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Risk assessment of natural gas and hydrogen joint construction station
based on Fault Tree Analysis

HE Taibil, WANG Linl, XU Suyul, HU Pengfeiz, HE Fengcheng1
(1.School of Automotive and Transportation, Xihua University, Chengdu, Sichuan 610000, China;
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Abstract: The hydrogen refueling station that is jointly built with petrol station, natural gas filling station, charging station, etc. is
called a hydrogen refueling co-located station. The advantages of hydrogen refueling co-located station include solving land
occupation, reducing the cost of station construction and operation, and enhancing market competitiveness. Among them, natural
gas-hydrogen co-built stations face numerous safety problems during operation due to the flammable and leak-prone
characteristics of the natural gas and hydrogen stored in the station, making it important to conduct a safety risk evaluation study
of natural gas-hydrogen co-built station fires and explosions. Using the fishbone diagram analysis method, the study identifies the
hazard sources of natural gas-hydrogen co-built stations from the perspectives of materials, facilities and equipment, and
personnel factors. The study establishes a fault tree model with "natural gas-hydrogen co-built station fire and explosion" as the
top event, and through the calculation of the minimum cut set, minimum branch set, and structural importance, the study ranks the
basic events that lead to the top event and determines the critical basic events. The study then proposes safety measures for natural
gas-hydrogen co-built station fires and explosions to ensure safe and long-term operation of the station. The research findings show
that: (1) After adding hydrogen refueling equipment to the existing conventional natural gas filling station, the risk factors
become more variable and complex; (2) There are many potential pathways that can lead to natural gas-hydrogen co-built station
fires and explosions, while the pathways that limit the occurrence of accidents are relatively few, and the risk of gas-hydrogen
co-built station fires and explosions is high. (3) Safety measures should be taken from four aspects, including ventilation system,
on-site protection devices, ignition sources, and gas leaks, to ensure the safe operation of a natural gas-hydrogen co-located station.
Keywords: natural gas and hydrogen joint construction station; fish bone map; fault tree analysis; hazard identification; safety
measures; risk assessment
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Tab.1

Typical natural gas and hydrogenation joint construction station project

b T H 2% P10
LB TS AR R IR B I A 550 kg/d
IR ey AR — 38 [ =R Yk 1000 kg/12 h
JUARAE ML B S R — ks 1100 kg/d

% TR IR A PR w2 e DX o2 i Al B4 15 i sl /

Rl R AR DA T A2 w2 HE I Ak SR sl /

FR2 MEEEMHERXBER
Tab.2 Relevant policies of hydrogenation joint construction station
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Tab.3 Typical major accidents of natural gas refueling stations and hydrogen refueling stations at home and abroad
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Fig.2 Flow chart of the natural gas filling process
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Fig.3 Flow chart of the hydrogenation process
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Layout plan of the natural gas and hydrogen joint construction station

WA, G
AR AR

3 ERaHh

RAF RGBT MR DY K ERH
WO EROR RN G ARG | A LSO
SE AR A M, T R KRR . SR T,
A G R A NI R : © F PR EE
SRV T W, Wk PR B LN R
&, dn A EMT R TR IEPER; @ T B
RS IR PR B, AR 2 T A2 R OC AR
TIPSR R, B X Se A0 73 Sy FEA S F A v ] 2
1, FE ST RO AR 5 (3 AR SO AR B 23 A 45
A A PR BEAR D Y i (DLIEI4) .

o REAGEY |,
L

!
| ERBBHR e b

a2

)1 s O A

B4 SEAEMRERNEITNRIZE
Fig.4 Flow chart of safety risk assessment of natural
gas and hydrogen joint construction station



#3145 5501 20244E10H

R A JET BT I A B L 2R

3.1 fEkiE#HR

£ BS R R U 2 4 XURS: g i et (R fe
B BIR R TR ) (GB/T 45001—2020 ) H1E
MAEREN P REFEN S E A () R E
PIARUE  CIREZAT R, SHAR” o 456 “feEE
MRS R WAL RIS A
e e BT RE R AW, DA S RE S I 4 B 4 5 it
ﬁkﬁ/é[lS—lé]o
3.1 Rl

AR RBRARTFRAK BRI, W
BN G IRER, SRS A i Y 0 4B R
S EAEMAER, b &R HAT (148 M R ik
fyJE e, X R E M (W4 WAL, AR
RIS EA AT . PR EREE, MR
St B JPEE, G BTG BRI
PP A2, LB B s B, YRR
s 22 S, L B A — S R R I R S
M E| ==, HSERERIRGRA, H—Ea
Foas S IR 2R Sy FE R A7 R U100 o,
PR A, HR A Sk Bl — e e s, Qs
FRHLKAE | i KAE R KBS 5 KR, e K
PRI

x4 PRRLEMERTEE

Tab.4 Fuel properties comparison

FA M Ea bt
g, Kk J TG
W kg-(m?) ] 0.083 7 0.717
PHERHERH) 0.61 0.16
WAk 4 J A4 % VY
I/ S ARRR/M 0.02 0.28
PABETL /% 4.1~75 53~15
FRIEN PR /% 18.3~59 6.3~13.5
PRSI/ [MT-(m?) '] 10.77 35.9
R KA /(cms ) 312 40
BRI °C 589 540
312 ‘& ARE

B A A S N RE R HUR, HSER T
EESRIE T B A B MSMRIAET R . G ok
WEEINE . I QERE RS, YAEREANT
SUAREE ., WITERE . T, A RS aen

INENL. SEEEE . RAPL. EAHE . KEH S,
IR ML, EEE (F) © RSEL. 1t
WA BB KR B, A T AmREY, ol
B AL F o HOIR A, 758 38 18 o S 5
AR, sEMAEL ., B ERAR . £
AN B F RS A S HR, 5K ESR KRS
LA, IR AR RS R 5 B R
BB RGBT , B — 2 iR
W, H BT R KR ENES ™ L
3.1.3 ARk

AN faktE 2SS A B, Z2FH, UKk
v E SR BEAR G, O 72 A B HRE TR . 3N
NG & B 25 2 RB 2 > L 2 PEAFRE
WoNEE, AT ASHEBAL, HEPITE
ZRRR R R AR S A, WTRES S R @ £
LRI . WREREN L= e R sk
Z MG RN, 255 BB ST TAE | ol MR |
R, DA TAE R T HASHER . 27
WO IERR S )8, RSO AR v REYE ; B 7E4E
PR BE T R o AN SREsh Py ik = 5838 (045 PR 3 sl B
MR, AR EUR TS A BN . W T
BEAS SR, 38 = RO
32 aEESHh

05 53 B SOPR RS a0 B, 2 — i & R )
A CRAGE AT sy BT s, B B, 2R
DR o6 2R At 2 5 0 R R A e I
Yk e LR 5 T KBS A TER A AT
P RS A B N S R R R B A AT AL ( LIRS )
3.3 BN
33.1 EHAET

O A3 BT N S AN B R A I AR S T
HF, HAbSEEAE A AR, Hd
BTSSR, Bl —MRPIRGE, R
AR PEN R, DL A A K IR
R ESAE (ARERT) , A “IRERFER R A ]
R TR S| KRR S R R B A
= AP ARE A K IR Y
LIPSl ORI S A il e AN = B SO 5
B2 DR 25 () A9 12 4 ¢ ZR LB et o e e A i 4
AR5 FHAA (ARid M) F4SA AR
(brighX) (ULERS) .

95



R =%

Decarbonization & Transformation

S Al Tl

Vol.31 No.5 Oct., 2024

N K5
Hifig A2
g

(T 55 A 5
—_—
51 T 9% 95

World Petroleum Industry

5 P A
5 A L K

Bidr TG AN I

B

Sh bty
_—

N AR A TE R T T B

Ve T

HEHAR
—_—
FOCHE . KR

AL AT

TR

{55 2e AR

>

AHEAEM., Mtk /
SRR TE

>

PEERA R, SEES. RRTRERE
IRF IS, R GHE,

RN

FERTHAT T i
FAEHPE

LD B

-
SEFEARRA )

B T —

HRAK
—

LA IS
R PR 2 AT

&5

SEERHEAGKIRIHRE FEIEE

Fig.5 Fish bone map model of hazard source identification in the natural gas-hydrogen joint construction station
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Tab.5 Event code and event description of the natural gas-hydrogen joint construction station
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Fig.6 Fault tree model of natural gas and hydrogen joint construction station
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