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Characteristic Analysis of Supercapacitor-Battery Hybrid Schemes
for Regenerative Braking Energy Utilization in Urban Rail Transit

LI Lu, ZHAO Yajie, LIN Fei, YANG Zhongping
(School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044)

Abstract: This paper addresses the issues of inefficient recovery of regenerative braking energy, limited substation power supply
capacity, and insufficient response to emergency traction in urban rail transit when using single energy storage systems. The
research focuses on the application scheme and technical advantages of a supercapacitor-lithium titanate battery hybrid energy
storage system. First, by comparing supercapacitors, lithium titanate batteries, and flywheels in terms of key parameters such as
power density, energy density, and cost, energy storage media are classified into two categories: power-type and energy-type.
Then, simulation results demonstrate that the hybrid energy storage system composed of supercapacitors and lithium titanate
batteries outperforms single energy storage solutions in terms of recovering regenerative braking energy, enhancing substation
power supply capacity, and providing emergency traction capabilities for trains. Based on this analysis, the study highlights the
application potential of the supercapacitor-lithium titanate battery hybrid energy storage system in urban rail transit, particularly
its notable advantages in regenerative energy utilization technologies.
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Figure 1 Equivalent circuit model of supercapacitor
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Figure 2  Structure of energy storage device
with supercapacitor
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Table 1 Performance parameters of supercapacitor
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Table 2 Performance parameters comparison

of three lithium battery types
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Table 3 Performance parameters of lithium titanate battery
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Figure 3 Schematic diagram of the working principle of flywheel
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Table 4 Performance parameters of flywheel
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Figure 5 Structure diagram of ground-based hybrid
energy storage system
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Figure 6 Schematic diagram of control methods for

i
b

ground-based hybrid energy storage systems
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Table S Actual line parameters of a subway system
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Figure 7 Power curves of upbound train during peak hours
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Figure 8 Power and SOC curves of supercapacitor
when the battery is not engaged
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Figure 9 Power curves of supercapacitor when the
battery is engaged
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Table 6 Existing power supply capability of a line
with hybrid energy storage
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Table 7 Operational parameters of a subway train
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Table 8 Energy consumption simulation results

of a certain line

b3kl MAR#/AWh  FFIFEF/AWh  HiBhEEAE/KWh
A—B 8.48 3.80 4.68
B—C 12.15 8.34 3.81
C—D 8.41 3.00 541
D—E 1478 9.63 5.15
E—F 13.91 8.72 5.19
F—G 12.87 7.94 4.93
G—H 15.05 9.40 5.65
H—I 14.67 10.58 4.09
—J 12.55 6.16 6.39
J—K 13.95 7.87 6.08
&t 126.82 75.44 51.38
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