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Abstract: The impact of the high multi-energy coupling
of energy-utilization terminals must be considered during
distribution-network reconfigurations. A rapid and flexible
distribution-network reconfiguration enhances the optimization
level of an integrated energy system. This paper presents an
optimized operation model for the said reconfiguration of an
integrated electric-power and natural-gas system (IEGS). From
the cost-minimization perspective, the conditional value at risk
(CVaR) can be used to quantify the operational risk posed by the
IEGS source and load uncertainties. Subsequently, these risks
can be converted to corresponding costs integrated within the
objective function. Meanwhile, from the multi-energy coupling-
constraint perspective, the distribution-network reconfiguration
can be mapped onto the IEGS operation optimization model.
Subsequently, the reconfiguration-switch control variables
can be introduced into the power-flow model. Finally, the
branch-breaking power-flow and radial distribution-network
constraints can be constructed and linearized. The findings
of this study reveal that reconfiguring the IEGS distribution
network improves its operation capability. In addition, CVaR
accounts for the source-load uncertainty, thereby improving the

robustness of the IEGS distribution-network reconfiguration.

Keywords: integrated electric-power and natural-gas system;
network reconstruction; conditional value at risk; source and
load uncertainty
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Fig. 1 Schematic diagram of IEGS typical structure
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Fig. 2 Schematic diagram of line switch
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Fig. 4 Power nodes voltage before and after reconstruction
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Fig. 6 Simulation results under different confidence levels
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fRA BHISHRE

Al HHERBEENER RA2 RASENSH
Table A1 Situation of distributed power access Table A2 Parameters of natural gas network
A IARIR BANFIBEMNTR  BlThEE/kW EEESR PEEI EEEE/mm EERKE/km
PVl 9 600 1 2 100 1
SIHIN PV2 19 130 2 3 50 1
PV3 25 500 2 4 50 1
WT1 22 1000 4 5 50 0.5
L) WT2 24 100 5 6 50 0.5
WT3 31 500 5 7 50 0.5
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R A3 RASME AT

Table A3 Parameters of natural gas load

TRRES 1 2 3 4 5 6 7
fafkEm’ | 238 217 175 217 119 14 147
KA BEPOERRESH
Table A4 Configuration parameters of energy centers

BERRILES EH1 EH2 EH3 EH4
CHPEE/LW 500 500 500 500
CACEE/LW 200 200
GBEE/KW 200 - — 200

R A6 BERAPLRIB AR GEER
Table A6  Electricity load and heat load demand of energy centers
BRI ERS EH1 EH2 EH3 EH4
B8 3 far/kW 576 288 346 402
AT /KW 410 292 234 150

RAT HIREHBRAKRHY

Table A7 Cost coefficients of objective function
SH Pe Pe Cyind/Cov Cload Clhad C}Ioad
BUE/ET | 59 460 46 87 700 65

F: CHP AR 54, CACH KR4, GBIA I

R A5 BERPLIEERIENE
Table A5 Conversion efficiency of energy centers
CHPS#RMZE
CHPS R E
CACHERILL
GBI

0.3
0.4
6
0.9

F: CHP ALK, CACHHLHIFR A, GBI i

i BHE: 2020-08-16; f&EIHE: 2020-10-07,
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