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Optimization strategy for energy storage configuration in high proportion wind

power system considering frequency safety constraints
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Abstract: In recent years, the large-scale integration of wind turbines, characterized by strong uncertainty and weak
support capability, has posed significant challenges to the frequency security of power systems. To enhance the stable
operation capability of power systems with a high proportion of wind power, this paper proposes an optimal energy
storage allocation strategy considering frequency security constraints. Firstly, the multi-agent frequency response
expression for power systems with a high proportion of wind power is derived, and a dynamic frequency response model
for the entire system is established. Secondly, aiming to minimize the annual total cost of the power system, an upper-
level optimal energy storage capacity allocation model is formulated. With the objective of minimizing the day-ahead
scheduling cost of the system, a lower-level typical daily optimal scheduling model considering frequency security
constraints is constructed. An improved particle swarm optimization algorithm is adopted to solve this bi-level model.

Finally, a case study is conducted based on a modified IEEE 39-bus system. The research results indicate that this
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strategy can ensure stable and adequate frequency regulation resources for the power system, effectively improving the

economic performance of power system operation while satisfying frequency security constraints.

Key words: high proportion of wind power; frequency regulation;

configuration
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Figure 1 Architecture of power system with high

proportion of wind power
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Figure 2 Overall frequency response model
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system after disturbance
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Table 1 Parameters of thermal power units

—— wsE i g/ BN A FAFAR/ /N R AL ey 5/ W H A D/ W A R
MW /MW ESSTH WHE/h (MW emin™) (J&0-MW '*h™)  @/(S+h™)
Gl 550 165.0 1700 5 10.5 32.29 127.62
G2 500 150.0 1500 4 9.1 35.94 123.75
G3 400 100.0 1500 4 8.8 38.03 121.96
G4 350 87.5 1450 3 8.5 37.02 123.02
G5 250 50.0 1400 3 7.9 37.04 123.09
G6 200 40.0 600 2 5.9 56.15 103.98
G7 150 30.0 700 1 4.2 55.68 103.99
i m%mﬁitxﬁﬁz/ ﬁﬁéﬁmﬁv\ﬁﬁ/ — iﬁliﬂ_i‘%%tt% iﬁiﬁ\%&\*ﬁﬁ AP I JE) 3 %/ 551 R i
(LMW 'eh ) GEC-MW '+h ) 425 WA R (H-s ) L/ %
Gl 27.77 24.17 0.050 19 2.2 8.7 8
G2 24.79 20.32 0.044 16 2.2 8.4 8
G3 24.16 21.03 0.048 14 2.1 9.4 8
G4 23.04 20.65 0.046 18 2.3 105 8
G5 22.89 19.58 0.048 16 2.2 7.3 10
G6 22.56 19.88 0.042 11 2.5 8.6 10
G7 23.58 19.97 0.041 5 2.6 7.1 10
R2 bbb A
Table 2 Parameters of energy storage station
RFUETR/ PR A/ Ak E R/ REAL N R/ WA 2l fE it/ o L 7 A A/
MW (MW +h) % % % A (EIL-MW eh )
1 2 95 10 50 0.98 104 000

A YPRA/ L EEB YA B RA B A/ BB BOR R R BRI W L A/

(£ MW ) (LMW +a ) (EZL-MW '“h) a B EES e %
120 000 5500 1.5 10 10 50 10

K3 Ry hH

Table 3 Parameters of wind farm

WAL FERETRAR R RS PR TR BRI 9 ST
i /MW (FEIC MW 'eh™) 45 2R 45 2R R L/ 0 BRI Ee /%

500 83.2 8 30 6 10

x4 ALK

Table 4 Other parameters of system

PR/ TRHEa/ FREW2E RRPE WHIRECREE BSEKX/ SRR
% a PR {8/ Hz BRME/Hz  FRAE/(Hzes ) Hz RN

8 20 0.2 0.5 0.35 0.03 1
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Figure 7 Short term forcast curve of wind power and load of wind power station 1
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Table 6 Optimal configuration results of energy

storage power station
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Figure 12 Economic cost analysis of energy storage station

A 1A L 0 A B SRR SE B 5 D
AU 7 2 7.8 X 1073 T, X J2 N o 5% D AUHE JE
ZEUEVE A2 VA B Tl 5 4 22 HE 28 v B K R
BLLL (BN G1~G2) th Jy T 28 D P 5 22 1 G3 Ak T4
PURZS  BEAR T RGBT A

B MR KR HLAL R s AT 0 B a0
13Fr7n o M 13 0l &, el 2 iz 47 Rl ik, ko
LA G145 G2 B BUr M & h 1k e R G R T
RHB 3 B4 5 oK W0 G615 GT /Y K L A B,
I R HB o3 i B Ak TR S SEUIR S . S5 E KT
AL, 7E 00:00—07: 00 B B, B4 75 SR B AR, LI 45
JCHLHLEH 2 OR R IR 40z 475 7E 09: 00—14: 00 Al
17:00—22: 00 i B , RGL ¥ F fr s , LA G1.G2
PREFIEE 77 .

5 HLLH 5
G2 500
G3 375
g‘s‘ 250
G6 125
G7 0
0 48 96 0 48 96
i} B£/15 min i} BE/15 min
(a) st A (b) B

LA =
Gl
G2
G3
G4
G5
G6
G7

0

48 9 0 48 96
B B¢ /15 min B B¢ /15 min
(c) 5 C (d) =D

B 13 K& paissrh A

Figure 13  Operating output of thermal power units
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