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Abstract: Aiming at different energy storage time scales for wind, solar and storage renewable energy systems,

this paper constructs a hybrid energy system model based on wind, solar, battery and hydrogen storage, and
proposes a multi-objective planning model for cooperative optimization of integrated energy system configuration
planning and operation strategies. Existing studies on hybrid system planning models usually neglect the considera-

tion of the demand in cross seasonal energy storage and fail to balance economy and stability to obtain the optimal
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configuration planning scheme for different time scale. To address the aforementioned issues, this paper introduces

hydrogen storage as part of the energy storage system, thus reducing battery usage, lowering system costs, and

achieving long-term energy storage. Firstly, through single objective optimization, with system stability

ensured, the optimal economic conditions for the system are determined. Then, through multi-objective optimiza-

tion, based on particle swarm optimization algorithm, the optimal configuration scheme is obtained with the ob-

jectives of minimizing the power outage rate of the system operation load and minimizing the cost of leveling the

system. Finally, the advantages of the optimized configuration and operation strategy are verified by simulating a

wind-solar-storage integrated energy system at the Peiyangyuan campus of Tianjin University based on local mete-

orological and power consumption data.

Keywords: PV-wind-battery-hydrogen storage hybrid energy system; LPSP; LCOE; cross seasonal energy

storage; PSO
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Fig.1 Schematic diagram of photovoltaic wind power
battery hydrogen storage integrated energy system
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Fig.2 Schematic diagram of wind power output curve
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Fig.4 Energy storage system control strategy
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weather conditions

3.2 BEHRMEWL

TERLHARME L, ASCHR G LPSP & N,
RMERAE AT — I 2, REEAEEH B REN 2 07 far 75
K. H) LCOE BUME—RIAk B R, AU LA
UHECH 2000 k. & 10 25 TAEEAR 2 000 IR A 72
H LCOE RYZEfLtEdL, T LIE i, 736483 1600 1K
i}, LCOE MMEEA T AR, HEHAH PSO kD
ZIRENT et

M 3 R A IRIZE R T AE H, Hb e HARME
1k, BAR RGN LPSP A%, BT 21 R G K RE N
JEFfTRT R, (B LCOE fEfR R , B E FHUA SR
L RS e R, M, FR -5

KPR RE R ARG E R, AT LUE 506 IR-HL -
fitt SR A RE VR R G0 A XU - FEL - SR A R R 4
FHEE, JEAR- XU - H -t TR S BEIR R SERY LCOE
Oy IRTLAREAR 22.71% F1 47.62% . 7 2204 (BA— i
it fE) 5 58— (RIb-fEE0R G EE) MXS H o3 3k
B, A L S A S E R RIS (R —) , REE
PS4 RAE ZF DL EAMEPE , AR AT & T
RERY T8 (5 2 , HoPEALRE I A (LCOE) B 1%
2y 13.43%. it 4 DIFER Al AR g, Ot
PR IXUH - H - it TR R TR AR G S e AR i B %
wesE. AE— AR T R G AT, AT L EXHR A AR
Z 4 LPSP Fl LCOE #Ef12 HARL.

2.0

AL LAY
Ot - (kW -h) ™)

0 500 1000 1500 2000
ANV S

E 10 PSOEFIEKETE
Fig.10 PSO algorithm iteration process

£3 REBARMUEERR

Tab.3 Single objective optimization configuration plan for the system
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Tab.4 System multi-objective optimization configuration scheme
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