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The JR East Group is conducting various efforts to achieve 
innovation for energy and environmental strategies as covered in 
JR East Group Management Vision V - Ever Onward.  One of those 
efforts is improving efficiency of regenerative energy utilization 
by installing an electric energy storage system to substations for 
railway operation.

Applying brakes to stop a train at a station produces 
regenerative energy.  If there are no nearby trains in powered 
running that can use regenerative energy, however, such 
regenerative energy is not exchanged between trains, resulting in 
ineffective use of regenerative energy due to regeneration throttling 
or cancellation by the regenerating train.  Installing an electric 
energy storage system to store and use regenerative power as needed 
would thus allow us to more effectively use regenerative power.

In order to conserve more energy, JR East started operation of 
its first electric energy storage system using lithium-ion batteries at 
Haijima substation on the Ome Line in February 2013 followed 
by the Okegawa substation on the Takasaki Line in March 2014.

Overview of the Substations where 
the Electric Energy Storage System is 
Installed and the Rolling Stock

2

Fig. 1 shows the locations of Haijima and Okegawa substations, 
and Table 1 shows the lines and rolling stock that are supplied 
with electric power from those substations.  Both Haijima and 
Okegawa substations are located within the major commute 
area of the greater Tokyo area 40 - 50 km from Tokyo Station.  
However, the lines those substations are located on are of medium 
train operation density in the JR East operation area, not as dense 
as the Yamanote and Chuo Lines, with large difference of number 
of trains and passenger load factor between in rush hours and 
in hours of infrequent operation.  Compared to lines of dense 
train operation, regenerative energy is therefore not effectively 
exchanged between trains and regeneration throttling and 
cancellation often occur on those lines, particularly in hours of 
infrequent operation.

The substations are located near stations, and thus the electric 
energy storage system installed there can have many opportunities 

Introduction1 to charge/discharge respectively by regeneration when stopping 
and powered running when starting.  Furthermore, since the 
feeder circuit resistance between the substation and the station 
is small due to the short distance between those, it is possible 
to control rise of pantograph point voltage at regeneration 
that causes regeneration throttling and cancellation.  For those 
locational reasons, effective use of regenerative energy can be 
expected for those substations.

Application of an Energy Storage System Using 
Lithium-ion Batteries for More Effective 
Regenerative Energy Utilization

•Keywords: Regenerative energy, Energy conservation, Lithium-ion battery, Electric energy storage system, Substation for railway operation

East Japan Railway Company (JR East) installed an energy storage system using lithium-ion batteries for more effective 
regenerative energy utilization to the Haijima substation on the Ome Line and the Okegawa substation on the Takasaki Line and 
started its operation in February 2013 and March 2014 respectively.  It is the first use in JR East of an energy storage system 
for the traction power supply system.  This paper reports the effect of the lithium-ion battery system installed to the Haijima and 
Okegawa substations based on the data measured in the operation period.
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Substation Haijima substation Okegawa substation

Line supplied 
with power Ome Line, Itsukaichi Line, Hachiko Line Takasaki Line

Type of 
rolling stock

Series E233 
(10-car, 6M4T, on Ome Line)
Series E233 
(6-car, 4M2T, on Itsukaichi Line)
Series 209, 205 
(4-car, 2M2T, on Hachiko Line)

Series E233 
(15-car, 8M7T)
Series E231 
(15-car, 6M9T)

Itsukaichi Line

Ome Line
Hachiko Line

Takasaki Line

Approx. 45 km 
from Tokyo

Chuo Line

Yamanote 
Line

Takasaki Kumagaya

Komagawa

Omiya

Ikebukuro

Shinjuku
TachikawaHachioji

Ome

Haijima

Tokyo

Shinagawa
Chiba

Yokohama

Oyama UtsunomiyaOkegawa
Approx. 45 km 
from Tokyo

Fig. 1  Overview of Places Where Electric Energy 
Storage System Is Installed

Table 1  Lines and Major Types of Rolling Stock Supplied with 
Power by Substation with Electric Energy Storage System
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DCL along with a lithium-ion battery.  The system is connected 
to the DC bus of the substation via a DC high-speed circuit 
breaker.  Fig. 3 is a photo of the lithium-ion battery panel and the 
housing accommodating the control unit installed to the Haijima 
substation.  The DC high-speed circuit breaker is attached to the 
existing substation house.

3.2 System Specifications
Table 2 shows the specifications of the system installed to the 
Haijima and Okegawa substations.  Battery capacity and system 
operation pattern are determined according to the rolling stock 
that run on the lines supplied with power from individual 
substations, while the major specifications of the battery cell 
(structural unit of the battery) and the control unit are the same.

Overview of the Electric Energy 
Storage system3

3.1 System Configuration
Fig. 2 shows the system configuration of the electric energy 
storage system using lithium-ion batteries.

The system we installed this time consists of a control unit 
made up of an input/output DCL, an IGBT chopper, and a 

Substation Haijima substation Okegawa substation
Rated capacity
Rated voltage
Rated current

Battery cell

Battery arrangement 48 cells × 4 modules 48 cells × 4 modules
20 parallel connections of cells 36 parallel connections of cells

Rated capacity

Device
Number in parallel
Carrier frequency

Operation pattern

Charge: 2000 kW × 10 s + 1000 kW × 10 s  
Discharge: 1000 kW × 30 s  
Interval: 180 s  

Charge: 2000 kW × 10 s + 1000 kW × 30 s  
Discharge: 1000 kW × 50 s  
Interval: 180 s  

Image of setting for 
charge/discharge 
start voltage

Set in 1V increments Set in 1V increments
Only one setting pattern Setting possible in five time slots a day

2000 kW

1000 kW
30 s

10 s

1000 kW50s

2000 kW

1000 kW

180 s interval 180 s interval

10 s

10 s

1000 kW30s

5:00 12:00 24:00 5:00 12:00 24:00

8.3 kwh

IGBT
6

600 Hz

76 kwh

13.9 kwh

137 kwh

2000 kW
1650 V
1200 A

3.6 V  5.5 Ah
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Amount of energy 
absorbed in one 
operation pattern

Lithium-ion 
battery

DC high-speed 
circuit breaker

IGBT 
chopper

Input/
output DCL

DC 1.5kV bus

・・・

AC 66kV bus

Series reactor

Rectifier

Transformer 
for rectifier

DCL

Control device

Lithium-ion battery
Package house 
accommodating 
control device

Table 2  Specifications of Electric Energy Storage System Installed to Haijima and Okegawa Substations (Extract)

Fig. 3  Installation of Electric Energy Storage System 
to Haijima SubstationFig. 2  System Configuration
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The system operation pattern assumes regenerative energy 
generated in one instance by a running train set is absorbed.  
For the system operation pattern of the Okegawa substation, we 
decided to make charging time 20 seconds longer because, on 
the line the substation supplies power to, length of the train sets 
and initial braking speed of the trains are large and consequently 
the amount of regenerative energy is large and continuous 
regeneration time is longer.

We decided battery capacity so that the batteries could 
absorb regenerative energy double amount of energy absorbed in 
one system operation pattern when trains on the inbound and 
outbound stop at the station almost the same time.  We also took 
account of making the batteries usable within the state of charge 
(SOC) to be described later (20% of the battery capacity usable at 
SOC of roughly 30 - 50% ).

Based on the improvements to system operation with the 
Haijima substation where the system was installed earlier, we 
devised five patterns of charge/discharge start voltage setting for 
time slots of morning rush hour, evening rush hour, infrequent 
operation hours, early morning, and nighttime for the Okegawa 
substation.  This is a measure to enable more effective charging/
discharging by dealing with the tendency of DC bus voltage to 
change per time slot.

3.3 Basic Concept of Setting Charge/Discharge Start Voltage
Fig. 4 illustrates the basic concept of setting charge/discharge start 
voltage.  The electric energy storage system charges/discharges 
electric energy by the mechanism where, taking into account the 
DC no-load voltage of the substation, the charge/discharge start 
voltage values are preset.  The system starts charging when the DC 
bus voltage exceeds the preset charge start value and discharging 
when the DC bus voltage falls below the preset discharge start 
value, using a chopper control device.  It is important to set 
those start voltage values to effectively charge/discharge by the 
electric energy storage system.  Those values have to be preset 
with consideration to fluctuation in the DC bus voltage of the 
substation the system is installed to.

Taking into account stable operation of the chopper control 
devices of Haijima and Okegawa substations, we set a difference 
of more than 50 V between the charge/discharge start voltage 
values.  And, since use of lithium-ion batteries when overcharged/
over-discharged shortens the life of the batteries, we control the 

SOC of the batteries to be around 30 to 50% to extend battery 
life, even though we have not accumulated enough data about 
that at present.

Testing Impact of Harmonics at Installation 
of the Electric Energy Storage System4

Since the DC/DC chopper control device, one of the system 
components, controls current by turning IGBT on and off, 
harmonics is included in the current.  In order to check the 
impact of harmonics on signal equipment and the like, we carried 
out running tests using a test train.

Before the tests, we carried out simulation of harmonics and 
measurement of harmonic current generated in the depot using 
the device alone, and we confirmed that there was no possibility 
that installation of the electric energy storage system would affect 
signal equipment.

We conducted running tests on each of the lines listed in 
Table 1, from which we confirmed that the system did not impact 
the equipment necessary for train operation, such as electronic 
train detectors and track circuits.

Operating Status of the Electric 
Energy Storage System5

Fig. 5 and 6 show the relationship between the average amount 
of discharge energy per hour on a weekday for the Haijima and 
Okegawa substations and the number of trains per hour.

To identify seasonal tendencies, we employed data for April, 
August, October, and February.  Please note that the years differ 
in some of the data due to differences in when system operation 
started.  The number of the trains for the Haijima substation is 
the total of trains on the Ome, Itsukaichi, and Hachiko Lines 

50 State of 
Charge (%)

Charge start voltage

30

Discharging 
mode region

Charging mode region

Discharge start voltage

DC bus
Voltage (V)

(no-load voltage) More 
than 50V

Fig. 4  Image of Setting of ChargeDischarge Start Voltage Values
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Fig. 5  Average Discharged Energy and Number of Trains per 
Hour in Daytime (Haijima Substation)

Fig. 6  Average Discharged Energy and Number of Trains per 
Hour in Daytime (Okegawa Substation)
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because the substation supplied power to those lines.
Characteristics of the operating status of each substation are 

as follows.

5.1 Haijima Substation
(1)  Discharge energy is small in morning and evening rush hours 

where there are many trains, while it is large in hours of 
infrequent operation in the daytime.

(2)  Discharge energy varies remarkably between in April/October 
and in February/August.  In other words, it remarkably varies 
between in the periods when electric energy for auxiliary 
equipment—air conditioning for the cabin—greatly increases 
(February and August) and in other periods (April and 
October).
The reason for both (1) and (2) could be that load on trains 

increased according to time slot and season and electric energy 
was effectively exchanged between trains.  In addition, the reason 
for (1) could be that number of trains increases in morning and 
evening rush hours, and the reason for (2) could be regenerative 
energy to charge the electric energy storage system decreased 
due to considerable increase in electric energy consumption for 
auxiliary equipment in summer and winter.

5.2 Okegawa Substation
(1)  Discharge energy is greater in rush hours than in other hours, 

and there is correlation between the number of trains and 
charge/discharge energy.

(2)  Discharge energy in summer and winter seasons with large 
power consumption load decreases compared to in spring 
and autumn seasons with small load.  However, the difference 
between in large and smaller load seasons, so discharge energy 
is greater than that of the Haijima substation.
The reason for the above could be that the amount of energy 

exchanged between trains is estimated to be small due to smaller 
number of trains than that of the Haijima substation and that much 
residual regenerative energy due to large number of cars of a train 
set (15 cars) and larger battery capacity increased discharge energy.

Automatic Adjustment of Charge/
Discharge Start Voltage6

As explained in 3.3, setting of charge/discharge start voltage is 
important for effective charge/discharge of the electric energy 
storage system.  At the Okegawa substation, the second substation 
the system was installed to, we made it possible to choose from five 
patterns for the setting of charge/discharge start voltage: morning 
rush hour, evening rush hour, hours of infrequent operation, early 
morning hours, and nighttime hours.  This was done to deal with 
fluctuation of DC bus voltage according to time slot.

Setting in this manner enabled more effective charging/
discharging compared to that at the Haijima substation with 
a single setting of charge/discharge start voltage.  However, it 
is still difficult to achieve optimal charge/discharge control of 
the electric energy storage system since fluctuation of receiving 
voltage according to load situation of the power transmission 
system causes rise and fall of DC bus voltage not due to the load 

of rolling stock.
We are thus working on technical development of a device 

that has a function for automatic adjustment of charge/discharge 
start voltage of the electric energy storage system with an aim of 
further energy conservation.  An overview of the development is 
as follows.

6.1 Development Overview
In the current algorithm, discharge starts when DC bus voltage 
falls below the preset value of discharge start voltage due to 
energizing a train in powered running.  In order to identify more 
effective timing for discharging, we studied an algorithm where 
status of energizing from the rectifier to the train in powered 
running is accurately detected and charge/discharge start voltage 
of the electric energy storage system is automatically adjusted.

In identifying the key to automatic adjustment—energizing 
status of the rectifier—we focused on harmonics that occur in 
power transmission.  More specifically, we decided to detect the 
fifth harmonics voltage on the secondary side of the transformer 
for the rectifier.

In this manner, we established an algorithm for charge/
discharge control of the electric energy storage system using 
the fifth harmonics voltage detection, not just DC bus voltage 
fluctuation.

6.2 Future Issues
We have established an algorithm for automatic adjustment of 
charge/discharge start voltage for more effective discharge by the 
electric energy storage system, and the issues to be dealt with in 
the future are as follows.
(1)  Verification of the new algorithm in field tests
(2)  Investigation and adjustment of the detection level of the fifth 

harmonics voltage
Those will be conducted in field tests at Okegawa substation.

Conclusion7
In this paper, we gave an overview of the electric energy storage 
system using lithium-ion batteries introduced in JR East.  The 
system installed at two locations is operating stably.

We are planning to further study optimal charge/discharge 
control and charge/discharge start voltage values and to verify 
the effects of those with a view of deploying the system to other 
substations.
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