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Collaborative planning of distributed energy storage in industrial parks considering

stepped carbon trading and demand-side response

Huang Shuai', Gao Jing', Zhou Jinya', Jiang Keteng”, Xiong Jian’, Wang Caiqian', Hu Qian'
(1. Hangzhou Electric Power Design Institute Co., Ltd., Hangzhou 311500, China; 2. Sichuan Energy Internet Research Institute ,
Tsinghua Universily, Chengdu 610213, China)

Abstract: With the aggravation of global climate change and the energy crisis, distributed energy storage systems play
an important role in reducing users’ energy consumption costs and carbon emissions. However, few studies fully
consider the synergy of various demand-side responses and flexible resources when planning distributed energy storage
systems. To solve this problem, first, a stepped carbon trading calculation method considering carbon quotas and a
characterization method for demand-side responses were proposed, and the elasticity matrix was used to characterize the
transfer-type and reduction-type responses. Then, a collaborative planning method for distributed energy storage in
industrial parks considering stepped carbon trading and demand-side responses was proposed, and the rapid solution of
the optimization model was achieved through the twin delayed deep deterministic policy gradient algorithm. Finally,
taking a certain industrial park as a case, it is verified that the proposed collaborative planning model can effectively
integrate various demand-side responses and multiple flexible resources. The reduced system operation, maintenance,
and carbon emission costs of the planning scheme can offset the investment cost, significantly improving the economy
of the park operation, and proving the necessity and economic feasibility of flexible resource planning.
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Figure 1 Energy flow of industrial park
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Figure 3 Electric load curves of park in July and December
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Table 4 Planning results for various scenarios

Yt B/ TC R/ IOt BATIRAR /IOt e ORAR /T8 BREE S AR /1ot REREIER /T oC SEBRBR AR /1
1 2 888.95 0.00 2 830.57 10.36 48.04 0.00 9219.1
2 2 288.64 474.69 1795.35 15.23 47.06 43.69 9031.64
3 2062.58 377.93 1654.40 13.43 35.12 18.30 6 742.51
4 2114.14 374.60 1673.94 14.08 33.96 17.56 7151.93
RS w2EHFINREHHEE
Table 5 New capacity of equipment in various scenarios 2 and 3
Yk WARRES R/ (KWeh)  HUBEREIIR /KW KARBEA B/ (kWeh)  JKAHAEDN AR /KW pKAHAE A 1/ (kWeh)  UKAERE LN /kW
2 1913.0 669.3 2487.2 281.0 356.8 179.5
3 1546.4 533.8 2396.8 251.5 0 0
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Table 6 Comparison of solution times for optimization

calculations of various scenarios
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