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Research status and development trends of safety and emergency
guarantee technology for production, storage and transportation of
hydrogen

ZHANG Laibin, HU Jinqiu, ZHANG Xiyue, XIAO Shangrui

College of Safety and Marine Engineering, China University of Petroleum-Beijing, Beijing 102249, China

Abstract Hydrogen (if manufactured with renewable energy) has zero pollution, zero carbon and no secondary pollution,
is recognized as a clean energy carrier. It is known as the most promising secondary energy source in the 21st century, which
also becomes one of the most effective technical solutions to achieve “carbon peaking and carbon neutralization”. Hydrogen
will become an important part of China’s energy system. However, there are numerous complicated systems, components, and
hazardous materials used in the infrastructure during preparation, storage, transportation, processing and utilization of hydrogen.
There is still a lack of systematic research on the safety and emergency guarantee technology of hydrogen production, storage
and transportation in China, which lags behind the practical requirements of safety guarantee for industrial development.

In this paper a systemic identification of safety status, risk factors and the technical challenges during preparation, storage,
transport and supply infrastructure of hydrogen is carefully studied. The technical requirements and development planning are
proposed including but not limited to the failure and accident mechanisms, safety and integrity assessment, safety inspection,
monitoring and early warning, and the accident emergency and safeguard mechanism. It provides a theoretical basis for improv-
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ing the safety and emergency support technology system of hydrogen production, storage and transportation in China.
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Fig. 1 Critical infrastructure of hydrogen energy production-storage-transportation
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Fig. 2 Risk factors and technical bottleneck analysis of key infrastructure of hydrogen energy industry chain
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Table 1 Analysis of accident modes and risk factors in hydrogen production process
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Table 2 Failure modes and risk factors in renewable energy hydrogen production process
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Fig. 3 Challenges faced by abnormal working conditions and safety monitoring and early warning



FIMELEER  20214F 6 H 6B 2 )

172
RERM 5 W
HEEER S eEME R

= = \}_LR ﬁ%:]‘ll
| EREEESS N Wmfz M

SR & e

SRS SR BE
_> _> N Py

Wi M
| emREs || @EmmBARS

Ik A o

B4 FREEESENE SRS SIEERERNKRASE
BEMLIE

Fig. 4 The detection and monitoring and the defect detection
technology and intelligent equipment of hydrogen production

facilities of environmental dangerous gases

e, AT = 2250 S 5t 0 2 O A B
IR ) R ST

2 AREIRAAEAERISOIE 22 A R b i bk

o ROM) S RE R A S B A T SR s, TR
BRI R SR ) AT [ R R E R R

5 L ERREREPRD
T Lo R R K

SAEAF ) E IR AR R SR R 4R BB AL 1 26 = A
. MR E . MES & (@ RELY) i, L
R A Al R SR A SRR RS 48 M i s st e, LR
4 iR

(1) FRF AR 5 KA

A it S R AR B KU R R 3R 5 s . B
W i ERE IR R AT . % 5F . ARBIESE N
RN 1 O R SAVE R R, RO R G P, £
F 05 P ) i S Tt 1) IR AR A O 5 | R i e
BT E AR S8 8T, nER R LM 59
VLT S e Pk ik, AdE e DR AR . AR
R BE R B N 7S R 0 AR R s A i
T BT A Ak B W s ) 00 T 1 5 2 Ak itk B A ] &
SRR 22 [B) B A EAE FH 5 5 e S5 )i

(2) 2 ARSI 5 W) s

A[EZRERNMEE, 2 kAEDNRE, B
AR AR . EUABIEIRTE, fUKBEEAR, s
Jer BT B SRS TR U I M (B K)o PRI, &
[ T W PN N i [a =R A AR UL % NN I
T2 A S W5 2 R o oK . 53— 7T, AlRE
B . R SR, Z21RE S S i
EME AT B A SRR, 2R AR L 2 E R
R RE R A A i — PR R A — A R — RN
Y —IRAER, W 6 R

(3) KA it 4 A VPAl S A5 H e s vk

/\-‘ ‘ s GRS ZL F,Bﬁﬁgrft§9| Ry ]
Rk 35 g1 U3t (X 4544 BTG X L5 44
B 5 #HREEAAREHEES TR EHANRERBERHIESHER
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Table S Risk factors for typical hydrogen storage processes
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framework for safety information of hydrogen energy storage
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Table 6 Safety Standards of hydrogen storage and delivery systems
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Table 7 Advantage and disadvantage analysis of different hydrogen transportation types
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Fig. 7 Risk factors and challenges of hydrogen-doped pipeline transportation
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Fig. 8 Key technology of coordinated emergency response and intelligent decision making for hydrogen energy transportation
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Fig. 11 China’s hydrogen energy safety technical planning and international technical standards
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