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Fig. 1 Structure of integrated energy system
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Table 1  Time-of-use electricity price
ff Bt A%/ (JL/ (kW +h))
00:00—07:00
0.42
23.00—24.00
07:00—10:00
15:00—18:00 0.62
21:00—23:00
10:00—15:00
0.82
18:00—21:00
x2 HZAEREBEREZEEHESH

Table 2  Characteristic parameters of each

energy equipment in 1ES

g eyl kS8 HUE
FHACE(ner) 0.357
RAFEHL A (Agp) 1.23
KA T E kW 200
Ul %
‘}:%/%"%FH‘J;F' \)‘ij&( Ncs ) 0.95
5o TTETE AN\ 300
e ZE(S ) 0.7
Wt ; cor.an
B RH TR/ kW 100
Tl 240 (8 ) 3.83
LI BL ’ cor.Fn
e K %/ kW 120
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Fig. 4 Forecast of new energy output and load demand curves
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Table 3 Comparison of simulation results using

different methods under scenario 1

Bk BIRAR/IT BREH AT WA kg HERITRY
LP 3364.9 188.5 2 409.5 1

PsO 4564.6 255.6 3442.3 102
TD3 3364.9 188.5 2 409.5 0.7
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Fig. 5 Electric energy flow scheduling of

TD3 algorithm under scenario 1
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Table 4 Comparison of simulation results using different methods under scenario 2

Bk RENL & W BRAREMA/ T BRI/ OGRS A/ T BRHFIL ke IR/ s
Lp 3362.6 562.6 75.00 -290.7 958.0 1

PsSO 4352.4 726.4 90. 00 -367.1 1311.8 102
TD3 3367.6 582. 1 77.81 -310.4 746.4 0.7
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Abstract Integrated energy system (IES) enables the supply of multiple forms of energy,but the large amount of
carbon dioxide it emitted affects the surrounding environment.Here ,an optimal scheduling approach based on Twin
Delayed Deep Deterministic Policy Gradient ( TD3) is proposed for low-carbon economic scheduling of TES.First,
taking the minimum operation cost as the objective function,an IES model with multiple complementary energies of
electricity , heat and cold is established considering carbon capture technology and power-to-gas technology.Second ,

a carbon trading mechanism is introduced to stimulate the enthusiasm of energy conservation and emission reduction
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under optimal scheduling.Then,according to the reinforcement learning framework , the state space,action space and
reward function of the optimization model are designed,and the agents in the TD3 algorithm are used to interact with
the environment to explore strategies and learn the IES operation strategies. Finally, the historical data are used to
train the agents of TD3 algorithm,and the linear programming and particle swarm optimization are compared under
different scenarios.The results show that the proposed approach can reduce the IES carbon emission and operating
cost, thus realizing the low-carbon economic dispatch of the integrated energy system.

Key words carbon capture system( CCS) ; power-to-gas (P2G) ;deep reinforcement learning ; twin delayed deep

deterministic policy gradient (TD3) ;integrated energy system( IES) ;carbon trading mechanism



