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Research on multi-objective operation optimization strategies for microgrid

energy storage systems

YE Fei, JIANG Nan, LU Bin, LIANG Shijie
(State Grid Jiangsu Integrated Energy Service Co., Ltd., Nanjing 210019, China)

Abstract: An operational optimization strategy for microgrid energy storage systems is developed to meet real-world user application re-
quirements, and its effectiveness and applicability are validated using actual user data. First, a fundamental model of the energy storage
system is established, providing a theoretical foundation for the operational optimization strategy. Subsequently, a multi-objective opera-
tional optimization strategy for the microgrid energy storage system is developed, focusing on economic objectives, carbon emission reduc-
tion targets, and renewable energy integration goals. The commercial optimization solver Gurobi is employed to enhance computational effi-
ciency. Finally, the proposed optimization strategy is validated using real-world microgrid data from City A in a province of East China.
The results demonstrate that the constructed energy storage system model accurately captures the operational constraints of the actual sys-
tem. Compared to the user’s existing strategy, the proposed optimization strategy achieves an average reduction of 13.4676% in electricity
cost expenditure. By dynamically adjusting weight factors for multi- objective optimization, the strategy enables diversified operational
modes, significantly enhancing the scenario adaptability of the energy storage system’s operational strategy. Furthermore, the strategy pro-
vides decision-making support for formulating policies related to surplus electricity feed-in from us-er-side microgrids. The main innova-
tion lies in the strategy ’s user-centric design, which achieves operational flexibility through multi-objective weight allocation, improves sce-
nario adaptability, and offers a novel approach for the practical implementation of microgrid energy storage systems.

Key words: microgrid ; energy storage systems ; multi-objective ; optimization ; economic ; carbon emission
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Fig. 1 Schematic of typical user-side microgrid

1.2 fEEERGFIZITIRE
12,1 FABKkEH %

G HE RGAEAE R ¢ BB RS 2 Fe i B A
2 3 FRAS H g — il

[l P0>0
C®‘% P.(1)<0 D
_JI P.0>0
D®{ozu@<0 2)
C)+ Do) <1 (3)
0<P, (<P’ (4)
0<P, ()<P"

K C) M o BT B R RS FEHUIRES , 1 A0 43-51)
FRBRER G T IR s Do) A o i BL i
AE R G B HCRIR S, 1 FT 0 40 BB il RE R 4 2 Ab

TR s P,() T P, () 705 ¢ I BB RE R G
(25 75 i DR A B R IR 5 PY ARRER S
YRR E DI kW
AT BRAR , AR SCHE S5 23R v 5E L ) - D)
RFEHCHRARAS , 1 FI-1 43 51 3R 78 F RTECHIR S, 0
FNHRE RS TRALRAS
122 FZadwidfEdy R
it i 28 58 76 AT 3 i 0 i o L 45 T B —Aif 1)
A Ao B I ) 22 B Y 78 () +
1. COP, 0~ -Do)P, 1
Socl)=Sycle = 1)+ e
Socain < S0cl®) S Soc
A Soe) M o I 210 1 faf HL AR ZS (state of charge,
SOC) , U 05 1; m, Al n, 50 WK RE RS TE
LRI HL K% 5 E A e RS HIE 45 &, kWho
0= S < Socun <1, HI 4351 fifi il 22 G0 BB 1
FFE RS LR X 7 (1 SOC FRAH .
1.2.3  Foakwdb 3ok 2 Rk
fiti i 22 98 AR 7 OO FECIR S 55 40 31 78 ) Ha
ARFS R 78 ) HL R ERHE in 11k
¥W@=NW—D+D@D—DQ—M
N()=N(t = 1)+ C@)[1 - Ct - 1)
e Ny ¢ IR RE R G 19 B Fo- B e
UH N(0) A o B 2% R R GERY BT il- 7o 5
UHL. Ny() RN () 38 55 B R AR R B
124 WEHhFEFTZBLY R
TEE LA (] BN, B e 3R 40 el F RSO
ARFE LR i 1 DR A (B AR e
Ct-1DC@)-B.(t-1)=0
Dit—1)D()-B,(t-1)=0
Bt~ D[P, ()~ P.t~1)]=0 (7
B,t-D[P,.(0)- P, (= D]=0
e Bo(e) FBy(e) 43 5 A i BE 2R 45 1E 1) 2% 75 L A
X HAR A o

(5)

(6)

2 febMfERE RS L Atrisfr b gms

2.1 HEMEBEITER
2.1.1 wABK

A SCHEFE X G TR P a5 ™, 36
BEXTIZZE P AT 1 9 0 ) P O ISR, P R R
B By LA L SR I S L PR A . T R A KR
T FISEAS BB 5 5 I 5 PR S B P AR 3 B LA
B2 o



HREE: P IRRRE RS L H bRt T ARG 87

1.0f
oo IR DL \ ---- 039 ~
= 0. F ' ' )
= I =
5 050} P e
B e I 0o B
£ 0.25 : b £
2 1-027 &

B - - - - - == -0

2SS S 3323333 s S 3

S A T O VW O AN T O 0 O A <

S © O O O — = = = - (o I o BN\

i ZI
----- SR P A B S HLAfY
— & g —— FEB

B2 #£EREATIHLARSEBEN
Fig.2 Time-of-use electricity prices for industrial and

commercial users in a province of east China
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Table 1 List of average electricity carbon emission factors

for prefecture-level cities in an eastern China province
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