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Abstract—Battery energy storage technology is developing
fast and has achieved widely application recently with the
features of high reliability, less pollution, high flexible
configuration and two-way flow of energy. This paper
presents the characteristics, composition and architecture of
the lead acid battery energy storage system. The design
principle is also described in detail. The proposed Battery
Energy Storage System (BESS) is composed of battery pack,
Battery Management System (BMS), Power Conversion
System (PCS) and monitoring system. According to the
special safety requirements of electricity supply in coal mine,
a battery energy storage technology based emergency power
supply was proposed. The system will provide power
support to coal mine ventilator to avoid accidents occur that
caused by sudden power failure. The BESS also can be
applied to hospital, communication base station and related
areas where need stable and continuous power supply.

Index Terms—battery energy storage system, PCS, BMS,
coal mine, emergency power supply

I.  INTRODUCTION

Energy storage technology has been developing
rapidly in recent years. Because of the characteristics of
high reliability, less pollution, high flexible configuration
and two-way flow of energy, battery energy storage
technology got the most widely application [1]. It has
been wildly applied in electric system to enhance the
stability and reliability of power supply when a
renewable energy generation system is incorporated. It
can also be used to improve power quality for the
industries which have high quality requirement or used as
an emergency power supply in some special occasions
such as hospital, communications base station etc.This
paper describes the battery energy storage system
including system design, component selection, system
integration and architecture design. An application in coal
system is also introduced in detail. The test results verify
the correctness of BESS design.

Il. CHARACTERISTICS AND INTEGRATION PROCESS OF
LEAD-ACID BATTERY ENERGY STORAGE
SYSTEM

Energy storage battery is the carrier to realize energy
storage and release. When power grid have redundant
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energy, energy storage battery can absorb and storage it
as chemical energy; When power grid need energy,
energy storage battery can convert the energy into
electricity and send back it to power grid. Fig. 1 shows
the integrated process of a battery pack for BESS. It
demonstrates the integration process of a battery pack:
several cells connect in parallel forms a Battery Unit
(BU); several battery units connect in series form a
Battery Block (BB); several battery blocks connect in
series form a Battery String (BS); several battery strings
connect in parallel form a Battery Pack (BP).
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Figure 1. Integration process of a battery pack

Basic principle of battery pack design is as following:

For battery unit, the parallel quantity depends on the
capacity, reliability of single battery and its connection.
The number of single cells in parallel should minimize on
the premise that battery performance can meet the
application requirement.

For battery block, the battery module design should
give priority to 8, 10, 12 units in series to keep consistent
with the interface number of battery management system.

For battery string, the design should consider to match
the PCS work voltage, the rated voltage of battery string
is normally between 680~800V.

For battery pile, the design should consider total
capacity of the system. System redundancy should also be
taken into account.

Currently, various types of batteries are used to energy
storage including lead-acid batteries, sodium sculpture
batteries, flow cell and lithium-ion batteries etc. With the
advantages of mature technology, low project investment,
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low manufacturing cost and rapid technology
development of lead-carbon battery, lead-acid battery get
more and more application in energy storage fields. Table
I lists the performance parameters of four kinds of battery
which are commonly used in energy storage field. The
table shows that lead-acid battery has the advantages with

low cost, long cycle life and high reliability [2], [3].

TABLE I. PARAMETERS OF FOUR POPULAR ENERGY STORAGE
BATTERY
Performance| Lead-acid Sodium- Lithium
Index Battery sculpture | Flow Cell Battery
Battery
Working
Voltage (V) 2 2 14 3.6
Power
Density 75~300 150~230 120~150 150~315
(W/KG)
Cost 300~600 | 1150~2250 | 600~1500 | 1200~4000
(U.S./KW)
Cyc('f{)“fe 5-15 12-20 15-20 5~15
Ceramic Sziitr}:ésvgn Overcharge or
Relatively | membrane is ue severe internal
. membrane is -
mature | fragile, easy short circuit
Safety -7 |damaged, the
technology, | to cause fire electrolyte temperature
security. | or explosion canbe  |c@" lead to fire
accidents. explosion.
restored.

Fig. 2 and Fig. 3 respectively show the maturity and

cycle efficiency of difference energy storage batteries [4].
It can be seen that lead acid battery is a high technical
mature product with high cycle efficiency, so it is ideal
for market application.
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Figure 2. Technology maturity of different batteries
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Figure 3. Cycle efficiency of different batteries

A. Structure and Composition of Battery Energy
Storage System
There are three structure types of BESS to meet
different applications scales. They are energy storage unit,
energy storage branch and energy storage loop.

©2016 International Journal of Electrical Energy

1) Energy storage unit
As shown in Fig. 4, an energy storage unit is a group
with PCS, Battery Pack (BP) and BMS.
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Figure 4. Energy storage unit

2) Energy storage branch

As shown in Fig. 5, the energy storage branch is
composed of an energy storage unit and a low voltage
switchgear cabinet. It is the basic unit of an energy
storage loop; it can also be used as a complete energy
storage system. The capacity of an energy storage branch
is usually 250KW or 500kw when used as the basic
element in a large capacity energy storage system.

Energy Storage
Unit

Figure 5. Energy storage branch

3) Energy storage loop

As shown in Fig. 6, energy storage loop is composed
of a step-up transformer, several energy storage branches
in parallel and a general monitor system, the typical
power rating of an energy storage loop is IMW~2MW.
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Energy Energy Energy
Storage Storage ses Storage
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Figure 6. Energy storage loop

B. Battery Management System (BMS)

As an important part of energy storage battery system,
BMS can monitoring and keep checking on the key
operation parameters such as voltages, currents and the
battery internal and ambient temperature during charging
and discharging [5], [6]. Thus it can protect battery from
over charge and discharge and then extend the battery
service life; it can also provide status and parameter
information to operators. Normally, there are three lays in
BMS.

1) Battery Management Unit (BMU)

BMU can monitor and acquisition data including
voltage, temperature, State of Charge (SOC) for single
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battery and battery module, it can manage the process
during battery charge and discharge to ensure battery
system can be used safely.

2) Master Battery Management System (MBMS)

Master battery management system is responsible for
manage all the BMU used in a battery string. It can
collect system current, system total voltage and detect
electric leakage. MBMS can also provide protection to
battery string by disconnect contactor to cut off batteries
from grid when there is an unexceptional condition occur.

3) Battery Array Management System (BAMS)

As a top controller, battery array management systems
is responsible for control & manage all the MBMS; it can
monitor all the status information including voltage,
current, temperature and SOC for all single batteries and
battery modules. It will ensure all batteries in the system
working in a safe and optimal state. BAMS will send
battery real-time information to PCS periodically for
control and protection purposes.

Based on the functional of each component in BMS,
The typical design of BMS in a BESS is shown in Fig. 7.
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Figure 7. The typical architecture of BMS in a BESS

C. Power Conversion System (PCS)

PCS is an important part of an energy storage system;
it can realize two-way energy conversion between grid
and battery. PCS can work as a rectifying device to
transfer current from AC to DC and storage the power
into energy storage battery; as an inverter, it can transfer
the energy that stored in battery into AC current and then
send back to power grid. PCS have two types: single-
stage circuit topology and bi-directional circuit topology,
which is separately shown in Fig. 8 and Fig. 9. It can be
seen from the two figures that bi-directional PCS has
additional DC/DC converter compared with single-stage
PCS.
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Figure 8. Single-Stage PCS circuit topology

©2016 International Journal of Electrical Energy

104

DC/DC
converter

PWM

Battery
group

Figure 9. Bi-Directional PCS circuit topology

The characteristic of single-stage PCS is simple
configuration, high efficiency and small size, but it will
cause poor consistency between different batteries. For
bi-directional topology PCS, the efficiency will be
decreased, but the reliability will be improved and it can
permit batteries configure in a more flexible way to
compose a large scale system [7]-[9]. PCS has
communication interface with BMS and monitoring
system, which can receive battery status data and alarm
information from BMS and send them to monitoring
system.

D. Monitoring System

The functional of energy storage monitoring system is
monitoring operation status of the whole energy storage
system. It can not only collect dynamic operation
information including energy storage batteries, BMS,
PCS, but also can make demand accordingly to ensure
energy storage system in the best working condition [10]-
[13].

I1l.  THE APPLICATION OF BATTERY ENERGY STORAGE

SYSTEM FOR EMERGENCY POWER IN COAL MINE

In the past years, gas explosion accidents have been
occurred frequently in many of the China’s coal mines.
The main reason is that local ventilator and main
ventilator will both stop work when power is failure so
that the fresh air can’t be transported to underground coal
mine, this will lead to gas accumulation and then the gas
explosion accident will inevitably occur. Although
China’s policy requiring coal mines must be equipped
with “dual-power and dual-fan”, but there is only one
power supply substation in most China’s coal mine. Add
an independent emergency power supply to local grid
becomes an effective method to give a solution to prevent
or reduce the accident that caused by power sudden
failure. Battery energy storage system is very suitable for
coal mine emergency power system application for the
features of high reliability, quick response and flexible
configuration [14]. Based on the design described, a
2MW/2MWh lead-acid BESS battery energy storage
power station was designed combined with the
emergency power supply demands from coal mine in
Wubhai of Inner Mongolia. The system will provide power
supply to important loads at least 30 minutes when local
power is failure.

A. Demands and BESS Design

In the coal mine, the main ventilator power is 704 KW
and local ventilator power is 222 KW (924KW in total).
When a power failure happens, the main ventilator needs
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to recover within 10 minutes, but local ventilator must
recover within 5 seconds, otherwise the gas concentration
will rise quickly and a serious accident will possibly
occur. Below content introduces the design of
2MW/2MWh energy storage unit and system.

1) Energy storage unit & branch design

Energy Storage unit’s topology is shown in Fig. 10.
The system is composed of 250KW PCS, 336KWh
battery string and a set of BMS. Each battery string is
designed with 2V/500Ah *336 cells in series. The total
rated voltage of each battery string is 672V (the working
voltage range is from 604.8V~789.6V). Every 12 battery
is equipped with a set of BMU; in general, 336KWh
battery system is composed of 28 energy storage blocks.

-

Figure 10. 250KW/336KWh energy storage unit topology

2) Energy storage system design

The architecture of 2MW/2MWh energy storage
system is shown in Fig. 11. It is an energy storage loop
which is composed of 8 energy storage branches
(250KW/336KWh) in parallel. The 2MW/2MWh Energy
storage system is connected to 6KV bus by a step-up
transformer.
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Energy Storage
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Figure 11. 2MW/2MWh energy storage system architecture

3) Monitoring system design
A monitoring system is designed to upload the

operation information from energy storage battery system,

BMS, PCS, interconnection switch and step-up
transformer to the existed power station monitoring
system; it will also conduct the commands from top
monitoring system.
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4) Major system Functions

When local grid works normally, BESS can play
reactive compensation function; when a failure happens
in local grid, BESS will play emergency power supply
function and provide power to main ventilator and local
ventilator to avoid accident occur. A modular design of
control system allows the operator to enable and shift the
different functions easily. The adding of all above
functions and features makes the whole emergency power
supply system more reliable, flexible and cost-effective.

B. Test

In order to verify the BESS design, ventilators in the
coal mine was tested as load. The AC side current
waveform of the BESS is shown in Fig. 12. It can be seen
from the figure that system current is increasing gradually
with the loads start and the curve is smooth and steady in
whole process, it proves that the proposed BESS works
very well when it plays the emergency power supply
function. The experiment shows that the system current
Total Harmonics Distortion (THD) is 3.21%, system
working efficiency is 89.13%, which all meet the system
performance  requirement and  product  design
specification.
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Figure 12. AC side current of BESS when running as emergency power

supply

IV. BUSINESS VALUE AND CONCLUSIONS

This paper gave the general design guide line of
battery energy storage system and introduced the
application of large-capacity battery energy storage
system in coal mine area. With the increasing market
demands from various industrial and fast development of
material and power electronics technology, the large-
capacity battery energy storage system will get more and
more application in the near future.
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