5519 3 55 4 ) EHEMEAR Vol. 19, No. 4

2025 4F 4 H SOUTHERN POWER SYSTEM TECHNOLOGY Apr. 2025
XEHRS :1674-0629(2025)04-0122-10 [ 4 2= TK02; TM614 NHEARERG: A

DOI: 10. 13648/j. cnki. issn1674-0629. 2025. 04. 010

%F&?é%’:ﬁiﬁﬁﬁi‘;’lﬁ‘:’iﬁ@ﬂl%ﬁﬁﬁ@ﬂﬁ%“‘é,%23}“:7%5
—XRABREZEEERINEREMRMKL

i, AT, AR, FEyC, TR, WFERC, ARA, AR

(1. =@ € WA RFTAENS] , &9 650011; 2. &HHF B RAFLH R, S~ N 510663)

WE: Ay i 5 R ey 42 b d WEM AT R APk, MR g sEBtE i R AR A . BBk E ., — K
PR EFH @, EIAERRAAE B RARTFEA IR T EH R LGtk 2 552 — KRR E & &4 7
R S AR A — KA IR REE, RAL A AR ENTRH ST EARLE T A S
T R b HULE 35 ) Fafik A8 & %47 K 5 (state-of-charge, SOC) %y 5k 89 KL BE A & SRR, 32 DA A9 45
AN RAEIE S R G — KRR E R ik, Bd 20 RAEREA AL ARG AR L5 Kb iiz A#Lﬁ%%%‘:
I RBERATG Ao, KR TR RASFEERATE— SRS A TIAE, R KN, = 4 30 600
KW &g R ¥ 3, H4EaEsh &R 4553, 6 kW, Gk 52 4 9 822. 6 kWh B Rk BR A — RIA S £ 1% 3] nﬂto

T RIS A%, — KA, 5o AR s

Primary Frequency Regulation Service Capacity and Optimization Power
Configuration for Wind Farm Station Distribution Energy Storage System
Considering Full Lifecycle Benefits
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Abstract: To address the challenges posed by the increasing penetration of wind power on grid frequency regulation, this paper
establishes a life-cycle cost-benefit calculation model for wind farms equipped with energy storage systems participating in primary
frequency regulation services. The model considers energy storage costs, real-time electricity revenue, and primary frequency regula-
tion revenue, with energy storage capacity and power as decision variables. To tackle the difficulty of accurately evaluating primary
frequency regulation actions, a frequency regulation model for the combined wind-storage system is developed using an open-loop
processing method based on the closed-loop dynamic process of the power system frequency. This model incorporates wind turbine
control and energy storage system state-of-charge (SOC) constraints, and proposes an open-loop calculation method for primary
frequency regulation actions using annual frequency curves as inputs. By combining the wind-storage system frequency regulation
simulation model with annual operational frequency and power data of the wind farm, the change rule of the annual energy storage
costs and primary frequency regulation revenue are obtained. The results show that for a wind farm with an installed capacity of
30 600 kW, the optimal primary frequency regulation revenue is achieved when the energy storage power is 4 553. 6 kW and the
energy storage capacity is 9 822. 6 kWh.
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Tab. A2 Parameters related to system devices
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Tab. A3 Lists the workload transfer costs of IDC in different regions
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