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ABSTRACT: The load fluctuation and the dynamic pipeline
storage of natural gas have brought great challenges to the
integrated electric-gas distribution system. In order to solve the
problems, this paper proposes a dynamic distributionally robust
optimization model based on the combination of chance
constraint and the Wasserstein distance. Considering three
different demand response loads, i.e. the reducible, transferable
and replaceable loads, and the pipeline storage characteristics
during gas transmission, a dynamic optimization model of the
integrated electric-gas distribution system with demand
response is established. As for the uncertainty problems of the
electrical and gas loads in demand response, the paper proposes
a distributionally robust ambiguity set based on the
Wasserstein metric of uncertain variables. Combined with the
chance constraints, this model restricts the inequality to a
certain probability confidence interval to further improve the
stability of the model. The dual theory and the conditional
value at risk approximation method are used to transform the
proposed model into a linear programming problem. Based on
the modified 33 node electric distribution network and the
Belgium 20 node gas distribution network, the simulation
results illustrate the proposed model can effectively reduce the
comprehensive costs and improve the consumption capacity of
the wind power.

KEY WORDS: dynamic pipeline storage of natural gas;
demand response; chance constraints; distributionally robust;
Wasserstein distance
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Fig. B1 Integrated electric-gas distribution system
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Table B1 Parameters of gas turbine and P2G equipment
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Fig. B2 Parameters of loads and wind power forecasting
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Table B5 System loss in different cases

Yl Y52 Y3 Y4

FE KW 852.3 645.9 323.0 253.7
I £ FFEIKW 109.5 107.0 106.0 103.9
e HL AR T KW 794.9 753.5 615.4 596.1
Je S AT IKE 1115 111.6 142.6 120.0

MEws  RNADIME/KVar ROE DIEKVar TEEAR FAila%
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Table B2 Parameters of reducible loads
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wos O 135/kW 4/h 5 0.547
Y 125/kW 3/h 5 0.530
6 3.42/Kcf 44h 5 1.760
ST
OO0 7Kt 3h 5 1.895
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Table B3 Parameters of shiftable loads
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w27 130/KW 112/kW 0.479
Py 3.40/Kcf 3.60/Kcf 1.380
W10 3.60/Kcf 3.80/Kcf 1.595
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Table B4 Parameters of substitutable loads

i R B E BB HDT
9 130/kW 0.447
f
I, 125/KW 0.430
6 3.20/Kcf 1.260
KA

10 3.80/Kcf 1.295




