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International Electrotechnical Commission 

• Several IEC technical committees (TCs) prepare international standards relevant to EES:

https://www.iec.ch/energies/electrical-energy-storage

IEC TC 4

• Publishes standards covering 
storage pumps used in 
pumped-storage hydro power 
plants

IEC TC 21

• Issues documents for all 
secondary cells and batteries, 
including for renewable, on-
grid and off-grid energy storage

IEC TC 40 [O-Member]

• Establishes the specifications 
for energy storage systems 
using electrodes and 
electrolytes (capacitors)

IEC TC 105 [O-Member]

• Develops standards for fuel cell 
technologies

IEC TC 120

• Covers all types of EES 
technologies in a systems-
based approach

IEC TC 69

• Prepares standards relating to 
EVs including for the 
management of charging 
infrastructure

IECEE

• Is one of the four Conformity 
Assessment Systems 
administered by the IEC



Performance Safety

Battery Energy Storage System Standard

BESS 

BESS Units

Conversion subsystem

Battery system

Battery cell/module/tray

IEC 6933-5-1/2

IEC 62109
IEC 62477

IEC 63056

IEC 62619

IEC 6933-5-1/2
Grid code
IEC 62933-2-1/2

IEC 62933-2-1/2

Grid code
IEC 61683

IEC 61427-1/2

IEC 62620



Performance Safety

Battery Energy Storage System Standard

BESS 

BESS Units

Conversion subsystem

Battery system

Battery cell/module/tray

IEC 6933-5-1/2

IEC 62109
IEC 62477

IEC 63056

IEC 62619

IEC 6933-5-1/2Grid code
IEC 62933-2-1/2

IEC 62933-2-1/2

Grid code
IEC 61683

IEC 61427-1/2

IEC 62620



IEC 62619

Battery cell/module/tray

• Secondary cells and batteries containing 
alkaline or other non-acid electrolytes -
Safety requirements for secondary lithium 
cells and batteries, for use in industrial 
applications

Publication type International Standard

Publication date 2022-05-24

Edition 2.0

TC/SC TC 21/SC 21A - Secondary cells and batteries 
containing alkaline or other non-acid electrolytes



Battery cell/module/tray

IEC 62619 - Scope 

Requirements and tests for the safe operation of secondary lithium cells 
and batteries used in industrial applications including stationary applications.

Stationary applications:
telecom, uninterruptible power supplies (UPS), electrical energy storage 
system, utility switching, emergency power, and similar applications.

Motive applications:
forklift truck, golf cart, auto guided vehicle (AGV), railway, and marine, 
excluding road vehicles.



Battery cell/module/tray

IEC 62619 - Potential hazard

fire, (การเกิดไฟ)

burst/explosion, (การระเบดิ)

critical electrical short-circuit due to leakage
of cell electrolyte, (การรั่วไหลของอิเลก็โทรไลต)์

venting which continuously vents out 
flammable gases, 

rupture of the casing of cell, module, 
battery pack, and battery system with 
exposure of internal components.



Hazard Definitions

การระเบิด (explosion)

• ความบกพร่องที่เกิดขึ้นเมื่อ
ภาชนะบรรจุของเซลล์หรือ
เปลือกหุ้มแบตเตอรี่เปิดออก
อย่างรุนแรงและชิ้นสว่นหลัก
ถูกขับด้วยแรงให้หลุดออกมา

การแตกร้าว (rupture)

• ความบกพร่องทางกลของ
ภาชนะบรรจุเซลล์หรือเปลือก
หุ้มแบตเตอรี่ที่เกิดจากสาเหตุ
ภายนอกหรือ ภายในเป็นผล
ท าให้วัสดุภายในเผยตัว

การรั่วซึม (leakage)

• การรั่วไหลของอิเล็กโทรไลต์
เหลวที่มองเห็นได้



Hazard Definitions

การรั่วซึม (leakage)

• การรั่วไหลของอิเล็กโทรไลต์
เหลวที่มองเห็นได้

การระบาย (venting)

• การที่เซลล์หรือแบตเตอรี่
ระบายความดันภายในส่วนที่
เกินออกมา ในลักษณะที่
เป็นไปตามที่ได้ออกแบบ ไว้
เพื่อป้องกันไม่ให้เกิดการ
แตกร้าวหรือการระเบิด

ไฟ (fire)

• การกระจายออกของเปลวไฟ
จากเซลล์หรือแบตเตอรี่



Battery cell/module/tray

IEC 62619 - Sample size for type tests 
Category Requirements and tests Cell Battery

Product safety test
(safety of cell and

battery system

External short-circuit test 1 -

Impact test 1 -

Drop test 1 1

Thermal abuse test 1 -

Overcharge test 1 -

Forced discharge test 1 -

Consideration of internal 
short circuit (select one 
from the two options)

Internal short circuit 
test

5 -

Propagation test - 1

Functional safety test
(safety of battery 

system)

Overcharge control of voltage - 1

Overcharge control of current - 1

Overheating control - 1



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

External short-
circuit test
(cell or cell block)

Fully charged cells are short-circuited with 
resistance of 30 ± 10mΩ
The cells remain on test 6 hours elapsed

No fire. No 
explosion



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

Impact test
(cell or cell block).

No fire, no 
explosion.h:61mm



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

Impact test
(cell or cell block).

No fire, no 
explosion.



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

Drop test
(cell or cell 
block, and 
battery system).

No fire, no 
explosion



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

Drop test
(cell or cell 
block, and 
battery system).

No fire, no 
explosion



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

Thermal abuse test
(cell or cell block)

Each fully charged cell, ambient 
temperature of 25 °C ± 5 °C,
raised at a rate of 5°C /min 
temperature of 85 °C ± 5 °C , 3h

No fire, No 
explosion



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

Overcharge test 
(cell or cell block)

Charged CC-mode 
with Maximum charging current battery 
system until the voltage reaches the 
maximum voltage

No fire, No 
explosion



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

Forced discharge test 
(cell or cell block).

discharge at 1,0 It A for a test period of 
90min.
Target voltage = – (upper limit charging 
voltage of the cell)

No fire, No 
explosion

BAT
+

-

Charger
+

-



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

Internal short 
circuit test 

Refer to 8.3.9 of IEC 62133:2012 No fire, no 
explosion.

Battery 
management 
system 

- Overcharge control of voltage (battery 
system)
- Overcharge control of current (battery 
system)
- Overheating control (battery system)

No fire, no 
explosion.



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria
Battery management 
system 

- Overcharge control of voltage (battery system)
- charged at the maximum current with set 

voltage exceeding the upper limit charging 
voltage by 10 %, 1h

No fire, no 
explosion.

upper limit charging voltage by 10 %



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

Battery management 
system 

- Overcharge control of current (battery system)
- charged at a current exceeding the
- maximum charging current by 20 %. 1h

No fire, no 
explosion.

charging current 120 %



Battery cell/module/tray

IEC 62619- Specific requirements and tests

Test Item Requirements Criteria

Battery management 
system 

- Overheating control (battery system)
- charged at a current 0.5C
- The temperature increased to 5 °C above the 

maximum operating temperature.

No fire, no 
explosion.
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Battery system

IEC 63056 

• Secondary cells and batteries 
containing alkaline or other non-acid 
electrolytes - Safety requirements for 
secondary lithium cells and batteries 
for use in electrical energy storage 
systems

Publication type International Standard

Publication date 2020-03-27

Edition 1.0

TC/SC TC 21/SC 21A - Secondary cells and batteries 
containing alkaline or other non-acid electrolytes



Battery system

IEC 63056 - Scope

• Requirements and tests with a maximum DC voltage of 1 500 V (nominal).

• Basic safety requirements are included in IEC 62619. This document provides 
additional or specific requirements for EESS.



Battery system

IEC 63056 - Specific requirements and tests

• Resistance to abnormal heat

• Casing material of a battery system that can be transported for installation or 
maintenance 

• Electric insulation check during transport and installation

• Charging procedures for test purposes 

• Protection against short circuit during transport and installation 

• Protection for reverse connection

• Over-discharge control of voltage (battery system

• Drop test



Battery system

IEC 63056 - Specific requirements and tests



Test items Specific requirements and tests

Resistance to abnormal 
heat

Non-metallic materials on which parts at HAZARDOUS VOLTAGE subjecting the 
part to the ball pressure test in IEC 60695-10-2

Battery system

IEC 63056 - Specific requirements and tests

The test is made in a heating cabinet at a 
temperature of (ΔT + Tmax + 15 °C) ± 2 °C.



Test items Specific requirements and tests

Casing material of a 
battery system that can 
be transported for 
installation or 
maintenance

Thermoplastic materials used for casing should be of class V-2, V-1 or V-0. 
classified in accordance with IEC 60695-11-10.

Battery system

IEC 63056 - Specific requirements and tests



Test items Specific requirements and tests

Electric insulation 
check during 
transport and 
installation

Compliance is checked by an insulation resistance test of IEC 
62133:2017
Insulation >5 MΩ at 500 V DC

Battery system

IEC 63056 - Specific requirements and tests



Test items Specific requirements and tests

Protection for 
short circuit during 
transport and 
installation

- Short-circuited with external resistance < 100 mΩ
- Remain on test for 6 h
- No rupture, no fire, no explosion.

Battery system

IEC 63056 - Specific requirements and tests



Test items Specific requirements and tests

Protection for 
reverse 
connection

- Connect one of the DUTs of the battery system with 
opposite polarity. 
- Connect the remaining other DUTs in the battery 
system with the correct polarity.
- Turn on the main power of the BMS and of the 
battery system.
- Charge/Discharge  the battery system with the 
conditions specified by the manufacturer
- until it is fully charged, or charging is stopped by a 
safety protection. 
- The battery system shall be put on rest for an hour
-No rupture, no fire, no explosion.

Battery system

IEC 63056 - Specific requirements and tests



Battery system

IEC 63056 - Specific requirements and tests

Test items Specific requirements and tests

Over discharge 
control of 
voltage (battery 
system)

The BMS shall control the cell voltage during discharging above 
the lower limit discharging voltage of the cells.
• discharged  0.2C to SOC 30%
• discharged at the specified maximum discharging current.
• until the BMS terminates the discharging before exceeding 

the lower limit discharging voltage
• continued for 1 h after discharging is stopped

Acceptance criteria
• The BMS shall interrupt the over-discharging current by an 

automatic disconnect of the main contactors in order to 
protect the battery system against further related severe 
effects such as fire, explosion or cell voltages below their 
specified limits.



Battery system

IEC 63056 - Specific requirements and tests

Test items Specific requirements and tests

Drop test
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Conversion subsystem

IEC 62477-1

• Safety requirements for power 
electronic converter systems and 
equipment - Part 1: General

• Scope
• This part of IEC 62477 applies to Power 

Electronic Converter Systems (PECS) 
with rated system voltages not 
exceeding 1 000 V a.c. or 1 500 V d.c.

• Provides minimum requirements for 
safety aspects.

Publication type International Standard

Publication date 2016-07-28

Edition 1.1

TC/SC TC 22 - Power electronic systems and equipment



Conversion subsystem

IEC 62477-1 - Specific requirements and tests

• Visual inspection

• Mechanical tests

• Electrical tests

• Abnormal operation tests

• Material tests

• Environmental tests

• Hydrostatic pressure test



Conversion subsystem

IEC 62477-1 Test overview



Conversion subsystem

IEC 62477-1 Test overview



Conversion subsystem

IEC 62477-1 Test overview



Conversion subsystem

IEC 62477-1 Test overview



Conversion subsystem

IEC 62109

• IEC 62109-1:2010 Safety of power converters for use in photovoltaic 
power systems - Part 1: General requirements

• IEC 62109-2:2011 Safety of power converters for use in photovoltaic 
power systems - Part 2: Particular requirements for inverters

• IEC 62109-3:2020 Safety of power converters for use in photovoltaic 
power systems - Part 3: Particular requirements for electronic devices 
in combination with photovoltaic elements



Conversion subsystem

IEC 62109 - Scope

• IEC 62109-1:2010 applies to the power conversion equipment (PCE) 
for use in photovoltaic systems where a uniform technical level with 
respect to safety is necessary. Defines the minimum requirements for 
the design and manufacture of PCE for protection against electric 
shock, energy, fire, mechanical and other hazards. Provides general 
requirements applicable to all types of PV PCE.
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BESS Units

IEC 62933 series Electrical energy storage (EES) systems

Standard no. Title

IEC 62933-1 Part 1: Vocabulary

IEC 62933-2-1 Part 2-1: Unit parameters and testing methods - General 
specification

IEC TS 62933-3-1 Part 3-1: Planning and performance assessment of electrical 
energy storage systems - General specification

IEC TS 62933-4-1 Part 4-1: Guidance on environmental issues - General 
specification

IEC TS 62933-5-1 Part 5-1: Safety considerations for grid-integrated EES systems 
- General specification

IEC 62933-5-2 Part 5-2: Safety requirements for grid-integrated EES systems -
Electrochemical-based systems



BESS Units

IEC 62933 series Electrical energy storage (EES) systems

IEC TS 62933-5-1, Electrical energy 
storage (EES) systems - Part 5-1: Safety 
considerations for grid integrated EES 

systems - General specification

• Scope - specifies safety 
considerations (e.g. hazards 
identification, risk assessment, risk 
mitigation) applicable to EES systems 
integrated with the electrical grid.

IEC 62933-5-2 Electrical energy storage 
(EES) systems Part 5-2: Safety 

requirements for grid integrated EES 
systems - electrochemical based 

systems (recently published)

• Scope – safety Standard for 
electrochemical energy storage 
systems (BESSs)



BESS Units

IEC 62933-5-2  Safety requirements for grid integrated EES systems 
- electrochemical based systems

• Scope
• References IEC TS 62933-5-1
• Topics covered

• Hazard consideration for BESS
• BESS System Risk Assessment
• System Testing
• Guidelines and Manuals

• IEC battery safety standards 
referenced normative in IEC 
62933-5-2

Standard No. Battery

IEC 62619 Lithium ion

IEC 63056 Lithium ion

IEC 62485-5 Lithium ion

IEC 63115-2 Nickel metal hydride

IEC 62585-2 Lead acid

IEC 62932-2-2 Flow battery

IEC 62984-2 Sodium high temp



BESS Units

IEC 62933-5-2 (BESS categories)

**3.2
occupied site
location that is within 
or adjacent to a 
building or structure 
with an overhead 
cover, where people 
live or work
Note 1 to entry: A 
location that is not an 
occupied site is called 
“unoccupied site”.



BESS Units

IEC 62933-5-2 (Overview of validation and testing for BESS)

FAT: Factory Acceptance Test 
SAT: Site Acceptance Testing



BESS Units

IEC 62933-5-2 (Overview of validation and testing for BESS)



BESS Units

IEC 62933-5-2 (Overview of validation and testing for BESS)



BESS Units

IEC 62933-5-2 (Overview of validation and testing for BESS)



BESS STANDARD

Thank you 


