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OVERVIEW: Interest in energy-saving and reusable energy has been
growing since the Great East Japan Earthquake, and methods of safely
guiding passengers during emergencies when the power supply from power
companies fails have become an area of concern. Hitachi has responded
by focusing on a stationary energy storage system with an emergency train
travel function. During a power failure, the stationary energy storage system
uses power stored in lithium-ion batteries to enable trains to travel to the
nearest station under their own power with the passengers still on board.
The stationary energy storage system’s emergency train travel function was
studied and developed through discussions with Tokyo Metro Co., Ltd. The
stationary energy storage system was considered for operation at the Kasai
substation on the Tokyo Metro Tozai Line, and after field testing there, was
recently delivered for service at that site.

INTRODUCTION

SINCE delivery of the first lithium-ion battery-driven
stationary energy storage system by Hitachi in 2007,
ten stationary energy storage systems have been put
into operation around the world. The stationary energy
storage system was developed as a regenerative power
system with an energy-saving function that prevents
regeneration cancelled, which can cause regenerative
braking failure in trains, and supplies power stored in
lithium-ion batteries as energy for powering. However,
the stationary energy storage system does not only
prevent regeneration cancelled, it also has been studied
for applications that involve using its power supply
function to supplement substation power or for train
travel. In 2014, Hitachi field-tested a train powered
entirely by lithium-ion batteries, and verified the
feasibility of using lithium-ion batteries for emergency
train travel®,

Given this background, this article reports on
the creation of a self-sufficient power system and a
function for switching to emergency travel mode,
which were required for the full-scale implementation
of the stationary energy storage system, along with
improvements to the direct current (DC) to DC
converter for charge/discharge control.

STATIONARY ENERGY STORAGE SYSTEM

System Overview

The stationary energy storage system uses lithium-
ion batteries to store regenerative power generated
from the braking force of a train, and supplies this
stored power while powering. The system is designed
to use power effectively by repeating this series of
operations.

The stationary energy storage system is connected
to the feeder line (positive side) and rail (negative side)
in a substation via a DC high-speed circuit breaker
(HSCB) panel and isolator panel (see Fig. 1). The
DC HSCB panel is designed to break the circuit to
the feeder line on the positive side, and the isolator
panel is designed to break the circuit to the rail on the
negative side. The stationary energy storage system
is composed of a chopper panel (DC-DC converter)
and storage battery panel. The chopper panel is used
to perform the appropriate charge/discharge control
operations in response to the storage battery state and
feeding state.

Storage Batteries
Configuring the stationary energy storage system
required choosing storage batteries with enough
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Fig. 1—Stationary Energy Storage System Configuration.

The figure shows the configuration of the system with the stationary energy storage system in the center.

performance to keep up with sharply rising regenerative
power spikes. Since the batteries would be used as
substation equipment, they also needed to withstand
prolonged operation and repeated charging and
discharging. The lithium-ion batteries used in hybrid
electric vehicles (HEVs) were selected since they had
an established track record and proven reliability (see
Fig. 2). As storage media, HEV lithium-ion batteries

Battery cell

Battery module

Fig. 2—Exterior of the Lithium-ion Battery Module.
The stationary energy storage system uses the same lithium-ion
batteries used in hybrid cars.

have relatively high energy density and output density
(see Fig. 3). Information about the internal states of
the stationary energy storage system’s lithium-ion
batteries, such as cell voltage and battery temperature,
is sent to the chopper panel via the battery controller
unit (BCU). The results are used to apply the proper
control operations to the storage batteries, extending
their life®.

Chopper Panel Improvements

The chopper panel’s DC-DC converter is a buck-boost
chopper driven by an insulated-gate bipolar transistor
(IGBT). The proper IGBT would usually be determined
based on the feeding voltage, but it was felt that using
the same IGBT for every feeding voltage could enable
a standardized structure. For a DC 1,500 V feeding
voltage, a general-purpose DC 1.7 kV-class IGBT
was used by setting three chopper levels, enabling
the same standardized structure used for a DC 750 V
feeding voltage. The previous switching frequency
was doubled to 1,200 Hz (for 50 Hz zones), seeking
to reduce the size and noise of the storage battery DC
reactor. Also, an air-cooled converter and DC reactor
was used, reducing the chopper panel’s footprint by
30% compared with Hitachi’s conventional model.
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Fig. 3—Ability Distribution Map of Various Storage Battery
Elements.

The distribution map shows a comparison of the abilities of the
major storage battery media.

EMERGENCY TRAVEL FUNCTION

Emergency Travel Mode
The stationary energy storage systems currently in
operation run in energy-saving mode or regeneration
cancelled prevention mode. The latest stationary
energy storage system has a new emergency travel
mode that lets trains run on storage battery power
alone when a major power failure shuts off the power
supply from the power company to the substation.
When the feeding voltage drops or goes to zero, the
stationary energy storage system detects an input
voltage drop, temporarily stops the train and enters
standby. An emergency travel instruction is then sent
to the stationary energy storage system from outside
if it is determined that the feeding voltage drop was
caused by a shutoff in the power supply from the
power company, requiring emergency train travel.
When the stationary energy storage system receives an
emergency travel mode signal, it switches the following
functions to the settings used for emergency travel.
(1) Charge and discharge start voltages
(2) Various control parameters
(3) Operable state of charge (SOC) range

Once these settings have been switched, the
stationary energy storage system closes the DC HSCB
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Fig. 4—Flow of Control Power Supply/Auxiliary Device Power
Supply during Normal Train Travel.

The figure shows the flow of the control power/auxiliary device
power normally supplied to the chopper panel and storage
battery panel.

to supply power to the train while keeping the feeding
voltage at a constant value.

Self-sufficient Power Supply Function for
Auxiliary Devices

When the emergency travel instruction described above
is sent to the train, it is presumed that a substation
power failure will occur due to the shutdown in power
transmission from the power company. In this event,
it is necessary to assume also that power will not be
supplied to auxiliary devices such as control systems
or fans. For that reason, an auxiliary power supply
panel that provides a self-sufficient power supply
function for auxiliary devices was installed as an
option for stationary energy storage systems that have
the emergency travel function.

During normal operation, the stationary energy
storage system receives the auxiliary device power
supply from the substation’s distribution panel
(switchboard). But, when the emergency travel mode
signal is received, the lithium-ion battery power is
supplied to the stationary energy storage system via
the inverter and uninterruptible power supply (UPS) in
the auxiliary power supply panel (see Fig. 4 and Fig. 5).

Fig. 6 shows the exterior of the auxiliary power
supply panel, and Table 1 lists its main specifications.
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Fig. 5—Flow of Control Power Supply/Auxiliary Device Power
Supply during Emergency Travel Mode.

The figure shows the flow of the control power/auxiliary device
power supplied to the chopper panel and storage battery panel
during emergency travel mode.

System Specifications

The final system specifications were set by considering
factors such as the field test results and the self-
sufficient power supply function for auxiliary devices.
Table 2 shows a comparison of the specifications at
the time of field testing and at the time of delivery.

START OF OPERATION, FUTURE
CHALLENGES

After being equipped with an improved chopper
panel and auxiliary power supply panel, a stationary
energy storage system with an emergency travel
function was delivered to the Kasai substation of the
Tokyo Metro Tozai Line, where it was field tested in

TasLE 1. Auxiliary Power Supply Panel Main Specifications
The table lists the main specifications of the auxiliary power
supply panel, which provides the self-sufficient power supply
function for auxiliary devices.

Item Specification
. 4 kVA (one-hour power supply for
I ety DC 110V emergency travel)
Inverter rated 15 kVA (AC 220V, 39.4 A, 50 Hz),
capacity three-phase/three-wire system

Inverter system Three-phase, two-level system

Cooling system Forced air cooling

IGBT

Element

Panel configuration Indoor, standalone closed panel

AC: alternating current IGBT: insulated-gate bipolar transistor

Hitachi Review Vol. 66 (2017), No.2 153

e —

Fig. 6—Chopper Panel (with Auxiliary Power Supply Panel at
Far Right).

The photo shows the chopper panel and the auxiliary power
supply panel, which provides the self-sufficient power supply
function for auxiliary devices.

February 2016. It started operation in March 2016 after
further onsite testing, such as inductive interference
tests. So, alongside the previous energy-saving and
regeneration cancelled prevention functions, the new
emergency travel function has now been added to the
stationary energy storage system product lineup.

But there are still challenges to overcome for future
stationary energy storage system operation, such as:
(1) For stationary energy storage systems with an
emergency travel function, establish a method to
ensure that the SOC stays above a certain level (such
as 50%) regardless of the charge/discharge operation
start voltage
(2) Since various storage battery systems are now
being introduced by different companies, investigate
how systems will cope when parallel feeding takes
place during emergency travel (such as parallel
feeding enabled by company A’s power storage system
at substation 1 and company B’s power storage system
at substation 2)

(3) Investigate functions for automatically setting
appropriate charge/discharge start voltages

(4) Create systems that can safely change set parameter
values from outside (such as charge/discharge start
voltages)

(5) Test waste heat handling equipment used when
the stationary energy storage system is installed in
closed spaces

(6) Coordinate the stationary energy storage system
with other railway systems

(7) Apply the stationary energy storage system to
substation supplementary systems
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TasLE 2. Comparison of Main Specifications during Field Test and in Delivered Product

The table compares the stationary energy storage system’s main specifications when it was field-tested and when it was delivered.

Specification

Item
Field test

Delivered product

Clortizs) i limiting function

Constant-voltage control (AVR) with current

Constant-voltage control (AVR) with current
limiting function

Rated current 1,210 A (2,000 kW)

909 A (1,500 kW)

Ciotszai bmnl i vl re feeding voltage of 1,650 V)

1,210 A (with feeder side current limiter. And

909 A (with feeder side current limiter. And
feeding voltage of 1,650 V)

Rated voltage DC 1,650 V (DC 2,000 V max.)

DC 1,650 V (DC 2,000 V max.)

Number of chopper phases 6

6

Chopping frequency

600 Hz (3,600 Hz composite frequency)

1,200 Hz (7,200 Hz composite frequency)

Battery configuration

Four cells in series x 21 modules in parallel x 2 sets

Four cells in series x 24 modules in parallel x 2 sets

AVR: automatic voltage regulation

(8) Find ways to further reduce the space required for
the storage battery panel

CONCLUSIONS

In addition to overcoming the challenges discussed
in the previous chapter, Hitachi intends to continue
working on meeting the demands for improving
stationary energy storage system functions, refining
the stationary energy storage system into a convenient
system for use in saving energy, and safely guiding and
protecting rail passengers.
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