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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
SAFETY REQUIREMENTS FOR SECONDARY BATTERIES  

AND BATTERY INSTALLATIONS –  
 

Part 2: Stationary batteries 
 
 

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) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 62485-2 has been prepared by IEC technical committee 21: 
Secondary cells and batteries. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

21/711/FDIS 21/718/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts of the IEC 62485 series can be found, under the general title Safety 
requirements for secondary batteries and battery installations, on the IEC website. 
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The committee has decided that the contents of this publication will remain unchanged until the 
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to 
the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication 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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INTRODUCTION 

The described safety requirements comprise the protective measures to protect from hazards 
generated by the electricity, the electrolyte, and the explosive gases when using secondary 
batteries. In addition measures are described to maintain the functional safety of batteries and 
battery installations. 

For the electrical safety (protection against electric shock) under Clause 4, this standard refers 
to IEC 60364-4-41. The pilot function of this standard is fully observed by indication of cross-
reference numbers of the relevant clauses, but interpretation is given where adoption to direct 
current (DC) circuits is required. 

This safety standard comes into force with the date of publication and applies to all new 
batteries and battery installations. Previous installations are intended to conform to the existing 
national standards at the time of installation. In case of redesign of old installations this 
standard applies. 

Valve-regulated lead-acid batteries used in stationary battery installations are intended to fulfil 
safety requirements in accordance to IEC 60896-21 and IEC 60896-22. 
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SAFETY REQUIREMENTS FOR SECONDARY BATTERIES  
AND BATTERY INSTALLATIONS –  

 
Part 2: Stationary batteries 

 
 
 

1 Scope 

This part of the IEC 62485 applies to stationary secondary batteries and battery installations 
with a maximum voltage of DC 1 500 V (nominal) and describes the principal measures for 
protections against hazards generated from: 

– electricity, 
– gas emission, 
– electrolyte. 

This International Standard provides requirements on safety aspects associated with the 
erection, use, inspection, maintenance and disposal. 

It covers lead-acid and NiCd / NiMH batteries. 

Examples for the main applications are: 

– telecommunications, 
– power station operation, 
– central emergency lighting and alarm systems, 
– uninterruptible power supplies, 
– stationary engine starting, 
– photovoltaic systems. 

2 Normative references  

The following referenced documents are indispensable for the application 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 60364-4-41, Low-voltage electrical installations – Part 4-41: Protection for safety –
Protection against electric shock  

IEC 60364-4-43, Low-voltage electrical installations – Part 4-43: Protection for safety –
Protection against overcurrent  

IEC 60364-5-53, Electrical installations of buildings – Part 5-53: Selection and erection of 
electrical equipment – Isolation, switching and control 

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code) 

IEC 60622:2002, Secondary cells and batteries containing alkaline or other non-acid 
electrolytes –Sealed nickel cadmium prismatic rechargeable single cells 

IEC 60623:2001, Secondary cells and batteries containing alkaline or other non-acid 
electrolytes –Vented nickel-cadmium prismatic rechargeable single cells 
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IEC 60664-1, Insulation coordination for equipment within low-voltage systems – Part 1: 
Principles, requirements and tests  

IEC/TR 60755, General requirements for residual current operated protective devices 

IEC 60896-11:2002, Stationary lead-acid batteries – Part 11: Vented types – General 
requirements and methods of tests 

IEC 60896-21:2004, Stationary lead-acid batteries – Part 21: Valve regulated types – Methods 
of test 

IEC 60896-22:2004, Stationary lead-acid batteries – Part 22: Valve regulated types – 
Requirements 

IEC 60900, Live working – Hand tools for use up to 1 000 V a.c. and 1 500 V d.c. 

IEC 61140, Protection against electric shock – Common aspects for installation and equipment 

IEC 61340-4-1, Electrostatics – Part 4-1: Standard test methods for specific applications –
Electrical resistance of floor coverings and installed floors 

IEC 61660-1, Short-circuit currents in d.c. auxiliary installations in power plants and 
substations – Part 1: Calculation of short-circuit currents 

IEC 61660-2, Short-circuit currents in d.c. auxiliary installations in power plants and 
substations – Part 2: Calculation of effects 

IEC 62259:2003, Secondary cells and batteries containing alkaline and other non-acid 
electrolytes – Nickel cadmium prismatic secondary single cells with partial gas recombination 

ISO 3864 (all parts), Graphical symbols – Safety colours and safety signs 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1  
(secondary) cell 
(rechargeable) cell 
single cell 
assembly of electrodes and electrolyte which constitutes the basic unit of a secondary battery 

NOTE This assembly is contained in an individual case and closed by a cover. 

3.2  
vented (secondary) cell 
secondary cell having a cover provided with an opening through which gaseous products may 
escape  

3.3  
valve regulated (secondary) cell 
secondary cell which is closed under normal conditions but has an arrangement which allows 
the escape of gas if the internal pressure exceeds a predetermined value. The cell cannot 
normally receive addition to the electrolyte 
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3.4  
gastight sealed (secondary) cell 
secondary cell which remains closed and does not release either gas or liquid when operated 
within the limits of charge and temperature specified by the manufacturer. The cell may be 
equipped with a safety device to prevent dangerously high internal pressure. The cell does not 
require addition to the electrolyte and is designed to operate during its life in its original sealed 
state  

3.5  
secondary battery 
two or more secondary cells connected together and used as a source of electrical energy 

3.6  
lead dioxide-lead (acid) battery 
secondary battery with an aqueous electrolyte based on dilute sulphuric acid, a positive 
electrode of lead dioxide and a negative electrode of lead 

3.7  
nickel oxide-cadmium battery 
secondary battery with an alkaline electrolyte, a positive electrode containing nickel oxide and 
a negative electrode of cadmium 

3.8  
stationary battery 
secondary battery which is designed for service in a fixed location and is not habitually moved 
from place to place during the operating life. It is permanently connected to the d.c power 
supply (fixed installation) 

3.9  
monobloc battery 
battery with multiple separate but electrically connected cell compartments each of which is 
designed to house an assembly of electrodes, electrolyte, terminals and interconnections and 
possible separator 

NOTE The cells in a monobloc battery can be connected in series or parallel. 

3.10  
electrolyte 
liquid or solid substance containing mobile ions which render it ionically conductive 

NOTE The electrolyte may be liquid, solid or a gel.  

3.11  
gassing 
gas emission 
evolution of gas resulting from the electrolysis of water in the electrolyte of a cell 

3.12  
charge 
charging (of a battery) 
operation during which a secondary cell or battery is supplied with electrical energy from an 
external circuit which results in chemical changes within a cell and thus storage of energy as 
chemical energy occurs 

3.13  
battery on float charge 
secondary battery whose terminals are permanently connected to a source of constant voltage 
sufficient to maintain the battery approximately fully charged, and which is intended to supply 
power to an electrical circuit, if the normal supply is temporarily interrupted 
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3.14  
float (charge) voltage 
constant voltage needed to keep the cell or battery fully charged 

3.15  
float charge current 
current resulting from the float charge 

3.16  
boost charge 
accelerated charge applied at greater than normal values of electrical current or of voltages 
(for a particular design) during a short time interval 

3.17  
boost charge voltage 
constant voltage -at higher voltage level- used in the boost charge 

3.18  
boost charge current 
current arising from the boost charge voltage 

3.19  
discharge 
discharging (of a battery) 
operation during which a battery delivers, to an external circuit and under specified conditions, 
electrical energy produced in the cells 

3.20  
overcharge 
overcharging (of a cell or battery) 
continued charging after the full charge of a secondary cell or battery 

NOTE Overcharge is also the act of charging beyond a certain limit specified by the manufacturer. 

3.21  
nickel-metal hydride battery 
a secondary battery with an electrolyte of aqueous potassium hydroxide, a positive electrode 
containing nickels as nickel hydroxide and a negative electrode of hydrogen in the form of a 
metal hydride  

3.22  
nominal voltage 
suitable approximate value of the voltage used to designate or indentify a cell, a battery or an 
electrochemical system 

4 Protection against electric shock 

4.1 General 

Measures shall be taken in stationary battery installations for protection against either direct 
contact or indirect contact or against both direct and indirect contact. 

These measures are described in detail in IEC 60364-4-41 and IEC 61140. The following 
subclauses describe the typical measures to be taken for battery installations and the resulting 
amendments. 
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The appropriate equipment standard IEC 61140 applies to batteries and direct current 
distribution circuits located inside equipment. 

4.2 Protection against direct contact 

In battery installations, protection against direct contact with live parts shall be ensured in 
accordance with IEC 60364-4-41. 

The following protective measures apply: 

– ”protection by insulation of live parts”; 
– ”protection by barriers or enclosures”; 
– ”protection by obstacles”; 
– ”protection by placing out of reach”. 

Protection by obstacles or by placing out of reach is expressly permitted in battery installations. 
It requires however that batteries with nominal voltages from >DC 60 V to DC 120 V between 
terminals and/or with nominal voltages from >DC 60 V to DC 120 V with respect to earth shall 
be located in accommodation with restricted access, and batteries with a nominal voltage 
above DC 120 V shall be located in accommodation with restricted access achieved by locks or 
other equivalent means. Doors to battery rooms and cabinets are regarded as obstacles and 
shall be marked with the warning labels according to 11.1. 

Protection against direct contact is not required for batteries with nominal voltages up to or 
equal DC 60 V as long the whole installation corresponds to the conditions for SELV (safety 
extra low voltage) and PELV (protective extra low voltage) (see 4.4.2). 

NOTE The nominal voltage of a lead dioxide - lead cell (lead acid) is 2,0 V, that of a nickel oxide – cadmium or 
nickel oxide - metal hydride cell is 1,2 V. When these cells are boost charged, their voltage may reach 2,7 V in lead 
acid or 1,6 V in nickel oxide based systems. 

Short circuit protection may be required, see 6.2. 

If protection by barriers or enclosures is applied, degrees of protection IEC 60529 IP 2X or 
IPXXB shall at least be used. 

4.3 Protection against indirect contact 

In battery installations, protection against indirect contact shall be applied in accordance with 
IEC 60364-4-41. 

One or more of the following measures shall be selected: 

– ”protection by automatic disconnection of supply”; 
– ”protection by use of class II equipment or by equivalent insulation”; 
– ”protection by non-conducting locations” (used in specific applications only); 
– ”protection by earth-free local equipotential bonding” (used in specific applications only); 
– ”protection by electrical separation”. 

A nominal touch voltage of DC 120 V shall not be exceeded (see IEC 60449, IEC 60364-4-41 
and IEC/TS 61201). Beyond this voltage other suitable protection schemas shall be 
implemented. 

Certain of these methods of protection require a protective conductor. Protective conductors or 
conductors with a protective function shall not be disconnected by a switching device. No 
switching device is permitted in a protective conductor. They shall not contain over-current 
protection devices (see IEC 60364-4-41). For dimensioning the cross-sectional areas of 
protective conductors, see IEC 60364-5-54. 
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Battery stands or battery cabinets made from metal shall either be connected to the protective 
conductor or insulated from the battery and the place of installation. This insulation shall 
correspond to the conditions for protection by insulation according to IEC 60364-4-41. Other 
simultaneously accessible conductive parts, i.e. metal ducts, shall be out of reach. For 
requirements on creepage distances and clearances (see IEC 60664-1), using a value of 
4 000 V for the high-voltage impulse test. 

The following protective devices shall be used with direct current, as applicable to the type of 
power system: 

a) fuses; 
b) over-current protective devices; 
c) residual current or differential protective devices (RCD’s), suitable for DC current.  
 The residual current protective devices in accordance with IEC/TR 60755 shall be of type B 

suitable for DC fault current. 
e) insulation monitoring devices (e.g. in IT-systems); 
f) fault-voltage operated protective devices (see IEC 60364-4-41). 

4.3.1 Protection by automatic disconnection of supply 

4.3.1.1 TN-system 

In a TN-system (see IEC 60364-4-41) the positive or negative terminal (see Figure 1 and 
Figure 2) or the central point (in special cases also a non-central point) of the battery 
installation shall be connected to earth. 

The exposed conductive parts of the equipment shall be connected to the protective conductor 
(PE)1, the PEN-conductor (PEN)2, or the earthing functional and protective conductor (FPE)3, 
which is connected to the point on the battery having earth potential. Additional earthing of the 
protective conductor may be required in order to ensure that its potential deviates as little as 
possible from earth potential. 

For fixed mounted electrical equipment, the disconnecting time shall be within 5 s after a fault 
occurs. 

NOTE For portable equipment and socket-outlet circuits IEC 60364-4-41, applies. 

PE conductor: conductor provided for purposes of safety, for examples protection against electrical 
shock 

PEN conductor conductor combining the functions of both protective earthing conductor and neutral 
conductor 

___________ 
1  For definitions see IEC 60364-5-54. 

2  Introduced with reference to IEC 60364-5-54. 

3  For definitions see IEC 60950-1. 
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L+ 

L– 

PE 
DC power source 

IEC   1337/10 
 

Figure 1 – TN system with separate protective conductor (PE)  
in the entire system (TN-S network) 

In the TN-S system, the protective conductor (PE) shall be free of load current. 

 
L+ 

DC power source 

Load

Battery 

L– 

IEC   1338/10  

Figure 2 – TN system with functional earthing and protective (FPE, PEN)  
combined with an external line conductor (TN-C system) 

In the TN-C system for DC-installations, the protective conductor and the earthed line 
conductor carrying the load current are combined. The cross-sectional area of the PEN or FPE 
conductor shall be at least 10 mm2 Cu. 

4.3.1.2 TT-System 

In a TT-System (see Figure 3) the positive or negative terminal or another point on the battery 
installation shall be connected to earth (system earth electrode). 

The exposed conductive parts of the electrical installation shall be earthed individually, in 
groups or collectively to a common earth electrode which is separate from the system earth 
electrode. 

All exposed conductive parts collectively protected by the same protective device, shall be 
connected together with protective conductors to an earth electrode common to all those parts. 
Simultaneously accessible conductive parts shall be connected to the same earth electrode 
(IEC 60364-4-41). 
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Apart from the protective devices mentioned in 4.3, fault-voltage operated protective devices 
are also applicable (IEC 60364-4-41) 

In TT-system circuits, when the protective device is an over-current protective device, the 
disconnecting time for all equipment shall be within 5 s, after a fault occurs. According to 
IEC 60364-4-41 over-current protective devices shall be only applicable for protection against 
indirect contact when a very low value earth resistance Ra exists. 

NOTE Ra is the sum of the resistance of the earth electrode and the protective conductors for the exposed 
conductive parts. 

For discrimination purpose, disconnecting times of up to 1 s are admitted, when using residual 
current devices. 

 

Battery 

Load 

L+ 

L– 

PE PE 

DC power source 

IEC   1339/10  

Figure 3 – TT system 

4.3.1.3 IT-system 

In an IT system (see Figure 4) no point of the battery installation is directly connected to earth. 
It shall be insulated from earth or connected to earth through a sufficiently high impedance (e.g. 
through an insulation monitoring device). 

All exposed conductive parts of equipment shall be earthed individually, in groups or 
collectively to a common earth electrode via a protective conductor. 

Exposed conductive parts which are protected by a common protective device shall be 
connected by protective conductors to a common earth electrode. Exposed conductive parts 
which are simultaneously accessible shall be connected to the same earth electrode 
(IEC 60364-4-41). 

Apart from the safety devices mentioned in 4.3, insulation monitoring devices suitable for DC 
voltages are also applicable. 

In an IT-system, disconnection is not required at the occurrence of the first fault from a live 
part to the exposed conductive parts or to earth. If an insulation monitoring device is provided, 
this device shall initiate an audible and/or visual signal (IEC 60364-4-41). 

Precautions shall be taken to prevent hazardous touch voltage levels in the event of a second 
fault (e.g. disconnection by an over-current protective device, a residual current or fault voltage 
protective device) (see IEC 60364-4-41). 
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Figure 4 – IT system 

4.3.1.4 Intermediate DC current circuits with electrical connection to the AC supply  

Systems of this type (see Figure 5) are used, for example, in intermediate DC circuits of 
converter devices, e.g. UPS systems. Over-current protective devices are necessary in all 
conductors which lead to the battery. 

 

 

Battery 

L1 

L2 

PE 

Rectifier Inverter 

IEC   1341/10  

Figure 5 – Converters with intermediate DC circuit (IT-system) (Example) 

It shall be ensured that no AC voltage appears at the battery terminals whose rms voltage 
value with respect to earth is above the maximum battery charging voltage. To ensure this, the 
DC system can be provided with an appropriate detection device, which either monitors the 
fault or disconnects the rectifier circuit. 

The protective provisions applied in the single/three-phase AC supply shall -where technically 
possible- be retained for the DC circuit, and if necessary extended by suitable ancillary 
components so that, in the event of a fault, no hazardous touch voltage (> AC 50 V or 
> DC 120 V) remains at the exposed conductive parts of the equipment. 
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Residual current protective devices (RCD’s) in accordance with IEC 60755 shall be of type B 
suitable for DC fault current. 

4.3.2 Protection by use of class II equipment or by equivalent insulation 

Protection by double or reinforced insulation shall be employed for electrical equipment to 
comply with protection class II according to IEC 61140 or equipment with equivalent insulation 
(see IEC 60364-4-41). 

4.3.3 Protection by electrical separation 

For the application of protection by electrical separation, see IEC 60364-4-41. 

A separation source shall be used as the source of supply (IEC 60364-4-41). 

An ”equivalent current source” within the meaning of IEC 60364-4-41 is a battery in which the 
entire battery is insulated. The separation shall comply with the test requirements for protective 
insulation in accordance with IEC 60364-4-41. 

4.4 Protection against both direct and indirect contact 

4.4.1 General 

The protective provisions described in IEC 60364-4-41, safety extra low voltage (SELV) and 
protective extra low voltage (PELV), shall only be used for battery installations with nominal 
voltages up to DC 120 V. 

They shall meet simultaneously the requirements for protection against either direct or indirect 
contact. 

NOTE In these cases, the requirements for metal battery stands and cabinets specified in 4.3 do not apply. 

4.4.2 Protection by Safety Extra Low Voltage (SELV) or by Protective Extra Low 
Voltage (PELV)  

Protection against electric shock is ensured when the following conditions are met 
simultaneously: 

– the power source complies with the safety requirements in accordance with  
IEC 60364-4-41, which reliably prevents the mains AC voltage exceeding the values 
specified in IEC 60364-4-41, on the DC side in the event of a fault; 

– the arrangement of the circuits complies with IEC 60364-4-4. 
It shall be ensured that live parts or exposed conductive parts of SELV circuits cannot be 
connected to live parts or exposed conductive parts of circuits of an other circuit. 

If the nominal DC voltage of the battery installation does not exceed DC 60 V and the above 
conditions are met, then in general, protection against direct contact with live parts may be 
omitted (exceptions see IEC 60364-7-706). 

Where the nominal voltages exceeds DC 60 V then protection against direct contact with live 
parts shall be provided by 

– barriers or enclosures of minimum protection type IEC 60529 IP 2X or IP XXB, 
or 

– insulation which withstands a test voltage of AC 500 V for 1 min according to  
IEC 60364-4-41, 
or 

– protection through obstacles or distance which is expressly permitted in accordance with 
4.2 in battery installations and battery rooms according to IEC 60364-4-41.  
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4.4.3 Protection by Functional Extra Low Voltage (FELV) without protective 
separation 

If the nominal voltage does not exceed DC 120 V, and the requirements of subclause 4.4.2  
– relevant to an electrochemical power source, which is independent or separated by 

protection separation 
and/or 

– relevant to the arrangement of the circuits (e.g. connection of a conductor to the protective 
conductor of the primary circuit) 

cannot be met, then provisions shall be taken to ensure safety against direct and indirect 
contact. 

Protection against direct contact shall be ensured by 

– insulation correlating at least with the lowest test voltage prescribed for the primary circuit 
or 

– barriers or enclosures which ensure minimum protection IP2x or IPXXB to IEC 60529. 

Safety against indirect contact shall be ensured by 

– connection of the exposed conductive parts of the equipment to the protective conductor of 
the primary circuit when one of the protective measures is used as described in  
IEC 60364-4-41 
or by 

– connection of the exposed conductive parts of the equipment to the non-earthed 
equipotential bonding of the primary circuit if protective electrical separation in accordance 
with IEC 60364-4-41 is used. 

5 Disconnection and separation 

Devices shall be provided to disconnect the battery installation from all lines of incoming and 
outgoing circuits and from earth potential. These devices can be 

– circuit breakers, switches; 
– plug and socket outlets; 
– removable fuses; 
– connecting links; 
– specially designed clamps. 

The devices shall be applicable to direct current and afford the necessary separation distance 
in accordance with the relevant standard. 

6 Prevention of short circuits and protection from other effects of electric 
current 

6.1 General 

In addition to the hazard of electric shock, the current flow in battery systems can cause other 
hazards. This is because very high currents may flow under fault conditions, and the voltage at 
the battery terminals cannot be switched off (see IEC 60364-4-43 and IEC 60364-5-53). 

The tolerance against high currents of the battery shall be higher than the rating of the over-
current protective devices. This over-current protective device shall have a breaking or short 
clearing capability higher than the short circuit current of the battery as determined for example 
with IEC 60896-21, 6.3 in the case of valve regulated lead dioxide – lead (acid) batteries. 
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6.2 Short-circuits 

The electric energy stored in cells or batteries may be released in an inadvertent and 
uncontrolled manner due to short circuiting of the terminals. Because of the considerable 
energy, the heat generated by the high current can produce molten metal, sparks, explosion 
and vaporisation of electrolyte. 

The main connections at the battery terminals shall be designed to withstand the mechanical 
stress caused by electromagnetic forces generated during a short-circuit. 

All battery connections up to the battery fuse shall be installed in such a way that a short circuit 
shall not occur under any foreseeable conditions. For the type of conductor arrangement of 
unprotected conductor sections, IEC 60364-4-43 and IEC 60364-5-53 shall be taken in 
consideration. For calculation of battery short circuit current reference to IEC 61660-1 and 
IEC 61660-2 as also to IEC 60896-21,6.3 shall be made. 

The insulation shall be resistant against the effects of ambient influences like temperature, 
dampness, dust, gasses, steam, and mechanical stress. Where terminals and conductors are 
not insulated, by design or for maintenance purposes, only insulated tools shall be used. 

When working on live equipment, the use of appropriate working procedures according to 
IEC 60900 and the exclusive use of insulated tools shall be enforced so to reduce the risk of 
injury. 

6.3 Protective measures during maintenance 

During maintenance operation, people may work close to the battery system. 
Personnel involved in work on or close to a battery shall be competent to carry out such work, 
and shall be trained in all necessary special procedures. To minimise the risk of injury, the 
battery system shall be designed with 

− battery terminal covers which allow routine maintenance whilst minimising exposure of live 
parts;  

− a minimum distance of 1,50 m between not insulated conductive live parts of the battery 
having a potential exceeding DC 120 V (nominal voltage), which can be contacted at the 
same time;  

− fuse carriers which prevent contact with live parts.  

All metallic personal objects shall be removed from the hands, wrists and neck before starting 
work.  

For battery systems where the nominal voltage is > DC 120 V, insulated protective clothing and 
local insulated coverings shall be required to prevent personnel making contact with the floor or 
parts bonded to earth. 

Batteries shall be neither connected nor disconnected when current is flowing. The circuit shall 
be isolated elsewhere first.  

When screw type fuses are used, the battery output terminals shall be connected to the bottom 
contact. However screw type fuses are not recommended where both terminals remain live 
after the fuse is removed, e.g. within parallel battery systems. 

Batteries shall be preferably equipped with flame arrestor vent plugs (see IEC 60050-482:2004, 
482-05-11) to avoid internal explosions caused by external naked flame or spark.  

For maintenance purposes, batteries having a nominal voltage above DC 120 V should be 
divided into sections consisting of DC 120 V (nominal) or less. 

NOTE 1 Back-feeds from chargers or parallel batteries may cause the accessible contacts to be live when the fuse 
is removed. 
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NOTE 2 The use of insulated tools according to IEC 60900 is recommended  

6.4 Leakage currents 

The batteries shall be kept clean and dry to avoid risks of fire or corrosion. 

Valve regulated batteries that are installed in orientations which may stress the sealing area 
shall meet IEC 60896-22,6.5, requirement for protection against ground short propensity. 

The minimum insulation resistance between the battery circuit and other local conductive parts 
shall be greater than 100 Ω per volt (of battery nominal voltage). The insulation shall resist 
against environmental effects of temperature, dampness, dust, gasses, steam, and mechanical 
stress. 

Before carrying out any test, the absence of hazardous voltage between the battery and the 
associated rack or enclosure shall be verified.  

The battery shall be isolated from the exterior circuit before an insulation-to-ground resistance 
determination test is carried out. 

7 Provisions against explosion hazards 

7.1 Gas generation 

During charge, float charge, and overcharge, gases are emitted from all secondary cells and 
batteries excluding gastight sealed (secondary) cells. This is a result of the electrolysis of the 
water by the overcharging current. Gases produced are hydrogen and oxygen. When emitted 
into the surrounding atmosphere, an explosive mixture may be created if the hydrogen 
concentration exceeds 4 %vol hydrogen in air. 

When gas emission is determined experimentally with battery test standards and the value 
found is lower than that used in the present standard, then no de-rating of the ventilation 
requirements shall be admissible. If the experimental gas emission value is higher than the 
value assumed in the present standard, then the ventilation requirements shall be adapted i.e. 
increased. 

When a cell reaches its fully charged state, water electrolysis occurs according to Faraday‘s 
law. Under standard conditions i.e at 0 °C and 1 013 hPA (standard temperature and pressure  
under International Union of Pure and Applied Chemistry): 

− 1 Ah decomposes 0,336g H2O into 0,42 l H2 + 0,21 l O2; 

− 3 Ah decomposes 1 cm3 (1 g) of H2O ; 

− 26,8 Ah decompose 9 g H2O into 1 g H2 + 8 g O2. 

When the operation of the charge equipment is stopped, the emission of gas from the cells can 
be regarded as having come to an end approximately one hour after the charging current is 
switched off. 

7.2 Ventilation requirements 

The purpose of ventilating a battery location or enclosure is to maintain the hydrogen 
concentration below the 4 %vol hydrogen Lower Explosion Limit (LEL) threshold. Battery 
locations and enclosures are to be considered as safe from explosions, when by natural or 
forced (artificial) ventilation, the concentration of hydrogen is kept below this safe limit. 

The minimum air flow rate for ventilation of a battery location or compartment shall be 
calculated by the following formula: 

Q  = v × q × s × n × Igas × Crt × 10–3 (m3/h) 
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where 

Q is the ventilation air flow in m3/h; 

v is the necessary dilution of hydrogen: 24
%4

%4%100
=

− )( ; 

q = 0,42 × 10–3 m3/Ah generated hydrogen at 0 °C ; 
 Remark: for calculations at 25 °C, the value of q at 0 °C shall be multiplied by factor 

1,095. 
s = 5,  general safety factor; 
n is the number of cells; 
Igas is the current producing gas in mA/Ah rated capacity for the float charge current Ifloat or 

the boost charge current Iboost; 
Crt  is the C10 capacity for lead acid cells (Ah), Uf = 1,80 V/cell at 20 °C 

or C5 capacity for NiCd cells (Ah), Uf = 1,00 V/cell at 20 °C. 

With v × q × s = 0,05 m3/Ah    the ventilation air flow calculation formula is: 

Q  =  0,05 × n × Igas × Crt × 10–3 (m3/h) 

The current Igas producing gas is determined by the following formula: 

Igas  =  Ifloat/boost × fg × fs (mA/Ah) 

where 

Ifloat  is the float charge current under fully charged condition at a defined float charge 
voltage at 20 °C; 

Iboost is the boost charge current under fully charged condition at a defined boost charge 
voltage at 20 °C; 

fg  is the gas emission factor, proportion of current at fully charged state producing 
hydrogen; 

fs  is the safety factor, to accommodate faulty cells in a battery string and an aged battery. 

Unless otherwise stated by the manufacturer, the preferred values for Ifloat and Iboost with 
supporting data are given in the following Table 1. 
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Table 1 – Values for current I when charging with IU- or U-charging profiles 
(see also Annex A) 

Parameter Lead-acid 
batteries 

vented cells 
 

Sb < 3 % a 

Lead-acid 
batteries 

VRLA cells 
 
 

NiCd batteries 
vented cells b 

 
 

Gas emission factor 
fg 
 

 
1 

 
0,2 

 
1 

Gas emission safety factor 
fs 

(incl. 10 % faulty cells and ageing) 

 
5 

 
5 

 
5 

Float charge voltage 
Ufloat 

c 
V/cell 

 
2,23 

 
2,27 

 
1,40 

Typical float charge current 
Ifloat  

mA/Ah 

 
1 

 
1 

 
1 

Current (float)  
Igas 

mA/ Ah 

(under float charge conditions 
relevant for air flow calculation) 

 
5 

 
1 

 
5 

Boost charge voltage 
Uboost 

c 
V/cell 

 
2,40 

 
2,40 

 
1,55 

Typical boost charge current 
Iboost  

mA/Ah 

 
4 

 
8 

 
10 

Current (boost) 
Igas 

mA/Ah  
(under boost charge conditions  
relevant for air flow calculation) 

 
20 

 
8 

 
50 

a For an antimony (Sb) content higher than 3 %, the current used for calculations shall be  
doubled. 

b For recombination type NiCd and NiMH cells consult the manufacturer.  
c Float and boost charge voltage can vary with the specific gravity of electrolyte in lead-acid 

cells. 

NOTE 1 The values of float and boost charge current increase with temperature. The consequences of a increase 
in temperature, up to a maximum of 40 °C, has been accommodated in the values in Table 1. 

NOTE 2 In case of use of gas recombination vent plugs, the gas producing current Igas can be reduced to 50 % of 
the values for vented cells. 

NOTE 3 The ventilation air volume requirements, for example, for two 48 V strings of VRLA cells in the same 
battery room or in the same battery cabinet and each with 120 Ah rated C10 capacity amount, under float and under 
boost charge service conditions, to 

Service with float charge condition only: Q = 0,05 × 24 × 1 × 120 × 0,001= 0,144 m3/h per string or 288 l/h total 

Service with boost charge condition Q = 0,05 × 24 × 8 × 120 × 0,001 = 1,15 m3/h per string or 2 300 l/h total 

7.3 Natural ventilation 

The amount of ventilation air flow shall preferably be ensured by natural ventilation, otherwise 
forced (artificial) ventilation shall be implemented. 

Battery rooms or enclosures require, under natural ventilation conditions, an air inlet and an air 
outlet with a minimum free area of opening calculated by the following formula: 
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A = 28 × Q 

where 
Q is the ventilation flow rate of fresh air (m3/h); 
A is the free area of opening in air inlet and outlet (cm2). 

NOTE For the purpose of this calculation the air velocity is assumed to be 0,1 m/s. 

The air inlet and outlet shall be located at the best possible location to create best conditions 
for exchange of air, i.e. with 

− openings on opposite walls; 

− minimum separation distance of 2 m when openings on the same wall. 

Batteries equipped with hydrogen gas evacuation systems based on gas collection covers and 
tubing are not covered by any product-, test- or safety standard. Therefore, the provisions of 
the present standard and particular of Clause 7 concerning ventilation of the room or cabinet 
where the batteries are installed, is highly recommended. 

7.4 Forced ventilation 

Where an adequate air flow Q cannot be obtained by natural ventilation and forced ventilation 
is implemented, the charger shall be interlocked with the ventilation system or an alarm shall 
be actuated when the required air flow, for the selected mode of charging, is not assured. 

The air extracted from the battery room shall be exhausted to the atmosphere outside the 
building. 

7.5 Charging modes 

The usual charging mode for stationary batteries is the constant current/constant voltage 
charge (IU- characteristic, see A.3). 

Where other charging methods than IU-characteristic or U-characteristic within the limits 
specified in Table 1 are used, the air flow Q for the ventilation shall be sized according to the 
maximum charger output current. Where charge equipment with a taper characteristic is used 
then the end-of-charge current equal to 25 % of the rated charger current shall be used for the 
ventilation requirement calculation. 

NOTE A charger with taper characteristic is a constant resistance charger with a dropping current when the 
voltage rises due to the increasing state of charge of the battery. 

7.6 Overcharging under fault conditions 

There may be other circumstances, e.g. charger malfunction or thermal runaway conditions, 
where the battery may produce more gas than the ventilation has been designed for. Electrical 
precautions against charger malfunction or thermal runaway shall be provided, e.g. by lowering 
the charge voltage below the open circuit voltage or by automatic disconnection of charging 
power supply. Alternatively, the ventilation should be calculated to correspond to the maximum 
current available from the charger. 

7.7 Close vicinity to the battery 

In the close vicinity of the battery, the dilution of explosive gases is not always secured. 
Therefore a safety distance extending through air shall be observed within which sparking or 
glowing devices (maximum surface temperature 300 °C) are prohibited. The dispersion of 
explosive gas depends on the gas release rate and the ventilation close to the source of 
release. For calculation of the safety distance d from the source of release, the following 
formula applies assuming a hemispherical dispersal of gas. The safety distance d can also be 
read from Figure B.1. For detailed information about the safety distance calculation, see Annex 
B. 
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