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Integrated demand response mechanism for integrated energy system

based on federated learning
GUO Guanghua',QI Xinhong', WANG Ruiqi', FAN Xiangchen',CHENG Haoyuan®,
AI Qian*,SUN Shumin®, XING Jiawei’
(1. State Grid Shandong Integrated Energy Services Co.,Ltd.,Jinan 250001, China;
2. School of Electronic Information and Electrical Engineering,Shanghai Jiao Tong University,Shanghai 200240, China;

3. State Grid Shandong Electric Power Research Institute,Jinan 250002, China)
Abstract: With the development of energy integration technology,demand response(DR) has gradually evolved
into integrated demand response(IDR),and users are increasingly concerned about privacy protection. Aiming
at the integrated energy system at the distribution network side with cooling, heating and power equipment
and loads, the multi-energy coupling interaction model is established to reflect the interaction effects be-
tween different energy consumption behaviors. Taking the minimum operating cost as the objective and the
equipment output characteristics and multi-energy load characteristics as constraints, the IDR optimization
model is designed. To protect users’ privacy,the federated learning(FL) architecture is proposed,the IDR
model is rewrote and it is put in this FL architecture for iterative computation. The simulative results
show that the proposed calculation method has better cost advantage compared with the traditional DR
scheme that does not consider coupling. Meanwhile,the computational efficiency is also improved compared
with other distributed DR algorithms.
Key words: integrated energy system; multi-energy coupling; integrated demand response; cost optimization;

federated learning
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Fig.A1 Integrated energy demand of users in one day
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Fig.A2 Integrated energy system studied in case
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Table A1 Excitation parameters and maximum electricity reduction for eight buses

TRl AL Ghax (MW) a (7t 2/MW) B T/MW)

1 2.0
1.5
1.0
0.5
1.5
0.8
0.9
0.5

30 450

SIS - NV S SO VO

RA2 — RN RN a] B
Table A2 FElectricity prices at different times of one day
i Bt 0-8 8-14,17-19,22-24 14-17,19-22

B (GTL/MWh) 450 700 1000




M=% B

06
~ — A1
#H04H ——7 2
= 13
502, — i 54
o ——Hi 5
j{e} ot A6
= — a7

02 . i , — TH8
0 20 FLIEAR IR B 40 60
(a) & A FL U S

g R

5 — T2

E R 3

0 — T 54

H 057 —#E5

& 416

K — A7

S | — 48

2 o 2 60

0 ey . 40
FLIEAC IR L

(b) &1 LSO 7 3R B e A fry i s it #
Kl B1 &7 M SR B s

Fig.B1 Convergence process display of each bus
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