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Optimal operation of an integrated energy system considering integrated demand
response and a ""dual carbon ""mechanism
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Abstract: In view of the high energy consumption and pollution problems facing economic and social development in
China, an integrated energy system (IES) provides a new way to solve problems such as energy efficiency and
environmental pollution. At the same time, flexible coordination of the output of various pieces of equipment in the
system is key to realizing low-carbon and economic operation. To further explore the IES in terms of dispatch potential in
economic operation and low-carbon environmental protection, an IES low-carbon economic dispatch model is proposed.
First, this paper establishes an IES model including photovoltaic, wind power, gas-fired units, various types of energy
storage, carbon capture and power-to-gas equipment. It then combines the coupling relationship and flexibility
characteristics between electricity, gas, and heat load energy conversion to construct a comprehensive demand response
model. Second, it considers IES joining the carbon trading market, and introduces a stepped carbon trading cost model to
restrict system carbon emissions. Finally, the optimization goal is to minimize the comprehensive operating cost of the
system including energy purchase, carbon emission-related and demand response compensation costs. CPLEX software is
used to simulate various operation scenarios, and the results show that the proposed model can effectively reduce the
system operation cost and carbon pollution emissions.
This work is supported by the General Program of National Natural Science Foundation of China (No. 51777155).
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Fig. 2 Predicted power curve of electricity, gas, heat loads
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Table 1 Equipment parameters in the IES

ZH A
Ner 0.45
Tec 0.9
Nes 0.85
e 0.9

Perc 0.7
Tec 0.8

®2 ERERESH

Table 2 Parameters of energy storage equipment
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E™/kWh 300 300 250

%= 3 RN

Table 3 Time-of-use price
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Table 5 System operation results under different carbon

trading mechanisms

el Y4 Y5 Y56
ST 8732.97 8301.09 8377.91
e AT 7946.92 7449.29 7493.17
DR FMliAl 7T 0 83.95 83.95
TRHEAR R AR T 786.05 767.85 800.79
TRHE S kg 10 071.25 9472.96 8792.1

ML EZ Mg sz T R LUEH, %551
RGBT A SIRHBUS BB 5 4 97 > T
5.2%5 6.3%, 5t 6 I RGBT A SRR BEEBUS
BR300 T 5.2%5 7.3%. AT, ME
GERE T L5 R RSG5, IES AT LAEE -t &
PRI, S ABRUREIRE & TAME S, FIRRS
T RE A SRR, e M RARH R W a5 45
LG

Ak, 5t 6 M IBAT AR5 5 R 1
76.82 JG, MITERHECE T, 5 6 MRHEBUS &
B35 5 /b T 680.86 kg, BN/ T 7.7%. XA
RN 5 (454 e TR RSB IT AL G W Zi bl
BN, A 5 A DR e AR AN 3R T o B, kT
SEmAL B AR, R RS 20K
REJIA PR, M35t 6 ATEM B 5 i 5 T it
ITRACHTI, B BRI SR mi A 2 A, (H
Al DAE— D IR 1 R GeiicHE R S

LEERAE, R ZHLHIREIRIE RIS T R
AAEFEYRACERIFRS, 32 RGURHUS R .
5.3 RGEMUEBITERI

LA TR X" FUHIKSEE el R
Gi(7 6)H A Azt R an i 3—Kl 5 iR

1400
1200
1000 -
800
E 600 |
g 400 -
2001
0
200
400 1 1 1 1 1 1
00:00 04:00 08:00 12:00 16:00 20:00 24:00
iV
& 3 BIERMILEBITER
Fig. 3 Electric power optimization operation results
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Fig. 4 Gas power optimization operation results

500 CoEctml R R W il A

400

200 -

LI W

100 -

0

300 - .\

A —— DR AT A GO 2R - AT S A il 2

~100 -

1 1
00:00 04:00  08:00

1 1 L 1
12:00  16:00  20:00  24:00
I %)

B 5 AINFMLBITER
Fig. 5 Thermal power optimization operation results
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