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Abstract

Integrated Energy Systems (IES) coupled with diverse energy sources offer significant advantages
in both renewable energy consumption and energy gradient utilization within the context of the
“double carbon” target. Nevertheless, the dual-sided uncertainty in renewable energy-load demand
significantly affects the optimization methodology of IES scheduling. To tackle this issue, the paper
introduces a data-driven optimal scheduling method for IES, based on scenario generation. Utilizing
extensive power data, an IES source-load scenario generation model using Variational Auto-Encoder
(VAE) is developed, followed by scenario reduction through an enhanced K-means clustering algo-
rithm, enabling the extraction of precise typical operating scenarios. Consequently, a stochastic op-
timal scheduling model is formulated for IES day-ahead scenarios, aiming to minimize operating
costs, thereby enhancing the operational economy of IES, and offering theoretical guidance for sche-
duling under uncertain conditions.
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Figure 1. The general structure of the VAE
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Figure 2. The VAE-based method for source-load scenarios generation
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Figure 3. The overall structure of the IES model
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AT S ) AL R 375 R R I 1) RESR AR, SN IES B m A BB AT A7), IES B4k B AR R B
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4.1 BHISHKENA

ASCINZREE B RYR T 51 N8 T s 3, JLEE 450 H . S5 T Python3.6 1 & 4 i FE 18 H >R
fifta% Cplex X i BEBE R HEAT SR A . VAE VIl %5 % B 100 %, 22315 0.0001. Ly, A 9.7 KWh/m®, m 4 3.6;
fitr g FL 25 B4 500 KWh, #1145 %5 & 50%, i K i /IMif LR ZS 23591 8 95% A1 10%; fifg #2554 300 KWh,
VB & 50%, K i/ MEPCIRZS 251109 90%F0 10%; HLW 5 1ES 2 18] 1 & R D& R 41 4+600 kW, =
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Table 1. Time-of-use tariff setting

1 oEMRE

FF ] B i) LA % (/K Wh) £ B 1 (4K Wh)
23:00~8:00 0.47 0.32
8:00~17:00 0.69 0.48
17:00~23:00 0.80 0.70

Table 2. Time-of-use gas price setting
#2. pRSNEE
A1) Bt WA (HV)
22:00~8:00 21
8:00~10:00; 15:0~18:00 2.7
11:00~15:00; 19:00~22:00 3.2
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Table 3. IES device parameter settings
FIIESHESHRE

I T LTl C I T

(¥/KwWh) (kw) (kw)

WRAFEHL 0.16 0~600 +150 0.4
AR / / / 0.4
it BE HLI 0.1 +200 +100 0.9
PRI 0.22 0~450 +100 0.8
P2G % 2.1 0~200 +100 0.65
it 0.15 +150 +100 0.95

4 1-3 MBHONASCER IR B R 5 2K, SEhRRN B IES SR RMF, T Elit
FS S RATREA N, (HIRXIFAWA S I B A R KIS EYE, HU g i mar.
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Figure 4. Data-driven VAE-based source-load scenario generation results
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Figure 5. Source-load scenario reduction results based on improved K-means
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Figure 6. Generation results of source-load scenarios based on
traditional probabilistic models
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Figure 7. Day-ahead optimized scheduling results of the IES
7. IES BRMA L IBE S RE

Table 4. Cost comparison of different scheduling methods

F 4. NEVEHEF AR ARSI

MR/ B IBYE(Y) TS L (¥) =¥
SO 1979 1692 7211
RO 2313 1969 8445
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