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Fig.2 Secondary frequency regulation control strategy
considering technical characteristics of
battery energy storage
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Fig.1 Dynamic frequency regulation model of regional power grid with multiple battery energy storages
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Fig.6 SOC of battery energy storages ( Strategy 1)
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Energy management of photovoltaic-storage-fuel cell microgrid based on

virtual synchronous generator control
TIAN Mingxing'"*, LU Taotao"*,JIA Zhibo"?* ,GAO Yunbo'”
(1. School of Automation and Electrical Engineering, Lanzhou Jiaotong University , Lanzhou 730070, China;
2. Rail Transit Electrical Automation Engineering Laboratory of Gansu Province,
Lanzhou Jiaotong University , Lanzhou 730070, China)
Abstract: To improve the ability of microgrid to participate in grid operation and management ,a PV ( PhotoVoltaic) -
storage-fuel cell microgrid based on VSG( Virtual Synchronous Generator) control is proposed. In order to coordinate
the VSG control of inverters with the distributed power supply and the additional energy storage unit, based on the
SOC( State Of Charge) of energy storage,the energy management schemes of PV and fuel cell VSG are designed
respectively , which enables microgrid to efficiently participate in primary frequency modulation and provide inertia in
response to the demand of power grid. At the same time,the maximum power output of the photovoltaic power gene-
ration , the fuel balance regulation of the fuel cell power generation, as well as the safety and controllability of SOC in
energy storage unit are realized. Finally, simulative results on MATLAB/Simulink verify that the proposed energy
management scheme effectively coordinates the VSG control with distributed generation and energy storage, and
ensures safe and reliable operation of microgrid under both grid-connected and islanded conditions.
Key words : virtual synchronous generator ; microgrid ; energy management ; constant power ; droop control
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Optimal control strategy of secondary frequency regulation for power grid with
large-scale energy storages
ZHANG Shengqi, YUAN Bei, XU Qingshan,ZHAO Jianfeng
(School of Electrical Engineering, Southeast University , Nanjing 210009, China )
Abstract ; In recent years, it is one of the most potential application directions for large-scale battery energy storages
to participate in the secondary frequency regulation control of power grid besides the peak-shaving application. How-
ever, traditional secondary frequency regulation control strategies cannot distinguish the technical characteristic
differences of different BESSs( Battery Energy Storage Systems) ,so it is difficult to make full use of BESS’s frequen-
cy regulation advantages,resulting in waste of resources. Therefore ,a secondary frequency regulation control strategy
of power grid considering the technical characteristics of BESS is proposed. Inspired by the frequency regulation cost
model of traditional generators, the frequency regulation cost function of BESS is established, based on which to
quantitatively describe the frequency regulation cost of energy storage with different technical characteristics. The
frequency regulation responsibility of energy storage is allocated to meet the secondary frequency regulation require-
ments of power grid with the minimum frequency regulation cost as the objective. The dynamic model of regional
power grid with multiple BESSs is built in MATLAB/Simulink to verify the feasibility of the proposed control strate-
gy ,and the proposed control strategy is compared with other two frequency regulation control strategies. Simulative
results show that the proposed control strategy can fully consider the technical characteristics of different BESSs, so
as to accurately dispatch the energy storage to meet the frequency regulation requirements of power grid,and realize
the balanced control of BESS’s state of charge.
Key words: secondary frequency regulation; large-scale battery energy storage ; quadratic programing; dynamic fre-

quency regulation model ;optimal control
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Table A1 Technical characteristics of frequency power sources

WHEE  REMEEMWY e Mwory  CEER e s g

(MW-h)
LGN -60~60 -65~65 — — — —
FI A BE 1 -40~40 -103~103 40 0.9 0.95 0.5
LI BE 2 -30~30 -500~500 20 0.9 0.8 0.5

HLIB A% BE 3 -20~20 -10%~10* 5 0.95 0.9 0.5
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