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Fig.1 Schematic diagram of shared
energy storage system
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Table 1 Parameters of lithium battery and
flywheel energy storage systems
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Fig.2 Typical daily outputs of wind farms
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Table 3 Curtailment rates and primary frequency
regulation costs of renewable energy power stations
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Table 4 Cost of each renewable energy power

station while installing lithium battery and
flywheel energy storage independently
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Table 5 Optimal configuration results while
installing shared lithium battery or flywheel
energy storage independently
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Capacity optimization configuration of shared energy storage

in renewable energy stations for ancillary service
HE Jinhua', WU Bin®, CAO Minjian', HU Zechun'
(1. Department of Electrical Engineering, Tsinghua University , Beijing 100084, China;

2. State Grid Shijiazhuang Power Supply Company of Hebei Electric Power Co.,Ltd. ,Shijiazhuang 050051, China)
Abstract: With the rapid development of renewable energy, the role of energy storage has become increasingly prominent. In
terms of sizing problems of shared energy storage to provide primary frequency regulation for multiple renewable energy stations,
an optimal energy storage configuration method is proposed aiming to minimize the total cost of shared energy storage investors.
Firstly , the empirical distribution of historical frequency data is fitted , and the result is used to generate frequency data to further
configure the energy storage. Then,based on the frequency data,an optimal configuration model of energy storage is developed
which meets the requirements of primary frequency regulation. The primary frequency regulation constraints, energy storage rate
characteristics constraints, and primary frequency regulation participation rate constraints and so on are considered in the
optimal configuration model. The model is a mixed-integer linear programming model which can be solved by mature solvers.
Finally, the proposed method is simulated and analyzed according to the actual frequency data,and the configuration results of
the lithium-ion battery and flywheel are compared. The results show that the total cost can be reduced by installing shared
energy storage compared with independent energy storage. Although the capacity of the lithium-ion battery energy storage
systems is significantly greater than that of flywheel energy storage systems, the total cost of lithium-ion battery energy storage
systems is lower.

Keywords : renewable energy; shared energy storage; primary frequency regulation; optimal configuration of storage; rate

characteristics ; mixed-integer linear programming
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A strategy for smart building-based virtual power plants participating

in frequency regulation auxiliary service
ZHAN Gui', YIN Shuangrui', AI Qian', CHEN Yun®, WANG Jiayu®, CUI Yong’
(1. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University,
Shanghai 200240;2. State Grid Pudong Power Supply Company,SMEPC, Shanghai 200120, China;

3. State Grid Shanghai Municipal Electric Power Company , Shanghai 200122, China)
Abstract : With the support of advanced measurement technologies and regulation terminals , demand-side flexible resources such
as electric vehicles and air-conditioning loads in smart buildings have good power response potential in real time and can be
aggregated to form virtual power plants to participate in frequency regulation auxiliary service of the system. To protect the needs
of users when virtual power plants participate in frequency regulation auxiliary services,a control strategy for smart building-
based virtual power plants is proposed in this paper. Firstly, the frequency regulation operation mode of the virtual power plant is
analyzed ,and a typical demand-side resource model and virtual energy storage model of the smart building-based virtual power
plants are established. Secondly, considering the uncertainty of frequency regulation signal and user side,a day-ahead optimal
scheduling model based on opportunity constrained planning is established. Then the real-time power allocation is realized based
on the principle of cost optimization. Finally,the effectiveness and feasibility of the frequency regulation strategy of the virtual
power plants proposed in this paper are verified by simulation calculations, and the joint scheduling of demand-side resources
can improve the revenue of the virtual power plants while safeguarding the needs of users.
Keywords : virtual power plant ( VPP) ;frequency regulation auxiliary service ; smart building;electric vehicle ; air-conditioning

load ; demand-side resource
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