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Abstract

With the rapid development of renewable energy sources such as wind and solar power, their in-
stalled capacity continues to grow. However, the inherent randomness and volatility of these energy
outputs pose significant challenges to the safe and stable operation of the power grid, substantially
increasing the difficulty of power system dispatching. Although battery storage technology plays a
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crucial role in multi-energy systems, its limited charge-discharge capacity, shorter lifespan, and
high investment costs restrict its large-scale application in energy systems, thereby impacting the
system’s economic efficiency and operational flexibility. To address these issues, this paper intro-
duces integrated energy storage into the multi-energy system, establishing a multi-energy system
dispatching model based on multi-energy storage. The model is solved using a Multi-Objective Par-
ticle Swarm Optimization (MOPSO) algorithm. Simulation results demonstrate that the proposed
coordinated optimization model for energy input and output of storage facilities and renewable en-
ergy output exhibits good economic benefits and the capability to enable large-scale utilization of
renewable energy.
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Figure 1. Flowchart of particle swarm optimization algorithm
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Table 1. Wind power output

F 1 KEBES
i} Ex/h EIMW i B/h IZIMW
0 580 12 241
1 563 13 215
2 548 14 235
3 542 15 285
4 529 16 350
5 469 17 360
6 418 18 412
7 383 19 469
8 294 20 500
9 295 21 588
10 281 22 575
11 251 23 597
Table 2. Photovoltaic output
2. KEHD
I Be/h TIZFIMW I Be/h EIMW
0 0 12 170
1 0 13 175
2 0 14 184
3 0 15 151
4 0 16 121
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5 0 17 91
6 40 18 46
7 70 19 0
8 90 20 0
9 110 21 0
10 120 22 0
11 145 23 0

Table 3. System equipment and operating parameter table

® 3 RZRESEITEHE

Byt HE(MW) BUH (%) FALBAT AR (5 T5/MW)
BRAEEHL 130 80 3.15
FLAA 200 90 153
AR Lt 60 85 458
P2G 100 80 2.07
b 60 70 1.96
i B 70 95 1.27
it E 70 95 1.58
it EE 70 95 1.64

ARSCAE ARR R B P IR R T I RAS, AT A TN NOx SO2. COp =5 HeWIHE R I 45411 1
A, TR HETBCEE KE PSS ARAE I 4 TR o

Table 4. Pollutant discharge penalty standard table
=4 BRIHRETIRER

H 7 (kg/MW) CO2 SOz NOx
&S (JT/MW) 32 2023 9246
BREHL 207 0.17 0.85
EN ] 265 1.88 1.678
A 854 1.23 1.25

AR > 0 A5y P =AM B IFEIE I AT, I B Rs B AR IR 5 BR.

Table 5. Interactive price in different time periods

5. TRINBRRZEMN1E

inp2te I 8] Ce, buy (JG/KWh) Ck, senl (7G/kWh)
gt [10, 15], [18, 21] 0.63 0.61
S [7,10], [15, 18], [21, 23] 0.56 0.55
AL [0, 71, [23, 24] 0.54 0.53
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Table 6. The optimal solution for the two scenarios

6. MMIARERIE

AL F1/1i 7t F2/1i 7t
Y5t 2197.52 325.17
W5t 2 2365.42 330.68
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Figure 2. Electric load balance diagram
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Figure 3. Heat load balance diagram
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Figure 4. Gas load balance diagram
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