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Fig.1 Schematic diagram of the combined
optical storage system
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Fig.2  Schematic diagram of grid-connected
structure of energy storage system
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Fig.3 Schematic diagram of control
structure of energy storage system
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Fig.4 Schematic diagram of grid-connected
photovoltaic system
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Fig.5 Schematic diagram of control structure of two-
stage equation grid-connected photovoltaic system
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Fig.7  Schematic diagram of V/f control structure of
energy storage system
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Fig.8 Schematic diagram of fixed voltage and reactive
power control structure of photovoltaic system
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Fig.14 Black start simulation model of combined
optical storage system
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Table 2 Set parameters for photovoltaic system
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Fig.15 Simulation results of grid-connected bus
voltage for energy storage system establishment

42 HRBEZHHMIET

MHRE RGN B R AR T, IR R
eI, O T 3R AT X H R s e K e et
SCHRIEFE AR ARG, 0.25 s BHEA 70 £0%
£,0.6 s FEA% A 130 561K, 1.3 s B, SR FOE B
1 000 W/m* 2% % 600 W/m*, Jeik RS A NG, H
E I A B AR ETE 2 KV,

16 iR R G W Ft h BEERZR L R
HIME BN Lo v LR B, etk REH WG, 5%
PN, B KA 25560 2.2% , B A2 e 7E 50+0.2 Hz
TN . BEZ 2 i g 3 B T1, S R 3 e {8 K
0.1 pou., 3 T RER L L RFRETE 1 pou., AIIL
Fk R GEH PR LR 2 v T FA R — o 1 ks
{HRBAEAE 0.1 s ZE A7 B[] Py [l B S IR

B 17 Atk RGEH M G RG4S TR 1 AR
iR, MR RGE DHE A DIYR P Ry
100 MW, ToZh U3 Q -1 Mvar, Lt BE 2R 48
WA DI E R T1 MW, TCE 8% 8 6.3 Mvar, fififiE
IEFFERS . SM I IRRAL, Yok R 5 18



2 HEHEAR 32

127
ROl IR YN N OB
B2 000 706 1306 LE1 000 W/m’
B oal etk bk 549600 W/’
0 i L . - )
L 054 1.0 15 2.0

t/s
(a) FEPEFZ 26 s AR AH i 25

05 1.0 15 2.0
t/s
(b) RGURA M2k

B 16 ERARFZHMAELER

Fig.16  Simulation results of grid-connected
photovoltaic system
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Fig.17  Simulation results of power change
after grid-connected photovoltaic system
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Fig.19 Simulation results of power variation of pho-
tovoltaic system with different inertia coefficients
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Fig.20  Simulation results of power variation of pho-
tovoltaic system with different damping coefficients
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Fig.21 Simulation results of start up of
conventional generator unit
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Fig.22 Simulation results of rotational speed difference

before and after the introduction of
additional damping controller
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Table 4 The fluctuation of voltage and frequency
in each stage of black start
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Segmentation restoration strategy of power grid based on

combined optical storage system
ZHANG Yingmin' , ZHANG Wanxin', LI Baohong', HEI Yupeng', WANG Tengxin>, ZHANG Min’
(1. College of Electrical Engineering,Sichuan University , Chengdu 610065, China;
2. State Grid Shanxi Electric Power Company Research Institute, Taiyuan 030002, China)

Abstract: At present, new energy is introduced into the power system in large quantities. In order to make it replace the
traditional hydropower and gas units as the black start power supply, segmentation restoration strategy of power grid based on the
combined optical storage system is studied. Firstly,according to the structure and control mode of the optical storage system,the
energy storage system establishes a stable grid-connected bus voltage is proposed, and the photovoltaic system is connected to
the grid step by step. Secondly,in order to enhance the damping inertial support of photovoltaic power generation system, virtual
synchronous control is proposed to be added to the inverter side of photovoltaic system. Finally,in the process of grid connection
between the units to be started and the system load , the energy storage system is configured with additional damping controller to
suppress the sub-synchronous oscillation generated by the grid black start,so as to ensure the stable recovery of the grid. In
PSCAD/EMTDC, the electromagnetic transient simulation model of black start of the combined optical storage system is built
and the simulation analysis is carried out. The results show that the busbar voltage deviation and system frequency deviation in
the recovery process of the system are less than 0.65% and less than 1%, which meets the requirements of black start and
verifies the feasibility of the start-up strategy proposed in the paper.

Keywords : photovoltaic system; energy storage system; black start; segmentation restoration; virtual synchronous control;

additional damping controller
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