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Robust optimization operation strategy of energy storage system for
integrated energy stations in urban rail transit
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Abstract: With the acceleration of urbanization, the integration of renewable energy and advanced energy storage
technologies holds great promise for improving energy efficiency in urban rail transit systems. However, this also
brings challenges in energy system planning, configuration, and operation optimization. By analyzing the energy
demand of traction loads and the dynamic characteristics of intermittent photovoltaic output within the rail transit
system, a robust model for energy storage configuration and optimized operation under the polyhedron uncertainty
set of source load was established. The objective function, subject to stability and economic constraints, aims to
minimize the comprehensive daily average cost of energy storage. A column-and-constraint generation algorithm
is used to solve the model. The simulation example assesses the impact of uncertainty on the scheduling operation
plan and the daily total comprehensive cost, thereby validating the effectiveness of the proposed optimization
model. The study has significant implications for understanding the role of energy storage systems as a key
component in improving the resilience and stability of urban rail transit networks.
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Fig.1 Structure of rail transit energy station system
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Fig. 2 Single train operation curve of rail transit trains Fig.3 Daily departure time interval of rail transit trains

1.3 HMEX@EERGARATERL

MR A5 00 30 52 38 A A7 57 far T HL S T S AR R B H A fr it S5 e BT A I 1R 4 s . BRI A
5| A7y A7 E B R 0 [] kP I Bl M AR A A7 AE — 2 A R J0 R 6 T A T S YR A far it e R A S R
MU AS , T far BB S 42 K GEiiR P 5l IR 22 3R .

AT ey e I B o 2 AR v 7 A BRI Y- B v HL Y A R I G W v U I B B — B0, Bl T A A
LS WA 7~9 I, KR o3 A6 B B B i Be o 17 B 22 A5 TF 6 T USRS 2 A4 T H 7 v 0, D R 670 GG 1 0 Ry 17~
19 B, 438 Ak 7 v W F (I BF B P o PR B 8 /DN B R I F A By R N AR T T H A Y 40.3% , 8 /T
HL AV BOu N R T T 35.7% 1Y LA



% 74 KOF,E @R T A A LR A AR R Sh A A AR R S SRR AL IE AT R 89

6 000 11.0
W oy e
A s : ,
5 000+ : - .
1 1 .
4000 o | o8
L 1 1
= L | C o 7]B
‘é 1 1 ! : 1 S
33 000F A N A S B!
1 =
=R , : -0.63.';
L ! 1
2000 | o
1 1
1 000} : : 104
———————— ! !
‘ : - ‘ o3
00:00 600  12:00 18:00  24:00
I B

B4 BEXBERRGHEBAFTHESSHEN

Fig. 4 Daily load curve and time-of-use electricity price of rail transit energy stations
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Fig. 5 Optimization modeling process for the operation of microgrid energy storage system in rail transit
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Fig. 6 Uncertainty range of photovoltaic output and load power values
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Fig. 7 Operation and purchase and sale of energy storage systems without considering source load uncertainty
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Fig.8 Operation and purchase and sale of energy storage systems considering source load uncertainty
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Fig.9 Relationship between the comprehensive cost of energy storage configuration and uncertain parameters
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Fig. 10 Operation and purchase and sale of energy storage systems considering uncertainty of source side and load side
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