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Abstract: In order to achieve low-carbon hydrogen production under diversified demands, a comprehensive energy management
method based on hydrogen energy hub is proposed. Firstly, a comprehensive energy system management framework is constructed
considering new energy units, electrochemical energy storage, gas generator units, hydrogen energy hubs and hydrogen loads. Then,
based on the oxygen complementary utilization principle of hydrogen production by water electrolysis and rural biomass gasification,
the design of hydrogen hub is introduced and the optimal operation model of hydrogen hub is established. Based on the energy
management framework of the integrated energy system and the hydrogen energy hub model, the energy optimization management
model of the integrated energy system is established, considering the constraints of hydrogen supply and demand balance, power bal-
ance, and operating characteristics of each equipment, in order to achieve efficient, economical, and environmentally friendly
hydrogen production and energy management under diversified hydrogen demand. Finally, the numerical simulation of an integrated
energy system with hydrogen energy hub verifies the effectiveness of the proposed method.
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Fig. 1 Framework for integrated energy system based on
hydrogen energy hub
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Tab. 5 Statistics of energy efficiencies in hydrogen production

Yt RETRAR % #iE
Tt TE 50. 69 RN ES = 62%
x5 A AR 52.93 E=40%
5 Z5ig

RILHIE T — M T AR AL - H L35 fiE
ARG RE A A S Uit 07k, BAEFEA
)l S B AR BRI, A0 AN [ A= 7 i 3l Y 22
FALE AT R B, Prol AR S RERsaim] il sl
W 48R A5 7K PR R A A 0 A P b ) £



59 4

KIS, A T R RERA -SSR IR R AR

EHEE S sty 57

A, BEREWE AR BI A SRR . HK, il
I AR TR R A BE A BESREm op A AT LA
PR AERACR, RE/D BTN 2, AT SE B w]
R BABAR 28 . fla, Fridiipyaes:
EHOTRBA RGN, BB AT LR E
A, HESRBEVRALN AR TR . LR LRTIR, ARWFTEA
ACAT By TR R IR SRR MR AR, b HAT B Y
T

ARSCRETRL XS SRR 255 BETR R GL 0 H Nk
PR RE i S o P A AR i R LI 38
B, ZWs I E i S s SR S FE . xR sE
FH Bl IX sl s 9 3l i) S RE AL, AR AT
BB TS, W HE— 2 F IR S e
HELAR,

S MK

(1] &3, S0, BRihie, 55 KRG ] A HOR R 5 % R i

Sl E AL RRAAR , 2021, 41(6): 2187 - 2201.
CAO Fan, GUO Tingting, CHEN Kunyang, et al. Progress
and development prospect of coupled wind and hydrogen
systems [J]. Proceedings of the CSEE, 2021, 41(6): 2187 -
2201.

(2] FMVESE, 225, BRESS, 45 XUHL ] lH AR BUIR K & Jie e 34

(3], B TH AR, 2019, 34(19): 4071 - 4083,
SUN Hexu, LI Zheng, CHEN Aibing, et al. Current status and
development trend of hydrogen production technology by wind
power [J]. Transactions of China Electrotechnical Society ,
2019, 34(19): 4071 - 4083.

(3] skisW, skT, LA, 5. Al ) R GEARBR A Jig A Hr i 2
M SR AR LA [T ). P IE L), 2021, 54(3): 1- 1L
ZHANG Yunzhou, ZHANG Ning, DAI Hongcai, et al. Model
construction and pathways of low-carbon transition of China’s
power system[ J . Electric Power, 2021, 54(3): 1 - 11.

[4] AYODELE T R, YUSUFF A A, MOSETLH T C, et al.
Hydrogen production using solar energy resources for the South
African transport sector[ J . International Journal of Sustainable
Engineering, 2021, 14(6): 1843 — 1857.

[51  KNa, BRIE, Wk, 4. KM G R 80 TROR LR

WA BRI R T] P E R TR,
2023, 43(18): 7003 - 7010.
LIU Xiaoqi, CHEN Yao, ZHOU You, et al. Large-scale
power-hydrogen coupling systems: technical perspective
analysis and prospect of large energy companies in China and
Europe [ J]. Proceedings of the CSEE, 2023, 43(18): 7003 —
7010.

(6]  BREgs, w305, D3GH . YRl SR BT LR 5
B [J]. KIAREAR, 2006, 27(12): 1276 - 1284.

CHEN Guanyi, GAO Wenxue, MA Wenchao. Research status
and prospects of biomass hydrogen production technology [J].
Acta Energiae Solaris Sinica, 2006, 27(12): 1276 — 1284.

(7] akezig, skT, REA, 55 AT HEA AR AR /K i S R SRR

AU . P E T, 2024, 57(4): 52 - 60.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ZHANG Siyu, ZHANG Ning, DAI Hongcai, et al. Optimiza-
tion and simulation on hydrogen production system using water
electrolysis powered by renewable energy [J]. Electric Power,
2024, 57(4): 52 - 60.

TR, M, TR, S ARG RO T M ]
(T]. R TR, 2022, 16(10): 141 - 150.

WANG lJikang, LI Hua, PENG Yufei, et al. Modeling and
grid-connected control of wind-hydrogen storage coupled
systems [J]. Southern Power System Technology, 2022, 16
(10): 141 - 150.

FRFR, MUEA, &R, . H K SOC b e -0k
B RENBIT ] i RGP S5, 2024, 52
(8): 65-76.

JIANG Zhilin, HAO Fengjie, YUAN Zhichang, et al.
Operational optimization of electricity-hydrogen hybrid energy
storage system with SOC optimization setting [J]. Power
System Protection and Control, 2024, 52(8): 65 -176.

FODTK, THRRE, mRiE, S OL-AERGEA R B M IH
I-JEE R AT ). B LA, 2018, 12(7): 44 - 51,
HUANG Shuaifei, DING Xiaoqun, GAO Qianheng, et al.
Active-reactive coordination optimization of photovoltaic-
hydrogen-storage system connected to distribution network [J].
Southern Power System Technology, 2018, 12(7): 44 — 51.
I, P, 15, 55 KOLEANR LG A HRE R G
LER[T]. L AT, 2022, 55(1): 75 - 83.

JING Tao, CHEN Geng, WANG Zihao, et al. Research
overview on the integrated system of wind-solar hybrid power
generation coupled with hydrogen-based energy storage [J].
Electric Power, 2022, 55(1): 75 - 83.

JVIET, Fitem, ikt , S ALY RSB ARBE S SRIR[T].
IR, 2022, 51(11): 37 - 48.

YIN Zhengyu, FU Chuanlue, HAN Kuihua, et al. A review of
biomass hydrogen production technology [J]. Thermal Power
Generation, 2022, 51(11): 37 - 48.

NGUYEN V G, NGUYEN-THI T X, NGUYEN P Q P, et al.
Recent advances in hydrogen production from biomass waste
with a focus on pyrolysis and gasification [J]. International
Journal of Hydrogen Energy, 2024, 54(7): 127 - 160.
KANNAH R Y, KAVITHA S, KARTHIKEYAN O P, et al.
Techno-economic assessment of various hydrogen production
methods-A review [J]. Bioresource Technology, 2021 (319) :
124175.

ZHU M S, AI X M, FANG J K, et al. Optimal integration of
electrolysis, gasification and reforming for stable hydrogen
production [J]. Energy Conversion and Management, 2023
(292): 117400.

AJRENT, WA, TRERHE, 55 SU00RHHL T A2 40 S 2 0 245 1L
i 27k 5 e BB I/OL . F 7 IR - 1 - 13[2024 - 10 -
28]. https://nfdwjs. csg. cn/gateway-web/zh/debutDetail. html?
serialNum=20240517002.

HE Chenke, CHEN Lei, XU Weiyi, et al. Review and
prospect of hydrogen production and refueling network plan-
ning for hydrogen fuel cell vehicles [J/JOL]. Southern Power
System Technology: 1 — 13[2024 — 10 - 28 ]. https://nfdwjs.
csg.  cn/gateway-web/zh/debutDetail.  html? serialNum=
20240517002.

AVARGANI V M, ZENDEHBOUDI S, SAADY N M C, et
al. A comprehensive review on hydrogen production and utiliza-
tion in North America: prospects and challenges [J]. Energy



58

FEITRMEEA 19 &

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Conversion and Management, 2022 (269) : 115927.1 -
115927.14

LT, ZEWIAE, WIRAL, A L AR P i S AL R R R
(T]. AR CARmAN T, 2010, 26(z1): 77 - 81.

NIE Hong, LI Mingfeng, GAO Xiaodong, et al. Hydrogena-
tion catalysts and technologies in petroleum refining [J]. Acta
Petrolei Sinica (Petroleum Processing Section) , 2010, 26
(z1): 77 - 81.

AT, BEEX, B, L EIR S S A R ARG
MBS WP HESE T ], R E AL R4, 2025, 45(16):
6203 - 6222.

SI Fangyuan, DUAN Yuge, SHENG Kangling, et al.
Optimization of green hydrogen metallurgy integrated energy
system: key issues and research framework[J]. Proceedings of
the CSEE, 2025, 45(16):6203 - 6222.

KHALID F, DINCER I, ROSEN M A. Analysis and assess-
ment of an integrated hydrogen energy system[J]. International
Journal of Hydrogen Energy, 2016, 41(19): 7960 — 7967.
skepsi, HE, Tk BB ERER R A H A A A AT L R
FERI AR (1], TP T, 2023, 56(12): 262 - 272.
ZHANG Xueqgiang, DONG Long, WANG Dong. Research on
low-carbon transition path of gansu province’s power industry
considering hydrogen energy demand [J]. Electric Power,
2023, 56(12): 262 - 272.

ZHU M S, AI X M, FANG J K, et al. Optimal scheduling of
hydrogen energy hub for stable demand with uncertain
photovoltaic and biomass [J]. Applied Energy, 2024 (360) :
122783.

@SR, AOCIE, B, 5. FIEROLHFTRAE 2 e £
RETRZE G RN R MR [T]. i I RGP S 4], 2021, 49
(14): 11 -20.

LI Jiangiang, YU Guangzheng, TANG Bo, et al. Planning of
multi-energy flow integrated energy system considering wind-
solar utilization rate and hydrogen energy flow [J]. Power
System Protection and Control, 2021, 49(14): 11 - 20.

W, BRI, Rk, 45 ANELHEDXCOR BHAESE R kK il &
St RGBT [T]. KEHAE#, 2023, 44(12) : 481
- 486.

FENG Lei, LU Jiatong, XU Hongtao, et al. Simulation study
on solar photovoltaic water electrolysis hydrogen production

and storage systems in different regions [J]. Acta Energiae
Solaris Sinica, 2023, 44(12): 481 - 486.

[25]  WRé#:, 07, SRR, & & Z MR ETREIR H SR Y

BRI ). i) TREHEAR, 2024, 43(2): 2 - 10.
CHEN Leilei, NIAN Heng, ZHAO lJianyong, et al. Energy
management optimization for new energy hydrogen production
with multiple electrolyzers [J]. Electric Power Engineering
Technology, 2024, 43(2): 2 - 10.

[26]  BRMEIK, TR, MIEEF, 4. SAEURSD T M Ekhd X AR R L

R E L] I R A BIE, 2022, 46(14): 1 - 10.
ZHANG Pengcheng, XU Jian, KE Deping, et al. Optimal
configuration of energy system in iron and steel park driven by
hydrogen energy [J]. Automation of Electric Power Systems,
2022, 46(14): 1 -10.

[27] QIN Z, TANG Y T, ZHANG Z X, et al. Techno-economic-
environmental analysis of coal-based methanol and power poly-
generation system integrated with biomass co-gasification and
solar based hydrogen addition [J]. Energy Conversion and
Management, 2021(228): 113646.1 — 113646.11.

[28] GAOJ, CHENJJ, CAIY, etal. A two-stage microgrid cost
optimization considering distribution network loss and voltage
deviation[ J]. Energy Reports, 2020, 6: 263 - 267.

[29] ZHU M, FANG J, Al J, et al. Robust optimal configuration
method of integrated hydrogen production system for stable
hydrogen demand [J]. Electric Power Automation Equipment,
2023, 43(12):62 - 69.

[30] XUE X Z, Al X M, FANG J K, et al. Real-time schedule of
microgrid for maximizing battery energy storage utilization[J].
IEEE Transactions on Sustainable Energy, 2022, 13(3): 1356
- 1369.

Wk B A : 2025-02-06; M4 E & B HEA:2025-06-06
fEEEN:

REAR(1995), %, TRIF, M+, HRTH@H KRR,
1345529726 @qq. com;

RA(2001), K, MEMRE, FIRFT @A C-ALEEHRZ
S FE I, zhangli268 @cug. edu. cn;

AEFR(1996), &, @4, HEBRAE, ARFT @A %S
AR A GAAIEAT, % ALRABE ZANA A, ms_zhu@hust. edu. cn.



