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Fig.1 Schematic diagram of HSC structure
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Fig.2 Optimization strategy of HSC
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Table 3 Comparative results of two strategies

BIERm  BEFAE /% WEBEEHR /% HNBSTRA /7T

ZRSCIR W 89.13 0 849013.70
DA-P 83.67 10.76 892267.67

BNV, AU T S ORYERS  7E DA-P 3
& BARAEE AT LIS — 0 S i gl (AT A — 2k
F BEAR) 7 A I SO, A il A B, TGk o8 4 -
BN, T RSN ST, BT A T R
Wy SAS , s AT A G s A SRS 5 8 T =
Aoy B IR B AR RS TR 38 e A 2 e S 1 410 670
Aoy 2l , I E) FRORE T 3o 5 | A HA B R A
PR 3k — 2L R AR ST I 3, O 22 e vl T e f) R
JEZ 2 AORLAL 2 5 97 A e 3l P4 b 3l T A
ARSI AT A s AHAE T DA-P SRS, A SCSRIE T &
G518 TE R PR AR 5 T 5.46 N 4 R I AU R
AR 1 10.76 1> F 53 i, H B T AR 1 4.8 % .

4 #ig

AR SO H — ol e TR - K R 3 ] 114 22 B ]
JE HSC IR S LA SR s, d i BEe A0 5o Hr At LA
T

1) AR SCRI 57 TR A R IR Rl A R e Y,
AA 85 M B R TR S R R U s 9 sl AR, B i
Tt SR 2 () AT RHAE 5

2) HE T IR A 1) 25 RPN ) K O T R ) A U A
BRI T A UK M R RS s a6 2 T IN Y
ALK

3) ARSI e Z2 i 18] R VR ST A SR ms BE A8 5 i
S X6 A ] B 18] 448 B2 T ) B £ 38 0, AR A0 T Ay
F189 0 - 7K R R TR X 7 SR e 2l A A A 3 2
AR T DA B B AR A T IRAR

P & LA B 25 & (http: / www.epae.cn)
S EHK:

[ 1] BRERMG, W10 BRA0E, 5. 5 B alaisc 2 L 5 f il &l
ZRARETRAGALIRALLT]. Wi A Sk, 2021,41(9):48-55.
CHEN Jinpeng, HU Zhijian, CHEN Yingguang, et al. Thermo-
electric optimization of integrated energy system considering
ladder-type carbon trading mechanism and electric hydrogen
production[J]. Electric Power Automation Equipment,2021,41
(9):48-55.

[2 ] ZRBB, 1 F°, Ak . i B ML SURIMZOR ri il 1) P R B 1

BUZRT ORI AR () . /1) S Ak B4, 2021,41(10) : 107-
112,161.
CAI Qingin, XIAO Yu,ZHU Yonggiang. Day-ahead economic
coordination dispatch model of electricity-heat microgrid con-
sidering P2H and fuel cells [J]. Electric Power Automation
Equipment,2021,41(10):107-112,161.

[ 3] OKONKWO E C,AL-BREIKI M,BICER Y,et al. Sustainable
hydrogen roadmap:a holistic review and decision-making me-
thodology for production, utilisation and exportation using

Qatar as a case study[J]. International Journal of Hydrogen

Energy,2021 ,46(72) :35525-35549.

[4] Brim. Shem B HBORE AN S xRl ()], BEIR-S
TifiE,2023(7):19-24.
CHEN Lei. Present situation and countermeasures of hydro-
gen energy industry and technology at home and abroad[]].
Energy and Energy Conservation,2023(7):19-24.

[5] DEMIR M E,DINCER I. Cost assessment and evaluation of

various hydrogen delivery scenarios [J]. International Journal
of Hydrogen Energy,2018,43(22):10420-10430.

[6] HE G N,MALLAPRAGADA D S,BOSE A,et al. Hydrogen
supply chain planning with flexible transmission and storage
scheduling[J]. IEEE Transactions on Sustainable Energy,2021,
12(3) : 1730-1740.

[7] LI J R,LIN J,ZHANG H C,et al. Optimal investment of
electrolyzers and seasonal storages in hydrogen supply chains
incorporated with renewable electric networks[J]. IEEE Tran-
sactions on Sustainable Energy,2020,11(3):1773-1784.

[ 8] OCHOA BIQUE A, ZONDERVAN E. An outlook towards
hydrogen supply chain networks in 2050-design of novel fuel
infrastructures in Germany[J]. Chemical Engineering Research
and Design, 2018, 134:90-103.

[ 9] DE-LEON ALMARAZ S, AZZARO-PANTEL C,MONTASTRUC
L, et al. Hydrogen supply chain optimization for deployment
scenarios in the Midi-Pyrénées region, France[]]. International
Journal of Hydrogen Energy,2014,39(23):11831-11845.

[10] Besipl, e, XIVR, 45 . ERBtiz SCHEEORBT S IR KT 3753

Brlol). BARAET,2021,41(11):53-57.
YIN Zhuocheng, YANG Gao, LIU Huai, et al. Research status
and prospect analysis of key technologies for hydrogen energy
storage and transportation[J]. Modern Chemical Industry,2021,
41(11):53-57.

[11] LIU B,LIU S X,GUO S S,et al. Economic study of a large-
scale renewable hydrogen application utilizing  surplus
renewable energy and natural gas pipeline transportation in
China[J]. International Journal of Hydrogen Energy, 2020, 45
(3):1385-1398.

[12] MUKHERJEE U, ELSHOLKAMI M, WALKER S,et al. Opti-
mal sizing of an electrolytic hydrogen production system
using an existing natural gas infrastructure[]J]. International
Journal of Hydrogen Energy,2015,40(31):9760-9772.

[13] CERNIAUSKAS S,JUNCO A J C,GRUBE T,et al. Options of
natural gas pipeline reassignment for hydrogen:cost assessment
for a Germany case study[J]. International Journal of Hydro-
gen Energy,2020,45(21):12095-12107.

[14] WIIGERE . ARBRZEYE T P K iz i 4 e S8
1i],2023(2) :45-46.

LIU Xiaoping. Thoughts on the development of inland water-

(1. H LSS A

way transportation under low-carbon economy[J]. China Ship-
ping Gazette,2023(2) :45-46.

(15] scomizii. Witz &N Z 1], DKz ,2020(6):17-19.

L16] W Bty . P EERERRIDR SR FRELT]. TPEBEN,
2019,41(2) :32-36.
LIU Jian,ZHONG Caifu. Current status and prospects of hy-
drogen energy development in Chinal[J]. Energy of China,
2019,41(2) :32-36.

[17] Fle S, sk v, 58 38 b XU s S o 5 B i 37 g 22
[J]. 2B EREIR, 2022,44(5) 1 41-48.
WANG Feng, LU Peng, ZHANG Qingtao, et al. Development
trend and prospects of hydrogen production from offshore
wind power[J]. Integrated Intelligent Energy, 2022, 44 (5) :
41-48.

[18] EHIE . FREMKIZHARZAE T Sl S SR R 15 2E AT
[1]. BARAET,2023,43(6) - 1-5.



F 1248 MRS 25, 45 - T -/ 19 ) ) 22 1 i) LB 2 B B S DA AL 67

WANG Minghua. Economic analysis on hydrogen energy sto- gas separation process| M]//Computer Aided Chemical Enginee-
rage and transportation technologies and tentative plan in es- ring. Amsterdam,the Netherlands:Elsevier,2007:363-370.
tablishing a green ammonia storage-transportation base[J]. Mo- (28] X% . BT MILPBIAY S AL i R AR AL [J]. RAART
dern Chemical Industry,2023,43(6):1-5. Mk ,2022,42(7):118-124.

[19] BURGERS I, DEHDARI L, XIAO P, et al. Techno-economic ZHAO Gang. Path optimization of hydrogen supply chain
analysis of PSA separation for hydrogen / natural gas mix- based on the MILP model[J]. Natural Gas Industry, 2022, 42
tures at hydrogen refuelling stations[J]. International Journal (7):118-124.
of Hydrogen Energy,2022,47(85):36163-36174. [29] FESGH M T, X0, 45 . 24 s I e RE 4 i LIS 14 38 Vi

[20] SU H,ZIO E,ZHANG Z J,et al. Development of an inte- SRR G R AR MR [T ], TP E BT RE2ER,2019,39
grated dynamic model for supply security and resilience (12):3420-3434.
analysis of natural gas pipeline network systems [J]. Petro- WANG Zhixun, LIN Xiangning, LIU Chang, et al. Hybrid po-
leum Science,2022,19(2):761-773. wer transmission network planning in pelagic islands based

[21] TABKHI F, AZZARO-PANTEL C, PIBOULEAU L, et al. A on power exchanging watercraft transport route[J]. Procee-
mathematical framework for modelling and evaluating natural dings of the CSEE,2019,39(12) :3420-3434.
gas pipeline networks under hydrogen injection[]J]. Interna- [30] JAZ, w0, 380, 4. JeTE M s ek g hn & uh vehk 5
tional Journal of Hydrogen Energy,2008,33(21):6222-6231. SNA LT, AT F2ERETE ,2023,41(7) :861-867.

[22] PAMBOUR K A, BOLADO-LAVIN R,DIJKEMA G P J. An ZHOU Jun, CHANG Heng, LIANG Guangchuan, et al. Hydro-
integrated transient model for simulating the operation of gen station location and hydrogen consumption cost analysis
natural gas transport systems[J]. Journal of Natural Gas Scien- based on hydrogen supply chain optimization [J]. Renewable
ce and Engineering,2016,28:672-690. Energy Resources,2023,41(7):861-867.

[23] WANG C, WEI W, WANG J H,et al. Convex optimization [31] VAL, XICTF, AR . e A REEE NI AS 5 2
based adjustable robust dispatch for integrated electric-gas feli RS Z Wl R BRI ALV BE [T / OL). M H Rl 54 A
systems considering gas delivery priority [J]. Applied Energy, 2A4. [2023-09-12]. http: /kns.cnki.net / kems / detail / 43.1475.
2019,239:70-82. TM.20230327.1508.002.html.

[24]1L1 Z M,XU Y,WU L,et al. A risk-averse adaptively sto- [32] SRR, B0 . S5 MA& m e K 2= s tige (1], ids A
chastic optimization method for multi-energy ship operation Fi],2022(12) :22-29.
under diverse uncertainties [J]. IEEE Transactions on Power ZHANG Pengcheng, YANG Jie. Research on the influencing
Systems,2021,36(3):2149-2161. factors and countermeasures of hydrogen price[J]. Prices Mon-

[25] LAHNAOUI A, WULF C, HEINRICHS H, et al. Optimizing thly,2022(12):22-29.

hydrogen transportation system for mobility via compressed

hydrogen trucks[J]. International Journal of Hydrogen Energy, VEEE -

2019,44(35):19302-19312. L . . N
’ R =(1998—), B , MR A, BRI &) A # 48
[26] JENSEN J O,VESTB@ A P,LI Q,et al. The energy efficien- P gﬂﬁ*(E ) 717 ”216?22 - %‘F)m AR
cy of onboard hydrogen storage[J]. Journal of Alloys and G e PR -mall: D qq.com; . o
Compounds, 2007 ,446 / 447:723-728. AN (1980 —) , o, e W, 2 RAFIT 77 0 A #7 2
[27] AKINLABI C 0,GEROGIORGIS D I,GEORGIADIS M C.et al. W, 7 % %tk 47 (E-mail :honey_weng@163.com)

Modelling, design and optimisation of a hybrid PSA-membrane (YmiE ilﬁ%%&)

Optimization of multi-time scale hydrogen supply chain based on
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Abstract: Under the background of existing infrastructure and market demand,it is a better choice to tran-
sport hydrogen mainly by natural gas mixed hydrogen pipelines and supplemented by mobile hydrogen sto-
rage transportation. A dynamic model is established considering the relationship between gas composition
and flow change, and the dynamic characteristic of mixed hydrogen natural gas transportation is analyzed.
A water network shipping model of hydrogen storage tank is constructed,i.e. the inland waterway transporta-
tion between ports realizes large-scale hydrogen transportation through ships. A multi-time scale rolling opti-
mization strategy based on gas-water network collaboration is proposed, the load demand fluctuation under
different time dimensions is finely scheduled and suppressed,and the operating cost is reduced. The effec-
tiveness and rationality of the proposed model are verified by simulation examples.
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Table B1 Pipeline foundation parameters
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Table B2 Cost analysis of maritime transportation
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