBR MR EHSETLER
IMESEHELN) )

Outline of Foshan 14t Five-Year Plan for National
Economic and Social Development and Long-Range
Objectives for 2035 ( (HLUMERZFMEERBETONAEMR
M2035FzREIFNE) )

Shenzhen Hydrogen Industrial Development Plan

2021-2025 ( (FmSer=LRRAR (2021-2025%) ) )

The Hydrogen Industrial Development Plan of Maoming
( (RaHERETLREAL) )

2015

2016

2020

2018

2017

2018

2020

2020

2021

2021

2021

2020



China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

Province/

City Institution Policy

Other cities/provinces

Wuhan, Hannan District Interim Provisions for the Approval and Management 2018
Hubei Government of Hydrogen Refueling Stations in Wuhan Economic
province and Technological Development Zone (Hannan

District) ( (RREFEAFRECREX) MEmEHELREEETMNE )

Dalian, Office of Dalian Guiding Opinions on Accelerating the Innovation and 2018
Liaoning Municipal People’s Development of New Energy Vehicles ( (ZFiniReemissE
province Government Pl eIFERAESEL) )
Shandong Office of Shandong The Mid-and-Long Term Hydrogen Development Plan 2020
province Provincial People’s of Shandong 2020-2030 ( (lWFE&SEERKBRRETR
Government 2020 -2030) )
Weifang Opinions on the Construction and Operation of 2019
Municipal People’s Hydrogen Refueling Stations ( (XF#iFehiREMSEMRIE
Government REEEETENEL) )
Qingdao Develop- The Hydrogen Industrial Development Plan of Qingdao 2020
ment and (2020-2030) ( (BERmEmE~LXEML2020-2030) )
Commission
Chengdu, Office of Chengdu Guidance on Promoting the High-Quality Development 2020
Sichuan Municipal People’s of the Hydrogen Industry in Chengdu ( (a#EH A RBAFHA
province Government TATFRASETISHERRWETER) )
Chong- Chonggqging Econo- Guidance on the Industrial Development of Hydrogen 2020
ging mic and Information Fuel Cell Vehicles in Chongqing ( (Ekth S EMSE
Commission RRIESER) )
Inner The Government 14t Five-Year Plan of Hydrogen Development in Inner 2022
Mongolia of Autonomous Mongolia ( (RREHHER “+HA" SHEERREAR) )
Region of Inner
Mongolia
Fuzhou, Fuzhou Municipal Interim Regulations on Constructing, Operating and 2020
Fujian People’s Managing Hydrogen Refueling stations in Fuzhou
province Government ( (EMmINSSRIEREEEEETME) )
Hainan Hainan Housing and The Approval Process of Constructing Hydrogen 2020
province Urban Design Refueling Stations in Hainan (Trial Implementation)
Administration, ( CEmamsusRiREiRE (7)) ) )

Hainan Transporta-
tion Administration,
Hainan Natural
Resources Planning
Administration and
other Administration

RIFS Study_ 68



China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

Literature

.

21 News (2021). China’s hydrogen development’ , ([HX S FE M Z1E). - 21 News, 4 March
2021, available at: https://m.21jingji.com/article/20210304/her-
ald/4a3fcla9c146df5 1f69fcce92663f77f.html (last accessed on 22 December 2021).

AskCl (2021), Hydrogen Industrial Value Chains in China and The Analysis of Business Players
(2021 11 [HG S = Al 257 L7 1T K 2 5B, available at:
https://www.askci.com/news/chanye/20211015/1549471624208.shtml. (last accessed on 22 Decem-
ber 2021).

ASkCI (2022), China Hydrogen Industry Market Prospect and Investment Research Forecast Report
(2022 4FH1FHHIS 1T 7757 5 52 R I F T TR 75), available at: hitps://www.163.com/dy/arti-
cle/H4P2PSLN0514810F.html (last accessed on 7 September 2022).

Baofeng Energy (2021). 2020 Social Responsibility Report of Baofeng ( (% F 557 2020 #1277 (F
KD ), available at: http://static.sse.com.cn/disclosure/listedinfo/announcement/c/2021-03-
11/600989 20210311 8.pdf- (last accessed on 22 December 2021).

Beijing Municipal Bureau of Economy and Information Technology (2021). The Implementation
Plans of the Hydrogen Development Plan in Beijing (2021-2025) ( (L5 TS 5E/ b & e 1t 7r
£ (2021-2025 4) ) ), available at:
https://www.ncsti.gov.cn/zcfg/zewj/202108/t20210816_38829.html. (last accessed on 22 December
2021).

BJX (2019). The Completion of Phase I of HCNG of SPIC’, ([F5 I KK TS 7T H 55—
BN T FEIR % 72 1), available at: https://news.bjx.com.cn/html/20191015/1013148.shtml (visited
19 December 2021). (last accessed on 22 December 2021).

BJX (2021a). Pipeline Construction Co.Ltd. Won the Bid for Building the Nation ‘s Longest Hydro-
gen Transportation Pipeline (518 1 T2 IR A 7] 1145 H 4 7 K S TEEITH), available at:
https://chuneng.bjx.com.cn/news/20210610/1157742.shtml (last accessed on 22 December 2021).

BJX (2021b). Hydrogen Projects in Ningdong (7" %45 M4 S GEITH), available at:
https://chuneng.bjx.com.cn/news/20210601/1155710.shtml (last accessed on 22 December 2021).

BJX (2021c). The Rapid Development of Liquified Hydrogen (RS~ L1601 available at:
https://news.bjx.com.cn/html/20210324/1143585.shtml. (last accessed on 22 December 2021).

BJX (2021d). "Replacement of Subsidy with Rewards" Demonstration Application of Fuel Cell Vehi-
cles Landed (LLZE(C#P 7 SRR T 570 W I 751, available at:
https://news.bjx.com.cn/html/20210908/1175518.shtml. (last accessed on 22 December 2021).

BJX (2022a). Summary of Reply to the Reply No. 0542 of the Fifth Session of the Thirteenth Na-
tional People's Congress ( (K71 =i £ HAKX TA LKA 0542 SHXNITER L M) (
FEEEFIFE (2022) 108 &), available at: https://news.bjx.com.cn/html/20220823/1250175.shtml.

BJX (2022b). ‘NSFC Issued Guidelines on Application for Specific Funding Regime for Hydrogen
Research’, ([H5¢ F AR FI 5 5 ZZ KM A RE T I HIIRTE ),

RIFS Study_ 69


https://m.21jingji.com/article/20210304/herald/4a3fc1a9c146df51f69fcce92663f77f.html
https://m.21jingji.com/article/20210304/herald/4a3fc1a9c146df51f69fcce92663f77f.html
https://www.askci.com/news/chanye/20211015/1549471624208.shtml
https://www.163.com/dy/article/H4P2PSLN051481OF.html
https://www.163.com/dy/article/H4P2PSLN051481OF.html
http://static.sse.com.cn/disclosure/listedinfo/announcement/c/2021-03-11/600989_20210311_8.pdf
http://static.sse.com.cn/disclosure/listedinfo/announcement/c/2021-03-11/600989_20210311_8.pdf
https://www.ncsti.gov.cn/zcfg/zcwj/202108/t20210816_38829.html
https://news.bjx.com.cn/html/20191015/1013148.shtml
https://chuneng.bjx.com.cn/news/20210610/1157742.shtml
https://chuneng.bjx.com.cn/news/20210601/1155710.shtml
https://news.bjx.com.cn/html/20210324/1143585.shtml
https://news.bjx.com.cn/html/20210908/1175518.shtml
https://news.bjx.com.cn/html/20220823/1250175.shtml

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

<https://news.bjx.com.cn/html/20221017/1261332.shtml> (last accessed 15 December 2022)

Boute, A., Zhang, H. (2018). The Role of the Market and Traditional Regulation in Decarbonising
China’s Energy Supply. - Journal of Environmental Law, 30 (2), pp. 261-284.

Conrad B., Genia K. (2017). ‘Chinese Investments in Europe’s Energy Sector: Risks and Opportuni-
ties?’, Energy Policy 101, pp. 644-48, at 646.

CarbonBrief (2020). Analysis: Going carbon neutral by 2060 ‘will make China richer’. — Carbon-
Brief, 24 September, 2020, available at: https://www.carbonbrief.org/analysis-going-carbon-
neutral-by-2060-will-make-china-richer.

China Financial News (2020). The Features, Problems and Solutions of China’s Industrial Funds (
FCF AL T HIFFAE . @5 X7 7). - China Financial News, 11 May 2020, available at:
https://www.financialnews.com.cn/ll/xs/202005/t20200511 190470.html (last accessed on 22 De-
cember 2021).

Central Government of PRC (2020). Replacing Subsidies with Rewards: Promote the Strong Devel-
opment of Fuel-Cell Vehicles (7155 ] “LAZELCF " TSI HIL5FE “#4 7 ), available at:
<http://www.gov.cn/xinwen/2020-09/27/content_5547585.htm> (last accessed on 22 December
2021).

Chen L. et al. (2020). ‘Hydrogen fuel supply chain based on liquid hydrogen’, ( (/RS 1% 0HIS
IEFLEIEE)D ), Cryo. & Supercond. 48 (11) pp. 1-7, at 3.

Central Government of PRC (2021). Trade Starts in National Emission Trading Scheme: Power
Generation as A Start (£ FHA N 55 175515 5) L2653 55 EFFR BTN R, 16 July
2021, available at: http://www.gov.cn/zhengce/2021-07/16/content 5625373.htm (last accessed on
22 December 2021).

CFEJ (2021).The Largest Solar Power-Hydrogen in the World Went into Operation (£ Rk A A1
FEHIRE KT H $75), available at: http://www.cfej.net/fel/202104/t20210422 829845 .shtml
(last accessed on 22 December 2021).

Chan, K., He, J. (2021). The Hidden Motive of China’s Zero Emissions Pledge: Energy Security -
The Diplomat, 9 April 2021, available at: https://thediplomat.com/202 1/04/the-hidden-motive-of-
chinas-zero-emissions-pledge-energy-security/ (last accessed on 9 May 2022).

China Center for International Economic Exchanges (2021). Research on China’ s Hydrogen In-
dustry Policy ( (1H S FE/ W W) ). Social Science Academic Press (China), 8.

China Coal Association (2021). Why Does Ningdong Base Aim to Develop Hydrogen (7% 712K
FEHL FEH LR (TS GE), available at: http.//paper.people.com.cn/zgnyb/html/2021-05/10/con-
tent_3047996.htm. (last accessed on 22 December 2021).

China Development Bank (2020). Sustainability Report of 2019 ( (2019 4F o] fFLER EIRETD ),
available at: http://www.cdb.com.cn/English/bgxz/kcxfzbg1/kex2019/. (last accessed on 22 Decem-
ber 2021).

China Energy (2019). HYPOWER ’ s project of green hydrogen production and refuellingin Zhang-
Jiakou (5K 1IN # S A T H H T FIEH™), available at:
https://www.chinaSe.com/news/news-1069960-1.html (last accessed on 22 December 2021).

China Energy (2021a). 146 Hydrogen Refuelling Stations in China So Far (17 [E &3k 146 FE

RIFS Study_ 70


https://www.carbonbrief.org/analysis-going-carbon-neutral-by-2060-will-make-china-richer
https://www.carbonbrief.org/analysis-going-carbon-neutral-by-2060-will-make-china-richer
https://www.financialnews.com.cn/ll/xs/202005/t20200511_190470.html
http://www.gov.cn/zhengce/2021-07/16/content_5625373.htm
http://www.cfej.net/fcl/202104/t20210422_829845.shtml
https://thediplomat.com/2021/04/the-hidden-motive-of-chinas-zero-emissions-pledge-energy-security/
https://thediplomat.com/2021/04/the-hidden-motive-of-chinas-zero-emissions-pledge-energy-security/
http://paper.people.com.cn/zgnyb/html/2021-05/10/content_3047996.htm
http://paper.people.com.cn/zgnyb/html/2021-05/10/content_3047996.htm
http://www.cdb.com.cn/English/bgxz/kcxfzbg1/kcx2019/
https://www.china5e.com/news/news-1069960-1.html

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

A, 7 July 2021, available at: https://www.china5e.com/news/news-1117772-1.html (last ac-
cessed on 20 December 2021).

China Energy (2021b). The Alliance of Developing Hydrogen Transportation ([F5¢ & MK & 67
“HFEFER R EIFTI S, available at: https://www.chinaSe.com/news/news-1118692-1.html
(last accessed on 22 December 2021).

China Energy (2021c), Sinopec plans to build 100 hydrogen refuelling stations within the year (/1
L1 i G S 100 BETE ), available at: https://www.chinaSe.com/news/news-1120912-
1.html. (last accessed on 22 December 2021).

China Energy (2022). Four cities in Henan to build hydrogen corridors (7757 P l7 25 S E /),
available at: https://www.in-en.com/article/html/energy-2318787.shtml. (last accessed on 22 Decem-
ber 2021).

CICC Research and CICC Global Institute (2022). Green Energy: A New Chapter in China. In
CICC Research, CICC Global Institute. - Guidebook to Carbon Neutrality in China: Macro and In-
dustry Trends under New Constraints. Singapore, Springer, pp. 127-142.

China Hydrogen Alliance. Main Responsibilities of China Hydrogen Energy Alliance, available at:
http://h2cn.org.cn/en/about. html#survey (last accessed on 22 December 2021).

China Hydrogen Alliance (2019). White Paper on China Hydrogen Energy and Fuel Cell Industry (

(1 FHZ eI RAEFL I F1 55 13) ), available at: hitp://www.zg-
kg.com/files/%E3%80%8A%E4%B8%AD%E S %9B%BD%E6%B0%A2%ES8%83%BD%E6%BA%90
WES%SF%8A%E7%87%83%E6%96 %99%E 7%94%B 5 %E 6%B 1 %A0%E4%BA %A 7%E4%B8%9A
%E7%99%BD%E7%9A%AE%E4%B9%A6%E3%80%8B.pdf. (last accessed on 22 December
2021).

China Hydrogen Aliance (2020). Notice on Issuing Standard and Evaluation of Low-carbon Hydro-
gen, Clean Hydrogen and Renewable Hydrogen (/F[E S FEE I F TR 7 (IS JE/ES-5 0
FEAE BEJRE TR fER A SE) HIWEH]), available at: http://h2cn.org.cn/dynamics_detail/782. html
(last accessed on 22 December 2021).

China Hydrogen Alliance (2021a). The Senior Training Class of “China’s Carbon Market Mecha-
nism and the Evaluation of Green Hydrogen (& “H1 @ 1T 5l - S5RS 7 BRIV FFHE
), available at: http://h2cn.org.cn/dynamics_detail/802.html (last accessed on 22 December 2021).

China National Institute of Standardization (2021). Compressed hydrogen dispenser for vehicles (

(VXEHIEGZTNTHL) ) (Draft for Public Opinions), available at:
https://www.cnis.ac.cn/bydt/bzyjzq/gbyjzq/202102/t20210205_51072.html. (last accessed on 22 De-
cember 2021).

China National Institute of Standardization (2022). Progress of Hydrogen Energy Standards (&5
BrEH ), available at: https://www.cnis.ac.cn/bydt/kydt/202205/t20220520 _53206.html. (last ac-
cessed on 22 December 2021).

China Petrol Association (2019). Sinopec.: Hydrogen Production Rate at 3 Million Tons Every Year
& Construction of 5 Hydrogen Refuelling Stations (F/[H£11E: #HISGET129 300 J7ity 4, iE)75)
%5 NIE ), available at: http://www.zgsygx.com/Html/? 5170.html (last accessed on 22 De-
cember 2021).

China Society of Automotive Engineers (2017). Hydrogen Fuel Cell Vehicle Technology Roadmap (

RIFS Study_ 71


https://www.china5e.com/news/news-1117772-1.html
https://www.china5e.com/news/news-1118692-1.html
https://www.china5e.com/news/news-1120912-1.html
https://www.china5e.com/news/news-1120912-1.html
https://www.in-en.com/article/html/energy-2318787.shtml
http://h2cn.org.cn/en/about.html#survey
http://www.zg-kg.com/files/%E3%80%8A%E4%B8%AD%E5%9B%BD%E6%B0%A2%E8%83%BD%E6%BA%90%E5%8F%8A%E7%87%83%E6%96%99%E7%94%B5%E6%B1%A0%E4%BA%A7%E4%B8%9A%E7%99%BD%E7%9A%AE%E4%B9%A6%E3%80%8B.pdf
http://www.zg-kg.com/files/%E3%80%8A%E4%B8%AD%E5%9B%BD%E6%B0%A2%E8%83%BD%E6%BA%90%E5%8F%8A%E7%87%83%E6%96%99%E7%94%B5%E6%B1%A0%E4%BA%A7%E4%B8%9A%E7%99%BD%E7%9A%AE%E4%B9%A6%E3%80%8B.pdf
http://www.zg-kg.com/files/%E3%80%8A%E4%B8%AD%E5%9B%BD%E6%B0%A2%E8%83%BD%E6%BA%90%E5%8F%8A%E7%87%83%E6%96%99%E7%94%B5%E6%B1%A0%E4%BA%A7%E4%B8%9A%E7%99%BD%E7%9A%AE%E4%B9%A6%E3%80%8B.pdf
http://www.zg-kg.com/files/%E3%80%8A%E4%B8%AD%E5%9B%BD%E6%B0%A2%E8%83%BD%E6%BA%90%E5%8F%8A%E7%87%83%E6%96%99%E7%94%B5%E6%B1%A0%E4%BA%A7%E4%B8%9A%E7%99%BD%E7%9A%AE%E4%B9%A6%E3%80%8B.pdf
http://h2cn.org.cn/dynamics_detail/782.html
http://h2cn.org.cn/dynamics_detail/802.html
https://www.cnis.ac.cn/bydt/bzyjzq/gbyjzq/202102/t20210205_51072.html
https://www.cnis.ac.cn/bydt/kydt/202205/t20220520_53206.html
http://www.zgsyqx.com/Html/?5170.html

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

(SRBL T FEFIFZEEZE/8) ). Available at: hitp://www.sae-china.org/news/soci-
ety/201711/1667.html. (last accessed on 22 December 2021).

China Society of Automotive Engineers (2020). Technology Roadmap 2.0 for Energy-Saving and
New Energy Vehicles ( ( TTRERFTBESTTAFHAEEL K 2.0) ). Available at: http://www.sae-
china.org/mews/society/202010/3957.html. (last accessed on 22 December 2021).

Changshu Government (Changshu Municipal People’s Government) (2021a). Key Work Points of
Developing Hydrogen Fuel Cells in Changshu ( (7 7S/ FL 716770 KT 45) ). Avail-
able at: http://www.chang-
shu.gov.cn/zges/c100353/202103/d2605466fbb74d5896866eaa43dba39e.shtml. (last accessed on 22
December 2021).

Changshu Government (Changshu Municipal People’s Government) (2021b). Industrial Develop-
ment Plans of Hydrogen Fuel Cells 2021-2030 ( (7 24 ilr SR -1t P2l R SR (2021-2030
%) ) ). Available at: http://www.chang-
shu.gov.cn/zges/c108192/202107/fc19¢75d013444dbb04007942f8dcbf6.shtml. (last accessed on 22
December 2021).

Chen, J., et al. (2021), Pursuing Zero-Carbon Steel in China: A Critical Pillar to Reach Carbon
Neutrality. - RMI, at 32.

Chen, L., et al (2021). Hydrogen fuel supply chain based on liquid hydrogen’ , ( (7S 49#% 1017
SPLIEE) ) - Cryo. & Supercond, 48 (11), pp. 1-7, at 1.

Chen, Y., Li, M. (2021). Hydrogen Energy Strategy Operation Practice and Its Development Coun-
termeasures in China ( (7 [HS fe/ G E LK K EXNT 7)) ). - Science Development 157
(86), at 91.

Chengdu Government (Office of Chengdu Municipal People’s Government) (2020). Guidance on
Promoting the High-Quality Development of the Hydrogen Industry in Chengdu ( (/K757 B
JFIP T KT VEHZRE M B A K SR 2 T ML) ), available at:
http://gk.chengdu.gov.cn/govinfoPub/detail.action?id=119605 &tn=6.

Chongqing Economic and Information Commission (2020). Guidance on the Industrial Develop-
ment of Hydrogen Fuel-Cell Vehicles in Chongqing ( (2 X lT S F 7T F WK R 15-FE I
) ). Available at: https.//news.bjx.com.cn/htmil/20200320/1056478.shtml.

Cleantech (2019). Hydrogen in China, available at: https://www.cleantech.com/hydrogen-in-china/
(last accessed on 22 December 2021).

Climate Change Data Portal (2021). Establish Green Hydrogen Industry and Break the Limit of
Carbon Emission ( (7] L AREWRREGATFIKZIA) ), 8 February 2021, available at:
<http://119.78.100.157/handle/2XKMVOVA/165629> (last accessed on 22 December 2021).

CNPC (2021). Transforming the Modern Coal Chemical Industrial Base into the Leading Player of
Hydrogen Development ( (Bl{CHAL T M 1S GE “OiZ " #72) ), available at:
<http://news.cnpc.com.cn/system/2021/01/05/030021072.shtml> (last accessed on 22 December
2021).

CPC Central Committee and State Council (1986).The State’s Plan of High Technology Research
and Development ( (/5 5¢ 55 AW I K E LT L)) ). Available at:

https://www. 12371.cn/2021/11/19/VIDE1637302920570945.shtml. (last accessed on 22 December
2021).

RIFS Study_ 72


http://www.sae-china.org/news/society/201711/1667.html
http://www.sae-china.org/news/society/201711/1667.html
http://www.sae-china.org/news/society/202010/3957.html
http://www.sae-china.org/news/society/202010/3957.html
http://www.changshu.gov.cn/zgcs/c100353/202103/d2605466fbb74d5896866eaa43dba39e.shtml
http://www.changshu.gov.cn/zgcs/c100353/202103/d2605466fbb74d5896866eaa43dba39e.shtml
http://www.changshu.gov.cn/zgcs/c108192/202107/fc19c75d013444dbb04007942f8dcbf6.shtml
http://www.changshu.gov.cn/zgcs/c108192/202107/fc19c75d013444dbb04007942f8dcbf6.shtml
http://gk.chengdu.gov.cn/govInfoPub/detail.action?id=119605&tn=6
https://news.bjx.com.cn/html/20200320/1056478.shtml
https://www.cleantech.com/hydrogen-in-china/
https://www.12371.cn/2021/11/19/VIDE1637302920570945.shtml

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

CPC Central Committee and State Council (2021a). Outline of the People’s Republic of China 14th
Five-Year Plan for National Economic and Social Development and Long-Range Objectives for
2035 ( (HEEN FCHERIE [F FC 28 TF R S50 HE A V1T AL T 2035 G070 5% H AR ).
Available at: http://www.gov.cn/xinwen/2021-03/13/content 559268 1.htm. (last accessed on 22 De-
cember 2021).

CPC Central Committee and State Council (2021b). Working Guidance for Carbon Dioxide Peak-
ing and Carbon Neutrality in Full and Faithful Implementation of the New Development Philosophy
( (FIEATGE, [H] 55 He T 50 B W £ [T 5 T I B AT e I e o T LA F AT LD ).
Available at: http://www.gov.cn/zhengce/2021-10/24/content 5644613.htm. (last accessed on 22 De-
cember 2021).

Dalian Government (2018) (Office of Dalian Municipal People * s Government). Guiding Opinions
on Accelerating the Innovation and Development of New Energy Vehicles ( ( XiE TN FCEHFFR T
IRFTREVRT T GBI R SR I 15 -F e L) ), available at:
https://www.waizi.org.cn/rule/51932.html. (last accessed on 22 December 2021).

Dongwu Securities (2022), Lowering Cost of Hydrogen Value Chains (#/#E S GE/ W #EF AR T3
SF11 2 77), available at: https://www.hstong.com/news/detail/22050917064533419 (last accessed
on 21 May 2022).

Downs, Erica (2021). Green Giants? China’s National Oil Companies Prepare for the Energy Tran-
sition. Columbia University CGEP, at 8.

Du, Z., Mu, X. (2021). Review and Application Prospect on Distributed Hydrogen Production Tech-
nology ( (A ZHIFIZAHIR FER I FT =7 HEZ) ). - Petroleum Processing and Petrochemi-
cals, 52 (1), pp. 1-9, at 1.

East Money (2020). Announcement of PetroChina on Foreign Investment and Sale of Pipeline Busi-
ness and Assets ([ 117K T L BB 75K 7 X SR 55 K Hi BT 2 £5). - East Money, 24 July
2020, available at: https://data.eastmoney.com/notices/detail/00857/AN202007231393638710.html.
(last accessed on 22 December 2021).

Economic Information Daily (2021). Green Hydrogen: Break the Limits of Carbon Emission (#]1%
TR A RAEB AT ). - People” s Political Consultation Website, available at:
http://www.rmzxb.com.cn/c/2021-02-08/2782582.shtml (last accessed on 22 December 2021).

Energynews (2021). Pipeline Transportation Break the Bottleneck of Hydrogen Storage and Trans-
portation? (EIFE 5 TS FEREE D). — Energynews, 23 June 2021, available at:
http://www.cnenergynews.cn/huagong/2021/06/23/detail 2021062399750.html (last accessed on 22
December 2021).

Energy Review (2021). Sinopec: Target for China’ s First Hydrogen Company ( (‘P [E 1 1E: #
JEHE B —SFEL A]) ). - Energy Review, 15 July 2021, available at:
https://www.chinaSe.com/news/news-1118185-1.html. (last accessed on 22 December 2021).

Energy Transition Commissionm (2019), China 2050: The Zero-Carbon Scenario of A Fully Mod-
ernized State ( (7[5 2050—— — T2 [HSEH T CIE H S HT E 0% FR) ), available at:
https://www.energy-transitions.org/wp-content/up-

loads/2020/07/CHINESE _VERSION EXECUTIVE SUMMARY CHINA-

2050 A FULLY DEVELOPED RICH ZERO CARBON _ECONOMY.pdf. (last accessed on 22 De-
cember 2021).

Eurasian Times (2022). China Overtakes US & Germany To Become ‘Top Dog’ In Hydrogen Tech;

RIFS Study_ 73


http://www.gov.cn/xinwen/2021-03/13/content_5592681.htm
http://www.gov.cn/zhengce/2021-10/24/content_5644613.htm
https://www.waizi.org.cn/rule/51932.html
https://www.hstong.com/news/detail/22050917064533419
https://data.eastmoney.com/notices/detail/00857/AN202007231393638710.html
http://www.rmzxb.com.cn/c/2021-02-08/2782582.shtml
http://www.cnenergynews.cn/huagong/2021/06/23/detail_2021062399750.html
https://www.china5e.com/news/news-1118185-1.html
https://www.energy-transitions.org/wp-content/uploads/2020/07/CHINESE_VERSION_EXECUTIVE_SUMMARY_CHINA-2050_A_FULLY_DEVELOPED_RICH_ZERO_CARBON_ECONOMY.pdf
https://www.energy-transitions.org/wp-content/uploads/2020/07/CHINESE_VERSION_EXECUTIVE_SUMMARY_CHINA-2050_A_FULLY_DEVELOPED_RICH_ZERO_CARBON_ECONOMY.pdf
https://www.energy-transitions.org/wp-content/uploads/2020/07/CHINESE_VERSION_EXECUTIVE_SUMMARY_CHINA-2050_A_FULLY_DEVELOPED_RICH_ZERO_CARBON_ECONOMY.pdf

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

Now Guns For Japan To Take The Pole Position. - Eurasian Times, 14 July 2022, available at:
https://eurasiantimes.com/china-overtakes-us-now-guns-for-japan-to-take-the-pole-position/. (last
accessed on 22 December 2021).

Everbright Securities (2022a). Trillion blue ocean market, the future of hydrogen energy can be ex-
pected (1L EE 17, FFEARFATHY), available at:

https://pdf.dfcfw.com/pdf/H3 AP202203231554449361 1.pdf?1648034612000.pdf. (last accessed
on 22 December 2021).

Everbright Securities (2022b). China Hydrogen Alliance (2019) White Paper on China's Hydrogen
Energy and Fuel Cell Industry (1[5 IR SR F1/% 1), available at: hitp://www.zg-
kg.com/files/%E3%80%8A%E4%B8%ADY%E S %9B%BD%E6%B0%A2%E8%83%BD%E6%BA %90
WES%SF%8A%E7%87%83%E6%96 %99%E 7%94%B 5 %E 6%B 1 %A0%E4%BA %A 7%E4%B8%9A
%E7%99%BD%E7%9A%AE%E4%B9%A6%E3%80%8B.pdf. (last accessed on 22 December
2021).

EVPartner (2019). 2019 Inter-Ministerial Meeting for the Industry of Energy Saving and New En-
ergy Vehicles ™, (TTRE-SHRENRT LM K RERTIF IR 251X 2019 /% 1 {F23EK). — EVPartner,
14 May 2019, available at: https://m.evpartner.com/news/detail-44817.html (last accessed on 22 De-
cember 2021).

Finance Eastmoney (2022), Henan: By 2025, the total output value of the hydrogen energy industry
will exceed 100 billion yuan (F5: 22025 FZ 5E/ " Mb.&77 6 K H 1000 127). - Finance East-
money, 7 Septemebr 2022, available at: https://finance.east-
money.com/a/202209072503590872.html. (last accessed on 22 December 2021).

Forward Economist (2022). The Development of and Prospects for Hydrogen refuelling stations in
Guangdong in 2022 (2022 %) K B WA 5517 1755 K /& Fi 52 7+#7), available at:
https://m.ofweek.com/hydrogen/2022-02/ART-180822-8420-30549844.html (last accessed on 22 De-
cember 2021).

Foshan DRC (2015) (Foshan Development and Reform Commission). Industrial Development Plan
of New Energy Vehicles in Nanhai District, Foshan (2015-2025) ( (1111 177 BI/AEX BT BEVRT M
Y 2015-2025) ). Available at: http://www.nanhai.gov.cn/fsnhq/zwgk/zdgk/fzgh/con-
tent/post_1328103.html. (last accessed on 22 December 2021).

Foshan DRC (2020a). Management Measures of Financial Subsidies to the Promotion and Applica-
tion of New Energy Bus and to the Construction of Relevant Infrastructure ( (111 T #BESTA K FE
TS P2 i Bt B iR IR 57 B EE %) ), available at: http://www.fo-
shan.gov.cn/zwgk/zcwj/gfxwj/bmgfxwj/content/post_4354639.html. (last accessed on 22 December
2021).

Foshan DRC (2020b). Hydrogen Industrial Development Plan in Nanhai, Foshan 2020-2035 ( (1#
1L TTT P IX S RET ol K REAY 2020-2035) ). Available at:
http://pg.jrj.com.cn/acc/Res/CN_RES/INVEST/2020/3/6/29dde614-3a20-4128-a4ad-
a0111168ec7d.pdf (last accessed on 22 December 2021).

Foshan DRC (2020c). Implementation Details of Support Measures of the Industrial Development
of New Energy Vehicles ( (1111 177 B X fEH R BEIRTTE M K JEFKFFIPILSLEIEAINY) ). Avail-
able at: http://www.nanhai.gov.cn/attachment/0/268/268184/5297466.pdf. (last accessed on 22 De-
cember 2021).

Foshan Government (2021) (Foshan Municipal People’ s Government). Outline of Foshan 14th

RIFS Study_ 74


https://eurasiantimes.com/china-overtakes-us-now-guns-for-japan-to-take-the-pole-position/
https://pdf.dfcfw.com/pdf/H3_AP202203231554449361_1.pdf?1648034612000.pdf
http://www.zg-kg.com/files/%E3%80%8A%E4%B8%AD%E5%9B%BD%E6%B0%A2%E8%83%BD%E6%BA%90%E5%8F%8A%E7%87%83%E6%96%99%E7%94%B5%E6%B1%A0%E4%BA%A7%E4%B8%9A%E7%99%BD%E7%9A%AE%E4%B9%A6%E3%80%8B.pdf
http://www.zg-kg.com/files/%E3%80%8A%E4%B8%AD%E5%9B%BD%E6%B0%A2%E8%83%BD%E6%BA%90%E5%8F%8A%E7%87%83%E6%96%99%E7%94%B5%E6%B1%A0%E4%BA%A7%E4%B8%9A%E7%99%BD%E7%9A%AE%E4%B9%A6%E3%80%8B.pdf
http://www.zg-kg.com/files/%E3%80%8A%E4%B8%AD%E5%9B%BD%E6%B0%A2%E8%83%BD%E6%BA%90%E5%8F%8A%E7%87%83%E6%96%99%E7%94%B5%E6%B1%A0%E4%BA%A7%E4%B8%9A%E7%99%BD%E7%9A%AE%E4%B9%A6%E3%80%8B.pdf
http://www.zg-kg.com/files/%E3%80%8A%E4%B8%AD%E5%9B%BD%E6%B0%A2%E8%83%BD%E6%BA%90%E5%8F%8A%E7%87%83%E6%96%99%E7%94%B5%E6%B1%A0%E4%BA%A7%E4%B8%9A%E7%99%BD%E7%9A%AE%E4%B9%A6%E3%80%8B.pdf
https://m.evpartner.com/news/detail-44817.html
https://finance.eastmoney.com/a/202209072503590872.html
https://finance.eastmoney.com/a/202209072503590872.html
https://m.ofweek.com/hydrogen/2022-02/ART-180822-8420-30549844.html
http://www.nanhai.gov.cn/fsnhq/zwgk/zdgk/fzgh/content/post_1328103.html
http://www.nanhai.gov.cn/fsnhq/zwgk/zdgk/fzgh/content/post_1328103.html
http://www.foshan.gov.cn/zwgk/zcwj/gfxwj/bmgfxwj/content/post_4354639.html
http://www.foshan.gov.cn/zwgk/zcwj/gfxwj/bmgfxwj/content/post_4354639.html
http://pg.jrj.com.cn/acc/Res/CN_RES/INVEST/2020/3/6/29dde614-3a20-4128-a4ad-a0111168ec7d.pdf
http://pg.jrj.com.cn/acc/Res/CN_RES/INVEST/2020/3/6/29dde614-3a20-4128-a4ad-a0111168ec7d.pdf
http://www.nanhai.gov.cn/attachment/0/268/268184/5297466.pdf

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

Five-Year Plan for National Economic and Social Development and Long-Range Objectives for
2035 ( (LTI [F L GFFlFE S K SEFE A VYA T FE AT 2035 47 HEAE) ). Available
at: http://www.foshan.gov.cn/zwgk/zfgb/symzfwj/content/post 4807358.html. (last accessed on 22
December 2021).

Foshan Housing and Urban Design Administration (2018). Interim Measures of Managing Foshan
Hydrogen Refuelling Stations (Draft for Public Opinions) ( (1111 7S 55 B EEE 17707 (GEK
EJFG) ) ), available at: http://fszj foshan.gov.cn/zmhd/yjzj/content/post 788905.html. (last ac-
cessed on 22 December 2021).

FuelCellsWorks (2022). CCS Inspects China’s First Hydrogen-Fuelled Ship “Three Georges Hy-
drogen Boat 1. — FuelCellsWorks, 17 May 2022, available at: https://fuelcellsworks.com/news/ccs-
inspects-chinas-first-hydrogen-fuelled-ship-three-gorges-hydrogen-boat-1/. (last accessed on 22 De-
cember 2021).

Fuzhou Government (2020) (Fuzhou Municipal People s Government). Interim Regulations on
Constructing, Operating and Managing Hydrogen Refueling stations in Fu Zhou ( (#5317 IE 0%
ERREZEEPEEITIME) ), available at: hitps://www.fu-

zhou.gov.cn/zgfzzt/sajj/fzaj/zwgk 35707/zcfg/202011/t20201120 3653776.htm. (last accessed on 22
December 2021).

Future Services. Introduction to Hydrogen Funds (555222 /i 7), available at:
https://www.kechuangfuwu.com/vue/service?id=2939& cate-
gory=%E7%A7%91%E6%8A4%80%E9%87%91 %ES8%IE%SDY%E6%9C%ED %ES %684 %A 1 &sub-
cat=%FE4%BA%A7%E4%B8%9A%ES %9F %BA%E9%87 %91 &menu=enterpriseService (last ac-
cessed on 22 December 2021).

GG-FC (2021). The "Big Mac" national pipeline network promotes the construction of hydrogen
pipelines ( “EE#H " [HFE EMHFHHRTEEER). - GG-FC, 26 July 2021, available at:
https://www.gg-fc.com/art-42075. html. (last accessed on 22 December 2021).

GGII Research Institute (2021), What Is the Hydrogen Supply Capacity of 8 Hydrogen Production
Bases in China? (/A 8 1~ it X BT T HENFE ] 4117), available at: hitp.://www.h2me-
dia.cn/mobile/index/show/catid/19/id/3162.html (last accessed 3 March 2022).

Gong, X., Boute, A. (2021), For Profit or Strategic Purpose? Chinese Outbound Energy Investments
and the International Economic Regime. - The Journal of World Energy Law & Business, 14 (5), pp.
345-362.

Guangdong DRC (2016) (Development and Reform Commission). Implementation Opinions on Ac-
celerating the Promotion and Application of New Energy Vehicles ( (/" 7 & N FCEIFF FH1HF
FEDR/ T L)) ), available at: http://www.gd.gov.cn/gkmipt/con-
tent/0/144/post_144845.htmi#7. (last accessed on 22 December 2021).

Guangdong Government (2018) (Guangdong Provincial People’ s Government). Opinions on Ac-
celerating the Innovation and Development of the Industry of New Energy Vehicles ( (/" #HNA K
BT T WIRFTREDRT M GIFT R EHT M) ), available at:
http://www.gd.gov.cn/gkmipt/content/0/146/post 146920.htmi#7. (last accessed on 22 December
2021).

Guangzhou DRC (2020a) (Guangzhou Development and Reform Commission). Hydrogen Industrial
Development Plan of Guangzhou (2019-2030) ( (/M TG FE W KLY (2019—2030 ) )
). Available at: https://pdf-dfcfw.com/pdf/H3_AP202008031396016224_1.pdf?1596472816000.pdf-

RIFS Study_ 75


http://www.foshan.gov.cn/zwgk/zfgb/srmzfwj/content/post_4807358.html
http://fszj.foshan.gov.cn/zmhd/yjzj/content/post_788905.html
https://fuelcellsworks.com/news/ccs-inspects-chinas-first-hydrogen-fuelled-ship-three-gorges-hydrogen-boat-1/
https://fuelcellsworks.com/news/ccs-inspects-chinas-first-hydrogen-fuelled-ship-three-gorges-hydrogen-boat-1/
https://www.fuzhou.gov.cn/zgfzzt/sajj/fzaj/zwgk_35707/zcfg/202011/t20201120_3653776.htm
https://www.fuzhou.gov.cn/zgfzzt/sajj/fzaj/zwgk_35707/zcfg/202011/t20201120_3653776.htm
https://www.kechuangfuwu.com/vue/service?id=2939&category=%E7%A7%91%E6%8A%80%E9%87%91%E8%9E%8D%E6%9C%8D%E5%8A%A1&subcat=%E4%BA%A7%E4%B8%9A%E5%9F%BA%E9%87%91&menu=enterpriseService
https://www.kechuangfuwu.com/vue/service?id=2939&category=%E7%A7%91%E6%8A%80%E9%87%91%E8%9E%8D%E6%9C%8D%E5%8A%A1&subcat=%E4%BA%A7%E4%B8%9A%E5%9F%BA%E9%87%91&menu=enterpriseService
https://www.kechuangfuwu.com/vue/service?id=2939&category=%E7%A7%91%E6%8A%80%E9%87%91%E8%9E%8D%E6%9C%8D%E5%8A%A1&subcat=%E4%BA%A7%E4%B8%9A%E5%9F%BA%E9%87%91&menu=enterpriseService
https://www.gg-fc.com/art-42075.html
http://www.h2media.cn/mobile/index/show/catid/19/id/3162.html
http://www.h2media.cn/mobile/index/show/catid/19/id/3162.html
http://www.gd.gov.cn/gkmlpt/content/0/144/post_144845.html#7
http://www.gd.gov.cn/gkmlpt/content/0/144/post_144845.html#7
http://www.gd.gov.cn/gkmlpt/content/0/146/post_146920.html#7
https://pdf.dfcfw.com/pdf/H3_AP202008031396016224_1.pdf?1596472816000.pdf

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

(last accessed on 22 December 2021).

Guangzhou DRC (2020b). Implementation Details of the Measures of Promoting Hydrogen Indus-
trial Development of Development Zones of Guangzhou ( (/" Ml # X ALK X (EHS 5E~
MK SRIRFESL AN ). Available at: http://www.hp.gov.cn/zwgk/zcjd/zcjd/con-
tent/post_7350707.html. (last accessed on 22 December 2021).

Guangzhou Government (2020) (Guangzhou Municipal People ~ s Government). Guangzhou Mu-

nicipal People ’ s Government Implementation Plans of Promoting the Construction of New Infra-

structure (2020-2022) ( () M T HEA BT B0l i i i S5 7 % (2020-2022 7)) ); availa-
ble at: http://www.gd.gov.cn/zwgk/jhgh/content/post 3121406.html. (last accessed on 22 December
2021).

GUOFUHEE (2021a). The Rapid Development of Liquified Hydrogen (7S 2 ML 2516111,
available at:

https://mp.weixin.qq.com/s ?biz=MzIl] OTU4NzcxNA==&mid=2247484904 &idx=1&sn=6dce4c620a
a0bd9f90bd75d2193celad &chksm=ea77ee05dd006713e424ca70f0b7f5e8d4e075b1c3fdebcfd9dab
c63841de4182c1b164729c&token=642591832&Ilang=zh CN#rd (last accessed on 10 December
2021).

GUOFUHEE (2021b), The First Gas-Hydrogen-Electricity Station in Zibo, Shandong - Support
from GUOFUHEE ([# 5 S ERZE, 111470415 B BT H kg G55 IEF0iE 17), available at:
https://mp.weixin.qq.com/s? _biz=MzI1 OTU4NzcxNA==&mid=2247484973&idx=1&sn=63d7fb4e
5a54063932024a65ac5606c2&chksm=ea77edc0dd0064d6c62cec9a9faal8dl 7bf3834c9648e9ae32d0
04d4345360add2cceec26alaaktoken=2133291374&lang=zh CN#rd (last accessed on 29 Novem-
ber 2021).

GUOFUHEE (2021c) About US (K7-#17), available at: https://www.furuihp.com/about.html (last
accessed on 22 December 2021).

GUOFUHEE (2021d). Serving Winter Olympics (JR#4 ), available at:
https://mp.weixin.qq.com/s/WpZsInAxiVvE9bqidyGCRg (last accessed on 22 December 2021).

GUOFUHEE (2021e). China’ s First Petrol-Gas-Hydrogen Refueling Station in Tongling (54 &
JEIH TS G5 B BERI TE 7% 1T7), available at: https://www.furuihp.com/News/details/id/265. html
(last accessed on 22 December 2021).

GUOFUHEE (2021f). Hydrogen Fuel-Cell Vehicles Pump Up Hydrogen in Guangzhou (SH7
) MNIE), available at:

https://mp.weixin.qq.com/s? _biz=MzI1 OTU4NzcxNA==&mid=2247488111&idx=1&sn=6b05a8c
dc493feb7808192141c6cbe24&chiksm=ea77f982dd0070949c2b8f24f624ba04e79aea4352aced3 1a’e
9006460dd6b2ea96b53b852d1 &token=1441640013&lang=zh CN#rd (last accessed on 22 Decem-
ber 2021).

GUOFUHEE (2021g). Third Phase of GUOFUHEE ’ s Hydrogen Industrial Base in Zhangjiagang
([ 5 FFEFRE B M A (=H)) LK SGTELTFIX KB AT H), available at:
https://mp.weixin.qq.com/s? _biz=MzI1 OTU4NzcxNA==&mid=2247488171&idx=1&sn=8070al9
7d6f7e8ddd591e79aa6983d43& chksm=ea77f946dd00705008914857fea776al5546ef208f0al85ebaf
f0549fald6deSbe24dc196510&token=1441640013&lang=zh CN#rd (last accessed on 22 Decem-
ber 2021)

GUOFUHEE (2021h). The Company Signed A Strategic MOU: Promote Projects of Hydrogen Re-
fueling Stations Whose Hydrogen Is Supplied by Water Electrolysis (4 F] 4525 LG5 5 1TEHEZE B iX-

RIFS Study_ 76


http://www.hp.gov.cn/zwgk/zcjd/zcjd/content/post_7350707.html
http://www.hp.gov.cn/zwgk/zcjd/zcjd/content/post_7350707.html
http://www.gd.gov.cn/zwgk/jhgh/content/post_3121406.html
https://mp.weixin.qq.com/s?biz=MzI1OTU4NzcxNA==&mid=2247484904&idx=1&sn=6dce4c620aa0bd9f90bd75d2193ce0a4&chksm=ea77ee05dd006713e424ca70f0b7f5e8d4e075b1c3fdeb1cfd9dabc63841de4182c1b164729c&token=642591832&lang=zh_CN#rd
https://mp.weixin.qq.com/s?biz=MzI1OTU4NzcxNA==&mid=2247484904&idx=1&sn=6dce4c620aa0bd9f90bd75d2193ce0a4&chksm=ea77ee05dd006713e424ca70f0b7f5e8d4e075b1c3fdeb1cfd9dabc63841de4182c1b164729c&token=642591832&lang=zh_CN#rd
https://mp.weixin.qq.com/s?biz=MzI1OTU4NzcxNA==&mid=2247484904&idx=1&sn=6dce4c620aa0bd9f90bd75d2193ce0a4&chksm=ea77ee05dd006713e424ca70f0b7f5e8d4e075b1c3fdeb1cfd9dabc63841de4182c1b164729c&token=642591832&lang=zh_CN#rd
https://mp.weixin.qq.com/s?__biz=MzI1OTU4NzcxNA==&mid=2247484973&idx=1&sn=63d7fb4e5a54063932024a65ac5606c2&chksm=ea77edc0dd0064d6c62cec9a9faa8d17bf3834c9648e9ae32d004d4345360add2cceec26a1aa&token=2133291374&lang=zh_CN#rd
https://mp.weixin.qq.com/s?__biz=MzI1OTU4NzcxNA==&mid=2247484973&idx=1&sn=63d7fb4e5a54063932024a65ac5606c2&chksm=ea77edc0dd0064d6c62cec9a9faa8d17bf3834c9648e9ae32d004d4345360add2cceec26a1aa&token=2133291374&lang=zh_CN#rd
https://mp.weixin.qq.com/s?__biz=MzI1OTU4NzcxNA==&mid=2247484973&idx=1&sn=63d7fb4e5a54063932024a65ac5606c2&chksm=ea77edc0dd0064d6c62cec9a9faa8d17bf3834c9648e9ae32d004d4345360add2cceec26a1aa&token=2133291374&lang=zh_CN#rd
https://www.furuihp.com/about.html
https://mp.weixin.qq.com/s/WpZs9nAxiVvE9bqidyGCRg
https://www.furuihp.com/News/details/id/265.html
https://mp.weixin.qq.com/s?__biz=MzI1OTU4NzcxNA==&mid=2247488111&idx=1&sn=6b05a8cdc493feb7808192141c6cbe24&chksm=ea77f982dd0070949c2b8f24f624ba04e79aea4352aced31a2e9006460dd6b2ea96b53b852d1&token=1441640013&lang=zh_CN#rd
https://mp.weixin.qq.com/s?__biz=MzI1OTU4NzcxNA==&mid=2247488111&idx=1&sn=6b05a8cdc493feb7808192141c6cbe24&chksm=ea77f982dd0070949c2b8f24f624ba04e79aea4352aced31a2e9006460dd6b2ea96b53b852d1&token=1441640013&lang=zh_CN#rd
https://mp.weixin.qq.com/s?__biz=MzI1OTU4NzcxNA==&mid=2247488111&idx=1&sn=6b05a8cdc493feb7808192141c6cbe24&chksm=ea77f982dd0070949c2b8f24f624ba04e79aea4352aced31a2e9006460dd6b2ea96b53b852d1&token=1441640013&lang=zh_CN#rd
https://mp.weixin.qq.com/s?__biz=MzI1OTU4NzcxNA==&mid=2247488171&idx=1&sn=8070a197d6f7e8ddd591e79aa6983d43&chksm=ea77f946dd00705008914857fea776a15546ef208f0a185ebaff0549fa1d6de5be24dc196510&token=1441640013&lang=zh_CN#rd
https://mp.weixin.qq.com/s?__biz=MzI1OTU4NzcxNA==&mid=2247488171&idx=1&sn=8070a197d6f7e8ddd591e79aa6983d43&chksm=ea77f946dd00705008914857fea776a15546ef208f0a185ebaff0549fa1d6de5be24dc196510&token=1441640013&lang=zh_CN#rd
https://mp.weixin.qq.com/s?__biz=MzI1OTU4NzcxNA==&mid=2247488171&idx=1&sn=8070a197d6f7e8ddd591e79aa6983d43&chksm=ea77f946dd00705008914857fea776a15546ef208f0a185ebaff0549fa1d6de5be24dc196510&token=1441640013&lang=zh_CN#rd

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

GIEHE Kt S S 25520 H), available at: hittps://www.furuihp.com/News/de-
tails/id/183.html (visited 10 December 2021).

Haitong Securities (2021). Hydrogen Energy: Challenges and Opportunities (SIFEVR: JE AP Z
) (28 December 2021). Available at: https://www.htsec.com/jfimg/colimg/up-
load/20211229/31011640762851799.pdf.

Hebei DRC (2019). Implementation Opinions on Promoting Hydrogen Industry Development in He-
bei ( (V1L B WAL FE AR ESL ) ). Available at:
https://news.bjx.com.cn/html/20190902/1004301.shtml.

Henan Government (2021) (The provincial government of Henan province). 14th Five-Year Devel-
opment Plan of Strategic Emerging Industries and Future Industries ( (77/F7# “71VI7 " AGHE M
A FIRFE A K S EY) ), available at: https://fgw.henan.gov.cn/2022/04-
15/2432716.html.

He, Q. et al. (2021). Analysis and thinking of hydrogen energy policies in China under "double car-
bon" target, ( ( “XBK” HFr T EERGEHF 7 P45 7)) ). - Thermal Power Generation, I, at
4-5.

Hongda Xingye Co. (2021a) The Issuance of Technological Standards of Liquid Hydrogen: Hongda
Xingye Boosted the Civil Hydrogen Use (RS [HFR & A7 MR XN ME S e “FAHH 7 ), 10 De-
cember 2021, available at: http://www.002002.cn/news/2021-12-10/13851.html (last accessed on 12
December 2021).

Hongda Xingye Co. (2021b). The Re-Opening of Carbon Market: Hongda Xingye Runs First in the
Hydrogen Channel (153 %5 175571 /5 75 Bl A XL 76 FIS GE 51 #E78), available at:
http://www.002002.cn/news/2021-07-15/13413.html (visited 12 December 2021).

Hongda Xingye Co. (2021c). Guangdong Grasped the Opportunities of Developing Hydrogen:
Speeding Up the Construction of Hydrogen Infrastructure, (/= 2 18IS FLH 775 F K SRHLEH]

CGHRE” RFFEF), available at: http://www.002002.cn/news/2021-05-13/13003.html (visited 10
December 2021).

Huabao Securities (2021). Domestic and Foreign Carbon Transaction Regimes (/5 1 5M#3E 511
#)), available at: https://huanbao.bjx.com.cn/news/20210718/1164371.shtml .

IEA (2020), Global average levelised cost of hydrogen production by energy source and technology,
2019 and 2050, available at: https://www.iea.org/data-and-statistics/charts/global-average-level-
ised-cost-of-hydrogen-production-by-energy-source-and-technology-2019-and-2050 (last accessed
on 28 March 2022).

IEA (2021). Global Hydrogen Review 2021, available at: https://www.iea.org/reports/global-hydro-
gen-review-2021.

Inner Mongolia Energy Bureau (2022). Inner Mongolia Autonomous Region "14th Five-Year" Hy-
drogen Energy Development Plan (515 H8IX “F-VI7 " FGEREMEY. Available at:
http://nyj.nmg.gov.cn/zwghk/zfxxgkzl/fdzdgknr/tzgg 16482/tz 16483/202202/P020220228424743819
628.pdf- (last accessed on 22 December 2021)

Inner Mongolia Government (2022) (Office of Inner Mongolia People * s Government). Guidance
on Promoting the High-Quality Development of the Hydrogen Industry in Inner Mongolia ( (4 5¢
2 76 XA B AP 2T TEH Z R W I AR EHT &) ), available at:

https://www.nmg.gov.cn/zwgk/zfxxghk/zfxxgkml/gzxzgfxwj/xzgfxwj/202203/t20220303_2012066.html.

RIFS Study_ 77


https://www.furuihp.com/News/details/id/183.html
https://www.furuihp.com/News/details/id/183.html
https://www.htsec.com/jfimg/colimg/upload/20211229/31011640762851799.pdf
https://www.htsec.com/jfimg/colimg/upload/20211229/31011640762851799.pdf
https://news.bjx.com.cn/html/20190902/1004301.shtml
https://fgw.henan.gov.cn/2022/04-15/2432716.html
https://fgw.henan.gov.cn/2022/04-15/2432716.html
http://www.002002.cn/news/2021-12-10/13851.html
http://www.002002.cn/news/2021-07-15/13413.html
http://www.002002.cn/news/2021-05-13/13003.html
https://huanbao.bjx.com.cn/news/20210718/1164371.shtml
https://www.iea.org/data-and-statistics/charts/global-average-levelised-cost-of-hydrogen-production-by-energy-source-and-technology-2019-and-2050
https://www.iea.org/data-and-statistics/charts/global-average-levelised-cost-of-hydrogen-production-by-energy-source-and-technology-2019-and-2050
https://www.iea.org/reports/global-hydrogen-review-2021
https://www.iea.org/reports/global-hydrogen-review-2021
http://nyj.nmg.gov.cn/zwgk/zfxxgkzl/fdzdgknr/tzgg_16482/tz_16483/202202/P020220228424743819628.pdf
http://nyj.nmg.gov.cn/zwgk/zfxxgkzl/fdzdgknr/tzgg_16482/tz_16483/202202/P020220228424743819628.pdf
https://www.nmg.gov.cn/zwgk/zfxxgk/zfxxgkml/gzxzgfxwj/xzgfxwj/202203/t20220303_2012066.html

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

(last accessed on 22 December 2021)

International Gas (2017). Independent Pipeline Networks? (78T & 411737 ? ). - International
Gas, 13 June 2017, available at: https.//gas.in-en.com/html/gas-2630674.shtml (last accessed on 22
December 2021).

International Ptx Hub (2022), Factsheet on China, the world’s largest Hydrogen producer and con-
sumer, available at: https://ptx-hub.org/factsheet-on-china-the-worlds-largest-hydrogen-producer-
and-consumer/ (last accessed on 26 February 2022).

IRENA (2021). Innovation Outlook: Renewable Methanol, at 34

IRENA (January 2022). Geopolitics of the Energy Transformation: The Hydrogen Factor. Available
at: https://'www.irena.org/publications/2022/Jan/Geopolitics-of-the-Energy-Transformation-Hydro-
gen. (last accessed on 22 December 2021)

Jiang, D. et al. (2020). Application Prospect of Hydrogen Energy in Integrated Energy Systems ( (
HFETELR A REIR AL N 57D ). - Electric Power, 53 (5), at 138.

Jiaxing Government (2021) (Office of Jiaxing Municipal People’s Government). Guidance on Hy-
drogen Development in Jiaxing ( (F2X TR T WRZ GEr W R EHI L 1ERM.) ), available at:
https://www.jiaxing.gov.cn/art/2021/6/15/art 1229426374 2302539.html. (last accessed on 22 De-
cember 2021).

Junhe Law Firm (2017). MIIT issued Measures for the Parallel Administration of the Average Fuel
Consumption and New Energy Vehicle Credits of Passenger Vehicle Enterprises (_L 15 752\ e/
F Al P FE T 3T BEVRT TR 2 AT B PRI, available at:

http://www.junhe.com/law-reviews/690 (last accessed on 22 December 2021).

KAS (2022). Perception of the Implementation of a Hydrogen Economy in Asia-Pacific: An Expert
Survey. Available at: https://www.kas.de/en/web/recap/single-title/~/content/perception-of-the-imple-
mentation-of-a-hydrogen-economy-in-asia-pacific. (last accessed on 22 December 2021).

Leadleo Industry Research Institute (2021), Hydrogen Industrial Value Chains in China (" [H5 5¢
FEfLEER ), available at: https://www.dx2025.com/archives/147995.html (last accessed on 22 De-
cember 2021).

Li, J. etal. (2021). An Overview on Hydrogen Energy Storage and Transportation Technology and
its Typical Application in Power System ( (& G tais LRI AL H 77 R 5P HIHZEPII ) ).
- Modern Electric Power, 38(5), pp. 535-545.

Li, N., Song, Y. (2021), Hybrid Energy Systems for Combined Cooling, Heating, and Power and Hy-
drogen Production Based on Solar Energy: A Techno-Economic Analysis. - Yanfei Li Han Phoumin,
at 54.

Li, 8. et al. (2022), Transforming China’s Chemicals Industry: Pathways and Outlook under the
Carbon Neutrality Goal. — Rocky Mountain Institute (RMI), p. 11.

Li, Y., Shi, X., and Phoumin, H. (2021). A strategic roadmap for large-scale green hydrogen
demonstration and commercialisation in China: A review and survey analysis. - International Jour-
nal of Hydrogen Energy, pp. 243-274.

Ling, Chunting (2019). So Many Difficulties of Building Hydrogen Refueling Stations: A New Mode
of Sinopec (NI I HIE LNAMHEE, FLHETFE] T —FFHEE). - Yicai, 6 July 2019, availa-
ble at: https://www.yicai.com/news/100250784.html (last accessed on 22 December 2021).

RIFS Study_ 78


https://gas.in-en.com/html/gas-2630674.shtml
https://ptx-hub.org/factsheet-on-china-the-worlds-largest-hydrogen-producer-and-consumer/
https://ptx-hub.org/factsheet-on-china-the-worlds-largest-hydrogen-producer-and-consumer/
https://www.irena.org/publications/2022/Jan/Geopolitics-of-the-Energy-Transformation-Hydrogen
https://www.irena.org/publications/2022/Jan/Geopolitics-of-the-Energy-Transformation-Hydrogen
https://www.jiaxing.gov.cn/art/2021/6/15/art_1229426374_2302539.html
http://www.junhe.com/law-reviews/690
https://www.kas.de/en/web/recap/single-title/-/content/perception-of-the-implementation-of-a-hydrogen-economy-in-asia-pacific
https://www.kas.de/en/web/recap/single-title/-/content/perception-of-the-implementation-of-a-hydrogen-economy-in-asia-pacific
https://www.dx2025.com/archives/147995.html
https://www.yicai.com/news/100250784.html

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

Ling, W. et al. (2019). Development Strategy of Hydrogen Infrastructure Industry in China ( (/%
S FERTH I R e ME W IE) ). - China Engineering Science, 21 (3), at 78.

Lin, L., Milhaupt, C. (2013). We Are the (National) Champions: Understanding the Mechanisms of
State Capitalism in China. - Stanford Law Review, 65 (4), pp. 697-760; Chen, J., Li, S., Li, Y. (2021).
Pursuing Zero-Carbon Steel in China: A Critical Pillar to Reach Carbon Neutrality. - RMI, at 10.

Maoming Government (2020) (Maoming Municipal Government). The Hydrogen Industrial Devel-
opment Plan of Maoming ( (/%5 TS GEr W X A %)) ). Available at:
http://www.maoming.gov.cn/hdjlpt/yjzj/api/attachments/view/b49dda98d23babecbd88cbc67c65f6¢ .
(last accessed on 22 December 2021)

MEE (2021). Measures for the Administration of Carbon Emissions Trading (for Trial Implementa-
tion) ( (RIS 53 EFETRZ CidfT) ) ). Available at:
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk02/202101/t20210105 81613 1.html. (last accessed on
22 December 2021)

Meng, X. et al. (2020). Review of China's hydrogen industry policy and scientific and technological

development hotspots in 2019 ( (2019 FH1[FHZFEEH /7MW GFIFEKR H AT FIRE) ). - Science
& Technology Review, 38 (3), pp. 172-183.

MHURD (2021) (Ministry of Housing and Urban-Rural Development of the People * s Republic of
China). Technical Regulation for Hydrogen Refueling Station ( (WS 51 AME) ) (2010,
amended in 2021), available at: https://www.mo-
hurd.gov.cn/gongkai/fdzdgknr/tzgg/202104/20210402_249677.html. (last accessed on 22 December
2021)

MIIT (2020a) (Ministry of Industry and Information Technology of the People’s Republic of China).
Key Working Points of Standardizing New Energy Vehicles in 2020 ( (2020 “FEH5EJT)TE b HEW
T1EZ ) ), available at: http://www.xinhuanet.com/politics/2020-04/17/c_1125867312.htm. (last
accessed on 22 December 2021)

MIIT (2020b). Measures for the Parallel Administration of the Average Fuel Consumption and New
Energy Vehicle Credits of Passenger Vehicle Enterprises ( (Fe/H 1ML -FLIEFL T FE R S H EIR
FLERIGIHATEFEIIE) ) (2017, revised in 2020 . Available at:
http://www.gov.cn/zhengce/zhengceku/2020-06/22/content_5521144.htm. (last accessed on 22 De-
cember 2021)

MIIT (2020c). Key Working Dimensions of Automobile Standardization 2020 ( (2020 477 ZEFrtE
W LIEZ ) ), available at: https://m.cqn.com.cn/cj/content/2020-04/17/content_8532255.htm.
(last accessed on 22 December 2021)

MIIT (2021). Key Working Dimensions of Automobile Standardization 2021 ( (2021 75 FEpp
L1EZ ) ), available at: http://www.caam.org.cn/chn/10/cate_114/con_5234119.html. (last ac-
cessed on 22 December 2021)

MIIT (2022) 2022 Inter-Ministerial Meeting for the Industry of Energy Saving and New Energy Ve-
hicles (7555 H BEIRTTHE MR REFB Ik 53K 2022 /& L 1F LK), available at:
https://www.miit.gov.cn/jgsj/zbys/gzdt/art/2022/art 856bb50a8a31445fb2af14f019921936.html (last
accessed on 22 December 2021)

MIIT, NDRC and MEE (2022). Implementation Plan of Carbon Peaking of Industry (1) %1%
AUE 775, available at: http://www.gov.cn/zhengce/zhengceku/2022-
08/01/5703910/files/f7edf770241a404c9bc608c051f13b45.pdf. (last accessed on 22 December 2021)

RIFS Study_ 79


http://www.maoming.gov.cn/hdjlpt/yjzj/api/attachments/view/b49dda98d23ba6ecbd88cbc67c65f6c1
https://www.mee.gov.cn/xxgk2018/xxgk/xxgk02/202101/t20210105_816131.html
https://www.mohurd.gov.cn/gongkai/fdzdgknr/tzgg/202104/20210402_249677.html
https://www.mohurd.gov.cn/gongkai/fdzdgknr/tzgg/202104/20210402_249677.html
http://www.xinhuanet.com/politics/2020-04/17/c_1125867312.htm
http://www.gov.cn/zhengce/zhengceku/2020-06/22/content_5521144.htm
https://m.cqn.com.cn/cj/content/2020-04/17/content_8532255.htm
http://www.caam.org.cn/chn/10/cate_114/con_5234119.html
https://www.miit.gov.cn/jgsj/zbys/gzdt/art/2022/art_856bb50a8a31445fb2af14f019921936.html
http://www.gov.cn/zhengce/zhengceku/2022-08/01/5703910/files/f7edf770241a404c9bc608c051f13b45.pdf
http://www.gov.cn/zhengce/zhengceku/2022-08/01/5703910/files/f7edf770241a404c9bc608c051f13b45.pdf

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

MOF (2015) Ministry of Finance. Regarding the role of MOF in allocating the central budget, see
MOF, The Interim Measures for the Administration of Subsidy Funds for Energy Conservation and
Emission Reduction ( ( TTEEIRIF RN 55 EREET T 7002) ) (2015, amended in 2020) Article 6,
available at: http://'www.gov.cn/gongbao/content/2015/content 2912375.htm. (last accessed on 22
December 2021)

MOF, MOST, MIIT and NDRC (2014). Notice of Awarding the Construction of Charging Facilities
of New Energy Vehicles ( (KT Fraeliy -7 Hl i & 2 g %1) ), available at:
http://www.gov.cn/xinwen/2014-11/26/content 278383 1.htm. (last accessed on 22 December 2021)

MOF, MOST, MIIT and NDRC (2015). Notice of the Fiscal Subsidy Policies for the Promotion and
Application of New Energy Vehicles (2016-2020) ( (K7~ 2016-2020 F 3T FENTTFEHE) M I E
SCHFECHHTEA) ), available at: http://www.gov.cn/xinwen/2015-04/29/content 2855040. htm.
(last accessed on 22 December 2021)

MOF, MOST, MIIT and NDRC (2019, 2020). Notice of Further Improving the Fiscal Subsidy Poli-
cies for the Promotion and Application of New Energy Vehicles ( (ST —25 7 Z W REIRTAL FTH#E
)R I I T A7) ) (2019 edition and 2020 edition), available at, respectively, :
http://www.gov.cn/xinwen/2019-03/27/content 5377123.htm, and
http://www.gov.cn/zhengce/zhengceku/2020-04/23/content_5505502.htm. (last accessed on 22 De-
cember 2021)

MOF, MIIT, MOST, NDRC and NEA (2020a). Notice of the Pilot Application of Fuel Cell Vehicles
( (KT IFRESFL 7T 59w 41) ), available at:
http://www.gov.cn/zhengce/zhengceku/2020-10/22/content_5553246.htm. (last accessed on 22 De-
cember 2021)

MOF, MOST, MIIT and NDRC (2020b). Notice of Improving the Policies on Government Subsi-
dies for Promotion and Application of New Energy Vehicles ( (FF 52 HBEIR/ T L Y
BN HIAEATY ), available at: http://www.gov.cn/zhengce/zhengceku/2020-04/23/con-
tent_5505502.htm. (last accessed on 22 December 2021)

MOF, MIIT, MOST and NDRC, (2021) Notice of the Policies on Fiscal Subsidies for Promotion
and Application of New Energy Vehicles in 2022( (72022 EFRENRTETE I I B #MIE
FHIHEHT) ) ).

MOF, ChinaTax and MIIT (2022), Announcement on Continuing New Energy Vehicles Exemption
from Vehicle Purchase Tax (KT 2L RENRTCT TN EFLECF T4 77 ) Available at:
http://www.gov.cn/zhengce/zhengceku/2022-09/26/content _5712586.htm. (last accessed on 22 De-
cember 2021)

MOST (2010) (Ministry of Science and Technology of the People’s Republic of China). Advanced
Energy Technology: The Key Technology of Fuel Cells and Distributed Power Generation (863 11-%/
FEREIRTER SZNSFL H 5 7 1 TUK R G KA AR), available at: hitps://pro-
gram.most.gov.cn/htmledit/5037743D-9669-C7DC-A2C6-6740995635F9.html. (last accessed on 22
December 2021)

MOST (2021a). Answers to the Suggestion No. 3965 Proposed in the 4th Meeting of the 13th Na-
tional People * s Congress (X 1= /iti £ F AKXV 3K 5 3965 S # KA R), available at:
http://www.most.gov.cn/xxgk/xinxifenlei/fdzdgknr/jyta/202109/t20210923 176985.html (last ac-
cessed on 22 December 2021)

RIFS Study_ 80


http://www.gov.cn/gongbao/content/2015/content_2912375.htm
http://www.gov.cn/xinwen/2014-11/26/content_2783831.htm
http://www.gov.cn/xinwen/2015-04/29/content_2855040.htm
http://www.gov.cn/xinwen/2019-03/27/content_5377123.htm
http://www.gov.cn/zhengce/zhengceku/2020-04/23/content_5505502.htm
http://www.gov.cn/zhengce/zhengceku/2020-10/22/content_5553246.htm
http://www.gov.cn/zhengce/zhengceku/2020-04/23/content_5505502.htm
http://www.gov.cn/zhengce/zhengceku/2020-04/23/content_5505502.htm
http://www.gov.cn/zhengce/zhengceku/2022-09/26/content_5712586.htm
https://program.most.gov.cn/htmledit/50377A3D-9669-C7DC-A2C6-6740995635F9.html
https://program.most.gov.cn/htmledit/50377A3D-9669-C7DC-A2C6-6740995635F9.html
http://www.most.gov.cn/xxgk/xinxifenlei/fdzdgknr/jyta/202109/t20210923_176985.html

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

MOST (2021b). ‘The List of Projects of the key program of “Hydrogen Technology in 2021 for Pub-
lic Review” ([H 5 H sl K 11 61" S FETEAR” B 7 T IE2021 T/ IAL I H 25755754,
<https://www.ncsti.gov.cn/kjdt/tzgg/202112/P020211215621562016363.pdf> (last accessed 15 De-
cember 2022)

MOST and MOT (2017). The 13th Specific Plan of Scientific and Technological Innovation in
Transportation ( (=7 I FIFE CUFr EHHLY) ). Available at:
https://www.most.gov.cn/xxgk/xinxifen-

lei/fdzdgknr/fgzc/gfxwj/gfewj2017/201706/t20170601 133311.html. (last accessed on 22 December
2021)

National Development Reform Council (NDRC) (2015). Development Plan of Renewable Energy
Pilot Region - Zhangjiaou, Hebei Province ( (77762 5K 5 [ 77 0] FE4E BEF 76 X KAL) )
(28 July 2015). Available at:

https://www.ndrc.gov.cn/xxghk/zcfb/ghwb/201507/t20150729 962159.html. (last accessed on 22 De-
cember 2021)

National People’ s Congress of the PRC (2019). Vehicle and Vessel Tax Law of the People ’ s Re-
public of China ( (FZEN FCHEFEENFHIL) ) (2011, 2019 Amendment), Article 4.

Nakano, J. (2022). China Unveils its First Long-Term Hydrogen Plan. - Center for Strategic and
International Studies, 28 March 2022, available at: https://www.csis.org/analysis/china-unveils-its-
first-long-term-hydrogen-plan. (last accessed on 22 December 2021)

NDRC (2020). The Catalogue of Industries for Encouraging Foreign Investment 2020 ( (#7151
HEZE F R (20200 ) ) (27 December 2020). Available at:
https://www.ndrc.gov.cn/xxghk/zcfb/fzggwl/202012/t20201228 1260594.html?code=&state=123.
(last accessed on 22 December 2021)

NDRC (2021). Catalogue of Encouraged Industries in West China 2020 ( (7§54 X Z¢/55 70 H
F2020) ). Available at:

https://www.ndrc.gov.cn/xxghk/zcfb/fzggwl/202101/t20210126 1265895.html?code=&state=123.

(last accessed on 22 December 2021)

NDRC (2022). The Mid-and-Long-Term Hydrogen Industrial Development Plan (2021-2035) ( (A
FEFEAY KAL) (2021-2035 4) ) ). Available at:
https://www.ndrc.gov.cn/xxgk/zcfb/ghwb/202203/t20220323 1320038.html?code=&state=123(last
accessed on 22 December 2021)

NDRC and MOFCOM (2019, 2020). Catalogue of Industries for Encouraging Foreign Investment (

(S of TP HRD ) (2019 edition and 2020 edition). Available at, respectively,
http://www.gov.cn/xinwen/2019-06/30/content 5404701.htm, and
https://www.ndrc.gov.cn/xxghk/zcfb/fzggwl/202012/t20201228 1260594.html. (last accessed on 22
December 2021)

NDRC and MOFCOM (2021). Special Management Measures for the Market Entry of Foreign In-
vestment (Negative List) (2021 Version) ( (i G IEAFF G EFE G il (LG HE) (2021 4
W) ) ) (27 December 2021). Available at: http.//www.mofcom.gov.cn/arti-
cle/zwgk/ghkzcfb/202112/20211203231965.shtml. (last accessed on 22 December 2021)

NDRC and NEA (2016). Action Plans of Energy Technological Revolution and Innovation (2016-
2030) ( (BESTEARE ay 6UF 1730118/ (2016-2030) ) ). Available at: http://www.gov.cn/xin-
wen/2016-06/01/content_5078628.htm. (last accessed on 22 December 2021)

RIFS Study_ 81


https://www.most.gov.cn/xxgk/xinxifenlei/fdzdgknr/fgzc/gfxwj/gfxwj2017/201706/t20170601_133311.html
https://www.most.gov.cn/xxgk/xinxifenlei/fdzdgknr/fgzc/gfxwj/gfxwj2017/201706/t20170601_133311.html
https://www.ndrc.gov.cn/xxgk/zcfb/ghwb/201507/t20150729_962159.html
https://www.csis.org/analysis/china-unveils-its-first-long-term-hydrogen-plan
https://www.csis.org/analysis/china-unveils-its-first-long-term-hydrogen-plan
https://www.ndrc.gov.cn/xxgk/zcfb/fzggwl/202012/t20201228_1260594.html?code=&state=123
https://www.ndrc.gov.cn/xxgk/zcfb/fzggwl/202101/t20210126_1265895.html?code=&state=123
https://www.ndrc.gov.cn/xxgk/zcfb/ghwb/202203/t20220323_1320038.html?code=&state=123
http://www.gov.cn/xinwen/2019-06/30/content_5404701.htm
https://www.ndrc.gov.cn/xxgk/zcfb/fzggwl/202012/t20201228_1260594.html
http://www.mofcom.gov.cn/article/zwgk/gkzcfb/202112/20211203231965.shtml
http://www.mofcom.gov.cn/article/zwgk/gkzcfb/202112/20211203231965.shtml

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

NDRC and NEA (2021). The Guiding Opinions on Accelerating the Promotion of the Development
of New Energy Storage (Draft for Public Opinions) ( (5T WHRHES)HT G REL EHTHE-F =M. (
MFRENHFT) ) ). Available at:

https://www.ndrc.gov.cn/xxgk/zcfb/ghxwj/202107/t20210723 1291321.html?code=&state=123. (last
accessed on 22 December 2021)

NDRC and NEA (2022a). The 14th Five-Year Plan of Modern Energy System ( ( “7-V17 "~ B/
FEBIEZ ALY ). Available at:
https://www.ndrc.gov.cn/xxghk/zcfb/ghwb/202203/t20220322 1320016.html?code=&state=123. (last
accessed on 22 December 2021)

NDRC and NEA (2022b). Opinions on Improving the Regime and Implementation Measures of En-

ergy Green Low-Carbon Transition ( (5775 2 FEVRAR C N1 F2 ZE (K i) L) FULIEC 72 78 it 1) .

) ). Available at:

https://www.ndrc.gov.cn/xxghk/zcfb/tz/202202/t20220210 131451 1.html? code=&state=123. (last ac-
cessed on 22 December 2021)

NDRC and NEA (2022c). Notice on the Implementation Plan of Developing New Energy Storage
During the 14th Five-Year Period ( ( “7-VI71” ¥rMgRELIE T 5) ). Available at:
https://www.ndrc.gov.cn/xwdt/tzgg/202203/P020220321550104020921.pdf. (last accessed on 22 De-
cember 2021)

NDRC et al. (2022), The 14th Five-Year Plan of Renewable Energy Development ( ( “+-VY7 "~ A
AL FEJAEY) ). Available at:
https://www.ndrc.gov.cn/xxghk/zcfb/ghwb/202206/P020220602315308557623.pdf. (last accessed on
22 December 2021)

NDRC, MIIT, MNR, MEE, MHURD, PBOC and NEA (2019). Green Industry Guidance (2019
edition) ( (ZRE/ TG HR (2019 /KD ) ). Available at: https://www.amac.org.cn/busi-
nessservices 2025/ywfw_esg/esgzc/zczgsc/202007/t20200714_9848.html; therein, Annex 2 - The ex-
planation and Instruction of Green Industry Guidance (2019 edition) (X¥/<ZRE /5155 H % (
2019 FEHRD > FIRFEFE i H) (2019). Available at:
http://fgw.nmg.gov.cn/ywgz/indt/202101/P020210126320290340736.pdf. (last accessed on 22 De-
cember 2021)

NEA (2020a) (National Energy Administration). The Guiding Opinions on Energy-related Work in
2020 ( (2020 FEFEWL1EIFFE N ). Available at: http://www.nea.gov.cn/2020-
06/22/c_139158412.htm. (last accessed on 22 December 2021)

NEA (2020b). The Energy Law of PRC (2020 Drafi) ( (F7EN IR GENE (2020 HZD ) ).
Available at: http://www.nea.gov.cn/2020-04/10/c_138963212.htm. (last accessed on 22 December
2021)

NEA (2021). 4 Hydrogen Refueling Stations of Sinopec Went into Operation and Would Work for
Green Winter Olympics (5 111t 4 JENRF5 L B NIA 05 IEACHE Oy “2RE K27 JGE). Availa-
ble at: http://www.nea.gov.cn/2021-09/10/c_1310180479.htm (last accessed on 22 December 2021)

NEA (2022). Guidelines on Energy Work in 2022 ( (2022 #EFEJ L1EFF- S & 4) ), available at:
http://www.gov.cn/zhengce/zhengceku/2022-03/29/content_5682278.htm. (last accessed on 22 De-
cember 2021)

NEA and MOST (2021). The 14th Five-Year Plan of Energy Technology Innovation ( ( “7-/4#”

RIFS Study_ 82


https://www.ndrc.gov.cn/xxgk/zcfb/ghxwj/202107/t20210723_1291321.html?code=&state=123
https://www.ndrc.gov.cn/xxgk/zcfb/ghwb/202203/t20220322_1320016.html?code=&state=123
https://www.ndrc.gov.cn/xxgk/zcfb/tz/202202/t20220210_1314511.html?code=&state=123
https://www.ndrc.gov.cn/xwdt/tzgg/202203/P020220321550104020921.pdf
https://www.ndrc.gov.cn/xxgk/zcfb/ghwb/202206/P020220602315308557623.pdf
https://www.amac.org.cn/businessservices_2025/ywfw_esg/esgzc/zczgsc/202007/t20200714_9848.html
https://www.amac.org.cn/businessservices_2025/ywfw_esg/esgzc/zczgsc/202007/t20200714_9848.html
http://fgw.nmg.gov.cn/ywgz/jndt/202101/P020210126320290340736.pdf
http://www.nea.gov.cn/2020-06/22/c_139158412.htm
http://www.nea.gov.cn/2020-06/22/c_139158412.htm
http://www.nea.gov.cn/2020-04/10/c_138963212.htm
http://www.nea.gov.cn/2021-09/10/c_1310180479.htm
http://www.gov.cn/zhengce/zhengceku/2022-03/29/content_5682278.htm

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

FEJR ST FIFE GIF L)) ). Available at: http://www.gov.cn/zhengce/zhengceku/2022-04/03/con-
tent_5683361.htm. (last accessed on 22 December 2021)

Ningbo Government (2019) (Office of Ningbo Municipal People’ s Government). Several Opinions
on Accelerating Hydrogen Industrial Development ( ( 70 A FCEHF 7P 25T H TS GE =M
KNI TFEA) ), available at:

http://www.ningbo.gov.cn/art/2019/1/24/art 1229533140 964219.html. (last accessed on 22 De-
cember 2021)

Ningxia DRC (2021). Notice of Further Improving the Mechanism of Peak and Off-Peak Power
Price ( (KTt — 2055 FUEL M HOMPL#THIEA]) ). Available at:
http://fzggw.nx.gov.cn/tzgg/202108/t20210830 _2996684.html. (last accessed on 22 December 2021)

Ningxia Government (2020) (Ningxia Provincial People ’ s Government). Guiding Opinions on Ac-
celerating and Fostering the Development of Hydrogen Industry ( (5 TS B S FE M0 K RHT
75-F &) ). Available at:

https://www.nx.gov.cn/zwxx_11337/zcjd/zcjd/202005/t20200507 2057988.html. (last accessed on 22
December 2021)

Ningxia Government (2021). The 14th Development Plan of Ningdong Energy and Chemical Base (

(T A FEWRIE T HEH “PT7 7 KEHE)) ). Available at:
https://www.nx.gov.cn/zwxx_11337/zcjd/ytdd/202112/t20211208 3209724.html. (last accessed on 22
December 2021)

Ningxia News (2022). Good Views after Decarbonization (4RERLMLF “HIE” ). - Ningxia News,
17 January 2022, available at:
http://www.nxnews.net/zt/2022zt/2022nxlh/20221htptt/202201/t20220117 7409863. html (last ac-
cessed on 22 December 2021)

Ningxia State-owned Capital Operation Group (2020). Big Names in Ningdong: Green Hydrogen is
the direction ( (G WM T %, “REL77/E " IER! ) ), available at:
<http://www.nxgyzb.com/index.php? m=content&c=index&a=show&catid=105&id=1113> (last
accessed on 22 December 2021)

O’Sullivan M. et al (2017). The Geopolitics of Renewable Energy, HKS Working Paper No.
RWP17-027.

Ofweek (2022). Distribution map of pipeline hydrogen transportation in China (5= 8 31 7717
M), — Ofweek, 27 May 2022, available at: https://m.ofweek.com/hydrogen/2022-05/ART-
180826-8420-30562522.html. (last accessed on 22 December 2021)

Orient Securities (2021). Carbon Neutrality in the Steel Industry and Low-Carbon metallurgy: Hy-
drogen is Coming (EEHHFID: WG E, “A 7 K T). Available at:
https://pdf.dfcfw.com/pdffH3_AP202104261487899831 1.pdf. (last accessed on 22 December 2021)

Pan, G. et al (2020). Electricity and Hydrogen Energy System Towards Accommodation of High
Proportion of Renewable Energy ( ([H]/7] /& L I AT 4L GEDRTH AT L EVR F 22)) ). - Automatic
of Electric Power Systems, 44 (23), pp. 1-10, at 7.

NDRC, PBOC and CSRC (2020). Notice of Issuing the Catalogue of Projects Supported by Green
Bonds ( (KT HIK <ZRE7 5 ZHFIH HR> 8 41) ), available at:
http://www.pbc.gov.cn/tiaofasi/144941/144979/3941920/4052500/index.html. (last accessed on 22
December 2021)

RIFS Study_ 83


http://www.gov.cn/zhengce/zhengceku/2022-04/03/content_5683361.htm
http://www.gov.cn/zhengce/zhengceku/2022-04/03/content_5683361.htm
http://www.ningbo.gov.cn/art/2019/1/24/art_1229533140_964219.html
http://fzggw.nx.gov.cn/tzgg/202108/t20210830_2996684.html
https://www.nx.gov.cn/zwxx_11337/zcjd/zcjd/202005/t20200507_2057988.html
https://www.nx.gov.cn/zwxx_11337/zcjd/ytdd/202112/t20211208_3209724.html
http://www.nxnews.net/zt/2022zt/2022nxlh/2022lhtptt/202201/t20220117_7409863.html
https://m.ofweek.com/hydrogen/2022-05/ART-180826-8420-30562522.html
https://m.ofweek.com/hydrogen/2022-05/ART-180826-8420-30562522.html
https://pdf.dfcfw.com/pdf/H3_AP202104261487899831_1.pdf
http://www.pbc.gov.cn/tiaofasi/144941/144979/3941920/4052500/index.html

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

NDRC, PBOC, and CSRC (2021). Notice of Issuing the Catalogue of Projects Supported by Green
Bonds 2021 ( (KT HIK <ZREFHZHFFITH HR(2021 F/4R)> HI#41) ), available at:
http://www.gov.cn/zhengce/zhengceku/2021-04/22/content 5601284.htm. (last accessed on 1 De-
cember 2022)

PEIAG (2019). Petrol-Hydrogen Combined Mode Could Be Promoted in the Future (JHI 5 & & i1
TR i 77/7). - PEIAG, 29 September 2019, available at: http.//www.peaig.com/arti-
cle/1177.html (last accessed on 1 December 2022)

People.cn (2019). Hydrogen Infrastructure Construction in China Dramatically Lags Behind: 400
Kilometres in Total (#[HE T EME /™ T & EFEE 400 A2 7 77). — People.cn, 27
May 2019, available at: http://finance.people.com.cn/nl1/2019/0527/c1004-31103695.html (last ac-
cessed on 29 November 2021).

Qin, Yan and Lin, Yuan (2022). The Outlook for China’s Emissions Trading System: Gradually
Getting On Track In 2022. In The 2021 Energy Crisis: Implications For China’s Energy Market and
Policies. - The Oxford Institute for Energy Studies, 131, pp. 25-27.

Qingdao DRC (2020). The Hydrogen Industrial Development Plan of Qing Dao (2020-2030) ( (7
G ITTE BES = K SEFEY 2020-2030) ), available at: http.://www.qingdao.gov.cn/nl72/up-
load/201221090538764257/201221150539686253.pdf- (last accessed on 1 December 2022)

Radowitz, Bernd (2020). Siemens Energy and SPIC in green hydrogen deal for major sports event in
China. — RECHARGE, 19 August 2020, available at: https://www.rechargenews.com/transition/sie-
mens-energy-and-spic-in-green-hydrogen-deal-for-major-sports-event-in-china/2-1-860294. (last
accessed on 1 December 2022)

Reuters (2016). ‘Australia Formally Rejects Bids by State Grid and Cheung Kong Infrastructure for
Ausgrid’, available at: https://www.reuters.com/article/australia-privatisation-ausgrid-
idINSINIARO0O03. (last accessed on 1 December 2022)

Reuters (2019a). China National Pipeline Network Company was established today, a key step in
deepening the reform of the oil and gas system (7[5 [FFE W 2\ 7] H KL IR 1L 0T #)20#374
H K —F). - Reuters, 9 December 2019, available at: https.://www.reuters.com/article/china-pipe-
linecompany-1209-mon-idCNKBS1YD0SX. (last accessed on 1 December 2022)

Reuters (2019b). Sinopec, French Air Liquide in MOU for hydrogen fuel development in China. -
Reuters, 6 November 2019, available at: https.//www.reuters.com/article/china-france-hydrogen-
sinopec/sinopec-french-air-liquide-in-mou-for-hydrogen-fuel-development-in-china-
idUSL3N27M32G (last accessed on 1 December 2022)

Renewables (2022), China building world’s biggest green hydrogen factory, available at:
https://balkangreenenergynews.com/chinas-sinopec-building-worlds-biggest-green-hydrogen-fac-
tory/.(last accessed on 1 December 2022)

SAC (2005) (Standardization Administration of China). Specification of hydrogen generators using
water electrolysis process, available at: http://zys168.net/Upload/DownLoad/DownLoad-
File/201069105542.pdf. (last accessed on 1 December 2022)

SAC (2020). Standard of fuel cell electric vehicles-Hydrogen refuelling nozzle ( (#5#) H16 H 5075
TS FE) ), available at: https.//std.samr.gov.cn/gb/search/gbDe-
tailed?id=E116673EC355A3B7E05397BEOAOACGBF. (last accessed on 1 December 2022)

SAC (2021a). Fuel Specification for Hydrogen Powered Vehicles—Liquid Hydrogen ( (S 5577 %E

RIFS Study_ 84


http://www.gov.cn/zhengce/zhengceku/2021-04/22/content_5601284.htm
http://www.peaig.com/article/1177.html
http://www.peaig.com/article/1177.html
http://www.qingdao.gov.cn/n172/upload/201221090538764257/201221150539686253.pdf
http://www.qingdao.gov.cn/n172/upload/201221090538764257/201221150539686253.pdf
https://www.rechargenews.com/transition/siemens-energy-and-spic-in-green-hydrogen-deal-for-major-sports-event-in-china/2-1-860294
https://www.rechargenews.com/transition/siemens-energy-and-spic-in-green-hydrogen-deal-for-major-sports-event-in-china/2-1-860294
https://www.reuters.com/article/china-pipelinecompany-1209-mon-idCNKBS1YD08X
https://www.reuters.com/article/china-pipelinecompany-1209-mon-idCNKBS1YD08X
https://www.reuters.com/article/china-france-hydrogen-sinopec/sinopec-french-air-liquide-in-mou-for-hydrogen-fuel-development-in-china-idUSL3N27M32G
https://www.reuters.com/article/china-france-hydrogen-sinopec/sinopec-french-air-liquide-in-mou-for-hydrogen-fuel-development-in-china-idUSL3N27M32G
https://www.reuters.com/article/china-france-hydrogen-sinopec/sinopec-french-air-liquide-in-mou-for-hydrogen-fuel-development-in-china-idUSL3N27M32G
https://balkangreenenergynews.com/chinas-sinopec-building-worlds-biggest-green-hydrogen-factory/
https://balkangreenenergynews.com/chinas-sinopec-building-worlds-biggest-green-hydrogen-factory/
http://zys168.net/Upload/DownLoad/DownLoadFile/201069105542.pdf
http://zys168.net/Upload/DownLoad/DownLoadFile/201069105542.pdf
https://std.samr.gov.cn/gb/search/gbDetailed?id=E116673EC355A3B7E05397BE0A0AC6BF
https://std.samr.gov.cn/gb/search/gbDetailed?id=E116673EC355A3B7E05397BE0A0AC6BF

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

HEF-IRE) ), available at: https.//std.samr.gov.cn/gb/search/gbDe-
tailed?id=CI1A814733AED7A48E05397BEOA0A1CSD. (last accessed on 1 December 2022)

SAC (2021b). Technical Specification for Liquid Hydrogen Production System ( (/RS> FZ 41
AR ), available at: https://news.bjx.com.cn/html/20210520/1153466.shtml. (last accessed on 1
December 2022)

SAC (2021c). Technical Requirements for Storage and Transportation of Liquid Hydrogen ( (/#S
I AF RIS AER) ), available at: http.//www.cigia.org.cn/uploads/soft/190717/1-
1ZGG54K5.pdf. (last accessed on 1 December 2022)

SASAC (2016) (State-owned Assets Supervision and Administration Commission of the State Coun-
cil). Regarding the evaluation of Central SOEs ~ Leadership ( (/A4 71 7 N 28 V55 1% 77
/%) ). Available at: http://www.gov.cn/zhengce/zhengceku/2019-11/01/content 5447595.htm. (last
accessed on 1 December 2022)

SASAC (2019). Sinopec: From a Traditional Petroleum Seller to A Leading Player in the Chemical
Industry (‘FEL1E: MGG “SLIHEL T BNt “OUHIZ " ), available at: hitp://www.sa-
sac.gov.cn/n2588025/n2588124/c12351784/content.html (last accessed on 1 December 2022) .

SASAC (2020). The First Hydrogen Project in Ningdong Base Launced’ , (‘7% BEJRIE L T
FEFEMY BN H L), available at: http://www.sasac.gov.cn/n2588025/n2588124/c14396253/con-
tent.html (last accessed on 1 December 2022)

SASAC (2021a). Sinopec: China’ s First Hydrogen Company (F[EHf1E:  “F Vi7" ik
1000 FENIE Y 1738 11 [H 55 —H FEA 7)), available at: hitp://www.sa-
sac.gov.cn/n2588025/n2588124/c18265087/content.html (last accessed on 1 December 2022)

SASAC (2021b). Sinopec Started to Build the Biggest Hydrogen Fuel Cell Hydrogen Supply Center
in Guangdong Province (F[H {1t T F i K F 7 ES TTH), available at:
http://www.sasac.gov.cn/n2588025/n2588124/c20635538/content.html (last accessed on 1 December
2022)

Securities Research (2019).The Next Round of New Energy Vehicles Revolution: Hydrogen and
Fuel-Cell Vehicles ( T —1FGENRE Fr: AFEFEFI T “AG 4 77 ), available at:
https://m.chinaipo.com/viewpoint/77886.html (last accessed on 1 December 2022)

Shandong Government (2020) (Office of Shandong Provincial People * s Government). The Mid-

and-Long Term Hydrogen Development Plan of Shandong 2020-2030 ( (1115 &S G5 KL fE
114 2020-2030) ). Available at: http://nyj.shandong.gov.cn/module/download/downfile. jsp?clas-
sid=0&filename=7819fa6f53a04ff5ba64a6f2fbe05b37.pdf- (last accessed on 1 December 2022)

Shanghai DRC, Shanghai Science and Technology Commission and Shanghai Economic and In-
formation Commission (2017). Shanghai* s Development Plan of Fuel Cell Vehicles ( (_-/4 1l7#%
FLHM A FEREAE) ). Available at: http://www.china-nengyuan.com/news/china-neng-
yuan_news_114571.pdf. (last accessed on 1 December 2022)

Shanghai DRC, Shanghai Science and Technology Commission and Shanghai Economic and In-
formation Commission (2021), Shanghai’ s Development Plan of Fuel Cell Vehicles ( (_£-/5F 7%
FLHM R AL ). Available at: hitps://baijia-
hao.baidu.com/s?id=1715505827059571343&wfr=spider&for=pc. (last accessed on 1 December
2022)

RIFS Study_ 85


https://std.samr.gov.cn/gb/search/gbDetailed?id=C1A814733AED7A48E05397BE0A0A1C8D
https://std.samr.gov.cn/gb/search/gbDetailed?id=C1A814733AED7A48E05397BE0A0A1C8D
https://news.bjx.com.cn/html/20210520/1153466.shtml
http://www.cigia.org.cn/uploads/soft/190717/1-1ZGG54K5.pdf
http://www.cigia.org.cn/uploads/soft/190717/1-1ZGG54K5.pdf
http://www.gov.cn/zhengce/zhengceku/2019-11/01/content_5447595.htm
http://www.sasac.gov.cn/n2588025/n2588124/c12351784/content.html
http://www.sasac.gov.cn/n2588025/n2588124/c12351784/content.html
http://www.sasac.gov.cn/n2588025/n2588124/c14396253/content.html
http://www.sasac.gov.cn/n2588025/n2588124/c14396253/content.html
http://www.sasac.gov.cn/n2588025/n2588124/c18265087/content.html
http://www.sasac.gov.cn/n2588025/n2588124/c18265087/content.html
http://www.sasac.gov.cn/n2588025/n2588124/c20635538/content.html
https://m.chinaipo.com/viewpoint/77886.html
http://nyj.shandong.gov.cn/module/download/downfile.jsp?classid=0&filename=7819fa6f53a04ff5ba64a6f2fbe05b37.pdf
http://nyj.shandong.gov.cn/module/download/downfile.jsp?classid=0&filename=7819fa6f53a04ff5ba64a6f2fbe05b37.pdf
http://www.china-nengyuan.com/news/china-nengyuan_news_114571.pdf
http://www.china-nengyuan.com/news/china-nengyuan_news_114571.pdf
https://baijiahao.baidu.com/s?id=1715505827059571343&wfr=spider&for=pc
https://baijiahao.baidu.com/s?id=1715505827059571343&wfr=spider&for=pc

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

Shanghai Government (2021) (Office of Shanghai Municipal People’ s Government). The Imple-
mentation Plan of Quickening the Industrial Development of New Energy Vehicles in Shanghai
2021-2025 ( (_LAFTTNRFTBENRTE 7Pl SESE 1 %) (2021 —2025 ) ) ), available at:
https://www.shanghai.gov.cn/nwi12344/20210225/c76899471d0d4abea77b26d54d7fb972.html. (last
accessed on 1 December 2022)

Shanxi Daily News (2021). The Establishment of First Government-Led Hydrogen Industrial Fund
in Shanxi Province (11 71 Bf & S FE M 22 4520 7 X 1. 37). - Shanxi Daily News, 7 February
2021, available at: http://sx.people.com.cn/n2/2021/0207/c189130-34568328. html.

Shenzhen DRC (2021). Shenzhen Hydrogen Industrial Development Plan 2021-2025 ( (/&7 A
FEFEAM KLY (2021-2025 4F) ) ). Available at: http://fgw.sz.gov.cn/zwgk/qt/tzgg/con-
tent/post_9459760.html. (last accessed on 1 December 2022)

L Db

Sina (2020). Sino-German energy giant hydrogen energy cooperation landed (#7255 R 5 LS55
B 1EEH). ~ Sina, 20 August 2020, available at: https://finance.sina.com.cn/roll/2020-08-20/doc-
iivhuipn9763843.shtml. (last accessed on 1 December 2022)

SinoHytec (2021). A Representative of the National People ’ s Congress: More Policy Support to
the Promotion of Hydrogen Fuel Cell Vehicles (£ E K fCEHFAL: WS EFL 75T~k
FHAIE). - SinoHytec, 3 March 2021, available at: http.//www.sinohytec.com/article.php?id=693
(last accessed on 1 December 2022)

Sinopec (2020). Social Responsibility Report 2019 ( (2019 #1575 (T#R ) ), available at:
http://www.sinopecgroup.com.cn/group/Resource/Pdf/ResponsibilityReport2019.pdf. (last accessed
on 1 December 2022)

Sinopec (2021a). Establish Sinopec as China’ s First Hydrogen Corporation ([ 1116171 /5
H—H FEL 7)), available at: http://www.si-
nopecgroup.com/group/xwzx/gsyw/20210426/news_20210426 _371789179787.shtml (last accessed
on 1 December 2022)

Sinopec (2021b). Sustainable Development 2020 ( (2020 E/#F4EX /B %) ), available at:
http://www.sinopec.com/listco/Resource/Pdf/2021032840.pdf. (last accessed on 1 December 2022)

Sinopec (2021c). Social Responsibility Report 2020 ( (2020 # £ 57777 ) ), available at:
http://'www.sinopecgroup.com.cn/group/Resource/Pdf/ResponsibilityReport2020.pdf. (last accessed
on 1 December 2022)

Sohu (2017). China's first fuel cell aircraft successfully tested (/5 & A FL G C L €L ).
- Sohu, 10 January 2017, available at: https://www.sohu.com/a/123943714_266495. (last accessed
on 1 December 2022)

S&P Global Commodity Insights (2022). China Adds Hydrogen To Its Decarbonization Arsenal,
available at: https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-
transition/060722-infographic-china-hydrogen-decarbonization-arsenal. (last accessed on 1 Decem-
ber 2022)

SPIC (2019) (State Power Investment Corporation Limited). China’ s Hydrogen Value Chains
Have Become Mature and Began Commercialization (/55 G/~ #E HE ZH, B Lis1FZF
2B/, available at: http://www.spic.com.cn/zhxx/201910/t20191030_305200.htm (last accessed
on 1 December 2022) .

SPIC (2020a). The General Manager of SPIC Visits the Hydrogen Energy Company ( (VL3¢ VFHFA

RIFS Study_ 86


https://www.shanghai.gov.cn/nw12344/20210225/c76899471d0d4abea77b26d54d7fb972.html
http://sx.people.com.cn/n2/2021/0207/c189130-34568328.html
http://fgw.sz.gov.cn/zwgk/qt/tzgg/content/post_9459760.html
http://fgw.sz.gov.cn/zwgk/qt/tzgg/content/post_9459760.html
https://finance.sina.com.cn/roll/2020-08-20/doc-iivhuipn9763843.shtml
https://finance.sina.com.cn/roll/2020-08-20/doc-iivhuipn9763843.shtml
http://www.sinohytec.com/article.php?id=693
http://www.sinopecgroup.com.cn/group/Resource/Pdf/ResponsibilityReport2019.pdf
http://www.sinopecgroup.com/group/xwzx/gsyw/20210426/news_20210426_371789179787.shtml
http://www.sinopecgroup.com/group/xwzx/gsyw/20210426/news_20210426_371789179787.shtml
http://www.sinopec.com/listco/Resource/Pdf/2021032840.pdf
http://www.sinopecgroup.com.cn/group/Resource/Pdf/ResponsibilityReport2020.pdf
https://www.sohu.com/a/123943714_266495
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/060722-infographic-china-hydrogen-decarbonization-arsenal
https://www.spglobal.com/commodityinsights/en/market-insights/latest-news/energy-transition/060722-infographic-china-hydrogen-decarbonization-arsenal
http://www.spic.com.cn/zhxx/201910/t20191030_305200.htm

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

GEZYE]) ), available at: http://www.spic.com.cn/ttbxw/202008/t20200813_311859.html (last ac-
cessed on 1 December 2022)

SPIC (2020b). The Party Secretary of SPIC Witnessed the Application of Hydrogen Fuel-Cell Vehi-
cles in Ningbo and Visited the Mayor ( (£ 27 FCH UF SR I AT 26 FE THRITF) ),
available at: http://'www.spic.com.cn/ttxw/202001/t20200103 _306754.html (last accessed on I De-
cember 2022)

SPIC (2020c). The Party Secretary of SPIC visited the Head of CDB ( (67 FCHAEA [F S H K RIT
T BB EEC) ), available at: http://www.spic.com.cn/ttxw/202008/t20200806_311762.html (last
accessed on 1 December 2022)

SPIC (2021a). 4 Subsidiaries of SPIC for the First Pilot Project of Hydrogen Fuel-Cell Vehicles in
Hainan ( (%9 7 B E TSR TFR B [H5 R 21050 74 57244 A7]) ), availa-
ble at: http://www.spic.com.cn/mtbd/202104/t20210422 315289.html (last accessed on 1 December
2022)

SPIC (2021b). The First Volume of Hydrogen Produced in the Project of Renewable Hydrogen Pro-
duction in Ningdong Base (‘7°7 ] FHAE BEJR )0 78T H I 20 A7 H1 75— 77 J ), available at:
http://www.spic.com.cn/tg/202107/t20210706 _316238.html (last accessed on 1 December 2022)

State Council (2005). The National Mid-and-Long Term Development Plan of Science and Technol-
ogy ( (ST KAIFIZ TR LI Z (2006—2020 %) ) ). Available at:
http://www.gov.cn/gongbao/content/2006/content _240244.htm. (last accessed on 1 December 2022)

State Council (2006). National Plan of Mid-and-Long Term Science and Technology Development

(2006-2020) ( ([HZHHKIPFIZFIFEAR K SRHELYHZE (2006-2020 ) ) ). Available at:
http://www.gov.cn/gongbao/content/2006/content _240244.htm. (last accessed on 1 December 2022)

State Council (2012). The Planning for the Development of the Energy-Saving and New Energy Au-
tomobile Industry (2012-2020) ( ( TTHESGHTBEVRTTE MR LY (2012-2020) ) ). Available
at: http://www.gov.cn/zwgk/2012-07/09/content 2179032.htm. (last accessed on 1 December 2022)

State Council (2014a). ‘NEA'. Available at: http://english.www.gov.cn/state_coun-
cil/2014/10/01/content 281474991089761.htm (last accessed on 1 December 2022)

State Council (2014b). Several Opinions on Improving and Strengthening the Administration of Sci-
entific Research Projects and Funds Supported by Central Finance ( ([5#-Ft 7270155 7 940
BRI I3 BRI 2 L) ).

State Council (2016). The 13th Industrial Development Plans of Strategic Emerging Industries ( {
T =27 FFAGHE PR SN EY) ). Available at: http.://www.gov.cn/zhengce/con-
tent/2016-12/19/content_5150090.htm. (last accessed on 1 December 2022)

State Council (2017). Guiding Opinions on Further Improving SOEs ~ Corporate Governance
Structure, ( ([HF 570 AT KT H—0 72 [HH BAMEN TGN ). Available at:
http://www.gov.cn/zhengce/content/2017-05/03/content 5190599.htm. (last accessed on 1 December
2022)

State Council (2019). The Government Work Report ( (B L1ERZ) ).Available at:
http://www.gov.cn/zhuanti/2019qglh/2019lhzfgzbg/index.htm. (last accessed on 1 December 2022)

State Council (2020a). Industrial Development Plans of New Energy Vehicles (2021-2035) ( (#/5¢
TV R SREAE] (2021—2035 ) ) ). Available at: http.//www.gov.cn/zhengce/con-
tent/2020-11/02/content_5556716.htm. (last accessed on 1 December 2022)

RIFS Study_ 87


http://www.spic.com.cn/ttxw/202008/t20200813_311859.html
http://www.spic.com.cn/ttxw/202001/t20200103_306754.html
http://www.spic.com.cn/mtbd/202104/t20210422_315289.html
http://www.spic.com.cn/tg/202107/t20210706_316238.html
http://www.gov.cn/gongbao/content/2006/content_240244.htm
http://www.gov.cn/gongbao/content/2006/content_240244.htm
http://www.gov.cn/zwgk/2012-07/09/content_2179032.htm
http://english.www.gov.cn/state_council/2014/10/01/content_281474991089761.htm
http://english.www.gov.cn/state_council/2014/10/01/content_281474991089761.htm
http://www.gov.cn/zhengce/content/2016-12/19/content_5150090.htm
http://www.gov.cn/zhengce/content/2016-12/19/content_5150090.htm
http://www.gov.cn/zhengce/content/2017-05/03/content_5190599.htm
http://www.gov.cn/zhuanti/2019qglh/2019lhzfgzbg/index.htm
http://www.gov.cn/zhengce/content/2020-11/02/content_5556716.htm
http://www.gov.cn/zhengce/content/2020-11/02/content_5556716.htm

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

State Council (2020b). Energy in China’ s New Era ( (F1CHI P EHEESA ) ). Available at:
http://www.gov.cn/zhengce/2020-12/21/content_5571916.htm. (last accessed on 1 December 2022)

State Council (2021). Notice by the State Council of the Action Plan for Carbon Dioxide Peaking
Before 2030 ( (2030 4FE Gl iA IE7T50 77 %) ). Available at: http://www.gov.cn/zhengce/con-
tent/2021-10/26/content 5644984.htm. (last accessed on 1 December 2022)

Sun, H. et al. (2019). Current Status and Development Trend of Hydrogen Production Technology
by Wind Power, ( (IS TEARTAKRRKIEEZS) ). - Transactions of China Electrotechnical
Society, 34 (19), 4071, at 4072.

Sun, X., Y. Yang (2021). China’s Hydrogen Energy Perspectives: A Survey of Policy and Strategy
from the Hydrogen Technology Leading Economies. In Li, Y., H. Phoumin, and S. Kimura (eds.) -
Hydrogen Sourced from Renewables and Clean Energy: A Feasibility Study of Achieving Large-
scale Demonstration. ERIA Research Project Report FY2021 No. 19, Jakarta: ERIA, pp.138-52. at
142.

Suzhou Government (2018) (Suzhou Municipal People’s Government). Guidance on Hydrogen De-
velopment in Suzhou (Trial Implementation) ( (/M TS FE M & fETE-F = 0K B 778 & ).
Available at: http://zct.ideatob.com/mp/? at=5&Ib=0&bno=17564&aid=. (last accessed on I De-
cember 2022)

Suzhou Government (2021). Interim Regulations on the Safety Management of Hydrogen Refueling
Stations ( (ST A &2 EHEITHAE) ), available at: hitp://www.su-
zhou.gov.cn/szsrmzf/zfwj/202108/2a0da9127d5b40e1a895e2d529392e6¢/files/a20d91c7861542688a
63el0c76865ad7.pdf. (last accessed on 1 December 2022)

Shanghai Securities (2021). The First Nation-Wide Production Line of Proton Membrane Went into
Operation in Wuhan ([& 4 B 54 H 7= 0] 150 72 P =26 75 X #7), available at:
<https://news.cnstock.com/industry,rdjj-202112-4792039.htm> (last accessed on 1 December 2022)

Sui, Z. (2021). Enlightenment of China's LNG industry chain development on hydrogen energy in-
dustry development under carbon neutrality target ( (B I H bR F 2 E LNG PV HER EXT S GE
FE R FEHTIE 5D ). - Natural Gas Chemical Industry, 46 (4), at 11.

Sun, X., Yang, Y. (2021). China’s Hydrogen Energy Perspectives: A Survey of Policy and Strategy
from the Hydrogen Technology Leading Economies. - Yanfei Li Han Phouminat, pp.138-274, 148.

Tan, X., Yu, Z. (2020). Development Status and Prospects of Fuel Cell Commercial Vehicle Industry
( (BEFLHG T F 7l R B 5 /) ). - Strategic Study of Chinese Academy of Engineer-
ing, 22 (5), pp. 152-158, at 156.

The Oxford Institute for Energy Studies (2022). Cost-competitive green hydrogen: how to lower the
cost of electrolysers? (January 2022). Available at: https://a9w7k6q9.stackpathcdn.com/wpcms/wp-
content/uploads/2022/01/Cost-competitive-green-hydrogen-how-to-lower-the-cost-of-electrolysers-
EL47.pdf. (last accessed on 1 December 2022)

Tianjin Government (2018) (Office of Tianjin Municipal People’s Government). The Three-Y ear
Action Plan of Tianjin New Energy Industrial Development (2018-2020) ( ( A2 #rGEN = %
JEZELTHY &) (2018-2020 4F) ) ). Available at: http://tj.pku-
law.com/lar/ab375085b59b8651264a28c2e(f64edebdfb.html. (last accessed on 2 March 2022)

Tianjin Government (2020). The Action Plan of Tianjin Hydrogen Development (2020-2022) ( (&
FRITTERE W KSR T50 7 56(2020—2022 4F) ) ), available at:

RIFS Study_ 88


http://www.gov.cn/zhengce/content/2021-10/26/content_5644984.htm
http://www.gov.cn/zhengce/content/2021-10/26/content_5644984.htm
http://zct.ideatob.com/mp/?at=5&lb=0&bno=17564&aid
http://www.suzhou.gov.cn/szsrmzf/zfwj/202108/2a0da9127d5b40e1a895e2d529392e6c/files/a20d91c7861542688a63e10c76865ad7.pdf
http://www.suzhou.gov.cn/szsrmzf/zfwj/202108/2a0da9127d5b40e1a895e2d529392e6c/files/a20d91c7861542688a63e10c76865ad7.pdf
http://www.suzhou.gov.cn/szsrmzf/zfwj/202108/2a0da9127d5b40e1a895e2d529392e6c/files/a20d91c7861542688a63e10c76865ad7.pdf
https://a9w7k6q9.stackpathcdn.com/wpcms/wp-content/uploads/2022/01/Cost-competitive-green-hydrogen-how-to-lower-the-cost-of-electrolysers-EL47.pdf
https://a9w7k6q9.stackpathcdn.com/wpcms/wp-content/uploads/2022/01/Cost-competitive-green-hydrogen-how-to-lower-the-cost-of-electrolysers-EL47.pdf
https://a9w7k6q9.stackpathcdn.com/wpcms/wp-content/uploads/2022/01/Cost-competitive-green-hydrogen-how-to-lower-the-cost-of-electrolysers-EL47.pdf
http://tj.pkulaw.com/lar/ab375085b59b8651264a28c2e0f64e4ebdfb.html
http://tj.pkulaw.com/lar/ab375085b59b8651264a28c2e0f64e4ebdfb.html

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

https://www.tj.gov.cn/zwgk/szfwj/tjsrmzfbgt/202005/t20200519 _2370654.html. (last accessed on 2
March 2022)

The District Government of Chongli in Zhangjiakou (2021). ‘Chonglibei Petrol-Hydrogen Refuel-
ing Will Go into Operation in November’, (527 LA & 55T 11 H FHIEE), available at
<http://www.zjkcl.gov.cn:8089/.m/turbowas/a.jsp?entryUri=%2Farti-
cle%2F20211118%2F735609511-2021-45660.html&entryDo-
main=http%3A%2F%2Fwww.zjkcl.gov.cn> (last accessed on 2 March 2022)

Tiwari, A. (2021). The Emerging Global Trends in Hydrogen Energy Research for Achieving the Net
Zero Goals. — Advanced Materials Letters, 12, pp. 1-5.

Tu, K. (2020). Prospects of a Hydrogen Economy with Chinese Characteristics. - Etudes de I’Ifri,
Ifri. Available at: https://www.ifri.org/en/publications/etudes-de-lifri/prospects-hydrogen-economy-
chinese-characteristics. (last accessed on 1 December 2022)

Wallstreet News (2022a). Hydrogen Revolution (A 554 %), available at:
https://wallstreetcn.com/articles/3650645> (last accessed on 2 March 2022).

Wallstreet News (2022b). More Than 1000 Hydrogen Fuel-Cell Vehicles in Beijing Winter Olympics
- A Hydrogen Society? (258 1000 A fE/ T X P F RN FFEFE 2B Bl T %),
available at: https://wallstreetcn.com/articles/3651207 (last accessed on 1 December 2022)

Wang, G., et al. (2017). The development of hydrogen energy in China ( (17 [EH S FERFEHTHH)
). - Science & Technology Review, 35 (22), pp. 105-110.

Wang, M. (2021). Research on strategic transformation paths for hydrogen energy-coal-based en-
ergy industry ( (SFE— M FEIR M S35 ZHES 217 75) ). - Modern Chemical Industry, 41 (7),
at 3.

Wang, T., et al. (2013). Advances of Fuel Cel Industrialization and Enlightenments with the Inspira-
tion to China’ , ( (#EFLHE IV 22 570 R XTFE B 19 7)) ). - Science & Technological Pro-
gress and Policy, 30 (5), at 75.

Wang, X. (2021). Discussion on routes for coal-chemical companies shifting to hydrogen energy in-
dustry ( (FEHE LAV FEZHF FENTESZ6 1K1 ) ). - Modern Chemical Industry, 41 (3), at 14.

Wang, Y. et al. (2021). Carbon peak and carbon neutrality in China: Goals, implementation path
and prospects. — China Geology, 4, pp. 720-746, at 72, 728.

Wanlian Securities (2021), China Hydrogen Development ( (/710 541775, HEHSFEELBIFR
) ), available at:

hitps./pdf. dfcf.com/pdf/H3 _AP202106241499787435 1.pdf?1624571002000.pdf (last accessed
on 1 December 2022)

Ling, W. et al. (2019). ‘Development Strategy of Hydrogen Infrastructure Industry in China’, ( (4
[H S FEFRM Il K S MEWF I ) ). - China Engineering Science 21 (3), pp.76-83.

Weifang Government (2019) (Weifang Municipal People * s Government). Opinions on the Con-
struction and Operation of Hydrogen Refueling Stations ( (L7 T e - 1 AF 1175 WS 05 6
FERIEEEHTENEI) ), available at: hitp://www.wei-
fang.gov.cn/162/55342/1542083836542849024.html. (last accessed on 1 December 2022)

Wen, L. et al. (2019). Development Strategy of Hydrogen Infrastructure Industry in China. — Strate-
gic Study of Chinese Academy of Engineering, 21 (3), pp. 76-83, at 78.

RIFS Study_ 89


https://www.tj.gov.cn/zwgk/szfwj/tjsrmzfbgt/202005/t20200519_2370654.html
https://www.ifri.org/en/publications/etudes-de-lifri/prospects-hydrogen-economy-chinese-characteristics
https://www.ifri.org/en/publications/etudes-de-lifri/prospects-hydrogen-economy-chinese-characteristics
https://wallstreetcn.com/articles/3651207
https://pdf.dfcfw.com/pdf/H3_AP202106241499787435_1.pdf?1624571002000.pdf
http://www.weifang.gov.cn/162/55342/1542083836542849024.html
http://www.weifang.gov.cn/162/55342/1542083836542849024.html

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

Wu, Z., et al. (2021). 2021 China Hydrogenation Station Industry Overview, available at: <
https://pdf.dfcfw.com/pdffH3 _AP202201251542496608 1.pdf?1643206094000.pdf> (last accessed
on 8 September 2022).

Xinhua (2021a). Oil and gas "one national network" completed the integration (JH*T “£/5— KM
7 TS, — Xinhua News, 1 April, 2021, available at: http://www.xinhuanet.com/fortune/2021-
04/01/c_1127280852.htm. (last accessed on 1 December 2022)

Xinhua (2021b). Shanxi’ s First Government-Led Hydrogen Industrial Fund (11174 B % B 7] -F
KEIFFEF M I/ 37). - Xinhua News, 27 March 2021, available at:
http://www.sx.xinhuanet.com/2021-03/27/c_1127261940.htm (last accessed on 1 December 2022)

Xinhua (2022). In the first 7 months, new energy vehicles were exempted from car purchase tax of
40.68 billion yuan (' 7 14 FrHERTTEL A FEIGF 406.8 12.70). ~ Xinhua News, 31 August
2022, available at: http://www.gov.cn/xinwen/2022-08/31/content 5707648.htm. (last accessed on 1
December 2022)

Xu, D. et al. (2021). Potential analysis of carbon dioxide capture, utilization and storage equipped
low carbon hydrogen production ( (L FE G HRIHETE . FIH -5 E 7L HNCIRFIZHITE 77 707) ).

- Thermal Power Generation 1, 6.

Xu, S., Yu, B. (2021). Development Status and Prospect of Hydrogen Energy Technology in China (
(HH [FH A GETEARK SRIYING K FE ) ). - Journal of Beijing Institute of Technology (Social Sci-
ences Edition), 23 (6), pp. 1-12.

Yang, F., et al (2021). Flexibility of Electro=Hydrogen Hub for Power System Transformation under
the Goal of Carbon Neutrality ( (/] /515 T FIH 7] 7 G0 #2819 - S IXAH R 1A ) ). - Electric
Power Construction, 42 (8), 110-113, at 111.

Yang, J. et al (2021). Present status and discussion of long-distance pipeline hydrogen transporta-

tion technology ( (E T & EHTE AR SIRIT ) ). - Pressure Vessel Technology, 32 (8), at
81

Yang, Y., Gao, H. (2020). Viewpoints and suggestions on the hydrogen energy industry development
in China ( ("FBSFE MR EATIN NS ) ). - World Petroleum Industry, 27 (6), pp. 13-19.

Yi, W, et al. (2018). Enhance the Hydrogen Application in China’ s Energy System to Accelerate
the Energy Transition: Status and Progress ( (S FELEH T2 [F FEIR 7 A7 15 Wik 75 282 119 b A it
JZ) ). - Environmental Protection, 46 (2), at 32.

Yin, Y.L. (2021). Present Situation and Prospect of Hydrogen Energy Industry. - Chemical Industry
and Engineering, 38 (4), pp. 78-83, 81.

Yu, G. et al. (2021). Analysis and Consideration on Bottlenecks of Hydrogen Energy and Fuel Cell
Industries ( (] GELAEFL I =W P58 ) ). - Modern Chemical Industry, 41 (4), pp.
1-4, at 3-4.

Zhangjiakou Government (2019) (Zhangjiakou Municipal People * s Government). Development
Plan of Zhangjiakou’ s Hydrogen Energy (2019-2035) (S FEKF 1T ML) (2019—2035 4
) ) . Available at: http://www.china-nengyuan.com/news/china-nengyuan_news_140598.pdf. (last
accessed on 1 December 2022)

Zhangjiakou Government (2020). Implementation Plan of Phase I Project of Securing Hydrogen
Supply to Zhangjiakou ( (K 5¢ 15 GEREE M 1K Z —H T FE& L0 77 5E) ), available at:
https://news.bjx.com.cn/html/20200310/1052255.shtml. (last accessed on 1 December 2022)

RIFS Study_ 90


https://pdf.dfcfw.com/pdf/H3_AP202201251542496608_1.pdf?1643206094000.pdf
http://www.china-nengyuan.com/news/china-nengyuan_news_140598.pdf
https://news.bjx.com.cn/html/20200310/1052255.shtml

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

Zhang, X., et al (2022). Hydrogen energy supply chain cost analysis and suggestions ( (& GEHEN
FEE AR P IR ) ). - Chemical Industry and Engineering Progress, 41 (5), pp. 2364-2371.

Zhang, Z. (2016), Making the Transition to a Low-Carbon Economy: The Key Challenges for
China. - Asia & the Pacific Policy Studies, 3(2), pp. 187-202.

Zhao, T., Liu, Z., and Jamasb, T. (2021). Developing Hydrogen Infrastructure and Demand: An
Evolutionary Game and the Case of China. Copenhagen Business School [wp]. - Working Paper /
Department of Economics. Copenhagen Business School No. 18-2021CSEI Working Paper No.
2021-08.

Zhao, Y., et al (2015). Utilization status of hydrogen energy ( (S FEJRHIFIHIALZHT) ). -
Chemical Industry and Engineering Progress, 34(9), pp. 3248-3255, at 3253.

Zhejiang DRC, Zhejiang Economic and Information Administration and Zhejiang Science and Tech-
nology Administration (2019). Guiding Opinions of Zhejiang Province on Accelerating Hydrogen
Development ( (/L& WL B H e WK REHINT-FEM) ). Available at:
https://news.bjx.com.cn/html/20190902/1004197.shtml. (last accessed on 1 December 2022)

Zhu, S. et al. (2021). Outlook for development path of hydrogen energy industry in China’ s Yang-
tze River Delta region for “carbon neutral ” goal ( ( “HKHHI “HEr K= HAFE W KR
BEEEIRPT) ). - Modern Chemical Industry, 41 (5), 1-6, at 5.

Zhu, T. (2021). The Features, Problems and Direction of China’ s Hydrogen Development, (#¢/5
HFEM K SRHTIF AT 15 7). — China Development Observation, 10 November, 2021,
available at: https://cdo.develpress.com/?p=12270 (last accessed on 28 February 2022).

RIFS Study_ 91


https://news.bjx.com.cn/html/20190902/1004197.shtml
https://cdo.develpress.com/?p=12270

China’s Emerging Hydrogen Economy: Policies, Institutions, Actors

About the authors

Xiaohan Gong is a post-doctoral researcher at the Chinese University of Hong Kong (CUHK). She
received the CUHK Young Scholars Thesis Award 2021 for her doctoral thesis “China’s External
Energy Security and Overseas Energy Investments”.

Rainer Quitzow leads the research group on the Geopolitics of the Transition to Climate Neutrality
at the Institute for Advanced Sustainability Studies in Potsdam. His research considers the geoeco-
nomics and geopolitics of emerging renewable energy and hydrogen industries. This includes research
on related industrial policy strategies and their articulation in instruments of international cooperation
and finance. He is also a Senior Lecturer in Innovation and Sustainability at the Technische Universitét
Berlin.

Anatole Boute is a Professor at the Chinese University of Hong Kong, specializing in the fields of
energy, environmental and investment law. His research focuses on the legal aspects of the transition
of energy systems towards sustainability, with a special interest for energy market reforms in emerging
economies.

RIFS Study_ 92



i

PO TS

AM ,

The Research Institute for Sustainability (RIFS) conducts research with the aim of inves-
tigating, identifying, and advancing development pathways for transformation processes to-
wards sustainability in Germany and abroad. The institute was founded in 2009 as the Insti-
tute for Advanced Sustainability Studies (IASS) and has been affiliated with the Helmholtz
Centre Potsdam - GFZ German Research Centre for Geosciences under its new name since
1 January 2023 and is thus part of the Helmholtz Association. Its research approach is trans-
disciplinary, transformative, and co-creative. The Institute cooperates with partners in sci-
ence, political and administrative institutions, the business community, and civil society to
develop solutions for sustainability challenges that enjoy broad public support. Its central
research topics include the energy transition, climate change and socio-technical transfor-
mations, as well as sustainable governance and participation. A strong network of national
and international partners and a Fellow Programme supports the work of the Institute.

RIFS STUDY
January 2023

Contact:
Rainer Quitzow: rainer.quitzow@rifs-potsdam.de

Address:

Berliner Strasse 130

14467 Potsdam

Tel: +49 (0) 331-28822-340
Fax: +49 (0) 331-28822-310
Email: media@rifs-potsdam.de
www.rifs-potsdam.de

ViSdP:
Prof. Dr Mark G. Lawrence,
Scientific Director, Speaker

Editing: Damian Harrison

DOI: 10.48481/rifs.2023.001

HELMHOLTZ

RESEARCH FOR GRAND CHALLENGES

Helmholtz Centre
PorTsbAm




	Template IASS Study
	IASS Study Chinas Emerging Hydrogen Economy_Preversion_V2
	The state of China’s hydrogen economy
	China’s institutional environment governing hydrogen
	Hydrogen-related policy objectives
	Support policies for hydrogen development
	Conclusions
	Introduction
	The state of China’s hydrogen economy
	1.1 An overview of China’s hydrogen value chain:  production, transport and use
	1.1.1 Production
	1.1.2 Storage and transport infrastructure
	1.1.3 Hydrogen use
	1.1.4 China’s insufficient technological capacities within  the hydrogen value chain

	1.2 Important regions of hydrogen development in China
	1.3 The role of state-owned enterprises (SOEs) and  the private sector in China’s hydrogen economy
	1.3.1 State-owned enterprises (SOEs)


	China’s institutional  environment governing hydrogen development
	1.4 National hydrogen governance
	1.5 Local hydrogen governance
	1.6 The enabling environment for SOEs’ engagement  in the hydrogen sector

	Hydrogen-related  policy objectives
	1.7 General objectives for hydrogen development  in China’s Five-Year Plans
	1.8 Objectives for the development of hydrogen supply
	1.9 Developing hydrogen transport and storage infrastructure
	1.10 Expanding hydrogen use
	1.10.1 Transport
	1.10.2 Renewable hydrogen use in the power system
	1.10.3 Hydrogen for the decarbonization of industry

	1.11 Promotion of innovation and industrial development in the hydrogen sector
	1.11.1 At the central level
	1.11.2 At the local level

	1.12 Advancing the formulation of hydrogen standards

	Support policies for  hydrogen development
	1.13 R&D support for hydrogen technologies from the central government
	1.14 Investment support via green corporate bonds, industrial funds, preferential tax treatment and reduced electricity prices
	1.14.1 Green bonds
	1.14.2 Local industrial funds and reward schemes
	1.14.3 Preferential tax treatment
	1.14.4 Reduced renewable power prices for green hydrogen production

	1.15 Support for fuel cell vehicles and refueling stations
	1.15.1 Direct subsidies in support of fuel cell vehicles and refueling stations
	1.15.2 Pilot city schemes for hydrogen refueling stations and fuel cell vehicles
	1.15.3 The new energy vehicles (NEVs) credit sytem

	1.16 The emission trading scheme as a potential support instrument

	Conclusion
	Annex1: Hydrogen-related policy documents issued by the central government
	Annex 2: Hydrogen-related policy documents issued by sub-national governments
	Literature




