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Fig.1 Analysis of influence of energy storage

station on system power angle stability
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Fig.2 System power angle fluctuation curve of

two-machine system after disturbance
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Fig.3 Power angle curves of most disturbed unit

under different energy storage permeability
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Fig4 Power angle curves of most disturbed unit under
different access locations of energy storage station
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Site selection and capacity determination method of energy storage in
regional power grid based on power angle stability
CHENG Hao,QIN Wenping, HAN Xiaoqing,JING Xiang,ZHU Zhilong, LU Ruipeng
(Shanxi Key Laboratory of Power System Operation and Control, Taiyuan University of Technology,Taiyuan 030024, China)
Abstract: In order to alleviate the peak shaving pressure across the transmission sections and improve the
power angle stability of the power grid, a two-layer site selection and capacity determination optimization
model of energy storage considering both economy and power angle stability is established,and the solution
method of the model is given. The upper model considers the operation economy of the regional power
grid and takes the maximum benefit of the energy storage station as the optimization objective to determine
the total configuration capacity of the energy storage. The lower model considers the power angle stability
of the regional power grid and takes the minimum total network loss during the energy storage dispatch
period and the maximum power angle stability ability of the energy storage regulation regional power grid
as the optimization objectives to carry out the site selection and total capacity allocation of energy storage.
The upper layer of the two-layer model is solved by using genetic algorithm and the lower layer is solved by
using improved multi-objective artificial bee colony algorithm. An actual power grid is taken as an example
for simulation verification. The results show that energy storage configuration based on the proposed two-layer
optimization model can improve the power angle stability of regional power grid while ensuring economy.
Key words:energy storage;bi-level programming;site selection and capacity determination;power angle stabi-

lity ; improved multi-objective artificial bee colony algorithm



% 0 8 # i RS

B3R A
EZo U,£0° Us/-0

S 5
SEEL

AIX
ML

Ca) i AL 25 (ML o

E
s \\‘
C P U,
U

(b) HEM=EH
B Al fEEEEANHSFENENEHERREEHEER

Fig.A1 Simplified model and voltage vector diagram of energy storage access to dual-machine equivalent cluster

P —
RO TSI
e s

[ By e

Bl A2 RERE A ThE SR

Fig.A2 Active power control strategy of converter

PIAIN
tﬁ—“/\l\

Gy 35kV | 110kV 220k

G,

B A3 S eRe WA P04 A X 15 B

Fig.A3 Four-machine two-regionpower grid with grid-connected photovoltaic power station

RAL KEBEHSH

Table A1 Parameters of generators

28 Gy EXG{zE G3

B 45 B X, (pu) 2.16 1.633 0.904
HAHE A B X, (pw) 0.265 0.197 0.358
B & RD X, (pw) 0.205 0.148 0.252
ZHhFI A FL X, Cpu) 2.16 1.633 0.640
R A AT X, (pu) 0.205 0.148 0.252
5 ] 5 30 T /s 8.02 2.62 7.692
WiEsm S, /(MV-A) 443 652 6520

HiE & P,/IMW 300 600 6000
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Table D1  Specific distribution of regional power grid photovoltaic power stations and conventional thermal power units

Pt AR Lk WKL
PRSI s 3 8
PN 5 1. 74 94 16+ 17 (9 5 AT )
ISEINCSis 400MW 1137MW (9 i SEHLAE BN 337TMW)

FD2 fikRERGEXSH

Table D2  Parameters of energy storage station

SH Hig
fiti BE FRLEG SR VR N YT R i 1—8. 10—32
fit ik HLIh R VF B A AN 2
7oL 0.9
i GEp &S 0.9
Socmin 0.2
Socmax 0.8
YIREA, (G6-MW-) 821100
255 A/ 76 (MW -h) '] 1563800
BAT A R 0.02
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Fig.D2 Photovoltaic output curve in typical day
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Fig.D3 Typical daily load characteristic curve
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Table D3 Peak-valley electricity price

I B AN/ [JG- (kW -h) 1]

6324 07:00—09:00. 18:00—24:00 0.759
00:00—02:00. 04:00—07:00-

TR 0.51
09:00—11:00. 17:00—18:00

“EB 02:00—04:00. 11:00—17:00 0.26




