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Abstract Battery energy storage system (BESS) is one of

the effective technologies to deal with power fluctuation

and intermittence resulting from grid integration of large

renewable generations. In this paper, the system configu-

ration of a China’s national renewable generation demon-

stration project combining a large-scale BESS with wind

farm and photovoltaic (PV) power station, all coupled to a

power transmission system, is introduced, and the key

technologies including optimal control and management as

well as operational status of this BESS are presented.

Additionally, the technical benefits of such a large-scale

BESS in dealing with power fluctuation and intermittence

issues resulting from grid connection of large-scale

renewable generation, and for improvement of operation

characteristics of transmission grid, are discussed with

relevant case studies.
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1 Introduction

Renewable energy power generation has become an

important part for China’s power supply. By June 2016, the

grid’s wind-power capacity had been 124 GW and the

photovoltaic (PV) capacity had been 61 GW. The rapid

development and implementation of renewable power

generation pose great challenges to the operation, control,

and security of the Chinese power grid. Large-scale battery

energy storage system (BESS) can effectively compensate

the power fluctuations resulting from the grid connections

of wind and PV generations which are random and inter-

mittent in nature, and improve the grid friendliness for

wind and PV generation grid integration.

Large-scale BESS can participate in the operation as

either the power supply or the load when needed. Unlike

traditional power generation systems, BESS can act as a

rapid-response active and reactive power injection or

absorption device [1–8]. The BESS can be used to smooth

the power fluctuations of PV or wind power stations

[9–12]. Based on the existing researches and implementa-

tions of large-scale BESS worldwide, countries such as the

United States, Germany and Japan, have carried out more

than 200 demonstration projects. For example, redox flow

and sodium sulfur battery is one of the cutting edge tech-

nologies for renewable energy power generation applica-

tions in Japan [13–15]. There are also more applications of

lithium-ion BESS in the United States, such as in the fields

of renewable energy generations, distributed generations,

micro grids, etc. The American Xtreme Power, Duke

Energy, Altairnano, and AES Energy storage companies,

for example, have conducted researches on energy storage

technologies [16–18]. At present, existing applications of

large-scale lithium, sodium-sulfur or redox flow battery

have reached to tens of megawatts (MW) in power rating.
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However, they are generally used only for wind energy

storage or solar energy storage respectively. Although the

MW power level of BESS is generally high, the MWh

capacity level is relatively low. For example, the BESS of

Japan Hokkaido wind farm incorporates a vanadium redox

flow BESS with the power capacity 4 MW/6 MWh and is

mainly for smoothing the wind power output fluctuations

[18–20]. The Japan Aomori Six Village energy storage

power station utilizes a sodium sulfur BESS with the power

capacity 34 MW, mainly for smoothing the wind power

fluctuations [18, 21]. The Texas wind farm storage power

station uses an advanced lead-acid battery (36 MW/

9 MWh), principally for frequency regulation, energy

transfer and peak load shaving [18, 22]. The West Virginia

Elkins wind farm energy storage power station incorporates

a lithium-ion battery (32 MW/8 MWh) which is for fre-

quency regulation and output climbing control [18, 23].

In China, there are a number of large-scale BESS demon-

stration projects currently underway. For example, in Zhang-

bei, a large-scale BESS, which includes a 14 MW/63 MWh

lithium-ion BESS and a 2 MW/8 MWh vanadium redox flow

BESS, has been put into operation (flowBESS is still in the site

commissioning stage). It is part of a nationalwind, PV, storage

and transmission demonstration project. The purpose of this

project is to smooth the wind and PV power fluctuations and

trace the scheduled power outputs to grid. Further, Guodian

Longyuan Woniushi wind farm energy storage power station,

using total vanadium flow batteries (5 MW/10 MWh), is

adopted mainly to resolve wind-curtailment and brownout

issues arising at the Woniushi wind farm. The BESS of

Southern Power Grid Shenzhen Baoqing adopted the lithium-

ion battery (planned capacity is 10 MW and completed

capacity is 4 MW/16 MWh) to achieve peak load shaving,

frequency regulation, and voltage regulation, etc.

In this paper, the system configuration of a national

renewable generation demonstration project, combining a

large-scale BESS with wind farm and PV power station all

coupled to a power transmission system, is introduced, and

the key technologies and operational status of this BESS

are presented. Additionally, the technical benefits of such a

large-scale BESS in dealing with power fluctuation and

intermittence issues resulting from grid connection of

large-scale renewable generation, and for improvement of

operation characteristics of transmission grid, are discussed

with relevant case studies.

2 Large battery energy storage station
in Zhangbei

The Zhangbei energy storage power station is the largest

multi-type electrochemical energy storage station in China

so far. The topology of the 16 MW/71 MWh BESS in the

first stage of the Zhangbei national demonstration project is

shown in Fig. 1. As can be seen, the wind/PV/BESS hybrid

power generation system consists of a 100 MW wind farm,

a 40 MW PV power station, a 14 MW/63 MWh lithium-

ion BESS, a 2 MW/8 MWh redox flow BESS, and a power

grid. The wind farm, PV power station and BESS are

connected to the power grid through transformers. Specif-

ically, the 14 MW/63 MWh lithium-ion BESS includes

nine units (C001 to C009) in parallel (as shown in Table 1),

each connected to a 35 kV AC bus by means of a 380 V/

35 kV transformer unit. The topology of each lithium-ion

BESS connected to the power grid is shown in Fig. 2. As

indicated, each BESS contains multiple lithium-ion battery

energy storage units in parallel, each unit consisting of a

500 kW power converter system (PCS) and multiple

lithium-ion battery packs. Currently the large lithium-ion

electrochemical energy storage station contains 46 sets of

PCS and around 275000 lithium battery single cells. The

lithium-ion battery energy storage unit can be controlled by

using the PCS for management of start/stop and charging/

discharging functions, etc.

The redox flow BESS, meanwhile, includes two sets of

1 MW/4 MWh redox flow sub-BESS (C010 to C011) in

parallel, each connected to a 35 kV AC bus by means of a

380 V/35 kV transformer unit.

3 Key technologies for large battery energy
storage systems

The key BESS technologies includes system integration

and access, monitoring and control, energy management

and application, and other aspects.

3.1 Structure and function of supervisory control &

data acquisition system for BESS

The supervisory control and data acquisition (SCADA)

system is the core component of battery energy storage

power station, by which centralized access, real-time con-

trol and operation scheduling are achieved. More specifi-

cally, it is utilized to send information to and accept

information from BESS equipment such as local control

monitoring system and PCS, as well as to conduct real-time

monitoring and carry out control management functions.

The SCADA structure proposed in this paper is illus-

trated in Fig. 3. As can be seen, a hierarchical distributed

control scheme for BESS mainly includes three layers,

namely, the master station layer, the local control and

monitoring system (CMS) layer, and the device layer. The

master station layer includes servers, workstations, and

coordinated controllers. In the local CMS layer, there are

eleven local controllers, and each is used to manage four or
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six PCS devices. In the device layer, there are PCS, battery

devices, and power distribution cabinets.

Between these layers, information transmission is

implemented via 100 Mbit/1000 Mbit fiber ring networks,

and is realized by means of a dual network communication

system combining a monitoring network with a control

network, as shown in Table 2. The functions of each layer

are shown as follows.
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35 kV AC bus

380 V AC

 Wind farm
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PV power station
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BESS
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flow
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011

1 MW
flow
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Fig. 1 Wind/PV/BESS hybrid power generation system

Table 1 System integration and components for BESS

Unit

name

System

integrator

Battery

supplier

Battery

management

system (BMS)

supplier

PCS

supplier

Total

capacity

(MWh)

Unit

capacity

(MWh)

Unit

maximum

power

(MW)

PCS rated

power

(kW)

PCS

amount

(set)

C001,

C002,

C003

CALB CALB PowerWise SIFANG 9 3 2 500 12 (=4 9 3)

C004 WANXIANG WANXIANG WANXIANG XJ 2 2 2 500 4 (=4 9 1)

C005,

C006

ATL ATL ATL SOARING 16 8 3 500 12 (=6 9 2)

C007,

C008,

C009

BYD BYD BYD BYD 36 12 3 500 18 (=6 9 3)

C010,

C011

Prudent

Energy

Prudent

Energy

Prudent Energy ABB 8 4 1 500 10 (=5 9 2)

Optimal control and management of a large-scale battery energy storage system to mitigate… 595

123



1) Master station layer

Master station layer is mainly responsible for coordi-

nated control and energy management, communication

management, data acquisition, data processing and man-

agement. It calculates power commands of transformer unit

stations by coordinated control and energy management

system. Some key real-time running state data and control

commands have been interactive between master station

layer and local CMS layer through control network by

using an Ethernet for plant automation (EPA) protocol

based strong real-time Ethernet.

Detail running data of each transformer unit, including

all single battery voltage, single battery temperature, and

detailed operation information etc, have been transmitted

from supplier local monitoring system to master station

layer through IEC60875-5-104 (IEC-104) protocol based

monitoring network.

The local controllers assign the target power to each

associated PCS, to control the power of each PCS

according to transformer-unit-based sub-BESS. The sub-

BESS is distinguished based on 380 V/35 kV transformer

unit.

Some key real-time running state data of BESS have

been uploaded to the remote dispatch station center based

on IEC-104 protocol.

PCS #1

Total control cabinet

Battery
 cabinet #N

Battery
 cabinet #1

PCS #L

Total control cabinet

Transformer unit

380 V AC bus

35 kV AC bus

Battery
 cabinet #N

Battery
 cabinet #1

Fig. 2 Topology for sub-BESS under transformer unit

#1 
unit of 
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PCS ...

#2
unit of 
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#L
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ESS

...

Sub-BESS based on a transformer unit Sub-BESS based on a transformer unit

#1 
unit of 
ESS

...

#2
unit of 
ESS

#L
unit of 
ESS

#1 Local controller #S Local controller 

Supplier 
local 

monitoring 
system 

Coordinated controller

Master station layer

Remote CMS layer

Supplier 
local 

monitoring 
system 

...

...
...

...

...

...

... PCS PCS PCSPCSPCS

Fig. 3 Hardware platform structure of SCADA

Table 2 Communication protocol between the parts

Layers Supplier local monitoring system Local controller Remote CMS layer

Master station layer IEC-104 EPA IEC-104

PCS layer CAN Modbus –
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2) Local CMS layer

The local CMS consists of three parts: the local con-

trollers, the I/O stations, and the local monitoring system of

supplier. The local controllers are used to receive com-

mands from the coordination controller and, thus, to

achieve regional-level (380 V voltage level) coordination

control; the I/O stations convert the protocol of the con-

verter interface, collects data and sends control commands.

The local controllers monitors the BESS in real-time by

using the VxWorks embedded operating system. Addi-

tionally, at the local CMS layer, the PCS, battery and

distribution-system operational statuses are monitored in

real-time, and the upper-layer control instructions are

promptly send to each control PCS unit. Overall, this

hierarchical control system effectively guarantees the

control precision and stability of the storage system.

3) Device layer

The device layer contains a number of energy storage

systems. For instance, a 500 kW/2 MWh energy storage

system incorporates a 500 kW PCS, a 2 MWh energy

storage battery unit and some BMSs. The PCS is mainly

used to control the charge/discharge power and manage

protection functions. The BMS is mainly used to manage

the operation and control of the 2 MWh energy storage

battery. Its main functions include the analog signal mea-

surement, running battery system alarm, battery system

protection, self-diagnostics, battery-balanced management,

statistical storage, charge-discharge management, hyper-

tension management, thermal management, communica-

tion, insulation testing, and others. The typical topology of

the BMS is shown in Fig. 4.

3.2 Energy management system for large-scale

BESS

Firstly, the work specification of the energy manage-

ment system (EMS) for large-scale BESS has been

designed as shown in Fig. 5. In the charge status, power is

less than zero; and in the discharge status, power is greater

than zero. The PCS is used to achieve the power and

energy balance. The principles of the energy management

supervision, in this paper, have been proposed according to

the following objectives and constraints.

1) Objectives: To meet the real-time power requirement;

To ensure the energy balance and availability.

2) Constraints: The limit of allowable maximum charge/

discharge power; The limit of the charge/discharge

capacity.

In this paper, a two level EMS has been proposed. One

is main-EMS layer for transformer units in the station

control layer. The other is sub-EMS layer for PCS units in

the local CMS layer.

The main-EMS, according to current collection status

information of each transformer unit, calculates the power

commands in real-time based on BESSs’ total power

demand, so as to prevent excess charge or excess discharge

of the batteries. In accordance with the total power allo-

cation strategy for a transformer unit, the sub-EMS allo-

cates the transformer unit demand power to each PCS unit

according to the status of PCS unit. The status parameters

include the allowable maximum charge/discharge power of

the PCS unit, and the state of charge (SOC), etc. And then

real-time demand power is guaranteed to prevent over-

charge/discharge of the battery, ensuring the safety and

reliability of the transformer unit. The flow chart of the

proposed EMS algorithm is shown in Fig. 6 and that is

described in detail in the following sections respectively.
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Fig. 4 Schematic diagram of typical topological structure of battery

management system
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Fig. 5 EMS structure for BESS
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3.2.1 Energy management strategy of main-EMS

Total active power demand of BESS, Pall�BESS, comes

from the master station layer as shown in Fig. 5. The target

power of each transformer unit i, PTUi, is calculated

according to the allowable charging and discharging power

and SOC. The purpose of this energy management step is

to regulate the SOC for each transformer unit at an

appropriate level during regulation while ensuring that the

operational constraints such as charge/discharge power and

battery SOC are not violated.

1) In the discharging status (when Pall�BESS [ 0): PTUi

is calculated by considering the SOC under each trans-

former unit i, SOCTUi and allowable maximum discharge

power, P̂disch
TUi under each transformer unit i. Specific cal-

culation steps are as follows.

Firstly, the initial target power of each transformer unit

is calculated by using (1).

PTUi ¼
uTUi SOCTUi

PS

i¼1

uTUi SOCTUið Þ
Pall�BESS ð1Þ

Secondly, if PTUi [ 0 and PTUi [ P̂disch
TUi , PTUi calculated

by (1) is determined again by using (2) and (3) based on the

current allowable discharge power constraint for each

transformer unit.

PTUi ¼
uTUiP̂

disch
TUi

PS

i¼1

uTUiP̂
disch
TUi

� �
Pall�BESS ð2Þ

P̂disch
TUi ¼

XL

k¼1

ukP̂
disch
k ð3Þ

where Pall�BESS is the total active power demand of BESS;

TU is representing the transformer unit; uTUi is the start-

stop status under transformer unit i; PTUi is the active

power of transformer unit i; P̂disch
TUi is the allowable maxi-

mum discharge power of transformer unit i; uk is the start-

stop status of PCS i; P̂disch
k

is the allowable maximum

discharge power of PCS k; S is the total number of trans-

former unit; L is the total number of PCS for each trans-

former unit.

2) In the charging status (when Pall�BESS\0): PTUi is

calculated considering the stage of discharge (SOD) under

each transformer unit i, SODTUi, and allowable maximum

charge power under each transformer unit i, P̂ch
TUi. Specific

calculating steps are as follows. Firstly, the target power of

each transformer unit is calculated by using (4).

PTUi ¼
uTUi SODTUi

PS

i¼1

uTUi SODTUið Þ
Pall�BESS ð4Þ

Secondly, if PTUi\0 and PTUi

�
�

�
�[ P̂ch

TUi

�
�

�
�, PTUi is

determined again by using (5) and (6) as follows based

on the current allowable charge power constraint for each

transformer unit.

PTUi ¼
uTUi P̂

ch
TUi

PS

i¼1

uTUi P̂
ch
TUi

� �
Pall�BESS ð5Þ

P̂ch
TUi ¼

XL

k¼1

ukP̂
ch
k ð6Þ

where P̂ch
TUi is the allowable maximum charge power of

transformer unit i; P̂ch
k

is the allowable maximum charge

power of PCS k; S is the total number of transformer unit; L

is the total number of PCS for each transformer unit.

3) In addition, in the discharging and charging status, the

uTUi and SOCTUi is determined as follows. SOCTUi is gen-

erally calculated by (7).

SOCTUi ¼

PL

k¼1

ukSOCk

� �

PL

k¼1

uk

ð7Þ

SODTUi ¼ 1� SOCTUi ð8Þ

If the SOC deviation between the controlled PCS units

in the transformer unit is larger (this deviation can be

determined based on the actual operation requirements),

take the maximum SOCk or minimum SOCk as the SOC of

transformer unit i according to the charge or discharge

power needed.

3.2.2 Energy management strategy of sub-EMS

The target active power under each transformer unit,

PTUi, comes from the main-EMS layer as shown in Fig. 6.

The initial target power of each PCS is calculated using (9)

and (11) below, and is then modified based on the allow-

able maximum charge/discharge capacity. Specific calcu-

lation steps are as follows.

1) In the discharging status (when PTUi [ 0): Pi is

calculated by the SOC of each PCS i, SOCi and allowable

maximum discharge power, P̂disch
i of each PCS i. That is,

firstly, the initial target power of PCS i is calculated by (9).
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Pi ¼
SOCi

PL

i¼1

SOCi

PTUi ð9Þ

Secondly, if Pi [ 0 and Pi [ P̂disch
i , Pi calculated by (9)

is determined again by using (10) based on the current

allowable discharging power constraint for each PCS unit.

Pi ¼
uiP̂

disch
i

PL

i¼1

uiP̂
disch
i

� �
PTUi ð10Þ

where ui is the start-stop status of PCS i; SOCi is the SOC

of PCS i.

2) In the charging status (when PTUi\0): Pi is calcu-

lated by the SOD of each PCS i, SODi and allowable

maximum charge power, P̂ch
i of each PCS i. Firstly, the

initial target power of PCS i is calculated based on the SOD

of each PCS unit using (11) and (12) as follows.

Pi ¼
SODi

PL

i¼1

SODi

PTUi ð11Þ

SODi ¼ 1� SOCi ð12Þ

where SODi is SOD of PCS i.

Secondly, if Pi\0 and Pij j[ P̂ch
i

�
�

�
�, Pi is determined

again by using (13) based on the current allowable charge

power constraint of each PCS unit.

Pi ¼
ui P̂

ch
i

PL

i¼1

ui P̂
ch
i

� �
PTUi ð13Þ

3.2.3 Reactive power control strategy for BESS

The dynamic reactive power support function is one of

the important applications of large-scale BESS. Typically,

the storage control unit is in active power control mode.

However, depending on the voltage regulation require-

ments, PCS units can provide dynamic reactive power

support to the connected grid, in the form of reactive power

compensation. A multi-level reactive power control strat-

egy for BESS has been proposed based on maximum

allowable reactive power level of each PCS. That is, the

first-level control layer is the reactive power control

between various energy storage transformer units, the

second-level control layer is the reactive power control of

each storage unit inside the transformer between the PCSs.

The specific control method is explained below.

1) Reactive power control for each transformer unit

Total reactive power requirement of BESS, Qall�BESS,

comes from the master station layer as shown in Fig. 6.

The purpose of this coordinated control step for reactive

power is to allocate the reactive power demand appropri-

ately based on the reactive power supply capacity of each

transformer unit. Then the reactive power under each

transformer unit i, QTUi, is calculated by allowable maxi-

mum reactive power under each transformer unit i, Q̂TUi as

shown in (14).

QTUi ¼
uTUiQ̂TUi

PL

i¼1

uTUiQ̂TUi

� �
Qall�BESS ð14Þ

where Q̂TUi is calculated based on the maximum allowable

apparent power of PCS i. �Si and the current active power of

each PCS, Pi, are as shown in (15).

Q̂TUi ¼
XS

i¼1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�S2i � P2

i

q
ð15Þ

2) Reactive power control for each PCS unit

The real-time reactive power calculation method for

each PCS proceeds as follows, based on the reactive power

demand of each transformer unit.

The reactive power under each transformer unit, QTUi;

comes from the main-EMS layer as shown in Fig. 6. The

reactive power of each PCS is calculated based on the

allowable maximum reactive power for PCS i, Q̂i, are as

shown in (16).

Qi ¼
uiQ̂i

PL

i¼1

uiQ̂i

� �
QTUk ð16Þ

where Q̂i is calculated by (17).

Q̂i ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�S2i � P2

i

q
ð17Þ

4 Operational status of large BESS in China
national demonstration project

4.1 Power generation tracking plan

The output power of wind farm in Zhangbei national

renewable generation demonstration station is limited by

regional dispatching system, but there is no output power

restriction on the PV power generation. When the output

power of wind farm is limited, the wind/PV/BESS hybrid

system can be operated in the ‘‘tracking dispatch schedule

output’’ mode.

Under conditions including strong winds, the wind farm

output power increases in Zhangbei area, which may

threaten the stability and security of the power grid. The

BESS adjusts the power output according to the dispatched

wind power generation schedule, so that the maximum
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power is absorbed and wind power curtailment is reduced,

by implementing the ‘‘tracking power schedule output’’

mode at the specified time.

Figure 7 shows the operation status for tracking power

generation plan of 80 MW. By implementing the ‘‘tracking

power schedule output’’ mode in the EMS, the deviation

between the actual wind/PV power and the plan is effec-

tively reduced, and the wind/PV/BESS hybrid system

output power is restricted within the planned power range,

thus meeting the ‘‘tracking power schedule output’’ mode’s

requirements. Figure 8 shows power profiles of each

transformer unit and total BESS. As shown in Fig. 8, olive

curve is power of total BESS. Larger version of each

transformer unit power is shown in Fig. 9.

By implementing EMS, the power of each transformer

unit is effectively determined according to the allowable

charging and discharging power ability and SOC. In the

demonstration project, the allowable range of the battery

SOC is usually set between 20% and 80%. Under this

mode, the depth of discharge of the energy storage system

is generally within 60%.

4.2 Reactive power compensation

Figure 10 shows the test result for tracking reactive

power plan by using BESS. The blue curve is target and the

red curve is actual reactive power.

Based on the reactive power demand instructions sent

by the master station, the total reactive power of the

BESS can effectively follow the dispatched reactive

power and its response speed meets the application

requirements for voltage regulation. This reactive power

compensatory utility has been applied in practice to the

16 MW BESS.

5 Technical benefits of system

The technical benefits of the BESS are reflected in many

aspects.

1) Improvement of friendliness of renewable energy

generation connected to the grid: The power fluctuations of

renewable generation (such as wind and PV generations)
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under different time scales has posed great influences on

the requirement of grid reserve, generation scheduling,

security operations, and other aspects. Therefore, the Chi-

na’s national standards for wind power connected to the

grid demand that the maximum power fluctuations of wind

farms on different time scales should satisfy different

technical indicators. Application of wind/PV/BESS hybrid

power generation can effectively stabilize wind power

fluctuation, help to reduce the impact of wind and PV

power fluctuations on the grid, improve the grid stability,

and create a better environment for grid integrations of

large-scale wind farm and PV power station.

2) Wind power curtailment: In March 2012, China’s

National Energy Administration urged the provinces (ci-

ties) to strictly implement wind power project approval

plans. In principle, new wind power project construction

for a region shall not be arranged if the wind power cur-

tailment is more than 20% of the total wind power to be

generated. Wind power curtailment will not only affect the

level of wind power development and the utilization of

clean energy, but also will reduce the wind farm invest-

ment income. Application of an energy storage system can

coordinate a grid to accommodate wind power maximally.

Furthermore, energy storage device can absorb the

renewable generation in ‘‘off peak’’ load period, and con-

duct the peak shaving in ‘‘peak’’ load period. This will

effectively not only increase the wind power accommo-

dation level in the grid, but also reduce the curtailment of

wind power.

3) Reactive power compensation: Wind and PV power

generation can easily cause bus voltage fluctuation, even

beyond the voltage limit. Such fluctuation, when serious,

will affect the voltage stability of the power grid. The

demonstration project’s BESS can provide reactive power

support according to a reactive power dispatch plan. As a

result, the BESS can assist other reactive power compen-

sation equipment to control the bus voltage at an expected

level and reduce voltage fluctuations and flickers, and

ensuring, thereby, the voltage stability of the grid con-

nected with wind and PV farms.

4) Improvement of dynamic characteristic of power

grid: The response speed of traditional frequency regu-

lation unit is relatively slow, and the ramp rate is low.

Thus, it cannot fully meet the needs of new frequency

stability problems caused by the rapid development of the

grid connected with large renewable generation. By uti-

lization of the characteristics of both fast response and

strong short-term power handling capacity of BSEE, more

benefits can be obtained through flexible control of BSEE

to participate in power grid frequency regulation. This

will help maintain the system frequency within the stan-

dard range and improve power grid security and system

stability.

6 Conclusion

In this paper, the system configuration of China’s

national demonstration project which has mixed various

generations, such as wind, PV, and BESS together with a

power transmission system is introduced, and the key

technologies and operation status of large-scale battery

energy storage system have been presented. Moreover, the

benefits of such a large BESS in dealing with the fluctua-

tion and intermittence of large renewable generation and

improving the operation stability for transmission grid, etc.,

are discussed. Overall content is summarized as follows.

1) The coordinated control and monitoring of large-scale

BESS including around 275000 single cells of lithium-ion

battery can be realized effectively. The control response time

of the BESS can be achieved within second level and this

meets the actual operational requirements for the BESS.

2) The key issues for coordinated control and energy

management of large-scale BESS can be solved by the

proposed EMS combined with local controllers and coor-

dinated control architecture.

3) A variety of applications for large BESS have been

implemented and achieved including tracking power gen-

eration plan and reactive power compensation etc. Through

demonstration it has been verified that the controllability and

schedulability for wind farm and PV power station can be

improved effectively by using proposed control systems.

4) Battery energy storage technology has some technical

benefits, however, the high cost of BESS is currently

indeed a problem which cannot be ignored. In order to

more efficient use the BESS, the further R&D and verifi-

cation associated with the operation and application tech-

nologies of the large-scale BESS need to be continued

based on the demonstration project.
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