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FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC TR 62933-3-200 has been prepared by IEC technical committee TC 120: Electrical Energy 
Storage (EES) Systems. It is a Technical Report. 

The text of this Technical Report is based on the following documents: 

Draft Report on voting 

120/381/DTR 120/399/RVDTR 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 
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The language used for the development of this Technical Report is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

A list of all parts in the IEC 62833 series, published under the general title Electrical energy 
storage (EES) systems, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, or 

• revised. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 
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ELECTRICAL ENERGY STORAGE (EES) SYSTEMS –  
 

Part 3-200: Planning and performance assessment  
of electrical energy storage systems – Design principles  

of electrochemical based EES systems  
 
 
 

1 Scope 

This part of IEC 62933, which is a Technical Report, presents an overview and design cases of 
electrochemical based EES systems in power generation side, transmission and distribution 
side, and customer side. Furthermore, design principles for electrochemical based EES 
systems such as sizing and selection of subsystem, integration scheme, site and layout, and 
system safety measures are provided. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 62933-1:2024, Electrical energy storage (EES) systems – Part 1: Vocabulary 

IEC TS 62933-3-2:2023, Electrical energy storage (EES) systems – Part 3-2: Planning and 
performance assessment of electrical energy storage systems – Additional requirements for 
power intensive and renewable energy sources integration related applications 

IEC TS 62933-3-3, Electrical energy storage (EES) systems – Part 3-3: Planning and 
performance assessment of electrical energy storage systems – Additional requirements for 
energy intensive and backup power applications 

3 Terms, definitions and abbreviated terms 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 62933-1, IEC TS 
62933-3-2 and IEC TS 62933-3-3 and the following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at https://www.electropedia.org/ 

• ISO Online browsing platform: available at https://www.iso.org/obp 

3.1.1  
cascaded PCS 
power conversion system or subsystem (PCS) consisting of the same submodules in a cascade 
connection which perform electrical energy accumulation and AC/DC conversion 

Note 1 to entry: The PCS commonly consists of three-phase arms with star or delta connection. Each phase arm 
consists of an inductor and a certain number of submodules in series. 

Note 2 to entry: Half-bridge or full-bridge topology is commonly adopted in single submodule. 
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3.1.2  
peak shifting 
reduction of the power consumption from the power grid by providing the power exceeding the 
limit value from other active power sources 

3.2 Abbreviated terms 
AGC automatic generation control 
AVC automatic voltage control 
BAMS battery array management system 
BCMU battery cluster management unit 
BESS battery energy storage system 
BMS battery management system 
BMU battery management unit 
CGI controllable grid interface 
DCS distributed control system 
DER distributed energy resource 
EES electrical energy storage 
EESS electrical energy storage system 
EMS energy management system 
FB flow battery 
FFR fast frequency response 
FSS fire suppression system 
HV high voltage 
LA lead acid 
LC lead carbon 
LFP lithium iron phosphate 
LTO lithium titanium oxide 
NAS sodium sulfur 
NCA nickel cobalt aluminum 
NCM nickel cobalt manganese 
PCS power conversion subsystem / power conversion system 
PH potential of hydrogen 
POC point of connection 
POD power oscillation damping 
PV photovoltaic 
RTU remote terminal unit 
SCADA supervisory control and data acquisition 
SOC state of charge 
SOE state of energy 
SPS standby power system 
TSO transmission system operator 
UPS uninterrupted power supply 
V2G vehicle to grid 
VCB vacuum circuit-breaker 
VOC volatile organic compounds 
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4 Overview of electrochemical based EES systems 

4.1 General 

Electrochemical based EES systems are designed to provide different functions in various 
application scenarios. Therefore, it is important to specify the structure of electrochemical 
based EES systems and the functions of each subsystem. 

Twelve design cases of electrochemical based EES systems in power generation side, 
transmission and distribution side and customer side are shown in Clause 5 to Clause 7 as 
examples to illustrate the structure and functions of electrochemical based EES systems. Brief 
information on 12 cases is included in Annex A. 

4.2 Application functions 

The application functions of electrochemical based EES systems differ according to their 
purposes and locations, which form typical scenarios. The application functions of 
electrochemical based EES systems in typical scenarios are shown in Table 1. In power 
generation side with traditional thermal power units, EESS can provide frequency regulation, 
peak shaving, black start, etc. EESS can offer output power smoothing, output power firming 
and peak shifting in the typical scenario of renewable energy sources integration such as wind 
or solar power generation. In transmission and distribution side, EESS can perform functions 
of frequency regulation, peak shaving, reactive voltage support and backup power supply, etc. 
In customer side, EESS can provide various application functions such as voltage sag mitigation, 
peak shifting, backup power supply, etc. In microgrid with DER side, EESS can offer additional 
functions of output power smoothing, output power firming, power oscillation damping and black 
start compared to the customer side. 

Table 1 – Application functions of electrochemical based EESS in typical scenarios 

Application functions 

Typical scenarios 

Renewable 
energy sources 

integration 

Power 
generation 

side 

Transmission 
and distribution 

side 
Customer 

side 
Microgrid 
with DER 

Frequency regulation      

Reactive voltage support      

Voltage sag mitigation      

Output power smoothing      

Output power firming      

Power oscillation 
damping      

Peak shaving      

Peak shifting      

Black start      

Backup power supply      

NOTE 1 Table 1 is based on IEC TS 62933-3-2:2023. 

NOTE 2 The contents of frequency regulation, output power smoothing or output power firming, voltage sag 
mitigation, power oscillation damping and reactive voltage support are specified in IEC TS 62933-3-2:2023. 

NOTE 3 The contents of peak shaving or peak shifting and backup power supply are specified in IEC 62933-2-1. 

NOTE 4 The content of black start is specified in IEEE Std 2030.2.1TM. 
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Normally, an electrochemical based EES system can perform more than one application 
function in practical projects. For example, the application functions of both frequency 
regulation and black start can be provided by an electrochemical based EES system. 

4.3 System structure 

The typical architecture of an electrochemical based EES system is shown in Figure 1. 

 

NOTE 1 IEC 62933-1:2024, Figure 6, is used with revision on accumulation subsystem. 

NOTE 2 The auxiliary subsystem connection shown here represents a typical connection, but there are other ways 
to feed the auxiliary subsystem as discussed in 8.3.2. 

Figure 1 – Typical architecture of electrochemical based EES system 

An electrochemical based EES system includes the accumulation subsystem, the power 
conversion subsystem, the auxiliary subsystem and the control subsystem. The boundary 
between the electrochemical based EES system and the electric power system is defined as 
the POC and all parameters are measured at the POC. 

4.4 Functions of subsystems 

4.4.1 General 

The electrochemical based EES system has a complex structure consisting of four subsystems. 
The subsystems perform their own functions and work in coordination to ensure the stability 
and reliability of the electrochemical based EES system. 

4.4.2 Accumulation subsystem 

The accumulation subsystem can store and release energy according to the operation mode of 
the power conversion subsystem. Accumulation subsystems are generally designed to meet 
performance specifications throughout their service life. This includes their service life under 
use conditions such as operation patterns, environmental conditions, maintenance cycles, etc. 
The batteries used in the accumulation subsystem can be of different chemistries, such as Li-
ion, FB, NAS, LC and LA. Different types of batteries show different characteristics, which can 
affect the performance of electrochemical based EES systems. When designing and using an 
electrochemical based EES system, it is important to consider the characteristics of batteries 
and their respective performance features. 
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4.4.3 Power conversion subsystem (PCS) 

The power conversion subsystem converts the DC power of the accumulation subsystem into 
AC output power to the grid at the POC during discharge of the accumulation subsystem, and 
can convert grid AC input power to suitable DC power for charging the accumulation subsystem. 
The power conversion subsystem has an impact on the apparent power characteristic of the 
electrochemical based EES system, it can also affect the power quality at the POC. 

Generally, the power conversion subsystem is connected to the accumulation subsystem and 
the primary connection terminal. It also includes all power transfer apparatus between the 
connection terminal and the accumulation subsystem, for example any kind of power 
transformer, AC/DC converter, inverter, controller, AC filter or switching elements. 

4.4.4 Auxiliary subsystem 

The auxiliary subsystem contains necessary equipment to perform the auxiliary functions of the 
electrochemical based EES systems, such as auxiliary power supply subsystem, heating, 
ventilation and air conditioning subsystem, fire detection and suppression subsystem. 

The auxiliary power supply subsystem is used to provide power for lighting, mechanical 
equipment, and ventilation facilities of the electrochemical based EES system. 

The heating, ventilation and air conditioning subsystem can make the electrochemical based 
EES system operate in a suitable environment, which will improve the operation efficiency and 
safety of the electrochemical based EES system. For example, the heating, ventilation and air 
conditioning apparatus are installed to keep the temperature and humidity of the equipment 
room within a normal range, and the forced air cooling or liquid cooling apparatus are configured 
to cool down the operation temperature of the accumulation subsystem and the power 
conversion subsystem, so that the electrochemical based EES system can work in an optimal 
condition in line with the manufacturer’s recommendation. 

The fire detection and suppression subsystem is designed to take corresponding fire protection 
measures according to the different sizing and characteristics of batteries. The fire detection 
subsystem is often set up in the main control room, power distribution room, battery room and 
PCS room, etc. Thus, when a fire occurs, the fire suppression subsystem can automatically 
participate in the fire extinguishing or warn site operators to take specified measures. The fire 
suppression subsystem used is required to be appropriate for fighting different types of 
electrical fire. 

4.4.5 Control subsystem 

The control subsystem is responsible for energy management, control strategy of the EES 
system, data interaction with other systems and access of all communication equipment. The 
control subsystem has the duty to manage the charging and discharging of the BESS according 
to application functions, established energy management strategy and command of the utility 
grid.  

A control subsystem in the electrochemical based EES system can include a communication 
subsystem, protection subsystem and management subsystem. Some of their common 
functionalities are described below. 

The communication subsystem can exchange information between the electrochemical based 
EES system and the grid operator or the system operator. The electrochemical based EES 
system is designed to receive control and regulation instructions sent by the grid operator or 
the system operator to ensure the secure operation of the electrochemical based EES system 
and the grid. 
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The protection subsystem can assess and classify the faults and abnormal operating status by 
measuring operating parameters of the accumulation subsystem, the power conversion 
subsystem and the auxiliary subsystem. Some essential measures will then be taken to deal 
with the faults or abnormal operating status, thus ensuring the normal and safe operation of 
electrochemical based EES system. 

The management subsystem includes the management functions for the accumulation 
subsystem, the power conversion subsystem and the auxiliary subsystem. The management 
subsystem has some necessary functions, such as measurement, recording, monitoring, 
display functions, and control, etc. The management subsystem will provide the signals to direct 
the operation of the EES system such as the rate of charging and discharging of the 
accumulation subsystem and the power factor of the power delivered or received at the POC. 

5 Design cases of electrochemical based EES systems in power generation 
side 

5.1 Case 1: 30 MW/15 MWh LFP EESS 

5.1.1 General information  

The 30 MW/15 MWh LFP EESS is installed in a thermal power plant with 4 generators 
((2 × 600) + (2 × 1 000) MVA). The BESS is connected to a 6 kV auxiliary busbar of #3 
generator and #4 generator. The BESS can assist #3 and #4 generators to perform frequency 
regulation. 

This project adopts 40 Ah LFP batteries with a rated charge-discharge rate of 2C and each 
EESS unit has a 15 MW high-voltage cascaded PCS. The aerial view is shown in Figure 2. 

 

Figure 2 – Aerial view of Case 1 

5.1.2 Integration scheme 

5.1.2.1 Grid integration scheme  

The LFP EESS is divided into six battery banks, each with a rated capacity of 5 MW/2,5 MWh. 
Every two battery banks are separately connected to sections A, B or C of 6 kV busbars, as 
shown in Figure 3. The auxiliary transformers are supplied by the 6 kV busbar of section B of 
#3 and #4 generators, with duplicated power supply to ensure reliability, and are transformed 
to 380 V through the local step-down transformer of the EES system. 
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Figure 3 – Integration scheme of Case 1 

5.1.2.2 Unit integration scheme  

This project consists of two 15 MW/7,5 MWh high-voltage cascade EESS units. Each EESS unit 
consists of three 5 MW/2,5 MWh battery banks, as shown in Figure 4, and each phase 
integrates a 835,584 kWh LFP battery system and one PCS. The three phases are connected 
to a local 6 kV switchgear as shown in Figure 5. 

 

Figure 4 – Single line diagram of phase A, B and C container 
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Figure 5 – Single line diagram of EES system 

5.1.3 Site and layout  

The electrochemical based EES system is arranged outdoors and occupies an area of 2 533 m2. 
The layout of BESS is shown in Figure 6. 

Dimensions in millimetres 

 

Figure 6 – Layout of Case 1 

Full document details: PD IEC TR 62933-3-200:2025

http://www.avadocuments.com/doc/pd-iec-tr-62933-3-200-2025
http://www.avadocuments.com/doc/pd-iec-tr-62933-3-200-2025


 – 18 – IEC TR 62933-3-200:2025 © IEC 2025 

There are 18 single-phase containers, one central control container, one high-voltage container, 
one station power supply container, one energy storage centralized control container, and 36 
outdoor independent air conditioners in the EESS. All containers are arranged outdoor. The 
spacing between neighbouring containers is 3 m. 

5.1.4 Design of subsystems 

5.1.4.1 Accumulation subsystem 

The LFP battery adopts 40 Ah LFP square aluminium shell cells. There are two kinds of battery 
packs: Pack 1 and Pack 2. Pack 1 has two branches of LFP cells connected in parallel and 
each branch consists of 18 LFP cells connected in series. Pack 2 has two branches of cells 
connected in parallel and each branch consists of 2 cells connected in series. A battery cluster 
consists of 15 Pack 1 modules and one Pack 2 module. Battery parameters are shown in Table 2, 
Table 3 and Table 4. 

Table 2 – Parameters of LFP battery cell 

Item Unit Specifications 

 

Shape - Square 

Battery type - LFP 
Cell dimension (W × D × H) mm 148 × 27 × 132 

Rated voltage V 3,20 
Operation voltage range V 2,5 ~ 3,65 

Operation temperature 
range °C 

Charge: 0 ~ 45 
Discharge: -20 ~ 60 

Storage temperature °C -40 ~ 45 

Cell weight g 1 035 ± 20 

 

Table 3 – Parameters of battery pack 

Item Specifications of 
Pack 1 

Specifications of 
Pack 2 

Rated voltage 57,6 V 6,4 V 

Rated energy 4,608 kWh 0,512 kWh 

String mode of cells 2P18S 2P2S 

Number of cells 36 4 

 

Table 4 – Parameters of battery cluster 

Item Specifications 

String mode of packs 15 Pack 1+1 Pack 2 

Rated voltage 870,4 V 

Rated energy 69,632 kWh 

Rated power 138,2 kW 

Rated current 160 A 

Number of cells 544 
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5.1.4.2 Power conversion subsystem 

Each 5 MW/2,5 MWh battery bank is connected to a 6 kV bus through a high-voltage cascaded 
PCS with a rated power of 5 000 kW. 

The parameters of 5 MW PCS in the project are shown in Table 5. 

Table 5 – Parameters of 5MW PCS 

Parameters Specifications 

Rated power 5 MW 

DC voltage range 675 V - 985 V 

Rated AC voltage 6 kV 

Rated grid connection frequency 50 Hz 

 

The PCS topology is shown in Figure 7. 

 

Figure 7 – PCS topology 
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5.1.4.3 Auxiliary subsystem  

5.1.4.3.1 Heating, ventilation and air conditioning subsystem 

The battery temperature control system reasonably designs the refrigeration air duct in the 
battery box to ensure that the battery temperature difference in the same battery cluster of each 
phase container is not higher than 8 °C. At the same time, the design of the temperature control 
system also considers the characteristics of high temperature and high humidity salt fog in the 
coastal environments of the project. The dehumidification function can control the maximum 
relative humidity to not greater than 75 %. Each air conditioner and sensor of the temperature 
control system is connected to the BMS system corresponding to the single-phase container 
and linked with the temperature and humidity measurement point information in the battery 
module. The temperature control system uploads the environmental information and the 
operation status of the temperature control system in real time, and can be monitored and 
controlled by the energy storage control system. 

5.1.4.3.2 Automatic fire suppression subsystem 

The container is equipped with FSS which includes the compound fire detector, control panel, 
alarm device, exhaust pipe and vent head. The fire detector can detect hydrogen, carbon 
monoxide, VOC, temperature and smoke. The fire extinguishing agent used in the project is 
HFC-227ea. 

5.1.4.3.3 Auxiliary power supply subsystem 

The EES system contains a container equipped with two auxiliary transformers. The design 
capacity of each transformer is 1 000 kVA. The high-voltage side of the two transformers is 
connected to Section B of the auxiliary power bus of the power plant #3 and #4 generators 
respectively, and dual auxiliary power supplies are equipped to ensure the reliability of the EES 
system. The auxiliary power system is mainly used for container air conditioning, lighting, power 
load, power distribution system and other loads. 

5.1.4.4  Control subsystem  

5.1.4.4.1 Communication subsystem 

A non-metallic optical cable is laid to ensure the communication between each group of EESS 
units and the centralized control room in the station. The communication subsystem adopts 
Modbus/IEC 104 protocol. 

The project is equipped with a computer monitoring system. The monitoring system can realize 
reliable monitoring, measurement and control of the EES system, and has all telecontrol 
functions and clock synchronization functions such as telemetry, remote signalling, remote 
adjustment and remote control, and has the ability to exchange information with the remote 
dispatching centre and monitoring centre. The specific functions mainly include data acquisition 
and processing, database establishment and maintenance, control operation, error prevention 
locking, alarm processing, event sequence recording and accident recall, picture generation 
and display, online calculation and tabulation, electric energy processing, telecontrol function, 
clock synchronization, human machine interaction, system self-diagnosis and self-recovery, 
interface with other equipment, operation management, etc. 

5.1.4.4.2 Management subsystem 

The EMS includes the station control layer and the local layer. The local layer provides access 
to all communication equipment, namely local management and control. The station control 
layer is responsible for the energy management and control scheduling of the whole system, as 
well as the data interaction with other systems and other layers. 

The local layer refers to the operation site of the EES container, which is composed of an on-
site optical fibre communication ring network and local controller, which is mainly responsible 
for on-site equipment access and local control. 
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The station control layer refers to the local control system of each EES system, which is 
composed of real-time monitoring cabinet, energy management cabinet and remote information 
cabinet, and is mainly responsible for the monitoring and operation control strategy of the EES 
substation. 

The EMS is deployed in the server, and the architecture of the EMS network is shown in Figure 8. 
The server, communication manager, controller and switch are set in the control room of the 
centralized control container. The lower layer of the communication manager is connected to 
the comprehensive protection device of the switch cabinet. The server, communication manager 
and controller use Modbus TCP protocol for data interaction. The server is connected to the 
switch through the firewall, and then communicates with the I/O module, RTU communication 
manager and operation terminal using Modbus TCP protocol. 

 

Figure 8 – Architecture of the EMS network 

The EMS is mainly used to control AGC response strategy of the EES system, which is 
independent of the generator DCS system. In principle, the EES system cannot affect the 
original generator control. The EES system is designed to exchange data with the generator 
DCS system by hard-wired circuit. 

a) Normal energy storage control strategy 
The EES system is charged or discharged quickly in real time in response to the AGC 
instruction, and the AGC combined frequency regulation is completed together with the 
generator. The EES control system is designed to determine the AGC state of the generator 
first, and then implement the following strategies: 
1) When the power grid requires the generator to increase the output, the EES system and 

the generator respond simultaneously. The EES system immediately converts to the 
discharge mode, and the output of the EES system gradually decreases to zero, as the 
output of the generator ramps up. 
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2) The control strategy takes the variable load rate control of the generator into 
consideration, that is, the optimal variable load rate of the generator is calculated 
through EMS and transmitted to the load control centre of DCS to manipulate the variable 
load rate value of the generator, to change the speed of the corresponding AGC 
instruction of the generator. 

3) If affordable, the small AGC instruction is borne by the energy storage system first. The 
coordinated control subsystem of the generator controls the fuel input of the generator 
in a linear mode to avoid dynamic fluctuation of the steam temperature. 

4) When AGC exits, the EES system does not participate in the frequency regulation 
response. 

5) Generally, in the non-frequency regulation stage or the stage where the generator output 
requirements remain unchanged, the SOC of the EES system is kept at approximately 
50 %. 

6) The balance of the battery SOC of each battery bank is comprehensively considered for 
the power control of the PCS. 

b) Abnormal energy storage control strategy  
Typical abnormal energy storage control strategies are listed as follows: 
1) When the temperature exceeds the limit, the battery output and the chargeable and 

dischargeable power are limited, and the battery enters the limited power operation 
mode. 

2) During the output control of the EES system, the load current at the high-voltage side of 
the step-up transformer is monitored in real-time to avoid overload or reverse power flow 
of the high-voltage station transformer. In case of exceeding the limit, the output of the 
EES system is limited. 

3) When the battery SOC difference between battery banks is large, the EMS will start the 
SOC balance command to properly adjust the charge and discharge power. 

4) When abnormal conditions of the 6 kV distribution system occur, such as the tripping of 
the 6 kV distribution system, the EES system is removed and isolated. The inter tripping 
of switches is set through a hard-wired circuit. 

5) If the EESS unit has a serious fault and cannot continue to work normally, the protection 
will trip the 6 kV working section switch of the EESS unit and then the 6 kV incoming 
switch in the control container of the EESS unit will be tripped, and the EES system will 
be shut down to realize the complete electrical isolation between the EES system and 
the power plant system. After the EESS unit returns to normal, the operator reconfirms 
the working condition and manually operates the corresponding switch to put the EES 
system back into operation. 

6) In case of abnormal working conditions of the EES system, the alarm signal of the EES 
system will trip the 6 kV incoming switch in the EES control container, and then trip the 
superior switch to realize the complete electrical isolation between the EES system and 
the power plant system. When the EES system returns to normal, the operator 
reconfirms the working condition, and manually operates the switch to put the EES 
system back into operation. 

The joint frequency regulation response recorded by the EMS of the EES system is shown in 
Figure 9. The load level of #3 generator is between 398 MW and 957 MW. When #3 generator 
and the energy storage AGC are put into operation, a 30 MW/15 MWh EES system combined 
with #3 generator responds to the AGC command at the same time. During the whole operation 
process, the EES system responds accurately according to the pre-set joint frequency 
regulation control strategy. 
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Figure 9 – Actual operation curve recorded by EMS system 

5.1.4.4.3 Protection subsystem 

The EES system adopts advanced multi-level BMS for system monitoring. The lower layer is 
the module BMS, which is used to measure voltage and temperature and perform the battery 
balance function of up to 22 cells. The cabinet BMS can manage all 12 module BMS units, 
measure the total voltage and current, and perform the protection function by switching its own 
DC contactor. Finally, the main BMS manages the BMS unit of the cabinet and communicates 
with the monitoring system. 

Each system consists of a battery monitoring circuit, slave BMU, master BMU, high voltage line 
control unit, pre-charging (parallel) line of energy storage cabinet, high voltage detection unit, 
thermal management unit, current detection unit, emergency stop system, etc. This BMS is 
used to detect the voltage and temperature of each battery unit in the cabinet and the current 
of a single cabinet, calculate the SOC of the battery unit in the battery rack, and store the 
relevant manufacturing information, version information and necessary historical operation data 
of the battery rack. BMS units communicate in real time through CAN bus. Each layer transmits 
the battery operation status and alarm information to the superior management system and 
receives the operation instructions issued by the superior management system. The 
management system can automatically manage high voltage and temperature, make overall 
planning for the automatic battery balance function of the whole battery rack, and automatically 
calibrate SOC according to the calculation results when necessary. 

5.2 Case 2: 15 MW/60 MWh FB EESS 

5.2.1 General information 

The electrochemical based EES system using vanadium flow batteries is in the renewable 
energy sources side with an energy capacity of 60 MWh. The view is shown in Figure 10. 
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Figure 10 – View of Case 2 

The system started commercial operation in 2019 after a three-year demonstration period of 
control technology from 2016. During the demonstration period, the EES system had a rated 
output of 15 MW, a rated charge time/discharge time of 4 h and a rated capacity of 60 MWh. 
For power intention related applications, the EES system is capable of operating at 30 MW. 

5.2.2 Integration scheme 

5.2.2.1 Grid integration scheme  

The integration scheme is shown in Figure 11. The EES system is interconnected to the 66 kV 
switchgear of a substation through a single line. 
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Key 

LBS load break switch 
GCB grid circuit breaker 
ACB air circuit breaker 
MCCB moulded case circuit breaker 
VMC vacuum magnetic contactor 

Figure 11 – Integration scheme of Case 2 

5.2.2.2 Unit integration scheme  

The EES system is divided into 13 banks, after being stepped down to 6,6 kV by a transformer. 
The voltage is then stepped down to a lower voltage of 270 V in each bank and connected to 
the power conversion system. Each bank has a capacity of 5 MWh (1,25 MW × 4 h, maximum 
power output 2,5 MW). The EES system can be shut down for maintenance on a bank-by-bank 
basis and has one bank for redundancy. 

5.2.3 Site and layout  

The EES system is installed in a two-story building with a total floor area of approximately 
9,600 m2 built in the substation area. The layout of electrochemical based EES system is shown 
in Figure 12. 
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Figure 12 – Layout of Case 2 

A total of 130 flow battery cubicles and tanks, 13 PCSs and BMSs, 66 kV/6 kV transformers 
and gas insulated switchgears are installed at the site. 

5.2.4 Design of subsystems 

5.2.4.1 Accumulation subsystem 

The combination of five battery modules and a PCS is called a bank. In one bank, five battery 
modules are electrically connected in series and connected to a PCS. The maximum output of 
the PCS is 2,5 MW, and the storage battery capacity of one bank is 5 MWh. The total system 
consists of 13 banks, with a total capacity of 60 MWh. One bank is a redundant bank considering 
maintenance. 

The parameters of the flow battery system are shown in Table 6. 
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Table 6 – Parameters of FB EESS 

Equipment Remarks 
Quantity 

Module Bank Total 

Cell stack 38 kW 8 40 520 

Battery cubicle 125 kW 2 10 130 

Heat exchanger Forced air 2 10 130 

Tank (electrolyte) 40 m3 2 10 130 

Pump  2 10 130 

BMS  - 1 13 

PCS 2,5 MVA - 1 13 

Bank controller  - - 1 

Electrolyte Vanadium electrolyte solution 

Power (MW) 
Nominal - 1,25 15 

Maximum - 2,5 30 

Energy capacity (MWh)  - 5 60 

 

5.2.4.2 Power conversion subsystem 

The PCS of a bank is connected to the low-voltage side of the local step-up transformer through 
2,5 MVA PCS. 

The main technique performance parameters of the PCS are shown in Table 7. 

Table 7 – Main Parameters of PCS 

Item Specifications 

Type Main circuit Self-excited type PWM 

Cooling  Forced air 

DC input/output String  8 

Voltage range DC 480-750 V 

DC maximum current 6 400 A (800 A x 8 string) 

AC input/output Connection mode Three-phase – 3 wires 

AC output voltage 270 V +/- 10% 

Frequency 50 Hz +/- 1 Hz 

Nominal power 2 500 kVA 

Power factor > 0,95 

Response time < 100 ms (-100 % to +100 % output) 

Noise level < 70 dB 

 

5.2.4.3 Auxiliary subsystem 

The main auxiliary equipment for the flow battery system is the pump and heat exchanger fan. 
The flow battery EES system is designed to take into consideration the power consumption of 
this auxiliary equipment and output of the auxiliary equipment power by adding it to the output 
command value from the control centre. 
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5.2.4.4 Control subsystem  

5.2.4.4.1 Communication subsystem 

The EES system is operated by the load dispatching centre of the transmission system operator. 
The output command values from the load dispatching centre are allocated to the PCSs in each 
bank by the bank controller of the communication subsystem. The EES system outputs the sum 
of the output command value from the load dispatch centre and the output value required for 
governor free equivalent control determined by the system based on the frequency measured 
by the system. 

5.2.4.4.2 Management subsystem 

A BMS is installed to monitor the cell stacks and to control and monitor the fluid system in each 
bank. The BMS has a protective function to shut down the system in the abnormal event, in 
coordination with the PCS. 

The various control technologies verified for the management subsystem are listed in Table 8. 

Table 8 – Verified control modes 

Control mode Description 

Frequency regulation 

1) Detects frequency and controls battery depending on frequency 
deviation. 

2) Determines the adjusting amount for total output depending on 
the frequency deviation, then distributes it to each 
hydroelectric power station and EES system. 

Output power firming 

1) Compensates the short periodic fluctuation of the total outputs, 
based on the collected data from multiple wind power and PV. 

2) Composes operation plan to avoid generation of the surplus 
power supply based on the output forecast of the wind power, 
PV and the supply-demand plan. 

3) Mitigates the long periodic fluctuation based on the output 
forecast of wind power and PV. 

 

The performance of active power output of an electrochemical based EES system is shown in 
Figure 13. 

 

Figure 13 – Performance of active power output 
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The ramp rate of the system is defined as the average rate of active power variation per unit of 
time between T2 and T1 as shown in Figure 13. In this definition, the ramp rate is calculated to 
200 MW/s. 

This test result shows that the system has a sufficiently high response speed, enough for short-
period fluctuation control operation. The response time of the system is limited by the dynamic 
performance of the PCS and communication delay. In previous tests, it is confirmed that the 
chemical reaction of vanadium flow batteries is less than 1 ms. 

5.2.4.4.3 Protection subsystem 

System protection is provided by the grid connection protection relay, PCS and BMS. 

5.3 Case 3: 50 MW/300 MWh NAS EESS 

5.3.1 General information 

The electrochemical based EES system is installed on the site of the power station, which is 
equipped with 50 MW/300 MWh NAS EESS. The NAS EESS is to improve the demand and 
supply balance of solar generation by utilizing its storage capacity, and for controlling grid 
voltage. The aerial view is shown in Figure 14. 

 

Figure 14 – Aerial view of Case 3 

5.3.2 Integration scheme 

5.3.2.1 Grid integration scheme 

The NAS EES system is divided into two zones. Zone #1 consists of 124 NAS battery containers 
with 31 PCSs of 800 kW, while Zone #2 consists of 128 NAS battery containers with 32 PCSs 
of 800 kW. The Integration scheme is shown in Figure 15. The EES system is connected to the 
66 kV power grid. The two zones are separately connected to 6,6 kV busbars of two 
66 kV/6,6 kV transformers with a capacity of 30 MVA each. 
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Figure 15 – Integration scheme of Case 3 

5.3.2.2 Unit integration scheme 

The EES system consists of thirty-one 1,6 MW/9,6 MWh EESS units and one 0,8 MW/4,8 MWh 
EESS unit, with a total capacity of 50 MW/300 MWh. Each 0,8 MW/4,8 MWh unit is connected 
to a PCS which converts DC voltage to AC 320 V. Two PCSs are connected to one 320 V/6,6 kV 
transformer, and 6,6 kV bus line. The single line diagram of EESS unit is shown in Figure 16. 
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Figure 16 – Single line diagram of EESS unit 

5.3.3 Site and layout 

The EES system is arranged in the open space, with a total area of about 14 000 m2 
(100 m × 140 m). The layout of electrochemical based EES systems is shown in Figure 17. 

Full document details: PD IEC TR 62933-3-200:2025

http://www.avadocuments.com/doc/pd-iec-tr-62933-3-200-2025
http://www.avadocuments.com/doc/pd-iec-tr-62933-3-200-2025


 – 32 – IEC TR 62933-3-200:2025 © IEC 2025 

 

Key 

1 Battery container 

2 PCS container 

3 66 kV/6 kV transformer 

4 6 kV switchgear 

Figure 17 – Layout of Case 3 

A total set of 252 NAS battery containers, 63 PCS containers, two 6 kV substation equipment 
containers and two 66 kV/6 kV transformers are installed at the site. 20 ft battery containers 
are double stacked. 

5.3.4 Design of subsystems 

5.3.4.1 Accumulation subsystem 

A NAS battery module is composed of 192 cells, specifically two series connections of eight 
series connections of twelve cells connected in parallel. The module has dimensions of 2,0 m 
(width), 1,5 m (length), and 0,8 m (height). Its rated output power is 33 kW, with a capacity of 
200 kWh. Six such modules, with a total rated power of 200 kW, are assembled to form a box 
unit resembling a 20 ft standard freight container. 

The parameters of a NAS battery cell, battery module and battery container are shown in 
Table 9, Table 10 and Table 11. 
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Table 9 – Parameters of NAS battery cell 

Item Unit Specifications 

 

Shape - Cylinder 

Battery type - NAS 

Rated voltage V 2,0 

Operation voltage range V 1,78 ~ 2,08 

Optimal temperature range °C 300 ~ 340 

Operating temperature 
range °C 290 ~ 360 

 

Table 10 – Parameters of battery module 

Item Pack 

Rated power 33 kW 

Rated energy 200 kWh 

String mode of cells 12P8S2S 

Number of cells 192 

Module dimension  

(W × D × H) 
2 m × 1,5 m × 0,8 m 

 

Table 11 – Parameters of battery container 

Item Specifications 

Rated energy 1 200 kWh 

Rated power 200 kW 

Number of cells 1 152 

Weight 21 t 

 

5.3.4.2 Power conversion subsystem  

The 0,8 MW/4,8MWh accumulation subsystem is connected to the low-voltage side of the local 
step-up transformer through an 800 kVA PCS. 

The main technical performance parameters of the PCS are shown in Table 12. 
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