ERTE T R BHARMRZEERERREZER Vol. 41 No. 1
2026 4F 1 J] JOURNAL OF ELECTRIC POWER SCIENCE AND TECHNOLOGY Jan. 2026

SRR A, M 5k 55 B TSR BE T 1T X - KA R R G I EE 0]. H DR S AR 412,2026,41(1):1-12.
Citation: XIE Da, TIAN Zhou, ZHANG Yu, et al. Aggregation optimization method for offshore wind-thermal-storage systems based on membership
degree analysis[J]. Journal of Electric Power Science and Technology,2026,41(1):1-12.

ETREESWHNEXN-N-ERERSMNLTE

oA, E ML,k FLEFINN]
(L B g A2 ST AR 2 B, T 2000905 2. 16 (9 _F I 117 H 7728 51 H8 Rk AF 58 Bt , I 200437
3. LA R F AR TR R, L 200240)

o OE ARG R G Y 2 AR IR U RO AR IR, B T — RN I TSR ARG A k. o ikE
XL KT IR RE RS R S L SR TR IR S AR A S RIS E . BRI SR R R K
RAEWES I AL T X 008 R AR IEAT 018, I 58 T XU 90 56 | 28 57 2% 25 R el Bl [) 98 00 B8 7 3 4 4 4 F
PR B A S AUk i o AFgT s SRR 0, i ad fL Ak IS 59 3R A R TE B, AN RE 5 1 35 PR AR R g 17 AR il AL
Sk O QN R = N ) Y K = X 17 sy Tl DR Rl R TR AN A I G AR TSR AP O - N v T T R SN R S &
KA HT BE V5 28 T R GE Ak s 17 4 A 158 A B8 SRR RN R B 7%

X 8 R KAERG R R E s 2 AR S UF AR AL
DOI1:10.19781/j.issn.1673-9140.2026.01.001 ~ HESHHES:TKOI  XEHS:1673-9140(2026)01-0001-12

Aggregation optimization method for offshore wind-thermal-storage

systems based on membership degree analysis
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(1. College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China; 2. Electric Power Research Institute ,
State Grid Shanghai Electric Power Company, Shanghai 200437, China; 3. Department of Electrical Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: To address the collaborative optimization of offshore wind-thermal-storage systems, this paper proposes
an aggregation optimization method based on membership degree analysis. The proposed method enables dynamic
resource aggregation and flexible scheduling by modeling and optimizing offshore wind farms, thermal power
plants, and energy storage systems. Specifically, the aggregation set is generated using the Cartesian product,
and initial aggregation schemes are filtered by introducing constraint conditions. A comprehensive evaluation is
then conducted using membership degree analysis across three dimensions: wind power accommodation rate,
economic benefit, and coordinated frequency regulation capability of thermal power. Simulation results
demonstrate that the optimized aggregation configuration significantly reduces system operating costs while
enhancing the coordination of thermal power frequency regulation capability. A case study based on offshore wind-
thermal-storage resources in Zhejiang Province, China, demonstrates the effectiveness of the proposed method
and provides new theoretical support and technical pathways for large-scale new energy accommodation and
optimized system operation.
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Figure 1 Graphical representation of offshore wind-thermal-storage aggregation system
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Figure 2 Framework of two-layer optimization model
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Table 1 Offshore wind farms in Zhejiang province

% s N i R Y P E (WGS 84) 2 /MW
A WOTWEI 5, 65 (30.72, 122.03) 281
B WL 2 5 (30.62, 122.09) 400
C WHLE %25 (30.58, 121.34) 300
D WLAS 45 (30.45, 121.89) 400
E W15 (30.40, 121.50) 300
F WLE 45 (27.28, 120.97) 400

w2 HTBEEBEKE)

Table 2 Nearshore thermal power plants in Zhejiang

province
i s EA {7 E(WGS 84) 25 /MW
1 YR (29.98, 121.69) 300
2 FAbMMEs G (28.90, 118.88) 375
3 BTGB (29.91, 121.90) 450
4 IR (30.23, 120.72) 942
5 Wi ) (30.99, 119.93) 1200
6 WHTEM—18  (28.70, 121.45) 1260
7 fefg R ) (30.99, 119.93) 1320
8 Wi LR ) (29.94, 121.69) 1320
9 FE A SRl (30.10, 122.18) 1970
10 WL G M —2/m) (29.01, 121.70) 2 000
11 Gybiig (29.51, 121.66) 2 400
12 B (29.19, 119.51) 2 400
13 Wi RE R L (28.00, 120.84) 2 520
14 iy (29.76, 122.13) 4000
15 RO T (27.50, 120.66) 4000
16 TR (29.48, 121.51) 4 400
17 WREAR TG L) (28.17, 121.09) 4520
18 BN (28.12, 121.14) 5200
19 BT (30.63, 121.14) 7030
20 deew (29.94, 121.81) 7100
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Figure 4 Scatter plot of average distances within initial

aggregation set
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