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in intra-day stage
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Optimal scheduling of integrated energy system considering integrated
demand response and joint operation of carbon capture and
power-to-gas under multiple time scales
CHEN Jing', YANG Kunli',ZHANG Yan',HAN Wei’,SONG Chuang’
(1. School of Mechanical and Electrical Engineering,Zhengzhou University of Industrial Technology,
Zhengzhou 451100, China;
2. State Grid Henan Electric Power Research Institute,Zhengzhou 450000, China)

Abstract: Low carbonization transformation on the source side assisted by comprehensive demand response
strategy on the load side is beneficial for achieving the “dual carbon” goal. Therefore,a low-carbon optimal
scheduling strategy of integrated energy system considering integrated demand response and joint operation
of carbon capture and power-to-gas under multiple time scales is proposed. The liquid storage tank is intro-
duced into the carbon capture power plant on the source side,forming a comprehensive and flexible opera-
tion mode of the carbon capture power plant. And a new joint operation model of the carbon capture power
plant and the power-to-gas equipment is constructed. The response characteristics of demand side resources
under different time scales on the load side are analyzed,and the price-based and incentive-based demand
response models under different time scales are established, and the low-carbon performance of system is
improved through source load coordination. Finally,a multi-time scale low-carbon scheduling strategy of inte-
grated energy system with complementary sources and loads is proposed,and a day-ahead,intra-day and real-
time scheduling model with integrated demand response is constructed. The case study results show that
the proposed model can make full use of the source and load resources to participate in regulation and
achieve low-carbon,economic and stable operation of the system.

Key words: integrated energy system;comprehensive and flexible operation mode; multiple time scales;inte-

grated demand response;carbon capture power plants;joint operation;power-to-gas;optimal scheduling
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Distributionally robust low-carbon economic dispatch of electricity-gas-heat integrated
energy system considering carbon-green certificate coupling mechanism
SHAO Zhenguo,LIN Yongqi,CHEN Feixiong, ZHENG Xianghao,GUO Yixin, YAN Xiying
(Fujian Smart Electrical Engineering Technology Research Center, College of Electrical Engineering and Automation,
Fuzhou University, Fuzhou 350108, China)

Abstract: In order to protect the information privacy of different operators in the integrated energy system
(IES) ,balance the low-carbon and economy of the system operation and solve the problem that the robust
model of natural gas network is difficult to solve, a distributionally robust low-carbon economic dispatch
method of electricity-gas-heat IES considering the carbon-green certificate coupling mechanism is proposed.
Considering the dynamic characteristics of natural gas and heat networks and the carbon-green certificate
coupling mechanism,the dynamic low-carbon economic dispatch model of 1ES is constructed. In order to pro-
tect the data privacy of each network operator,a distributed collaborative optimization model of the electricity-
gas-heat IES is constructed by decoupling the IES according to the energy coupling relationship. On this
basis, considering the uncertainties of wind power output and multi-energy load,a distributionally robust opti-
mization framework based on the consensus-based alternating direction method of multipliers is proposed.
And the robust sub-problems with second-order cone constraints and binary variables are solved by using
the second-order cone dual theory and alternative optimization method. A modified IEEE 39-bus electricity
network, Belgium 20-node natural gas network and a 15-node heat network are taken as examples for simula-
tion analysis. It is verified that the proposed method can realize the decentralized autonomous operation of
each network in IES under the condition of uncertain source and load, while balancing the low-carbon and
economy of system operation.

Key words:electricity-gas-heat integrated energy system;carbon-green certificate coupling;dynamic characteris-

tics ;robust optimization ;low-carbon economic dispatch;alternating direction method of multipliers
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Fig.B2 Prediction results of wind power and various loads
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Table B1 Initial electricity price information

I B HARR B B ARG (kW h) ™
B 1:00-6:00,23:00-24:00 0.5
F 7:00-8:00, 13:00-17:00 0.73
3 9:00-12:00,18:00-22:00 121

F B2 KEHARESH
Table B2 Equipment parameters of thermal power units
L B, FR/MW  RIER(MW AT RERA RS a, b, ot
G1 600. 200 150 0.0014. 200. 750
G2 200. 50 50 0.0023. 100. 600
G3 200. 50 50 0.0015. 250. 400
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Table B3 Parameters of IES energy conversion and storage equipment

B it Th 2 LIRIMW BB R R IR e R/MW  fEEEE EBR/(MW h)
IRREEHL 400 0.85 100 —
PR 1200 0.90 200 —

Bk 200 0.95 50 1000
&l 200 0.97 50 1200
il G 150 0.95 30 800

#* B4 HftlEHXSH

Table B4 Other relevant parameters

ZH B8 ZH BUH
Ceo, 0.268 i/t Pu 40MW h
H, 36MJ/m? n 12
g 0.269MW h/t ag 0.9
Ay 260 TTIMWHh) | o 30 i/t
g 600 JL/(MW h) &, 400 JL/(MW h)
C s 2.66 7E/m® & & 300, 500 JL/(MW h)

% B5 &M ERARIHRAIBE
Table B5 Probability of typical scenarios in each stage

e P1 P, P3 P4 Ps Ps P7 Ps Py P10

H A 0.112 0.131 0.086 0.097 0.125 0.101 0.087 0.094 0.075 0.092

HH 0.103 0.091 0.118 0.098 0.105 0.112 0.106 0.101 0.081 0.085

S 0.087 0.109 0.094 0.085 0.109 0.114 0.099 0.089 0.102 0.112
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Fig.B3 Comparison of day-ahead electrical,thermal and gas loads
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Table B6 Comparison of different schemes in intraday stage

- {8
VES VEY J%3 VEX
RIRZANTTTC 143.26 139.67 129.86 121.51
PRI AR T3 76 94.77 93.12 98.24 94.55
WRAE 53 AT T3 78 -14.67 -16.11 -17.92 -19.45
B EAE 18 A T 7.12 6.54 3.12 2.31
FERBALTT TG 6.63 4.22 2.15 0
WA IBAT Y AT 7T 38.54 39.91 42.25 40.05
JE A AT TG 0 0 0 0
A. B2 IDR A/ i — — — 9.71
IES AT 7T 275.65 267.35 257.70 248.68
B/t 6754.2 6012.3 5024.6 4125.9
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Fig.B4 Comparison of some units under Scheme 4 from day-ahead to intra-day
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Table B7 Cost comparison of different schemes in real-time stage

- e

UES! UEY VEX] Ti% 4
RINSRANTI 76 143.78 137.96 130.41 122.14
PRI A T3 76 94.12 93.88 96.98 92.22
WAL 5 AT T3 76 -15.12 -16.51 -17.46 -18.96

BB AE s A 5 7T 6.65 6.09 3.76 2.56

FERBALTTTC 5.61 4.22 2.15 0

WA IBAT YA AR T 7T 38.12 39.25 39.61 39.24
A. B. CZ IDR A/ FiTt — — 11.14
IES SRAITI TG 273.16 264.89 255.45 248.34
BHESCE 1t 6125.6 5414.7 4617.9 4077.1
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Fig.B5 Comparison of day-ahead and real-time carbon capture energy consumption
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