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Regional-joint peak-load shifting strategy based on the aggregated systems

of sharing phase change material energy storage
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(1.Power China Hubei Electric Engineering Co., Ltd., Wuhan 430040, China;2.State Key Laboratory of Advanced Electromagnetic

Engineering and Technology, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: As a distributed energy storage with high flexibility, high reliability, and a green economy, the energy stor-
age system with phase change materials can provide flexible and reliable auxiliary services for the grid as a kind of ad-
justable load. For the purpose of further investigating the application potential of distributed energy storage systems
with phase change material, a kind of regional-joint peak-load shifting strategy is presented based on the aggregated
system with shared phase change energy storage. Firstly, an aggregated controllable model for units of distributed
phase change material energy storage is proposed. After that., a feasible regional-joint control architecture based on
shared phase change energy storage is designed. Then, a joint peak-load shifting strategy of intra-regional and inter-
regional joint peak-shaving and valley-filling control strategies is established under different business models such as
the non-cooperative game and the cooperative game. Finally, the proposed control strategy is effectively solved by the
quantum particle swarm algorithm. The simulation results verify the feasibility and effectiveness of the proposed joint

peak-shaving strategy in reducing the load variance and regional economic cost. The proposed method is also a new ap-
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proach to grid auxiliary service.

Key words: phase change material energy storage; aggregated storage; shared energy storage; regional-joint peak-load

shifting; quantum particle swarm optimization
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Figure 1

Operating principle of energy storage
system with phased change materials
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Figure 2 Simplified thermal network model for energy

storage system with phase change materials
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Figure 3  Control architecture for Regional-joint
peak-load shifting
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Figure 4 Flowchart of peak-load shifting control
strategy based on QPSO
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Figure 5 Typical daily load curve of a substation

connected to the distribution network in Shenzhen
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Figure 6 Comparison of load curves under case 1, 2
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Table 2 Comparison of regional load variance and economic costs under different schemes
B 35975 22/ MW VA T IC
ES
X 1 XI5 2 S X3 X3 1 XI5 2 Sk
1 7.990 5 5.367 8 12.033 4 582.265 490.615 1 072.880
2 5.471°7 3.241 3 7.552 9 579.486 488.118 1 067.60
p1=0.1 3.991 7 4.834 8 8.698 9 593.584 469.682 1 063.27
3 1 =0.5 3.609 8 5.504 5 8.823 9 591.575 469.000 1 060.58
p1=0.9 3.502 9 5.974 0 9.155 3 590.899 468.123 1 059.02
4 5.693 7 3.328 8 7.2350 577.776 486.106 1 063.88
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