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Fuel cell vehicles are considered as the direct alternative to fuel vehicles due to
their similar driving range and refueling time. The United NationsWorld Forum for
Harmonization of Vehicle Regulations (UN/WP29) released the Global Technical
Regulation on Hydrogen and Fuel Cell Vehicles (GTR13) in July 2013, which was
the first international regulation in the field of fuel cell vehicles. There exist some
differences between GTR13 and the existing safety technical specifications and
standards in China. This paper studied the safety requirements of the
GTR13 compressed hydrogen storage system, analyzed the current hydrogen
storage safety standards for fuel cell vehicles in China, and integrated the
advantages of GTR13 to propose relevant suggestions for future revision of
hydrogen storage standards for fuel cell vehicle in China.
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1 Introduction

The rapid development of China’s automotive industry has imposed an increasing
impact on China’s energy, resources and environment. According to the statistics, 31% of
environmental phenomena such as climate degradation and smog in the air in China are
caused by the automotive industry. In addition, China’s current dependence on foreign
crude oil has reached as high as 72% (Zhao et al., 2022). Under the pressure of environment
and resources, the country has intensively implemented multiple policies to support the
development of new energy vehicle. The prevalence of global decarbonization trends has
promoted the large-scale development and utilization of renewable energy. However,
renewable energy sources such as solar energy and wind energy are unstable and
intermittent during generation, and thus these valuable electric energies are difficult to
apply continuously and stably (Sun and Zhang, 2022). To tackle this issue, the employment
of energy storage and conversion systems may greatly improve the utilization rate and
stability of renewable energy, such as water electrolyzers to produce green hydrogen and
fuel cells to produce electricity when needed (Li et al., 2022). Fuel cell vehicle is considered
as the direct alternative to fuel vehicle because their range and refueling time are similar (Lin
et al., 2021). Proton exchange membrane fuel cell vehicle is an efficient and environmentally
friendly power generation device, and currently fuel cell vehicle mainly uses proton
exchange membrane fuel cell (Yuan et al., 2020).

The fuel cell vehicle industries abroad have achieved remarkable results due to their
early layouts. Japanese and Korean companies such as Toyota, Hyundai, and Honda have all
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achieved mass production of fuel cell vehicles and established their
commercialization schedules. Toyota Motor Corporation of Japan
commercialized the fuel cell vehicle Mirai in December 2014
(Figure 1A). Hyundai Motors of South Korea mass-produced the
fuel cell vehicle ix35 in 2013 (Figure 1B). Honda Motor Corporation
of Japan launched its first hydrogen oxygen fuel vehicle, the Clarity,
in November 2015 (Figure 1C).

In addition, the United States is also actively developing the fuel
cell vehicle industry. In 2009, the Obama administration
implemented an economic stimulus plan in the United States,
and invested $300 million in advanced energy technologies,
including proton exchange membrane fuel cell vehicles. In order
to encourage the enterprises to use fuel cell vehicles, the
United States issued fuel cell and hydrogen related policies in
10 states in 2016, including tax incentive, adjustment of
electricity price and other measures.

China’s researches on the application of hydrogen energy and
fuel cell vehicle technology can be traced back to the 1950s,
including the National 863 Plan, the 10th Five Year Plan on
major science and technology projects for electric vehicles, the
11th Five Year Plan on major projects for energy saving and new
energy vehicles, the 12th Five Year Plan on major projects for key
technologies and system integration of electric vehicles, the 13th
Five Year Plan on national strategic emerging industry development
plan, and the Made in China 2025 project. In March 2022, the
National Development and Reform Commission and the National
Energy Administration of China jointly issued the “Medium and
Long Term Plan for the Development of Hydrogen Energy Industry
(2021–2035),” which put forward specific requirements for the
development of China’s hydrogen energy industry from the top-
level design. In 2023, the sales volume of commercial hydrogen fuel
vehicles was 5,362, a slight year-on-year increase of 2.4%. And the

sales volume of the passenger hydrogen vehicles was 5,800, with a
year-on-year increase of 72.3%.

In addition to the characteristics of clean combustion and
emission, hydrogen is also easy to explode and has a wide
combustion range. When the volume fraction of hydrogen in the
air is between 4% and 75%, it will explode (Figure 2A) in the
presence of open fire. Moreover, hydrogen can degrade metal
materials, which is prone to hydrogen embrittlement (Figure 2B).
How to ensure the safety of hydrogen storage container has become
one of the problems to be solved in the application field of hydrogen
energy technology, and has attracted extensive attention in
the world.

In order to eliminate trade barriers in the fuel cell vehicle
industry in various countries, the United Nations World Forum
for Harmonization of Vehicle Regulations (UN/WP29) released the
Global Technical Regulation on Hydrogen and Fuel Cell Vehicles
(GTR13) (UN GTR, 2018) in July 2013. The main purpose is to
ensure that hydrogen fuel cell vehicles can achieve the same level of
safety as traditional fuel vehicles, and prevent injuries to drivers and
passengers due to hydrogen explosions or combustion (Guo
et al., 2020).

There are some differences between GTR13 and the existing
safety technical specifications and standards in China. The technical
content of GTR13 mainly includes the requirements and test
methods of safety of fuel cell vehicle and hydrogen storage
system. The safety requirements and testing methods for fuel cell
vehicles in China (Figure 3) are specified in the national standard
GB/T 24,549-2020 (Fuel cell electric vehicles—Safety requirements)
(State Administration for Market Regulation, Standardization
Administration, 2021), while the safety requirements and testing
methods for hydrogen storage systems are specified in the national
standard GB/T 35,544-2017 (Fully-wrapped carbon fiber reinforced

FIGURE 1
Mass production of fuel cell vehicles. (A) Mirai of Toyota; (B) ix35 of Hyundai; (C) Clarity of Honda.

FIGURE 2
Risks of hydrogen. (A) Hydrogen embrittlement; (B) explosion.
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cylinders with an aluminum liner for the on-board storage of
compressed hydrogen as a fuel for land vehicles) (General
Administration of Quality Supervision, 2018).

The implementation of GTR13 will have a significant impact on
China’s development of safety technology in hydrogen storage
system. Therefore, it is necessary to study the advantages of
GTR13, and integrate with developed countries’ new energy
vehicle industry standards, propose and construct a safety
standard strategy for China’s fuel cell vehicle hydrogen storage
system, so as to provide technical support for enterprises to
break through foreign trade barriers as soon as possible.

Aligning China’s standards more closely with GTR13, the risk
assessment and control for hydrogen storage and use could be
strengthened, so as to improve the safety of hydrogen storage
system. At the same time, GTR13 has covered the latest
technologies and best practices in the global hydrogen energy
field. Aligning with GTR13, Chinese enterprises and scientific
research institutions could better integrate into the global
innovation network, promote technical exchanges and
cooperation, and promote the development of China’s hydrogen
energy technology.

2 Summary of GTR13

The safety requirements of GTR13 for hydrogen fuel cell
vehicles aim to minimize the risk of fire, explosion, or leakage

from fuel cell systems in vehicle fuel and hydrogen storage system, so
as to protect the safety of vehicle drivers and passengers.

2.1 Performance test requirements

GTR13 provides performance requirements and type test
requirements for compressed hydrogen storage system, fuel
system and electrical safety. The compressed hydrogen storage
system of fuel cell vehicles must perform the verification test
items in Table 1 to ensure that newly developed fuel cell vehicles
could meet safety requirements.

2.2 Hydrogen storage system safety
requirements in GTR13

The compressed hydrogen storage system mentioned in
GTR13 includes hydrogen storage container, thermally-activated
pressure relief device (TPRD), check valve, shut-off valve, and piping
and fittings between the above components (if any), fuelling
receptacle, venting system, warning system and electric safety
system. Hydrogen has typically been stored at a NWP of 35 MPa
or 70MPa, with maximum fuelling pressures of 125 percent of NWP
(43.8 MPa or 87.5 MPa respectively). The service life of the
compressed hydrogen storage system shall have a service life of
15 years or less.

FIGURE 3
The technical specifications and standards of hydrogen storage safety requirements in GTR13 and China.

TABLE 1 Verification test items for compressed hydrogen storage system of fuel cell vehicles.

Test category Test item

baseline metrics baseline initial burst pressure, baseline initial pressure cycle life

hydraulic sequential tests exposure to physical impacts, exposure to chemicals in the on-road environment, extreme number of fuellings/defuellings, extreme
pressure conditions for fuelling/de-fuelling cycles, extreme environmental conditions for fuelling/de-fuelling cycles, residual proof
pressure, residual strength burst

pneumatic sequential tests proof pressure test, leak-free fuelling performance, leak-free parking at full fill, residual proof pressure, residual strength burst

service-terminating performance fire test

Labeling (i) to document the date when the system should be removed from service, (ii) to record information needed to trace manufacturing
conditions in event of on-road failure, and (iii) to document nominal working pressure (NWP) to ensure installation is consistent with
the vehicle fuel system and fueling interface
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Hydrogen storage container: The hydrogen storage container
stores the compressed hydrogen gas. NWP of the hydrogen storage
container is 35 MPa or 70 MPa. The working temperature
is −40–85°C (80 per cent NWP at −40°C, 125 per cent NWP at
85°C). The volume is no more than 450L. And the service life is
15 years or less.

TPRD: TPRD is designed to vent the entire contents of the
hydrogen storage container rapidly. The TPRD shall meet the
following performance qualification requirements including
pressure cycling test, accelerated life test, temperature cycling
test, salt corrosion resistance test, vehicle environment test, stress
corrosion cracking test, drop and vibration test, leak test, bench top
activation test and flow rate test.

Check valve, shut-off valve, and piping and fittings (if any): The
check valve prevents back-flow of hydrogen into the fuelling line.
The shut-off valve prevents the out-flow of stored hydrogen when
the vehicle is not operating or when a fault is detected. The valve
units shall meet the following performance qualification
requirements including hydrostatic strength test, leak test,
extreme temperature pressure cycling test, salt corrosion
resistance test, vehicle environment test, atmospheric exposure
test, electrical tests, vibration test, stress corrosion cracking test
and pre-cooled hydrogen exposure test.

Fuelling receptacle: Fuelling receptacle is the equipment to
which a fuelling station nozzle attaches to the vehicle and
through which fuel is transferred to the vehicle. The fuelling
receptacle shall prevent reverse flow to the atmosphere. A label
shall be affixed close to the fuelling receptacle showing the fuel type,
NWP, date of removal from service of containers.

Venting system: The hydrogen venting of the TPRD shall be
protected with a cover. The hydrogen emitted from the venting
system shall not exceed 4% by volume fraction in 3 s, and shall not
exceed 8% at any time. The most important safety requirement is to
control the hydrogen leakage rate. According to the GTR13, the
hydrogen leakage rate of the venting system during crash test should
be less than 118NL/h. And the hydrogen concentration in the
passenger compartment and the luggage compartment is kept at
a low level, generally required to be less than 4% by volume fraction.

Warning system: Dangerous situations can occur if unintended
leakage of hydrogen reaches flammable concentrations. A warning
system is to alert the driver when hydrogen leakage may result in
danger. Protection against the occurrence of hydrogen in air in the
enclosed or semi-enclosed spaces within the vehicle that contain
unprotected ignition sources is important. Any single failure
downstream of the main hydrogen shut off valve shall not result
in any level of hydrogen concentration in air anywhere in the
passenger compartment. Warning system shall be working when
hydrogen concentrations in air of 2 percent ± 1.0 percent or greater
by volume fraction is detected. If the hydrogen concentration
exceeds 3 percent ± 1.0 percent by volume in air in the enclosed
or semi-enclosed spaces of the vehicle, the main shutoff valve shall
be closed to isolate the storage system.

Electric safety system: The voltage of fuel cell vehicle can reach as
high as 300–600V. A failure of a high voltage may cause an electric
shock on a human body. The electric safety system shall provide safe
anti-electrocution measures to ensure the personal safety. The electric
safety system requirements are divided into in-use and post-crash
requirements. The specific test items are shown in Table 2.

3 Safety standards for hydrogen storage
systems for fuel cell vehicles in China

The fuel cell vehicles mostly use high pressure hydrogen storage
containers. A typical high pressure hydrogen storage system consists
of a hydrogen storage container, TPRD, check valve, shut-off valve,
and piping and fittings between the above components (Figure 4). At
the initial state, the shut-off valve is closed. Its core and body form a
seal, and the gas cannot flow to the outlet. When the temperature
around the hydrogen storage container is too high, the TPRD
pressure relief device is activated, the internal safety valve is
opened, and the hydrogen is released at a low speed, effectively
avoiding the hydrogen storage container from cracking or even
explosion due to exceeding the pressure limit.

Hydrogen storage container could be divided into four common
types according to the different materials: all metal container (Type I
in Figure 5A), metal liner composite hoop wrap container (Type II
in Figure 5B), metal liner composite full wrap container (Type III in
Figure 5C), and plastic liner composite full wrap container (Type IV
in Figure 5D). Type Ⅰ and Ⅱ hydrogen storage containers are not
suitable for fuel cell vehicles due to their large weight-volume ratio.
Type Ⅳ hydrogen storage containers are easy to leak hydrogen
outward from the non-metallic liner under high pressure. And it is
difficult to guarantee the connection strength between the valve
units made of metal and the non-metallic liner. Therefore, China has
not yet allowed the application of type IV hydrogen storage
containers in fuel cell vehicles.

China’s fuel cell vehicles use metal liner composite full wrap
containers (Type III). The quality of the hydrogen storage cylinder is
in line with GB/T 35,544-2017 (Fully-wrapped carbon fiber
reinforced cylinders with an aluminum liner for the on-board
storage of compressed hydrogen as a fuel for land vehicles). The
liner is made from aluminum alloy 6,061, and the outside of the
hydrogen storage cylinder is fully wound with carbon fiber material.
The main safety risks of the high pressure hydrogen storage system
mainly include hydrogen leakage caused by the loss of functions of
the key hydrogen storage container such as TPRD, check valve and
shut-off valve, and leakage of the connecting piping joints.

At present, the standardization committee engaged in the
research and formulation of standards and regulations for fuel
cell electric vehicles in China is the electric vehicle sub
committee of the National Technical Committee of Auto
Standardization (TC114/SC27). Under the electric vehicle sub
committee, a fuel cell electric vehicle working group has been
established. At present, four standards related to the safety of
hydrogen storage system listed in Table 3 have been completed,
including GB/T 24548-2009 (Fuel cell electric
vehicles—Terminology) (General Administration of Quality
Supervision, 2017), GB/T 24549–2020, GB/T 26779-2021
(Hydrogen fuel cell electric vehicle refueling receptacle) (State
Administration for Market Regulation, Standardization
Administration, 2022), GB/T 26,990-2011 (Fuel cell electric
vehicles—Onboard hydrogen system—Specifications) (General
Administration of Quality Supervision, 2022).

In addition, the National Technical Committee on Gas
Cylinders of Standardization Administration of China was
officially established in 2011, which was under the approval of
the National Standardization Administration. And its number is
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SAC/TC31/SC8, which is responsible for the standardization of
compressed natural gas cylinders for vehicles, high pressure
hydrogen cylinders for vehicles and other composite gas
cylinders. Sub Technical Committee TC31/SC8 for high pressure
fuel gas cylinders for vehicles (subordinate to China Standardization
Committee on Boilers and Pressure Vessels), whose competent
department is the State Administration for Market Regulation.
And its main relevant standard is GB/T 35544-2017.

To sum up, the safety regulations of main test items in China are
as follows.

(1) Hydrogen storage container

Hydrogen storage containers are aluminum liner composite full
wrap cylinders (Type III) that meet the standard requirements of
GB/T 35,544-2017, which should be the stereotypical products that

have passed the type test inspection by the National Gas Cylinder
Quality Supervision and Inspection Center.

(2) TPRD

TPRD meets the standard requirements of GB/T 35544-2017,
and uses fusible alloy stopper or other suitable structural type. Its
action temperature shall be (110 ± 5)°C, and the relief port shall not
be directed toward the bottle.

(3) Check valve, shut-off valve, and piping and fittings

Test method for check valve, shut-off valve, and piping and
fittings lack national standards to support them. Currently, the
testing of these parts is based on the GB/T 35544–2017 standard,
which is accompanied by hydrogen containers for the verification of
partial product experiments.

(4) Fuelling receptacle

The fuelling receptacle meets the requirements of GB/T
26779–2021 standard. Fuel is filled through the fuelling
receptacle, which is equipped with a dust cover to prevent dust,
soil, liquid and pollutants from entering. The maximum fuelling
pressure is displayed next to the dust cover and there are measures to
eliminate static electricity. The fuelling receptacle meets the
requirements for gas tightness based on a certain level of
strength and shall not fail under loads of 670 N from any direction.

(5) Venting system

The large-scale commercialization of PEMFCs requires higher
power and current densities. However, at high operating current
densities, the massive accumulation of liquid water will lead to
flooding and impede the hydrogen gas diffusion, resulting in rapid
degradation of cell performance and the large quantity of hydrogen
gas emitted from the PEMFC without reactions/consumption (Yan
et al., 2023). Accordingly, improving the water management ability
is imperative for avoiding the leakage of hydrogen gas as well.

The venting system meets the requirements of GB/T
24549–2020 standard. Ventilation and deflation are necessary for
the breakdown or accident of the vehicle. The direction of the airflow

TABLE 2 Electrical safety performance test.

Test category Test items

in-use requirements Requirements for protection against electric shock Direct contact protection

Non-direct contact protection

Insulation resistance testing system

Functional safety

post-crash requirements Requirements for protection against electric shock no high voltage

electrical insulation resistance

physical protection

Electrolyte spillage

FIGURE 4
Typical high pressure hydrogen storage system.
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shall be away from people, power sources, and other ignition sources
inside the vehicle. The venting devices shall be installed as high as
possible inside the vehicle. Hydrogen shall not be directly discharged
to the passenger compartment and the luggage compartment. In
order to ensure that hydrogen does not leak, the piping for hydrogen
must be made of metal with a high melting temperature.

(6) Warning system

The warning system meets the requirements of
24,549–2020 standard. When the hydrogen concentration in the
vehicle reaches a certain value, it can be signaled through sound
alarm, emergency display, cutting off the hydrogen source or cutting
off the power supply. When the warning system detects that the
hydrogen concentration in the vehicle reaches 2% in volume
fraction, the vehicle occupants are reminded of the possible
safety risks by means of sound alarm device or emergency
display. And when the system detects that the hydrogen
concentration in the vehicle reaches 3% in volume fraction, the

system shall take the initiative to cut off the hydrogen source or
directly turn off the power supply of the system. When the hydrogen
leakage detection sensors break down, such as signal interruption,
disconnection, short circuit, etc., it should be able to send a fault
warning signal to the driver.

(7) Electric safety system

The electrical safety meets the requirements of GB 18384-2020
(Electric vehicle safety requirements) (State Administration for
Market Regulation, Standardization Administration, 2023). At
present, the fuel cell vehicle electric safety standard puts forward
safety requirements and experimental methods for direct electric
shock protection, indirect contact protection and functional safety
protection. Physical isolation of the human body from electrically
charged parts is realized through insulating materials, enclosures or
shields. Under the maximum working voltage, the insulation
resistance of DC circuit shall be not less than 100 Ω/V, and the
insulation resistance of AC circuit shall be not less than 500 Ω/V.

FIGURE 5
Hydrogen storage container. (A) Type I; (B) Type II; (C) Type III; (D) Type IV.

TABLE 3 Standards related to the safety of hydrogen storage system by TC114/sc27.

NO. Standard Name

1 GB/T 24,548-2009 Fuel cell electric vehicles—Terminology

2 GB/T 24,549-2020 Fuel cell electric vehicles—Safety requirements

3 GB/T 26,779-2021 Hydrogen fuel cell electric vehicle refueling receptacle

4 GB/T 26,990-2011 Fuel cell electric vehicles-Onboard hydrogen system- Specifications
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4 Technical recommendations on the
safety of hydrogen storage systems for
fuel cell vehicles in China

Hydrogen has certain safety risks, so strengthening safety of
hydrogen storage standards could reduce the frequency and severity
of potential accidents. By adopting safer hydrogen storage
technology, the safety risks of fuel cell vehicles could be
effectively reduced. This would help to eliminate the doubts
about the safety of fuel cell vehicles and provide a more reliable
basis for their large-scale applications.

In order to ensure the popularization of fuel cell vehicles as soon
as possible, in terms of clarifying the requirements in terms of safety,
with reference to GTR13, China should do a good job in researching
the contents of the relevant hydrogen storage safety standards, and
formulate and revise the relevant standards in a timely manner, and
it is recommended to do a good job in the implementation of the
following contents:

The national standard GB/T 35,544–2017 has been released and
implemented, which stipulates the technical requirements of metal
liner composite full wrap container of 70 MPa and below. The safety
technical indexes of GB/T 35,544–2017 are not lower than GTR13,
which could meet the demand of the development of fuel cell
vehicles in China.

The national standard GB/T 35,544–2017 has stipulated the test
methods and qualified indicators of TPRD. And the safety technical
indexes of TPRD in GB/T 35,544–2017 are not lower than GTR13,
which could meet the demand of the development of fuel cell
vehicles in China.

In the absence of a national standard to support valve units,
reference can be made according to GTR13, where valve units are
tested with hydrogen containers for the verification of partial
product experiments, which are carried out using hydrogen gas.
All tests are conducted at room temperature of 20°C unless it is
specified. Tests include leakage test, hydrostatic strength test,
atmospheric exposure test, stress corrosion cracking test (for
copper-based materials), pre-cooled hydrogen exposure test,

vibration test, automotive environmental test, salt spray
corrosion resistance test, extreme temperature and pressure
cycling test, and electrical test (only for automatic shut-
off valves).

The type and technical requirements of the hydrogen fuelling
receptacle shall meet the requirements of GB/T
26,779–2021 standard, and pass the inspection of National Motor
Vehicle Product Quality Supervision and Inspection Center. The
safety technical indexes of GB/T 26,779-2021 are not lower than
GTR13, which could meet the demand of the development of fuel
cell vehicles in China.

The venting system shall meet the standard requirements of GB/
T 24,549-2020. In accord with GTR13, the vehicle leakage alarm
after collision of hydrogen shall be considered. The safety
requirements after the crash test are mainly to control the
hydrogen leakage rate, which shall not exceed 118 NL/h. And the
hydrogen concentration in the passenger compartment and luggage
compartment shall not exceed 4% in volume fraction.

The warning system shall meet the requirements of GB/T
24,549-2020. In accord with GB/T 26,990-2011 and GTR13, the
hydrogen leakage detection standard shall be considered. When the
system detects that the hydrogen concentration in the vehicle
reaches 2% by volume, the vehicle occupants will be reminded of
the possible safety risks by means of sound alarm device or
emergency display, and the alarm light will show yellow; when
the system detects that the hydrogen concentration in the vehicle
reaches 3% by volume, the system should take the initiative to cut off
the gas source, or directly turn off the system power, and the alarm
light will show red.

The electric safety system shall meet the requirements of the
standard GB/T 24,549-2020. Referring to the standard GB 18384-
2020 and the content of GTR13, the fuel cell power system is tested
for online insulation to improve safety.

Regarding the discrepancies between China’s current standards
and those outlined in GTR13, the testing methodologies and
performance requirements of the hydrogen storage system shall
meet the safety performance as shown in Table 4.

TABLE 4 Safety performance requirements regarding China’s current standards and GTR13.

Items Technical requirements Testing methodology

Hydrogen storage
container

Aluminum liner composite full wrap container (Type III) GB/T 35,544-2017

TPRD When the hydrogen pressure of the storage container exceeds the set value, it could
automatically relieve the pressure

GTR13 (II.5.2 and II.6.2) and GB/T
35,544–2017 Appendix B

Check valve Prevent gas leakage when the fuelling receptacle is damaged GTR13 (II.5.2 and II.6.2)

Shut-off valve It plays the role of opening and closing fuelling receptacle and is linked with the
hydrogen leakage warning system

GTR13 (II.5.2 and II.6.2)

Fuelling receptacle It shall prevent reverse flow to the atmosphere. A label shall be affixed close to the
fuelling receptacle showing the fuel type, NWP, date of removal from service of
containers

GB/T 26,779-2011

Venting system Hydrogen leakage outside the vehicle and hydrogen concentration in the vehicle GTR13 (II.5.2 and II.6.2) and GB/T 24,549-2020 (4.2.4)

Warning system Safety measures linked with hydrogen leakage detector GB/T 24,549-2020 (4.2.5), GB/T 26,990-2011 (4.3) and
GTR13 (II.5.2 and II.6.2)

Electric safety system In-use requirements and post-crash requirements GB/T 24,549-2020 (4.1.4) and GTR13 (II.5.3 and II.6.3)
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5 Research outlook

The safety standards should be developed under the
collaboration between three parties, including academia, industry,
and national authority. Then a hydrogen storage safety standard
setting committee could be established. The resources and expertise
of all parties are integrated to promote the implementation of
hydrogen storage safety standards. This would help to improve
the safety performance of hydrogen storage system, promote the
sustainable development of hydrogen storage technology, and create
a good environment and conditions for the development of
hydrogen storage industry.

The specifications about the safety of hydrogen storage in
GTR13 and Chinese standards are compared and analyzed,
including hydrogen storage container, TPRD, check valve, shut-
off valve, piping and fittings, fuelling receptacle, venting system
and warning system. China has been preparing to manufacture the
type IV hydrogen cylinder standard nowadays. So it is very
important to learn from foreign advanced experience, The
purpose of this article is provide relevant instructs for
manufacture, inspection and test, to formulate China’s vehicle-
mounted hydrogen storage containers, and improves the
conversion and application of standards.

After the implementation of GTR13, the development of
hydrogen storage system for fuel cell vehicles in China will face
greater challenges. This paper collects, translates and organizes the
GTR13 standard about the safety of the hydrogen storage system.
Then China’s hydrogen storage safety standards for fuel cell vehicles
are analyzed. By comparing with the GTR13 standard, the
shortcomings of China’s hydrogen storage standards for fuel cell
vehicles are summed up. Drawing on the advantages of GTR13,
relevant suggestions are proposed for the revision of hydrogen
storage safety standards for fuel cell vehicles in China.

GTR13 requires the hydrogen storage system and the vehicle as
the test object, but there is a lack of corresponding standards in
China. Compared with GB/T 35,544-2017, which stipulates the test
items of individual valves, the test object of GTR13 is the whole
system. TPRD, check valves, shut-off valves, pipelines and fittings
are tested together with the hydrogen storage container. Compared
with GB/T 24,549-2020, GTR13 also stipulates the hydrogen leakage
index requirements for the vehicle. Interpretation of the
GTR13 provides technical support for China’s enterprises to
break through the trade barriers of fuel cell vehicles as soon
as possible.

The implementation of GTR13 has greatly influenced the
development of fuel cell vehicles and compressed hydrogen
storage systems in China. The management mode and standards
in China are difficult to meet the requirements of GTR13. In China,
hydrogen storage container, compressed hydrogen storage system,
and standard setting are managed by different administrative
departments. Hydrogen storage container is managed by the
State Administration for Market Regulation, compressed
hydrogen storage system is managed by General Administration
of Quality Supervision, Inspection and Quarantine, while standard
setting is managed by the Standardization Administration.

In order to align with GTR13, it is recommended to carry out
further researches in the following two aspects. First of all, attention
should be paid to the specific impact of GTR13 on the development
of hydrogen fuel cell vehicles and compressed hydrogen storage
systems. The safety test method of compressed hydrogen storage
system should be studied, so as to realize the transition from the
current component based test method to system based test method.
Then the corresponding specifications and standards could be
established. Secondly, the ability of hydrogen safety test should
be improved. Devices that could meet the safety performance test of
70 MPa compressed hydrogen storage system should be developed.
The sequence test of compressed hydrogen storage system should
also be carried out.

Moreover, establishing international cooperation projects,
attracting international experts to participate in the
formulation and research of China’s hydrogen storage safety
standards could also help China to fill the existing gap in
hydrogen storage safety standards, and promote the
development of China’s hydrogen storage safety standards, so
as to improve the effectiveness of domestic safety technical
standards for hydrogen storage in fuel cell vehicles, and
provide reliable technical support for the rapid development
of hydrogen energy industry in the future.
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