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Optimal dispatch of an integrated energy system based on graph reinforcement learning
considering operation state information

LU Jinling, WANG Xiaojun, DOU Jiaming, SUN Qingkai, LIU Zhao, HE Jinghan
(School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: With the dual-carbon goals, the intensified coupling of heterogeneous energy sources is driving integrated
energy system (IES) topology to evolve towards greater complexity and flexibility. However, the existing optimal
scheduling methods do not sufficiently consider the knowledge of non-European network topology and its heterogeneous
power flow constraints. To address this issue, this paper proposes an optimal dispatch method based on graph
reinforcement learning. First, by guaranteeing diverse node states, the heterogeneous energy network topology
connections are converted into network graph models using graph theory. Second, a state-action-reward framework based
on real graph mapping is established, and the graph reinforcement learning method is employed to learn the
non-Euclidean knowledge and heterogenecous flow constraints brought by the graph model, thus achieving safe and
optimal scheduling of IES. Finally, the real data of an industrial park is used for simulation verification. Compared with
the traditional method, the proposed method effectively alleviates the node voltage over-limit problem. The results
indicate that the proposed method can achieve optimal dispatch of IES while considering the actual topology operation
state information and heterogeneous flow safety.
This work is supported by the National Natural Science Foundation of China (No. 51977005).
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Table 7 GRL algorithm parameter settings

LS MR RN A1 /p.u. Hidi/p.u. 4 GRL
1 1 4 0.075 0.26 WER 02
2 1 2 0.11 0.17 G T 0.05
3 2 3 0.09 0.20 e 09
4 4 5 0.08 0.04 Niid- NN 96
5 5 6 0.04 0.14 T SE 2 3/m 24
%5 HAMESH It 0 [/ 1
SNZRIREL 5000

Table 5 Thermal network parameters

g B gl

KEm  REAkgs)  FHE/(W/mK)
gis B AR
1 1 2 350 265.8 0.12
2 2 3 175 2414 0.12
3 3 4 175 143.58 0.12
4 2 5 75 24.4 0.12
5 3 6 175 97.82 0.12
6 7 1 350 265.8 0.12
7 5 7 75 24.4 0.12
8 8 7 175 241.4 0.12
9 6 8 175 97.82 0.12
10 4 8 175 143.58 0.12
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Fig. 5 Daily curves of system total load and PV generation
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Table 6 Time-of-use electric price
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Table 9 Comparison of operation cost
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Fig. 11 Reward value convergence curve after topology change
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Table 11 Comparison of optimization results
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Table 12 Comparison of model performance

between different examples
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