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Abstract: With the increasing proportion of new energy in the power grid, it is possible for photovoltaic

microgrid equipped with large-capacity distributed energy storage to support the black start of thermal power

plants. Aiming at the problem that the active power of the microgrid fluctuates frequently during the black-start

period, and the distributed energy storage SOC exceeds the limit, which leads to the failure of the black-start, a

coordinated control strategy for the optical storage microgrid black-start considering the SOC balance of the

distributed energy storage is proposed. According to the SOC of the distributed energy storage unit, the strategy

combines the load tracking control of the photovoltaic system with the maximum power tracking control, so that

the photovoltaic output can effectively track the microgrid load to avoid the SOC limit. When the photovoltaic

output is unbalanced with the black-start load, the distributed energy storage system is used to smooth the active

power difference of the system. The droop control of the traditional energy storage unit is improved to ensure the

active power distribution based on the energy storage SOC and realize the SOC balance between each energy

storage unit. Through the secondary control of energy storage based on distributed consensus protocol, the

frequency stability under the active power fluctuation during the black start process is realized. The simulation

results show the feasibility of black start and the effectiveness of the proposed control strategy.

Keywords: optical storage system ; black start of island microgrid ; load tracking ; distributed energy storage ;
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Fig.1 Black start topology of photovoltaic energy storage microgrid
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Fig.6 Communication network diagram of distributed energy storage system
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Tab. 1 Photovoltaic system parameters
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Tab. 2 Distributed energy storage system parameters
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Tab. 3 Transmission lines parameters
ZH HfH ZH] HfE
LR KK km 30 1E 7 HUBH#/(Q + m) 0.33%x 1077
EFEEHIE/(Q » m) 0.59 x 10~¢ EFAERR/(MQ - m) 1.93 x 1078
x4 ) NS
Tab. 4 Factory auxiliary machine parameters
ZH il ZH HfH
HiE D)5 /MW 2 BUE 4B R /kV 6
HBN ML A A% (rad « s71) 314.1593 TE TG4 HL /MO 0.01
T o B/ MQ 0.02 & T 5840 M /mH 0.5
T R4 HUR/H 0.42 P &/H 2.1
#5  TEEHIESRITSH
Tab. 5 Droop controller parameters
ZH HfH ZH Ml
My 0.05 N, 1
c 9 v 2
nmax 6 nmin 1
é 0.5 n, 0.002
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