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 Dear Editor,

Hydrogen, acknowledged for its effectiveness, cleanliness, and sustainabil-
ity, plays a crucial part in attaining the global goals of the "carbon neutrality"
and is acclaimed as the ultimate energy source of the 21st century.

Driven  by  the  concept  of  green  economy  in  the  world,  the  demand  for
hydrogen  energy  and  its  various  applications  is  growing  steadily  as  major
economies  increase  the  development  and  utilization  of  hydrogen.1,2 More
than 40 countries and regions around the world have implemented hydrogen
energy related policies. Prominent industrial countries and regions, including
Europe,  the  United  States,  China,  and  Japan,  have  devised  explicit  plans  for
the advancement of hydrogen energy (Figure 1A).  By 2050,  the International
Hydrogen Energy Commission predicts that the global demand for hydrogen

energy would expand by 10 times, reaching 320 million tons. Additionally, the
overall  value  of  the  global  hydrogen  energy  industrial  chain  is  expected  to
approach 25 trillion US dollars. Hydrogen, due to its environmentally friendly
nature,  not  only  exhibits  substantial  commercial  worth  but  also  possesses
immense potential for the world economy.

Presently,  the progress of  the hydrogen sector encounters two significant
obstacles:  the expenses associated with hydrogen generation and the issue
of ensuring hydrogen safety.3 The costs of hydrogen production are affected
by  multiple  factors,  including  the  size  of  the  sector  and  the  distribution  of
resources.  This  necessitates  customized  planning  for  individual  hydrogen
markets  and  geographies.  Hence,  the  safety  of  hydrogen  energy  is  a
paramount  concern  for  the  general  public.  Hydrogen  leaks  have  led  to  fires

and explosions  in  major  industrialized  coun-
tries  including Japan,  South  Korea,  and China
since  the  use  of  hydrogen  (Figure  1B).  The
occurrence of  these  events  has  greatly  influ-
enced  the  public  perception  of  hydrogen
energy,  leading  to  doubt  and  concerns  about
safety.  This  has  become  a  major  obstacle  in
the  general  acceptance  and  use  of  hydrogen
energy.4

Given  China's  preeminent  status  as  the
world's  foremost  producer  and  consumer  of
hydrogen, we  have  chosen  it  as  a  paradig-
matic case to delve deeper into the aforemen-
tioned  pressing  challenges.  Our  meticulous
analysis shines  a  spotlight  on  the  inadequa-
cies  of  existing  hydrogen  safety  regulations,
emphasizing the significant hurdles and latent
perils  they  present  to  the  imminent  and
widespread embrace of hydrogen-based tech-
nologies.  Furthermore,  we  embark  on  an
exploration of a diverse array of potential solu-
tions, geared  towards  comprehensively  tack-
ling these multifaceted issues.

 DUAL NATURE OF HYDROGEN
Energy  resources,  including  wood,  coal,

natural  gas,  crude  oil,  and  electricity,  are  all
susceptible  to  energy  security  concerns.  The
safety  of  hydrogen  is  contingent  upon  its
intrinsic physical and chemical characteristics,
as well  as the methods employed by humans
for  its  application  and  management.  In
comparison  to  traditional  energy  sources,
hydrogen  exhibits  several  characteristics  that

Figure 1.  Hydrogen safety issues and regulatory
status in China. 
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pose challenges to safety, including a wide combustion range in air (volume
fraction 4.1%-74.1%), extremely low ignition energy (only 0.02 mJ), and prop-
erties like hydrogen embrittlement, easy leakage, and diffusion. This requires
a  more  stringent  and  all-encompassing  approach  to  safety  regulation  for
hydrogen.  Hydrogen is  predominantly  employed  as  a  chemical  feedstock  in
traditional  sectors  such  as  steel,  building,  and  chemicals.5 Driven  by  the
increasing need for electrification in transportation, new energy storage solu-
tions,  environmental  conservation,  and  other  factors,  hydrogen  applications
such  as  fuel  cells,  energy  generation,  and  synthetic  fuels  have  become
increasingly  important  in  meeting  energy  demands  over  the  past  few
decades.6,7 By  2050,  the  International  Energy  Agency  (IEA)  predicts  that  the
utilization of hydrogen as an energy source would exceed its utilization as a
chemical  feedstock.  In  other  words,  hydrogen  exhibits  both  conventional
characteristics  of  hazardous  substances  and  developing  characteristics
related  to  energy  (Figure  1C).1 Typically,  hazardous  materials  are  used  only
within chemical  industrial  parks,  with limited impact areas,  ample protective
facilities, and usually managed by professionals with relevant knowledge and
experience,  making  safety  control  measures  relatively  simple  and  mature.
However, energy applications are often closely tied to public life, with fuel cell
vehicles frequently operating in densely populated areas such as roads,  bus
stops, and parking lots. The selection of hydrogen refueling station locations
also faces challenges in avoiding residential areas entirely. Additionally, users
of  hydrogen  energy  have  shifted  from  professional  technicians  to  ordinary
energy  consumers,  making  the  oversight  of  hydrogen  safety  more  complex
and diverse.

 SAFETY REGULATORY ISSUES OF HYDROGEN
The hydrogen industry undergo significant growth in a short period due to

technological  advancements,  market demands,  and environmental  changes.
However, regulatory  policies  require  time  for  learning,  design,  experimenta-
tion, and refinement to truly become effective. In essence, policies tend to lag
behind  the  demands  they  are  meant  to  address.  As  described  earlier,  the
application  characteristics  of  hydrogen  have  undergone  significant  changes
in recent years, yet the management methods applied in the chemical indus-
try  may  not  fully  align  with  the  energy  sector's  needs,  and  adjustments  to
address this issue are still insufficient.4,8 In the "Draft of the Energy Law of the
People's Republic of China (for Solicitation of Opinions)" issued in 2020, China
categorizes  hydrogen  alongside  coal,  oil,  natural  gas,  and  others,  officially
recognizing  it  as  part  of  the  energy  sector  for  the  first  time  in  legal  terms.
However,  there  is  still  no  dedicated  mechanism  for  overall  coordination.
China's  regulation  of  hydrogen  involves  multiple  national  departments,
including  the  Ministry  of  Emergency  Management,  the  National  Energy
Administration, the Ministry of Industry and Information Technology, and the
Ministry  of  Housing  and  Urban-Rural  Development  (Figure  1C).  Certain
stages of the regulatory process exhibit  phenomena of duplicate or missing
oversight. For instance, personnel at hydrogen refueling stations are required
to  obtain  certification  through  safety  training  provided  separately  by  the
Ministry  of  Emergency  Management,  the  State  Administration  for  Market
Regulation,  and  the  Gas  Administration  Department.  There  is  overlapping
content  in  these  training  programs.  The  lack  of  effective  communication
among departments  when formulating industry  plans,  laws and regulations,
and  standard  specifications  leads  to  potential  conflicts  between  national
standards and regulations. For example, while the National Development and
Reform Commission  and  the  Ministry  of  Industry  and  Information  Technol-
ogy  dictate  that  all  new  chemical  projects  must  be  located  in  compliant
chemical industrial parks, the Ministry of Housing and Urban-Rural Develop-
ment's "Technical Specification for Hydrogenation Stations" (GB 50516-2010)
allows  hydrogen  production  within  hydrogen  refueling  stations.  Additionally,
hydrogen  safety  standards  have  insufficient  coverage,  with  relatively  few
standards  for  hydrogen  storage  and  transportation  and  technology-specific
standards  for  hydrogen  energy  applications.  Some  standards  also  suffer

from vague definitions, such as the "Hydrogen Gas Emission Testing Method
for  Fuel  Cell  Engines"  (GB/T 34593-2017),  which  does  not  specify  whether
gas-water separation  is  required  and  to  what  extent  it  should  be  imple-
mented.  Therefore,  hydrogen  currently  faces  the  issue  of  chaotic  human
management resulting from its dual nature, and addressing hydrogen safety
issues must begin with a more coherent management approach.

 CONCLUSION
Human regulatory factors are the decisive elements in determining safety,

and concurrently, they are controllable. In light of the increasing growth of the
hydrogen energy sector,  it  is  crucial  to build a comprehensive framework of
supervisory and management mechanisms to ensure the safety of hydrogen
in  different  application  scenarios.  This  should  be  overseen  by  a  designated
department with clearly defined responsibilities for each managing authority.
There is a requirement to improve focus on meticulousness and guarantee-
ing  their  thoroughness  and  consistency,  with  regards  to  standards  and
corporate  management  norms.  Furthermore,  harnessing  cutting-edge tech-
nology like  the  internet,  big  data,  and  artificial  intelligence  can  enable  thor-
ough  regulation  of  the  entire  hydrogen  energy  industry  supply  chain.  The
objective  is  to  attain  long-term  sustainable  and  healthy  development  of
hydrogen energy by employing management strategies that effectively miti-
gate the risks associated with its fundamental characteristics.

REFERENCES 

 Nishiyama,  H.,  Yamada,  T.,  Nakabayashi,  M.,  et  al.  (2021). Photocatalytic  solar
hydrogen  production  from  water  on  a  100-m2  scale. Nature 598: 304−307. DOI: 10.
1038/s41586-021-03907-3.

1.

 Odenweller, A., Ueckerdt, F., Nemet, G.F., et al. (2022). Probabilistic feasibility space of
scaling  up green hydrogen supply. Nature  Energy 7: 854−865. DOI: 10.1038/s41560-
022-01097-4.

2.

 Zhang, M., Guan, J., Tu, Y., et al. (2021). Highly efficient conversion of surplus electricity
to  hydrogen energy  via  polysulfides  redox. The Innovation 2: 100144. DOI: 10.1016/j.
xinn.2021.100144.

3.

 Zhang,  Q.,  Chen,  W.,  and  Ling,  W.  (2022). Policy  optimization  of  hydrogen  energy
industry  considering  government  policy  preference  in  china. Sustain.  Prod.  Consum.
33: 890−902. DOI: 10.1016/j.spc.2022.08.017.

4.

 Fan,  Z.  and  Friedmann,  S.J.  (2021). Low-carbon  production  of  iron  and  steel:
Technology  options,  economic  assessment,  and  policy. Joule 5: 829−862. DOI: 10.
1016/j.joule.2021.02.018.

5.

 Davis,  S.J.,  Lewis,  N.S.,  Shaner,  M.,  et al.  (2018). Net-zero emissions energy systems.
Science 360: eaas9793. DOI: 10.1126/science.aas9793.

6.

 Wang, F., Harindintwali, J.D., Yuan, Z., et al. (2021). Technologies and perspectives for
achieving  carbon  neutrality. The  Innovation 2: 100180. DOI: 10.1016/j.xinn.2021.
100180.

7.

 Yuan,  Y.,  Adimi,  S.,  Thomas,  T.,  et  al.  (2021). Co3mo3n-an  efficient  multifunctional
electrocatalyst. The Innovation 2: 100096. DOI: 10.1016/j.xinn.2021.100096.

8.

FUNDING AND ACKNOWLEDGMENTS 

This work is supported by National Key Research and Development Program of China
(No.2023YFE0109100)  and  National  Natural  Science  Foundation  of  China
(No.52322707).  The  funders  had  no  role  in  study  design,  data  collection  and  analysis,
decision to publish or preparation of the manuscript.

AUTHOR CONTRIBUTIONS 

JW.L  and  J.L.  was  responsible  for  conceptualization  and  writing  the  original  draft.
HF.D.  and  DW.H.  wrote  and  edited  the  manuscript.  GZ.X.  supervised  this  work.  All
authors contributed to the article and approved the submitted version.

DECLARATION OF INTERESTS 

The authors declare no competing interests.

LEAD CONTACT WEBSITE 

https://me.bit.edu.cn/szdw/jsml/jlgcx/ddjlgcjzzx/bssds4/948fb39c32394d8992790c7
536b5d4e8.htm

en
er

gy
LETTER

2  　　　The Innovation Energy 1(3): 100037, August 26, 2024 www.the-innovation.org/energy

https://doi.org/10.1038/s41586-021-03907-3
https://doi.org/10.1038/s41586-021-03907-3
https://doi.org/10.1038/s41586-021-03907-3
https://doi.org/10.1038/s41586-021-03907-3
https://doi.org/10.1038/s41586-021-03907-3
https://doi.org/10.1038/s41586-021-03907-3
https://doi.org/10.1038/s41586-021-03907-3
https://doi.org/10.1038/s41586-021-03907-3
https://doi.org/10.1038/s41560-022-01097-4
https://doi.org/10.1038/s41560-022-01097-4
https://doi.org/10.1038/s41560-022-01097-4
https://doi.org/10.1038/s41560-022-01097-4
https://doi.org/10.1038/s41560-022-01097-4
https://doi.org/10.1038/s41560-022-01097-4
https://doi.org/10.1038/s41560-022-01097-4
https://doi.org/10.1016/j.xinn.2021.100144
https://doi.org/10.1016/j.xinn.2021.100144
https://doi.org/10.1016/j.spc.2022.08.017
https://doi.org/10.1016/j.joule.2021.02.018
https://doi.org/10.1016/j.joule.2021.02.018
https://doi.org/10.1126/science.aas9793
https://doi.org/10.1016/j.xinn.2021.100180
https://doi.org/10.1016/j.xinn.2021.100180
https://doi.org/10.1016/j.xinn.2021.100096
https://me.bit.edu.cn/szdw/jsml/jlgcx/ddjlgcjzzx/bssds4/948fb39c32394d8992790c7536b5d4e8.htm
https://me.bit.edu.cn/szdw/jsml/jlgcx/ddjlgcjzzx/bssds4/948fb39c32394d8992790c7536b5d4e8.htm
https://www.the-innovation.org/energy
https://www.the-innovation.org/energy
https://www.the-innovation.org/energy

	Dear Editor,
	DUAL NATURE OF HYDROGEN
	SAFETY REGULATORY ISSUES OF HYDROGEN
	CONCLUSION
	REFERENCES
	FUNDING AND ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	DECLARATION OF INTERESTS
	LEAD CONTACT WEBSITE

