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Abstract: As the global society is increasingly concerned about the transition to sustainable energy practices, building integrated
energy systems optimization is significant in improving low-carbon and economic energy consumption. Therefore, research is
conducted on the scheduling and pricing strategies of building energy operators. Firstly, the information interaction characteristics of
both the supply side and the demand side are considered. A two-side optimization model of the building integrated energy system
based on the Stackelberg game framework is established with the supply side as the leader and the demand side as the follower.
Secondly, a deep deterministic strategy gradient algorithm is proposed based on the adaptive action exploration mechanism to solve
the constructed model efficiently given the multiple information interactions between the two sides of the Stackelberg game
framework. The adaptive action exploration mechanism constructs the action selection strategy of the adaptive exploration coefficient
improvement algorithm based on the variance of the cumulative rewards and the average loss value of the critic network, ensuring the
algorithm’s accuracy and stability. Finally, the effectiveness of the proposed algorithm is verified by examples. The experimental
results show that compared with other deep reinforcement learning algorithms, the proposed algorithm can improve the convergence
accuracy and stability of the algorithm, as well as the total revenue of the energy operator, thus assisting the energy supply side in
making better decisions.
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Tab. 1 Pseudo-codes for the DDPG algorithm

% 1DDPG_AE(E, T, L, V,0,v,M,, @, @y 1)

BN : E-VI R AR, TR AR A1 (24 h) , L-FRSRAE B B e A2 B B 2035 i, D RS, V-D W de K45, o-RifE 22 S8, y- I R 88, M-
SRRERLIR , - BT 2T R, 0 -critic 452 2] 56 w -actor [ 4525 5 38, n-T 10 SRRl 7 22 AR B

i : 0-actor MK 1 el B, p-critic MIZ5 1) IR LS4

1: FEHLRILR AL 2470 actor P45 AN critic W25 2500 Fl o AKIE IEZS 045 N (0, o) Wl IR AL 07 &

0~

¢ —0,¢'—¢,D—QD
3: A= UL AENAR R R A

4 while size (D) < L do//REEHT B

5: FRECH LG WLAR A s,

6: forr=1toTdo

7 a,=u(slo)+e

8 PATNNE @, FEFRAFHLNh v, W T —HRS s, |
9 HIUICH (spa, s, VFAHT DIYAR R

10:  for episode = 1 to E do//JIZ:R Bt

11: SR AR 5
12. forr=1to T do
13: a,=u(s,|0)+ A - lfactor L& ML 38 N I EIR R ML RS 1E a,
14: AT @, IEARAF R v, T —IR s, |
15; if size(D) = Vdo
16: TR D e 25 UG /B D
17: I (s, a,,r,, s, MAET DK
18: TEDHRFEMAVUTCHL (54 @y 7084 1)
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20: Vo= 1 (S a) + YO (S, (8., 100" WATEE critic M4 HAR{E
21: ISk =V T Q(sk’akl‘p)//ii»%:ﬁé?'iﬁgﬁﬁr%ﬁ/)}i%ﬁ
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Tab. 2 Energy equipment unit parameters

x4 o« 5IWEZEE

Tab. 4 Orthogonal experiment of « and A

MLl ZEHEKW @ 1y 2% /5 K FELRE L) % /kWh
DG 500 200
CHP(H1) 1000 500
CHP(#) 1 000 500
GB 1000 500
ESS 1000 200
TES 1000 200
EB 1000 500

®3 KERHESH

Tab. 3 Model coefficient parameters

(g kWh™) 0.79 Béye/ (2*kWh™) 0.7
apg/(g-kWh™") 0.4 Bh/(g-kWh™") 0.4
/(g kWh™) 0.4 N 0.1
aly/(g-kWh™) 0.42 75, 0.95
Beia /(g kWh™") 0.8 4 0.9
Boo/ (g kWh™") 0.5 K/(G-kW ™) 0.25
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Fig. 4 Curves of electricity purchase prices and gas purchase
prices
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Tab. 5 Comparison results of the three models

TiH SsEot BB BEREIE T
BEO_proposed 24 288 750 4 858
BEO_stackelberg 22 480 800 4 496
BEO_carbon 19015 900 3 804
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Fig. 5 Curves of cumulative reward values versus training

generations for the three algorithms
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Tab. 6 Comparison results of the three algorithms

it H Slason s R EoT
DDPG_AE 24 288 750 4 858
DDPG_nonoise 9 540 10 1908
DDPG_normal 19 490 530 3898
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Tab. 7 Comparison results of DDPG_AE with four
representative algorithms

SR B IR R SR

A JG Fie min [&]/s [
DDPG_AE 24288 750 183 0.25 4 858
PPO 15305 1300 151 0. 26 3061
PPO_Stackelberg 19080 800 160 0.28 3816
TD3 11300 900 188 0. 22 2 660
TD3_Stackelberg 18390 600 195 0.3 3678
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Fig. 6 Curves of cumulative reward values versus training

generations for DDPG_AE and four representative algorithms
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