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ABSTRACT: To effectively deal with the influence of
multiple uncertainties such as renewable energy output and
load demand on the safe and stable operation of multi-energy
microgrid system, this paper proposes a two-stage
distributionally robust optimization model for multi-energy
microgrid system considering covariate factors. First, based on
the distributionally robust optimization method, a two-stage
optimal scheduling model of a multi-energy microgrid system
including photovoltaic generation units, combined cooling,
heat and power units, cold, heat and electric load and thermal
energy storage is constructed. Then, considering covariate
factors, a Wasserstein ambiguity set based on multivariate
decision tree regression is established to describe the internal
relationship between the uncertainty of source and load, and
between the uncertainty and covariate factors. Next, using
linear decision rules and duality theorem, a mixed integer
linear programming form of the model is given. Finally, the
model is applied to a modified 33-node multi-energy microgrid
system for example analysis. The results show that the
introduction of covariate factors can effectively improve the
economy of the model compared with the classical robust
optimization model and the distributionally robust optimization
model. In the Monte Carlo out-of-sample test, the proposed
two-stage distributionally robust optimization model shows

good reliability in the face of uncertainty fluctuations.
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considering the covariate factors
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ﬂjl;DG > Bﬁ:)G _ BBPe (46)

£ T Jit-1

BDG BDG BDG
ﬂ,-,, ZBJ.’, _Bj,z—l

XA A4 A7), KM 2L W Rk
(polygonal inner approximation, PIA)#EAT £k 4L,
Wil 2 A,

AQO
A7
LT 178
0 2

2 ZBRREERERE
Fig.2 Schematic diagram of Polygonal inner

approximation method

KAHFIT7)AT 5330 R
(7] =VOBYS =) =X O 2! v =x! v,
a=12,--,12 ; b=2,---,12,1 (47)
VDB =)0 2B (x5 =),
a=12,---12 ;b =2,---,12,1 (48)
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Fig. 3 Multiple regression tree diagram based on historical PV, electricity load and meteorological data
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Fig. A1 Electricity price of purchase and

sale in pre-dispatch stage
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Table A1 Parameters of
each equipment in the heat network

L I WEUCRSD MRGE ORI M
PP b PR AR RO R ERY
A

FHAW (kW) (kWh)  (kW-h) (kW) W)
8 40/400 285 400 75 40 200
14 40/400 285 400 100 40 300
24 60/600 570 600 150 80 600
25 60/600 570 200 50 80 500
30 30/300 285 600 100 40 300
32 50/500 570 400 125 80 400
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Table A2 PV unit parameters EL&YERBEHR: 2024-05-08,

RECA: HEHET) R AW Wi AR e WisBHA: 2023-06-19.
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Table A3 Cost and equipment coefficients ZEAT 5 B o7 E R TR
R 45 HfE zhujz@scut.edu.cn;
e AR R T o 5 EEIL(1998), T, HLHFE, B
Bk AL AR 25U (GE /(KW -h)) c* 0.05 NG EEERIBE RGBT 5
ces 0.35 1, i il.scut.edu.cn.
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WA R HU(KW-hym® ) P 9.78
7 0.95
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