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Disclaimer 

The project team does not accept any liability for any direct or indirect damage resulting from 
the use of this report or its content. 

Please note that this report contains the results of research by the authors and do not 
necessarily reflect the views of the European Commission. 

Note 

Please note that all reproductions of IEC standards have been deleted from the present 
report as these documents are for exclusive use and their reproduction is prohibited.  
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1.  INTRODUCTION 

Batteries play an important role in everyday life, powering devices as diverse as 
toys, hearing aids or laptops. Without them, the current miniaturisation of 
electronic devices and portable applications would be impossible. Technological 
advances are complemented by rising investment and falling prices. At the 
same time, environmental concerns are growing, with hazardous substances 
such as mercury being banned from batteries and emphasis being put on 
lowering the environmental impact of batteries. 

Many studies have been conducted in order to understand the environmental 
impacts of batteries over their lifecycle. For example, the U.S Environmental 
Protection Agency estimated that batteries accounted for half the tonnage of 
cadmium that entered the American waste stream in 1986. Armed with 
increasing knowledge about the environmental impacts of batteries, the 
European Union decided to revise its 1991 Batteries Directive, incorporating a 
wider range of provisions. 

End-users have a significant part to play: through their buying practices, they 
shape the battery market and the nature of the battery waste stream. If they are 
to make a positive impact on the environmental footprint of batteries, they must 
make informed choices at the time of purchase. Thus, awareness of recycling 
possibilities and metal content is already promoted through transparent 
labelling. Another essential information targets capacity, which reflects the 
ability of batteries to deliver energy and give valuable data on their adequacy 
with specific end-uses. Choosing the right battery for a device can help reduce 
the amount of battery waste. Yet capacity information is worthless and 
misleading if no harmonised methods for capacity measurement and labelling 
are defined. This is one of the requirements of the Batteries Directive. 

From the manufacturers’ standpoint, it is essential that capacity data be 
provided through harmonised, controllable and repeatable methods in order to 
ensure fair competition and consistent quality values. This is currently not the 
case: much of the battery capacity information is displayed according to no 
standardised method – if at all. 

In this context, this study proposes to establish harmonised methods to 
determine the capacity of all portable and automotive batteries and rules for the 
use of a label indicating the capacity of these batteries. 

The study starts by an introductory section presenting the background 
(regulatory, market related, and technical) and objectives of the study. A second 
section describes the overall approach and the methodology followed during the 
study, based on a structure in two tasks which are then subsequently presented: 
Task 1 presents the development of harmonised methods to determine the 
capacity of batteries, and Task 2 presents different labelling options.  

The present report provides the results of the interim study and it is important to 
note that the labelling options proposed are preliminary and still subject to 
change. 



 

 

6 

 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 
 

March 2008 

 
 

2.  BACKGROUND AND OBJECTIVES 

2.1.  INTRODUCTION 

The EU market for batteries is estimated to be about 800,000 tonnes of 
automotive batteries, 190,000 tonnes of industrial batteries and 160,000 tonnes 
of consumer batteries every year1. These batteries contain metals, which might 
pollute the environment, more specifically at the end of their life-cycle. Mercury, 
lead and cadmium are seen as the most dangerous substances present in 
batteries. 

The "Battery Directive"2 was meant to promote a less-polluted environment by, 
among others, minimising harmful substances in batteries. The first version of 
this directive is the Council Directive of 18 March 1991 on Batteries and 
Accumulators Containing Certain Dangerous Substances (91/157/EEC). 
Following a public consultation phase and an extended impact assessment, the 
Commission made the proposal for a new directive in 2003. The proposal aimed 
to establish minimum targets for the collection and recycling of waste batteries 
and to place the responsibility to finance the related costs on the producers 
(principle of Extended Producer Responsibility). 

2.1.1 BATTERIES DIRECTIVE (2006/66/EC) 

The Battery Directive, covering batteries and accumulators and waste batteries 
and accumulators (Directive 2006/66/EC), officially repealing the 1991 Battery 
Directive, was adopted on 6th September 2006 by the European Parliament and 
the Council and it entered into force on 26th September 2006. Taking into 
account the European legislative requirements to decrease the use of 
hazardous substances and the management of hazardous waste, the primary 
objective of this Directive is to minimise the negative environmental impacts of 
batteries and accumulators and of waste batteries and accumulators on the 
environment, in order to contribute to its protection.  

This Directive covers all types of batteries and accumulators, regardless of their 
shape, volume, weight, material composition, or use. However, when used for 
the purpose of maintaining Member States’ security or when intended to be sent 
into space, such accumulators and batteries are excluded from the scope of this 
Directive. Some key definitions used in the Directive which are relevant for the 
current proposal are explained below. 

                                                
1  EU Battery Directive Extended Impact Assessment (2003) 
2 Please note that the terms « The Directive » or « Batteries Directive » used often in this 

proposal refer to Directive 2006/66/EC 
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2.1.1.1 THE SCOPE OF THE DIRECTIVE 

� Battery or accumulator 

According to the directive, these terms refer to a product delivering electrical 
energy generated by direct conversion of chemical energy and consisting of one 
or more primary battery cells (which are non rechargeable) or consisting of one 
or more secondary battery cells (which are rechargeable). 

Commonly the term accumulator is used only for secondary batteries (portable 
or automotive). 

� Portable battery 

According to the Directive, batteries and accumulators are portable when they 
are sealed and can be hand-carried and are neither industrial batteries nor 
automotive batteries. 

� Automotive battery 

Any battery or accumulator used for automotive starter, lighting, or ignition 
power is referred to as automotive battery. 

2.1.1.2 REQUIREMENTS OF THE BATTERIES DIRECTIVE 

The main features of this Directive are, placing batteries on the market, end of 
life, end-user information, and product-specific information (labelling 
requirements).  

� Placing on the market 

Batteries which do not comply with the hazardous content limit values defined in 
the Directive are prohibited on the European market, e.g. batteries containing 
more than 0.0005 % of mercury by weight are prohibited except for button cells 
with mercury content of no more than 2 % by weight and portable batteries 
containing more than 0.002 % of cadmium are prohibited except for emergency 
and alarm systems, medical equipment and cordless power tools.  

Further, Member States should promote research in improving the batteries’ 
environmental performances over their whole life-cycle and should also set 
economic instruments to promote less polluting batteries. 

� End-of-life  

This aspect is dealt with in all the Member States by: 

• Fixing collection targets for portable batteries : 25% by 2012 and 45 % by 
2016. The collection points must be in the vicinity of end-users (article 8.1). 
However, collection targets for industrial and automotive batteries are not 
specified, whereas the quantity of the latter is supposed to be much higher 
than for portable batteries. 

• Achieving recycling efficiencies for each kind of b attery : As per article 
12.4 and Annex IIIB of the Directive, this should be 65% by average weight 
for lead-acid batteries and 75% for nickel-cadmium and 50% for others; the 
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date of application of this article is 26 September 2010. Promoting the 
development of new recycling treatment and technologies. Ensuring the use 
of best available techniques for treating and recycling of batteries; 

• Prohibiting the disposal  of industrial and automotive batteries in landfills or 
by incineration. 

� End-user information 

End-users should be informed about: 

• potential effects of the substances used in batteries and accumulators on 
the environment and human health 

• benefits from participating in a separate collection  

• available collection schemes 

• their role in contributing to the recycling of these products 

• the meaning of the symbol of the crossed-out wheeled bin 

The Directive specifies that these pieces of information can be provided to end-
users by both information campaigns and economic operators involved in the 
batteries market. The net costs of end-user information campaigns on the 
collection, treatment and recycling of all waste portable batteries and 
accumulators will be borne by the producers of portable batteries. Distributors 
will have to take back spent portable batteries at no cost from the end-user and 
regardless of when they were placed on the market. They must also inform end-
users that they offer a take-back service.  

� Product-specific information (labelling requirement s) 

Article 21 of the Batteries Directive (see below) specifies that by 26 September 
2009, the capacity of all portable and automotive batteries will have to be 
labelled on them.  

Article 21 
Labelling 
1. Member States shall ensure that all batteries, accumulators and battery packs are 
appropriately marked with the symbol shown in Annex II. 
2. Member States shall ensure that the capacity of all portable and automotive batteries 
and accumulators is indicated on them  in a visible, legible and indelible form by 26 
September 2009. Detailed rules for the implementation of this requirement, including 
harmonised methods for the determination of capacity and appropriate use, shall be 
laid down in accordance with the procedure referred to in Article 24(2) no later than 26 
March 2009. 
3. Batteries, accumulators and button cells containing more than 0,0005 % mercury, 
more than 0,002 % cadmium or more than 0,004 % lead, shall be marked with the 
chemical symbol for the metal concerned: Hg, Cd or Pb. The symbol indicating the 
heavy metal content shall be printed beneath the symbol shown in Annex II and shall 
cover an area of at least one quarter the size of that symbol.  
4. The symbol shown in Annex II shall cover at least 3 % of the area of the largest side 
of the battery, accumulator or battery pack, up to a maximum size of 5 × 5 cm. In the 
case of cylindrical cells, the symbol shall cover at least 1,5 % of the surface area of the 
battery or accumulator and shall have a maximum size of 5 × 5 cm. 
5. Where the size of the battery, accumulator or battery pack is such that the symbol 
would be smaller than 0,5 × 0,5 cm, the battery, accumulator or battery pack need not 
be marked but a symbol measuring at least 1 × 1 cm shall be printed on the packaging. 
6. Symbols shall be printed visibly, legibly and indelibly. 
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7. Exemptions from the labelling requirements of this Article may be granted in 
accordance with the procedure referred to in Article 24(2). 

The Commission is striving to ensure that clear and transparent information is 
provided and that end-users be informed about the capacity of the batteries at 
the time of their purchase. Detailed rules including harmonised capacity 
determination methods will be decided latest by 26 March 2009. This issue is 
the focus of the present study proposal. 

Other labelling obligations for batteries are that all batteries have to be labelled 
visibly, legibly and indelibly with: 

• The crossed-out wheeled bin 

• The chemical symbol Hg, Cd, and Pb3 when their content in batteries 
exceed specific values 

2.2.  BATTERY TECHNOLOGY AND TYPES 

2.2.1 BATTERY DESIGN 

� Technical definition 

A battery can be any device that stores energy for later use. Common use of the 
word, “battery,” however, is limited to an electrochemical device that converts 
chemical energy into electricity, by use of a galvanic cell. A galvanic cell is a 
device consisting of two electrodes (an anode and a cathode) and an electrolyte 
solution. Batteries may consist of one or more galvanic cells. 

� Basic Functioning Principle 

A battery mainly consists of electrodes (two plates, each made from a different 
kind of metal or metallic compound) placed in an electrolyte solution. External 
wires connect the electrodes to an application. The metal in the anode (the 
negative terminal) oxidises releasing negatively charged electrons and positively 
charged metal ions. Figure 1 illustrates the mechanism of a simple galvanic cell. 
The electrons travel from the anode to the cathode. The electrons combine with 
the material in the cathode through reduction and release a negatively charged 
metal-oxide ion. When the anode is fully oxidised or the cathode is fully 
reduced, the chemical reaction will stop and the battery is considered to be 
discharged.  

                                                
3 Mercury, Cadmium and Lead 
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Figure 1 – Basic functioning principle of a battery  
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Recharging of a battery can be achieved by applying external voltage across the 
electrodes to reverse the chemical process. Some chemical reactions, however, 
are difficult or impossible to reverse. Hence, the batteries with irreversible 
reactions are commonly known as primary batteries, while the ones with 
reversible reactions are known as secondary (rechar geable) batteries or 
accumulators.   

� Functional Parameters  

The voltage of a battery depends on the aptitude to deliver the electric current 
(electrons) for the utilisation (application) and is also related to the spontaneity 
of the chemical reaction between anode and cathode materials; the more this 
reaction is spontaneous, the higher is the battery voltage. Thus, for one given 
application, the amount of voltage (in Volt) and current (in Ampere) that a 
galvanic cell produces is related to the types of materials used in the electrodes 
and electrolyte. For one given application, as one of the electrodes is consumed 
during the functioning of the battery, the length of the period during which the 
cell can produce that voltage and current is related to the amount of active 
material in the cell and the cell’s design. 

Every metal or metal compound has an electromotive force, which is the 
propensity of the metal to gain or lose electrons in relation to another material. 
Compounds with a positive electromotive force make good anodes and those 
with a negative force will make good cathodes. For a fixed current and period of 
time, the larger the difference between the electromotive forces of the anode 
and cathode, the greater the amount of energy that can be produced by the cell. 

� Battery Capacity  

The battery capacity is commonly defined as the number of ampere-hours that it 
can deliver on a single discharge. The capacity of a battery depends on a 
number of factors, of which the most important ones are final limiting voltage, 
quantity of electrolyte, discharge rate, density of electrolyte, design of 
separators, temperature, age, and life of the battery, and number, design, and 
dimensions of electrodes.  
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2.2.2 BATTERY TYPES 

In order to understand the complexity of issues related to battery capacity 
determination and labelling, it is necessary to understand the variety of the 
different existing types of batteries on the market. This will be useful while 
identifying appropriate labelling approaches for different battery types, which 
need to take into account the diversity of shape/size and technology of the 
products on the market. 

2.2.2.1 PORTABLE BATTERIES 

There are several types of portable batteries or accumulators. They can be 
classified according to their shape, size, voltage, delivered capacity, ability to be 
recharged, or electrochemical composition. 

Regardless of the parameters listed above, the batteries can be classified in the 
following two categories: 

1. Primary batteries 

2. Secondary or rechargeable batteries 

This section provides examples of batteries for each of these two categories. 

� Primary batteries 

Figure 2 shows six types of typical general purpose primary batteries while 
Figure 3 presents the button cells. Further description of primary batteries 
characteristics and chemical composition is provided in section  4.1.1.1. 

Figure 2 – General purpose primary batteries   

 

Figure 3 – Primary button cells 
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� Secondary batteries (or accumulator) 

Portable secondary batteries can be single cells and packs4 and used for a wide 
variety of applications such as cameras, phones, computers, camcorders, as 
shown in Figure 4. Some types of secondary batteries are interchangeable with 
primary batteries (can be used to supply energy to the same devices) and many 
secondary batteries are custom made for a specific end-use (e.g. rechargeable 
battery for a laptop computer). 

Figure 4 – Single cell and packs rechargeable batte ries 

 
 

The main types of portable secondary batteries are nickel-cadmium (Ni-Cd), 
nickel-metal hydride (Ni-MH) and lithium ion (Li-ion) batteries as shown in 
Figure 5. Non-automotive lead-acid batteries also exist but they are either not 
portable batteries or they are industrial batteries. They are therefore out of 
scope of the present interim study 5.  

Figure 5 – Ni-Cd, Ni-MH, and Li-ion rechargeable ba tteries 

 

These rechargeable batteries exist in different shapes which will be further 
described in section  4.1.1.2. 

2.2.2.2 AUTOMOTIVE BATTERIES 

Automotive batteries are also secondary batteries. However, for simplicity 
purposes, in the rest of this report, “secondary batteries” or “rechargeable 
batteries” only refer to non-automotive secondary batteries. 

                                                
4 According to the 66/2006/EC Directive, ‘battery pack’ means any set of batteries or 

accumulators that are connected together and/or encapsulated within an outer casing so as to 
form a complete unit that the end-user is not intended to split up or open 

5 This is a preliminary conclusion of the interim study which might be subject to change (currently 
under discussion). Indeed, non automotive lead-acid batteries encompass a wide range of 
products with variable sizes and weight from a few kilograms to up to 2000 kg, and can be 
found in both household and industrial applications. 
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The automotive applications are mainly related to “Start, Lighting and Ignition” 
(SLI) batteries. The battery functions are to provide: 

• High power for a very short time to start the engine. 

• A low power supply for electrical devices when the engine is stopped. 

Figure 7 explains the composition of a typical automotive battery. 

Figure 6 – Schematic diagram of an automotive batte ry 
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Automotive battery manufacturers produce a full range of starter batteries for all 
types of vehicle using petrol and diesel engines. These are supplied to all the 
major motor vehicle manufacturers as original equipment and to the 
replacement market. The types of batteries supplied include sealed and low-
maintenance types for all duty cycles. Specialty batteries are available for 
arduous duty cycles with regular discharges and heavy vibration. 

Lead acid batteries are the most commonly used.  

The characteristics of lead acid batteries are large weight, relatively short shelf 
life without recharge, and a good ability to deliver high currents. Other 
advantages of lead acid batteries are: 

1. Very adapted for uses requiring (occasional) high current draw, and 
where charging is regular (i.e. automotive). 

2. High energy storage capacity. 

3. Low cost/energy storage capacity. 

2.2.3 BATTERY MARKET STRUCTURE  

The 2003 worldwide battery market was estimated at about US$30 thousand 
millions, (it is now closer to US$556 thousand millions) with primary batteries 

                                                
6Freedonia group http://www.forbes.com/2008/02/27/motorola-sony-procter-ent-tech-cx_ml_0228battery.html  
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making up approximately 37% of the market, portable rechargeable batteries 
16% and automotive SLI (start, lighting and ignition) batteries 30%7.  According 
to American National Electrical Manufacturers Association (NEMA) estimates, 
the demand for rechargeable batteries in the USA is growing twice as fast as 
the demand for non-rechargeable batteries. This reflects a worldwide trend: with 
the miniaturisation of devices, the demand for small rechargeable batteries is 
increasing at the expense of bulkier primary batteries. The annual worldwide 
growth rate is estimated at 6% annually through 20068, boosted by decreasing 
prices and investment, but the market is shifting from Western Europe, Japan 
and the USA to Asia, the Middle East or Eastern Europe. 

� Portable batteries 

The European portable battery market is dominated by primary batteries. Based 
on a list of big manufacturers, EPBA has calculated that they made up 92% of 
battery sales in terms of weight in 2003 (Figure 9). This data does not include 
lead-acid secondary batteries, and do not seem to include custom made battery 
packs. When including these categories of portable secondary batteries, this 
segment totals over 40,000 tons9 (annual sales). 

Figure 7 - Total portable battery sales by weight i n Europe (2003) 

 

The primary battery market is largely dominated by alkaline batteries, followed 
by Zinc Carbon batteries (Figure 8).  The recent evolution of the market tends to 
confirm this trend for future years, with the proportion of alkaline increasing at 
the expense of other primary batteries (mainly Zinc Carbon batteries). 

                                                
7 Avicenne study for Recharge http://www.rechargebatteries.org/MarketDataRechargeableBatteries.pdf 
8With the kind permission of Isidor Buchmann, http://batteryuniversity.com/parttwo-55.htm  

9 Source: Recharge (also includes “small lead acid non automotive batteries which represent 
about 12,000 tonnes annually 
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Figure 8 - Portable primary battery market sales (%  unit sold) (2004) 

 

The worldwide rechargeable battery market, after undergoing an important 
decrease in 2001, is now recovering with Li-Ion batteries showing promise in 
portable PCs and cellular phones applications. Ni-Cd batteries are in strong 
competition with Ni-MH batteries for toys, cordless phones, household devices 
and power tools. Their market is shrinking as this chemistry is being replaced 
with Nickel Metal Hydride (Figure 9). 

Figure 9 - Worldwide rechargeable battery sales 10 

 
 

� Automotive batteries 

In 2006, Eurobat statistics show that 75,200,000 automotive batteries were sold 
on the European automotive battery market. Almost three quarters of these 
were aftermarket batteries (AM or addition of non-factory parts) as opposed to 
Original Equipment Manufacturer batteries (OEM). 

                                                
10 Recharge http://www.rechargebatteries.org/MarketDataRechargeableBatteries.pdf  
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2.3.  OBJECTIVES OF THIS STUDY 

In order to define the capacity labelling requirements on automotive  and 
portable  batteries, the present study first identifies existing capacity 
determination methods and proposes harmonised methods to determine the 
capacity of such batteries. The objective is then to propose options for the use 
of a capacity label on these batteries and evaluate the relative advantages and 
disadvantages of different options. Main stakeholders need to be consulted 
during the study to take into account their approaches and opinions, and if 
possible to build a consensus on capacity labelling requirements. 

 

2.3.1 THE CHALLENGE OF CAPACITY LABELLING  

� Which capacity? And under what conditions? 

It is important to make a distinction between the terms “delivered capacity” 
(actual capacity available to the end-user in specific circumstances) from the 
“idealised rated capacity” (theoretical battery capacity under test conditions). 
The “rated capacity” depends mainly on the chemical composition of the battery 
as the test conditions are standardised. However, the delivered capacity 
depends on the drain rate (load) of the end application, the operating 
temperature, the end-point voltage (the minimum voltage at which the battery 
will correctly functions) and the frequency and lengths of time during which the 
device is used by the end-user. It is also affected by the frequency of use e.g. 
the delivered capacity of the same battery will be different if e.g. used one hour 
per day compared to a use of one hour per month. 

� Average life duration 

The “average life duration” doesn’t have the same significance for batteries, 
accumulators, and automotive batteries. The life duration of a battery is linked 
with its discharge time whereas for an accumulator it is expressed in “number of 
cycles” or number of charges/discharges. The reduction of battery waste is 
linked with the “average life duration” i.e. the discharge time in the case of 
primary batteries and the number of cycles for secondary batteries the number 
of cycles. Reduction in waste quantities could be obtained by the increase of the 
average life duration of these products.  

� One battery,  many applications 

There is a wide variety of battery powered electronic devices which is increasing 
every day. These applications have different power needs (thus different battery 
drainage rates), end-point voltages and other operating characteristics. The 
complexity further increases as every user doesn’t use these devices in a 
similar way. As illustrated in the figure below (Figure 10), a battery with low 
internal resistance (left one) is able to provide high current on demand while the 
battery with high resistance (right one) causes the voltage to collapse and the 
equipment to stop functioning if the voltage falls below the end-point voltage 
specific to that device. 
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Figure 10: Illustration of the notion of internal r esistance  

 

Batteries with high internal resistance may still perform adequately on a low 
current appliance such as a flashlight, portable CD player or wall clock but on 
the other hand medical equipment, laptops, and two way radios draw heavy 
current bursts and battery must have a sufficiently low resistance to deliver this 
current. Thus, a single capacity labelling approach may not be adequate for all 
types of batteries. 

� Industry’s organisation 

Battery manufacturers are broadly covered by three main associations: 

• The European Portable Battery Association (EPBA) 

The European Portable Battery Association is the leading organisation 
representing the interests of primary and rechargeable portable battery 
manufacturers, those industries using portable batteries in their products and 
distributors of portable batteries active within the European Union, and beyond.  

Its members include major portable battery manufacturers and original 
equipment manufacturers as well as the National Battery Associations founded 
by its member companies in the Member States of the European Union and 
beyond. 

EPBA evolved out of Europile, which has been operating out of Bern, 
Switzerland since the 1980's, and established in Brussels in 1997. It is now 
chaired by Mr. Rémy Burel.  

More information is available at: http://www.epbaeurope.net/ 

• Recharge 

Recharge is the international association for the promotion and management of 
portable rechargeable batteries throughout their life cycle.  It was initially 
founded in 1998 in Prague under the name of “Atrium 2008” and changed its 
name several times before settling for “Recharge” in 2004. It is chaired by Mrs. 
Jill Ledger.  

Its key objectives are to promote the advantages of Portable Rechargeable 
Batteries, promote the collection and recycling of Portable Rechargeable 
Batteries and represent the interests of all members of the chain of battery life: 
manufacturers, assemblers, OEMs, distributors, collectors & recyclers.  
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More information is available at: http://www.rechargebatteries.org/index.html 

• Eurobat, the association of European Storage Batter y Manufacturers 

Eurobat has 36 regular and associate member companies and represents more 
than 85% of the battery industry in Europe. Its president is Mr. Albrecht 
Leuschner.  

Eurobat acts as the unified voice and reference source promoting the interests 
of the European starter industrial and special battery industry to consumers, the 
EU institutions and national governments. 

More information is available at: http://www.eurobat.org/ 

These industry associations defend the interests of their member companies 
which can sometimes be conflicting or not fully in line with the Battery Directive’s 
requirements. Throughout the study, the position of each of these Associations 
will be mentioned. 

� International scope 

One of the major constraints for any labelling of portable batteries is the fact that 
these products are seldom produced in Europe, but rather in Asia.  

 

3.  APPROACH AND METHODOLOGY 

3.1.  GENERAL APPROACH 

The approach to be adopted for this study is to analyse the issue from a broader 
perspective of how end-users can benefit from the existence of a l abel , by 
helping them choosing the appropriate battery for a specific end-application. 
Hence, in spite of existing technical intricacies, the key issue is to devise a label 
that not only conveys the essential information but is also easily understandable 
by consumers.  

First, a thorough technical evaluation of existing capacity determination methods 
will be made in the light of existing international standards and of the commonly 
practised approaches by both the battery manufacturers and the end-application 
developers. Then, options for the applicability of the capacity determination 
methods and labels for different types of batteries will be discussed with all 
relevant stakeholders i.e. industry, Member States’ representatives, consumer 
associations, environmental NGOs, etc. The final aim is to provide sufficient 
means (background information, tools, options, and evaluation of options) for 
the European Commission to develop a meaningful approach for dealing with 
the issue. 

A batteries expert (Mr. Robert Eloy), who has worked for many years in the 
standardisation process of batteries, was included in BIO Intelligence Service 
project team in order to provide the best understanding of the key issues and an 
access to the relevant sources of information. 
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Finally, over the course of this study, the focus will be on issues related to 
battery capacity as the objective is to suggest harmonised methods to evaluate 
capacity and propose capacity labelling options. Other aspects such as life cycle 
cost, or issues related to the production and end-of-life phase of these products 
will not be thoroughly analysed. 

3.2.  PROJECT METHODOLOGY 

There are two main tasks for this project which can be further divided into 
different subtasks as listed below: 

� Task 1 – Definition of harmonised methods 

• Task 1.1 – Background literature survey 

• Task 1.2 – Capacity determination methods 

• Task 1.3 – Harmonisation of methods 

• Task 1.4 – Stakeholder Consultation 

� Task 2 – Capacity label design and application  

• Task 2.1 – Capacity units (preliminary version in the interim report) 

• Task 2.2 – Label design and layout (preliminary version in the interim report) 

• Task 2.3 – Analysis of options (not included in the interim report) 

The present report provides the results of the interim study report. 

4.  TASK 1: DEFINITION OF HARMONISED METHODS 

The purpose of this task is to propose harmonised methods to determine the 
capacity of all portable  and automotive  batteries or suggest directions for 
further research needs (N.B.: industrial batteries are out of the scope). 

4.1.  TASK 1.1 – BACKGROUND LITERATURE SURVEY 

The aim of this subtask is to establish a detailed list of all types of batteries 
included in the scope of the study, and to realise a background survey of the 
standards that are currently used to determine the capacity of batteries. 

4.1.1 CATEGORIES OF PRODUCTS 

As already mentioned in section  2.2.2 there are two broad categories of 
batteries which fall under the scope of Article 21 of the Directive 2006/66/EC: 

• Portable batteries: including primary and secondary batteries 

• Automotive batteries 

The batteries investigated are further differentiated into three broad types of 
batteries: 



 

 

20 

 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 
 

March 2008 

 
 

• Portable primary batteries 

• Portable secondary batteries 

• Automotive batteries 

Each of these battery types includes products which differ in electrical 
composition, size, and shape. For each category of battery, these criteria will be 
used to further classify the batteries. 

The IEC provides a nomenclature that is internationally understood. In the 
following sections, the classification of batteries according to IEC is presented. 

4.1.1.1 PORTABLE PRIMARY BATTERIES 

This type of batteries corresponds to products which cannot be charged by any 
other electrical source. Once they are completely discharged, they cannot be 
used again and must be replaced by new ones.  

There is a wide variety of batteries depending on their size and chemical 
composition. Each battery fulfils the requirements of a range of applications (the 
battery must physically fit into the device and deliver an adequate nominal 
voltage). As seen in section  2.3.1 there is a wide variety of battery powered 
electronic devices which is increasing every day and thus there is a very large 
diversity of batteries11. 

 Classification according to electrochemical composi tion 

Primary batteries are produced using different technologies, each of them 
relying on a different electrochemical composition. The influence of the 
electrochemical composition of the battery on its performance will be further 
explored in section  4.2.1.2.  

Primary batteries comprise the following 5 categories of chemistries which are 
summarised in Table 1 and further developed in the following paragraphs. 

Table 1: Electrochemical composition of primary bat teries 

Electrochemical composition Type of end-use 

Alkaline Manganese 
very diverse: these are common type batteries, multi 
purpose batteries 

Zinc Carbon 
very diverse: these are common type batteries, more 
appropriate for low/moderate drain applications 

Lithium 
more specific to cameras, and small electronic 
applications 

Zinc Air used mainly in hearing aids 
Silver Oxide miniature batteries (watches) 

• Alkaline Manganese  also called Alkaline MnO2 

Alkaline batteries exist in a wide variety of sizes to fit most applications. This 
type of battery is popular for high drain applications such as digital cameras, 
photo flashes, electronic games, portable video games, CD players, etc. 

                                                
11 According the IEC TC 35 Strategic  Policy Statement, “continued growth in high tech and/or high 

drain devices continues to be the most notable trend affecting the primary battery industry” 
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The EPBA provides a synthetic definition of an alkaline battery (Figure 11). 

Figure 11: Alkaline Manganese battery general chara cteristics (non button 
batteries) 12 

 

Alkaline manganese batteries also exist in button shape. These button 
alkaline batteries are typically used in small electronic devices, remote 
controls, calculators, etc. They also have a nominal voltage of 1.5 V, 
however, their general indicative chemical composition slightly differ from the 
other primary alkaline batteries (i.e. Fe – 37%, MnO2 – 36%, Zinc – 11%, 
H2O – 6%, Plastic – 3%, KOH – 2%, C – 2%, Ni – 1%, Hg – 0.6%, Others – 
1.4%)  

• Zinc Carbon (also called saline) 

Zinc Carbon batteries also exist in a wide variety of sizes and fit most 
applications. However, this technology is most appropriate to light and 
moderate periodic or occasional power needs. 

“Zinc Carbon” is a generic term for primary batteries of the Leclanché or Zinc 
Chloride system. These batteries have an anode of zinc, a cathode of 
manganese dioxide, and a slightly acidic electrolyte. In the case of a 
LeClanche system, the electrolyte consists of ammonium chloride and zinc 
chloride in water. In the case of a Zinc Chloride system, the electrolyte 
consists mainly of zinc chloride in water.  

General characteristics of a carbon zinc battery are summarised in Figure 12. 

                                                
12 EPBA http://www.epbaeurope.net/EPBA_product%20information_may2007_FINAL.pdf  
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Figure 12: Carbon Zinc battery general characterist ics 13 

 

• Lithium  also called Lithium MnO2 

This technology is most common for being used in photographic and 
electronic applications requiring small, high power batteries, e.g., security 
transmitters, smoke alarms, computer peripherals, communications 
equipment, cameras, personal organizers, memory backup, and lighting. 

Figure 13 and Figure 14 provide a summary of the main figures of lithium 
primary batteries depending on their shape. 

Figure 13: Lithium Manganese batteries general char acteristics 14 

 

                                                
13 ibid 
14 ibid 
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Figure 14: Lithium Manganese button batteries gener al characteristics 15 

 

• Zinc Air 

Zinc Air batteries require access to air to operate and are activated by 
removing covering (adhesive backed tab see Figure 15) from air access hole. 
This type of batteries is especially effective in high to medium drain 
applications that use the batteries capacity within a few weeks after opening 
the seal. Applications falling within this usage time will achieve the high 
energy density advantage: the highest capacity-to-volume ratio for any 
miniature battery system. Hearing aids are typical devices which fit this 
usage time parameter.  

Figure 15: Zinc Air battery with tab 

 

                                                
15 ibid 
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Figure 16: Zinc Air batteries general characteristi cs 16 

 

• Silver oxide 

This technology is the predominant system for miniature battery product line. 
Typically, it is used in watches, calculators, hearing aids, and electronic 
instruments.  

Figure 17: Silver Oxide batteries general character istics 17 

 

• Nickel OxiHydroxide (NiOx) 

This very recent technology (2005) has been specifically addressed to serve 
high drain applications such as digital cameras. Only few manufacturers offer 

                                                
16 ibid 
17 ibid 
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this type of electrochemical composition (and only in R03 and R6 sizes18). 
The construction of an alkaline and NiOx battery are very similar, however, 
the NiOx battery is fitted with a nickel-based cathode which allows for better 
voltage retention (voltage stays at a level close to the nominal voltage) during 
discharge than alkaline, yielding longer service hours in high drain 
applications.  

• Lithium Iron Disulfide (LiFeS 2) 

This technology has only recently been developed and is proposed by one 
manufacturer in R03 and R6 format only18. It was specifically designed for 
high drain devices such as digital cameras and is built in a spirally wound 
construction. This design helps the battery meet the high current drains of 
some devices. 

• Other 

There are also other products that are marginal but nevertheless exist. These 
include, for instance, mercury batteries (banned in many countries because 
of their toxicity and manufactured almost exclusively for specialist 
applications) and water-activated batteries which can be used in radiosondes 
(Figure 18).  

These batteries are not covered by IEC standards.  

It is not clear how many of these batteries fall under the scope of this study 
i.e. are portable primary batteries that are not to be sent into space, not used 
for defence applications and are present on the market. Yet however few of 
these batteries there are, they should be mentioned. 

Figure 18 : Water-activated battery 

 

 Classification according to the size and shape 

Primary batteries exist in different shapes, depending of their casing: round: i.e. 
cylindrical or button, prismatic: i.e. flat rectangular can, etc. Each of these 
categories of shapes and size will be presented in this section together with 
their common denomination. 

In USA the American National Standards Institute (ANSI) has developed a 
nomenclature for portable batteries based on a letter system. The letters 
indicate the size, in height and width, of the battery. For example, “AA” means 

                                                
18  The sizes and shape references are detailed below in the next section “classification according 

to size and shape” 
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“50.5mm x 14.5mm”.The letters originally began with A and progressed upwards 
in size. But in the 1950s, electronic equipment miniaturized, and suddenly AA, 
AAA and AAAA battery sizes were required. Current ANSI specifications list 
sizes from AAAA through G, plus J, N, O and R. Also intermediary sizes exist 
such as ½ AA size. 

The letter system is in fact used only in the US and only for common household 
batteries. Manufacturers and other countries use different and in-house (often 
very complicated) nomenclatures that usually indicate a battery’s chemistry, 
shape and dimensions. As a result, depending on where you are and which 
company provides the information, an AA battery could be an E91 (Energizer), 
MN1500 (Duracell), 815, KAA, AM3, 15A (ANSI), LR6 (IEC), MIGNON (German 
reference), etc19.  

In order to further explore the existing types of shapes/sizes of batteries, the list 
of products according to existing IEC standards was used (Table 2) (when 
available, correspondence with the ANSI system is provided). Indeed, this 
international classification scheme is understood internationally and across 
companies as well. 

The IEC classification, presented in IEC 60086-2 groups the primary batteries in 
6 main categories: 

- Category 1: “Round batteries according to Figure 1”.  Figure 1 is reproduced in 
Annex 1. This category comprises the “most commonly” used shapes and size 
of batteries. As we will further discuss in the next paragraph, this type of 
“common” batteries is generally either alkaline or saline (carbon zinc). 

- Category 2: “Round batteries according to figure 2”. Figure 2 is reproduced in 
Annex 3. This category mostly includes cylindrical lithium batteries.  

- Category 3: “Round batteries according to figure 3”. Figure 3 is reproduced in 
Annex 4. 

- Category 4: “Round batteries according to figure 4”. Figure 4 is reproduced in 
Annex 5. 

- Category 5: “Other round batteries – miscellaneous” (see Annex 6 to Annex 8) 

- Category 6: “Non round batteries – miscellaneous” (see Annex 9 to Annex 21) 

These categories will be further detailed in the next paragraph. Round batteries 
include both cylindrical and button batteries. 

A first list in terms of shapes and names, of the most common type of primary 
batteries for the consumer market, according to IEC is given by Figure 19 and 
Figure 20. 

                                                

19 An insight of the equivalence between brand names and other naming conventions is available 
at http://highfields-arc.6te.net/beginner/gloss/batteryequiv.htm  
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Figure 19: Most common type of primary batteries fo r the consumer market (1) 

 

Figure 20: Most common type of primary batteries fo r the consumer market (2) 

 

• Cylindrical batteries 

Cylindrical batteries are batteries with a “cell of circular cross-section in which 
the overall height is equal to or greater than the overall diameter”20 

• Button cell/coin cell batteries 

Button cell batteries are batteries with a “cell of circular cross-section in 
which the overall height is less than the overall diameter” 

• Rectangular (self explanatory) 

• Lantern 

A lantern type battery has an overall rectangular shape with spring top or 
screw top. 

• Other 

Other shapes of batteries exist and are presented in Annex 9 to Annex 21 as 
well as in Table 2. 

                                                
20 IEC 60086-2 
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Table 2: Different shapes and size of portable prim ary batteries (scale in cm is purely indicative and  does not correspond to reality) 

IEC Category as in 60086-2 CATEGORY 1  CATEGORY 2 

ANSI AAAA N AAA AA C D  Duplex  

IEC LR8D425 R1 R03 R6 R14 R20 CR12A604 2R10 CR/BRXXXXX
21 

Illustration 

      

N/A 

  
Example  
BR17335 

Applications          

Other batteries CATEGORIES 3 and 4 CATEGORY 5 CATEGORY 6 

ANSI       J 9V  

IEC LR9 – LR41 – 
LR43 – LR 44 
–  LR53 –  LR 

55 – LR 54 

SR XX 
(two digits) 

PR XX 
(two digits) 

R44/CR13252 R40 5AR40 4LR61 6LR61 – 6F22 BR-P2/CR-P2 

Illustration Button cell 
batteries 

 

 

 

N/A 

    

Applications Remote 
control, 

watches, etc. 

watches        

                                                
21 Where X represents a number – The two first numbers indicate the diameter in mm and the 3 last numbers indicate the height in 10-1 mm 
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Other batteries CATEGORY 6 (continued)  

ANSI   4.5V       

IEC 2CR5 2EP3863 3R12  6F100 S4 4R25X 4R25Y 4-R25-2 6AS4 

Illustration 

 

N/A N/A N/A 

  

 

Applications          

Other batteries CATEGORY 6 (continued)         

ANSI          

IEC 6AS6         

Illustration 

 

        

Applications          
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� Categorisation according to both electrochemical co mposition 
size/shape and the IEC naming scheme for portable p rimary batteries 

The primary batteries falling under the scope of IEC 60086-2 are classified into 
six categories regarding their shapes (Table 5). In each category, the batteries 
having the same electrochemical system are grouped together and are listed in 
ascending order of their open circuit voltage (OCV) i.e. the voltage across the 
terminals of a battery when no current is flowing. 

The type of battery is expressed in a code combining between 2 to 8 letters and 
numbers. The letters refer to the electrochemical composition, to the general 
shape of the battery, to the voltage, and to the electrolyte contained (Table 4 
and Table 3) and the numbers refer to the size of the product. According to 
Table 3 a LR battery is a round/cylindrical alkaline battery. 

Table 3: Nomenclature of the chemical systems used in primary batteries 22 

Please refer to IEC 60086-1 - Table 3 

Table 4: Nomenclature of the shapes used in IEC 600 86-2 

Nomenclature Shape 

R 
Round: i.e. either cylindrical or button – 
combined with numbers it refers to a Zinc 
carbon battery (e.g. R03) 

F 
Rectangular shape – combined with numbers 
it refers to a Zinc carbon battery 

The numbers placed after the letters then refer to different size models (see 
Table 2) and the number placed in front of the letters refer to the number of 1.5 
V cell contained in the battery. For example, a LR6 battery has a nominal 
voltage of 1.5V.  A 4LR44 battery has a voltage of 4 times 1.5 V, i.e. 6 V. And a 
6F22 battery has a nominal voltage of 6 times 1.5 V, i.e. 9 V.  

LR series are alkaline chemistry and provide 1.5 volts. SR series are silver 
oxide (Ag2O) chemistry and provide 1.55 volts. 

They are some exceptions in the CR series. The CR series have a numbering 
corresponding to their geometric characteristics. The two first numbers 
characterise the diameter of the battery in mm and the three last numbers 
characterise the height in 10-1 mm. 

As it can be noticed, some recent technologies such as NiOx and LiFeS2 are not 
included in the standard. This is because a product needs to fulfil some 
requirements before it can be standardised among which: it has to be at least 
produced by 2 manufacturers, and it has to be available on the global market. 

                                                
22 IEC 60086-1  
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Table 5: Primary batteries categorisation according  to IEC 60086-2 

  Description – and typical end-usage 

R1, R03, R6P, R6S, R14P, R14S Portable lighting, remote control, radio, camera, 
tape recorder, toy, etc 

R20P, R20S, 2R10, LR8D425, LR1 Portable lighting, tape recorder, radio, toy, etc Category 1 

LR03, LR6, LR14, LR20 Alkaline batteries – toys, radios, remote control, 
calculators, cameras… 

Category 2 CR14250, CR15H270, CR17345, CR17450, 
BR1733523 Lithium batteries for cameras 

Category 3 LR9, LR53, CR11108 Button cells – batteries for cameras 

PR70, PR41, PR48, PR44 Button cells -  zinc air hearing aid batteries 

LR41, LR55, LR54, LR43, LR44 

Button cells – hearing aids, watches, calculators, 
melody cards, electronic toys, electronic 
instruments, lighters, photos, remote controls and 
photographic equipments 

SR62, SR63, SR65, SR64, SR60, SR67, SR66, 
SR58, SR68, SR59, SR69, SR41, SR57, SR55, 
SR48, SR56, SR54, SR42, SR43, SR44 

Button cells - Watch (with alarm and lamp), 
calculator, electronic toy, etc 

CR1025, CR1216, CR1220, CR1616, CR2012, 
CR1620, CR2016, CR2025, CR2320, CR2032, 
CR2330, CR2430, CR2354, CR3032, CR2450 

Button cells – computer memory back-ups, watch, 
remote control, lighting, photos 

Category 4 

BR1225, BR2016, BR2020, BR2320, BR2325, 
BR3032 

Button cells –  watch & electronics batteries 

R40 - 

4LR44 Button cell “high”. Electronic toy, photo 

2CR13252 - 

4SR44 Silver oxide battery for cameras 
Category 5 

5AR40 zinc oxygen battery 

S4  

3R12C, 3R12P, 3R12S, 3LR12  

4LR61 -remote control, security… 

BR-P2, CR-P2 Lithium batteries for camera 

2CR5 Lithium batteries for cameras 

2EP3863  

4R25X, 4LR25X Lanterns, road lamps and other heavy duty 
lighting devices 

4R25Y  

4R25-2, 4LR25-2 Zinc-chloride -  Lanterns, road lamps and other 
heavy duty lighting devices 

6AS4  

6AS6  

6F22, 6LR61 All electronic devices, e.g. toys, remote controls 

Category 6 

6F100 radio 

Part three of the IEC 60086 (Watch batteries – IEC 60086-3) is specific to watch 
batteries. Contrary to most primary batteries, watch batteries are manufactured 
for one single end application and cannot be used in several devices. This 
specificity explains why the IEC 60086-3 specifically deals with those batteries 

                                                
23 CR/BR XXXXX: lithium battery - The two first numbers characterise the diameter of the battery in mm and 

the three last numbers characterise the height in 10-1 mm. 
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and provides particular test methods. These batteries are typically round button 
cells and follow the same naming conventions as presented above.    

4.1.1.2 PORTABLE SECONDARY BATTERIES 

This category of products designates all types of batteries that can be recharged 
once they have been discharged and which are small enough to be hand-
carried (i.e. portable). There is a wide diversity of products depending on the 
size and on the electrochemical composition of the system. 

� Classification according to electrochemical composi tion 

Secondary batteries are produced using different technologies, each of them 
relying on a different electrochemical composition. The influence of the 
electrochemical composition of the battery on its performance will be further 
explored in section  4.2.1.2.  

Secondary batteries comprise the following 4 categories of chemistries which 
are summarised in Table 6 are further developed in the following paragraphs. 

The design of portable secondary batteries is such that the anode and the 
cathode form a spiral (see later Figure 21) which allows for higher exchange 
surface during the electrochemical reaction (higher diffusion rate of the 
electrons) and consequently lower internal resistances than primary batteries. 

Table 6: Electrochemical composition of secondary b atteries 24 

Electrochemical composition Type of end-use 

Nickel Cadmium (NiCd) 
Very diverse: these are common type batteries, multi 
purpose batteries some are interchangeable with 
primary batteries 

Nickel-metal Hydride (NiMH) 
Very diverse: these are common type batteries, multi 
purpose batteries some are interchangeable with 
primary batteries 

Lithium Ion (Li-Ion) Mobile phone, portable audio 
Lithium Polymer (Li-Polymer) Mobile phone, portable audio, laptops 

• Nickel Cadmium (NiCd) 

A rechargeable NiCd battery in the charged state consists of nickel hydroxide 
(NiOOH) in the positive electrode and cadmium (Cd) in the negative 
electrode. Typically, caustic potash solution (potassium hydroxide) is used for 
the electrolyte.  

Due to their low internal resistance and the very good current conducting 
properties, these batteries can supply extremely high currents and can be 
recharged rapidly.  

Other design features such as the selection of the separator (nylon or 
polypropylene) and the electrolyte (KOH, LiOH, NaOH) also influence the 
battery’s voltage conditions in the case of a high current discharge, the 
service life and the overcharging capability of the cell.  

In the case of misuse, a very high-pressure may arise quickly. For this 
reason these cells require a safety valve (Figure 21).  

                                                
24 Lead-acid secondary batteries are out of scope as explained in section  2.2.2.1 
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NiCd cells offer a long service life (depending on the type of application and 
charging unit up to 2000 cycles) and are capable of sustaining temperatures 
down to -20°C.  

The general characteristics of a rechargeable NiCd cell are given in Table 7. 

NiCd cells are available in the same general purpose physical sizes as 
primary batteries, from R03 through R20, as well as several multi-cell sizes, 
including the equivalent of a 9 volt battery. Each cell has a nominal potential 
of 1.2 volts, compared to the nominal 1.5 volt potential for primary alkaline 
batteries. More specifically, a fully charged single NiCd cell, under no load, 
carries a potential difference of between 1.25 and 1.35 volts, which stays 
relatively constant as the battery is discharged. Since an alkaline battery near 
fully discharged may see its voltage drop to as low as 0.9 volts, NiCd cells 
and alkaline cells are typically interchangeable for most applications. 

Miniature button cells are sometimes used in photographic equipment, hand 
held lamps (flashlight or torch), computer memory standby, toys, and 
novelties. 

Furthermore, NiCd secondary pack batteries also exist for use in e.g. 
cordless phones. 

Figure 21: Design of a rechargeable NiCd battery 25 

 

Table 7: NiCd secondary batteries general character istics 26 

Indicative Chemical Composition 
(varies according to the battery size) 

Fe - 40%; Ni - 22%; Cd - 15%; Plastic - 5%; KOH - 
2%; others – 16% 

Nominal voltage 1.2 V 

Typical applications 
Emergency lighting and alarm systems, medical 
devices, power tools, cordless phones,  

Recycling technology 
Can be recycled in pyro-metallurgical processes to 
recover the cadmium, nickel and iron. 

                                                
25 Recharge 
26 EPBA http://www.epbaeurope.net/EPBA_product%20information_may2007_FINAL.pdf 
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• Nickel metal Hydride (NiMH) 

A rechargeable NiMH battery in the charged state consists of nickel 
hydroxide (NiOOH) in the positive electrode and a hydrogen storing metal 
alloy (MH) in the negative electrode as well as an alkaline electrolyte.  

The advantage compared to rechargeable NiCd batteries is the higher 
energy density per volume and weight. In many applications rechargeable 
NiMH batteries have already replaced the rechargeable NiCd batteries.  

The disadvantages are a higher sensitivity against overcharging, higher 
internal resistance, shorter service life, greater temperature dependence and 
a significantly higher cost. The overall design is similar to that of NiCd 
batteries (Figure 21). As such secondary batteries are less rate sensitive 
during their discharge (i.e. their capacity will not greatly vary depending on 
the device it is used in). 

Table 8:  NiMH secondary batteries general characteristics 27 

Indicative Chemical Composition 
(varies according to the battery 
size) 

Ni - 33%; Fe - 30%; Lanthanides - 10%; H2O - 8%; Co 
- 3%; Plastic – 5%; KOH - 2%; Mn - 1%; Zn - 1%; 
others – 7% 

Nominal voltage 1.2 V 

Typical applications 
Camcorders, Mobile Phones, Computers, IT 
equipment 

Recycling technology 
Can be recycled together with nickel cadmium 
batteries to recover ferro nickel and cobalt. 

• Lithium Ion (Li-Ion) 

A rechargeable lithium ion battery in the charged state consists of lithium 
cobalt dioxide in the positive electrode and graphite in the negative electrode. 
Li-Ion cells have a fully charged voltage of approximately 4.2 V.  

Due to the electrolysis of water (decomposition into oxygen and hydrogen) 
which then sets in, no aqueous electrolyte may be used. The conductance of 
the electrolyte is not as good as in the case of NiCd/NiMH cells. For this 
reason organic solvents and conducting salts are used. These have a higher 
internal resistance and are less well suited for high discharge currents. 

Also, the current output within the low temperature range is much restricted 
and Li-Ion batteries require safety shutdown systems. 

The advantage is the higher energy density with respect to volume and 
weight. Due to the higher voltage, a single Li-Ion cell can replace three 
NiCd/NiMH cells. 

                                                
27 EPBA http://www.epbaeurope.net/EPBA_product%20information_may2007_FINAL.pdf 
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Figure 22: Li-Ion secondary battery general design (round and prismatic) 28 

  

Table 9:  Li-Ion secondary batteries general characteristics 29 

Indicative Chemical Composition 
(varies according to the battery 
size) 

Aluminium - 15-25%, Carbon, amorphous, powder - 
0,1-1%, Copper foil – 5-15%, Diethyl Carbonate (DEC) 
– 1-10%, Ethylene Carbonate (EC) - 1-10%, Methyl 
Ethyl Carbonate (MEC) - 1-10%, Lithium 
Hexafluorophosphate (LiPF6) - 1-5%, Graphite, pow-
der - 10-30%, Lithium Cobalt Oxide (LiCoO2) - 25-
45%, Poly (vinylidene fluoride) (PVDF) -0.5-2%, Steel: 
balance, Nickel and inert polymer: balance. 

Nominal voltage 3.7 – 4.2 V 

Typical applications Mobile phone, portable audio 

Recycling technology 
Li-Ion can be recycled in specialized facilities 
with the primary recovery being the metal content 

• Lithium polymer (Li-polymer) 

Lithium polymer cells are based on a similar chemical structure as Li-Ion 
cells. The difference is that the electrolyte consists of a gel (solid polymer 
composite such as polyethylene oxide or polyacrylonitrile) and that the 
housing is made of an aluminium foil or metallised plastic foils. Cells sold 
today as polymer batteries have a different design from the older lithium-ion 
cells, theoretically there are no restrictions as to their shape.  

Li-poly batteries are also more and more popular in PDAs (including iPhone) 
and laptop computers, such as Apple's MacBook and Lenovo's Thinkpad 
(Ultrabay Batteries), Dell (D-bay Batteries) and small digital music devices 
such as iPods and other MP3 players, as well as portable gaming devices 
like the Sony PSP or Nintendo's Game Boy Advance SP, where small form 
factors and energy density outweigh cost considerations. 

                                                
28 ibid 
29 EPBA http://www.epbaeurope.net/EPBA_product%20information_may2007_FINAL.pdf 
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Figure 23: Li-polymer secondary battery general des ign 30 

 

• Other 

There are also less common types of portable secondary batteries, such as 
super iron batteries or lithium sulphur batteries.  

These batteries are not covered by IEC standards. However, these batteries 
only represent a small fraction of the primary batteries market. 

It is not clear how many of these batteries fall under the scope of this study 
i.e. are portable primary batteries that are not to be sent into space, not used 
for defence applications and are present on the market. Yet however few of 
these batteries there are, they fall under the scope of this study and should 
be mentioned. 

A summary of the main types of primary and non-automotive secondary 
batteries classified by chemistry is provided in Annex 1.  

� Classification according to their shape/size 

Some secondary batteries have the same geometric specificities as primary 
batteries and therefore the end-user can choose between primary and 
secondary batteries to supply his electronic device. For these secondary 
batteries, the IEC standards for secondary batteries31 specify a naming 
convention and provide correspondence with the codes used for primary 
batteries when available (i.e. for able batteries which can either be found in 
rechargeable type or non-rechargeable type). Most manufacturers use the same 
naming convention presented for the primary batteries to designate the shape 
and size of their products: e.g. R03, R6, R14, R20, and R22. Also, the chemistry 
of secondary batteries differs from the primary batteries and is generally 
specified separately. Also, secondary batteries exist in additional standardised 
formats such as “prismatic”. The IEC classifications of portable secondary 
batteries will be further detailed in the next paragraph. 

                                                
30 ibid 
31 IEC 61951 (part 1 and 2), IEC 60622, and IEC 61960 
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Table 10: example of secondary NiCd batteries (pris matic/"gum stick" and round) 

 

Another category of secondary batteries, often designated as battery packs , 
are directly manufactured for use with a particular device (laptop, mobile phone, 
etc.) and are “tailor made” to fit a specific end-use application. These batteries 
do not have a standardised classification scheme and come into very various 
shapes and sizes. For example, mobile phone batteries often come into 
prismatic shape. Prismatic cells are contained in a rectangular can. The 
electrodes are either stacked or in the form of a flattened spiral. They are 
usually designed to have a very thin profile for use in small electronic devices 

Figure 24: Examples of standard battery packs 32 

 

� Classification according to both electrochemical co mposition and 
shape /size  

In the IEC standards covering portable secondary batteries, this category of 
batteries is divided according to the type of electrochemical system used: 

� Sealed nickel-cadmium batteries 

� Portable sealed rechargeable single cells Nickel-metal hydride type 

� Lithium batteries. 

Each of these categories of secondary batteries has a different naming 
convention to differentiate the electrochemical composition and shape through 
their name. Table 11 summarises the different naming conventions found in the 
IEC standards. Table 12 and Table 13 provide complementary information on 
these naming schemes. 

                                                
32 www.totexusa.com/Standard_Packs/  
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Table 11: Summary of the different naming conventio ns used in the IEC standards 
for secondary batteries 

Technology Scope Sub-type Naming convention IEC 
Small prismatic 
cells (width and 
thickness 
dimensions 
<25mm) 

cylindrical 

button cell 

IEC/EN 61951-1 (2004)  
NiCd 

Portable sealed 
single cell 

 

prismatic IEC/EN 60622 (2002)  

prismatic 

cylindrical NiMH Portable sealed 
single cell 

button cell 

IEC/EN 61951-2 (2003)  

Lithium 
Portable sealed 
single cells and 
batteries 

prismatic and 
cylindrical IEC/EN 61960 (2003)  

All 
technologies Pack batteries N/A 

Please refer to the relevant 
IEC standards (see following 

column) 

Not covered 

Table 12: “Letters” used in secondary batteries nom enclatures 

L low rate of discharge 
M medium rate of discharge 
H high rate of discharge 

Type of 
discharge 

X very high rate of discharge 
T Permanent charge at temperature > 40°C  Type of 

charge R rapid charge  

Table 13: Secondary lithium cells and batteries for  portable applications 
nomenclature 

Please refer to IEC 61960 - Section 5 

The scope and content of each standard is further detailed in section  4.1.2. 

4.1.1.3 AUTOMOTIVE BATTERIES: LEAD-ACID STARTER 
BATTERIES 

Automotive batteries are lead acid batteries with a nominal voltage of 12V which 
are mainly used as a power source in vehicles for starting the internal 
combustion of the engine. They are commonly called “starter batteries” and are 
also used as a power supply for the onboard electronic devices located inside 
the vehicle. There are also lorry batteries with a nominal voltage of 24V, or 
motorcycle batteries with a nominal voltage of 6V etc.  

The automotive applications are mainly related to “Start, Lighting and Ignition” 
(SLI) batteries. The battery functions are to provide: high power for a very short 
time to start the engine and a low power supply for electrical devices when the 
engine is stopped. 

These two functions of the automotive batteries do not have the same 
requirements. Starting the engine is a function needing a high current for a very 
short period of time (starting), whereas supplying onboard electronic devices 
requires a low draining current for a long period of time (deep cycling).  
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The lead acid battery is based on: lead dioxide as the active material of the 
positive electrode; metallic lead, in a high-surface-area porous structure, as the 
negative active material; and sulphuric acid solution (see Figure 25).  

Figure 25: Lead acid battery – general features 

 

In fact, lead acid technology for automotive batteries is composed of two sub-
technologies according to the battery design and the manufacturing process: 

• Flooded lead-acid batteries, (also called vented batteries) defined as 
“Secondary cell having a cover provided with an opening through which 
products of electrolysis and evaporation are allowed to escape freely from 
the cells.” (Eurobat) 

• Valve-Regulated Lead-Acid (VRLA) batteries “Secondary battery in which 
cells are closed but have a valve that allows the escape of gas if the internal 
pressure exceeds a predetermined value” (Eurobat) 

Furthermore, the IEC standard defines three classes of starter batteries 
depending on their final use (A, B, or C). The two types of automotive batteries 
(vented and valve-regulated) exist in each class.  

Finally, depending on if the battery is sold with or without the electrolyte in it (in 
this case, the electrolyte is put in the battery by the dealer selling the product) it 
can be referred to as “filled batteries” or “dry-charged/charged conserved 
battery”. In the case of filled batteries, the lead-acid battery is filled with 
electrolyte and charged when it is built. During storage, a slow chemical 
reaction can cause self-discharge and periodic charging is required (most 
batteries sold today are wet charged). In the case of dry-charged batteries, the 
battery is built, charged, washed and dried, sealed, and shipped without 
electrolyte. It can be stored for up to 18 months. When put into use, electrolyte 
and charging are required. Batteries of this type have a long shelf life.  

Table 14 – Classes of automotive batteries accordin g to IEC 60095-1 

Please refer to IEC 60095-1 - Section 4 
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4.1.2 INTERNATIONAL STANDARDS FOR BATTERIES  

Methods to determine the capacity of batteries already exist and are the subject 
of international test standards. 

Several standardisation bodies exist around the world at the national (e.g. 
ANSI33 in the USA), regional (e.g. CENELEC34 in Europe), or international level 
(IEC35, ISO36). However, the standards promulgated by these bodies are often 
restricted to their geographical scope, e.g. European standards are well 
recognised in the European market but less accepted outside Europe. 

International standards are developed in different working groups of the IEC: 
TC35 for primary batteries and TC 21 for rechargeable batteries and automotive 
batteries. These standards have been widely used by battery manufacturers, 
electric and electronic appliance designers, testing laboratories and certification 
bodies for: 

• Testing the performance of primary general purpose batteries  for a 
specific set of loads, end-point voltage and usage pattern (duration, 
frequency of use) for most commonly used devices. This is tested in 
terms of hours of service provided or number of energy pulses (e.g. 
number of clicks for a photo flash). These tests are used by 
manufacturers for product declaration. 

• Determining the rated capacity of rechargeable batteries  for constant 
current drains in a continuous mode. 

• Conducting service output test for batteries designed for certain 
specific applications e.g. primary button cells 

The following paragraphs provide an overview of existing standards. Emphasis 
is put on IEC/European standards, which are commonly used in Europe. A list of 
other available standards (American, Japanese or other) is also given for 
information purposes. Standard methods to evaluate capacity are not explained 
in detail, as they will be explored in section 4.2.3. 

While these standards encompass the vast majority of batteries and certainly 
almost the totality of the portable battery market, they do not cover some more 
marginal types of batteries. As a result, there are a few primary and secondary 
batteries which do not fall under the scope of widespread standards – or any 
standards at all. 

4.1.2.1 IEC STANDARDS 

All these standards have been adopted as European norms (EN standards). 

� Standards for primary batteries 

                                                
33 American National Standards Institute  
34 European Committee for Electrotechnical Standardisation  
35 International Electrotechnical Commission  
36 International Standards Organisation 
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• IEC/EN 60086-2 (2006) Primary batteries – physical and electrical 
specifications 

Scope : primary batteries based on standardized electro-chemical systems 

This part of IEC 60086 specifies the physical dimensions, discharge test 
conditions and discharge performance requirements for six categories of 
batteries. 

Battery performance is evaluated through the average duration time or service 
hours, i.e. the time during which a battery can provide enough power to ensure 
the proper functioning of its end-use device. For each category of batteries, 
discharge tests are detailed for several typical applications with their associated 
MADs (Minimum Average Duration). 

• IEC/EN 60086- 3 (2006) Primary batteries – Watch ba tteries 

This part of IEC 60086 specifies dimensions, designation, methods of tests and 
requirements for primary batteries for watches. In several cases, a list of test 
methods is given. When presenting battery electrical characteristics and/or 
performance data, the manufacturer should specify which test method was 
used. 

� Standards for secondary batteries 

• IEC/EN 60622 (2002) Secondary cells and batteries c ontaining alkaline 
or other non-acid electrolytes – Sealed nickel-cadm ium prismatic 
rechargeable single cells  

Scope : sealed nickel-cadmium prismatic secondary single cells. 

This International standard specifies marking, tests and requirements for the 
batteries that fall within its scope. Where there exists an IEC standard specifying 
test conditions and requirements for cells used in special applications and which 
is in conflict with this standard, the former takes precedence.  

The electrical tests described in this standard include discharge performance 
tests conducted at 20°C and 5°C, an optional test a t -18°C and for rapid charge 
cells as well as a measure of endurance. In the cell designation, the rated 
capacity should be indicated in Ampere hours. 

• IEC/EN 61951-1 (2004) Secondary cells and batteries  containing alkaline 
or other non-acid electrolytes – Portable sealed re chargeable single 
cells – Nickel-cadmium 

Scope: This part of IEC 61951 specifies marking, designation, dimensions, 
tests and requirements for portable sealed nickel-cadmium small prismatic, 
cylindrical and button rechargeable single cells. 

The electrical tests described in this part of the standard in this standard include 
discharge performance tests conducted at 20°C, -18° C and for rapid charge 
cells as well as a measure of endurance. 

• IEC/EN 61951-2 (2003) Secondary cells and batteries  containing alkaline 
or other non-acid electrolytes – Portable sealed re chargeable single 
cells – Nickel-metal hydride 
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Scope : portable sealed nickel-metal hydride, small prismatic, cylindrical and 
button rechargeable single cells. 

This part of IEC 61951 specifies marking, designation, dimensions, tests and 
requirements for portable sealed nickel-metal hydride, small prismatic, 
cylindrical and button rechargeable single cells, suitable for use in any 
orientation. 

The electrical tests described in this part of the standard include discharge 
performances conducted at 0°C, 20°C and for rapid c harge cells as well as a 
measure of endurance. 

• IEC/EN 61960 (2003) Secondary cells and batteries c ontaining alkaline 
or other non-acid electrolytes – Secondary lithium cells and batteries 
for portable applications 

Scope: secondary lithium single cells and batteries for portable applications. 

The objective of this standard is to provide the purchasers and users of 
secondary lithium cells and batteries with a set of criteria with which they can 
judge the performance of secondary lithium cells and batteries offered by 
various manufacturers. 

This standard defines a minimum required level of performance and a 
standardized methodology by which testing is performed and the results of this 
testing reported to the user. Hence, users will be able to establish the viability of 
commercially available cells and batteries via the declared specification and 
thus be able to select the cell or battery best suited for their intended 
application. 

The electrical tests described in this part of the standard include discharge 
performances conducted at 20°C, -20°C and high rate s discharge performances 
at 20°C as well as a measure of endurance. 

It can be noticed that there are no standard methods for custom-made 
rechargeable battery packs. These batteries are not standard products and 
each pack battery is designed to fit a specific model of end-application (e.g. 
specific brand and model of computer, specific brand and model of mp3 player). 
This type of batteries is usually tested with in-house methods developed by the 
manufacturer of the product integrating the battery pack. 

� Standard for automotive batteries 

• IEC/EN 60095-1 (2006) Lead Acid starter batteries -  General 
requirements and methods of test 

Scope: “Automotive batteries” lead-acid batteries with a nominal voltage of 
12 V, used primarily as a power source for the starting of internal combustion 
engines, lighting and for auxiliary equipment of internal combustion engine 
vehicles (commonly called "starter batteries"). This standard is not applicable to 
batteries for other purposes, such as the starting of railcar internal combustion 
engines. 

This standard specifies general requirements; essential functional 
characteristics, relevant test methods and results required, for several classes 
of starter batteries according to the general type of application and according to 
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the type of product. The 20 hour nominal capacity or nominal reserve capacity 
should be indicated on the label if not already part of the battery numbering 
system. 20 hr effective capacity checks and effective reserve capacity checks 
are to be carried out as well as cranking performance tests. 

In Europe, the EN 60095 has been replaced by the EN 50342 (2001), see 
section  4.1.2 for more details on this standard. 

4.1.2.2 AMERICAN STANDARDS 

� ANSI C18.1M, Part 1 (2005)   For Portable Primary C ells and Batteries 
With Aqueous Electrolyte - General and Specificatio ns 

Scope: This standard applies to portable primary cells and batteries with 
aqueous electrolyte and a zinc anode (non-lithium) and includes four 
electrochemical systems:  

a) Carbon zinc (LeClanche and zinc chloride types); 
b) Alkaline manganese dioxide; 
c) Silver oxide; 
d) Zinc air. 

The first section of Part 1 has general requirements and information, such as 
the scope, applicable definitions, general descriptions of battery dimensions, 
terminal requirements, marking requirements, general design conditions, test 
conditions, etc. Section 2 is comprised of specification sheets for various types 
of cells and batteries. It specifies nomenclature, dimensions, polarity, terminals, 
marking, test conditions, and procedures. 

� ANSI C18.2M Portable Rechargeable Cells and Batteri es - General and 
Specifications  

Scope:  This standard specifies performance requirements for standardized 
portable lithium-ion, nickel cadmium, and nickel metal hydride rechargeable 
cells and batteries to ensure their safe operation under normal use and 
reasonably foreseeable misuse, and includes information relevant to hazard 
avoidance. 

The first section of part 1 has general requirements and information, such as the 
scope, applicable definitions, general descriptions of battery dimensions, 
terminal requirements, marking requirements, general design conditions, test 
conditions, etc. Section 2 of Part 1 is comprised of specification sheets for 
various types of cells and batteries. 

� ANSI C18.3M, Part 1 (2005) For Portable Lithium Pri mary Cells and 
Batteries—General and Specifications 

Scope: This standard applies to portable lithium primary cells and batteries. It 
includes three electrochemical systems: 

a) Lithium/carbon monofluoride; 
b) Lithium/manganese dioxide; 
c) Lithium/iron disulfide.  
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The first section of part 1 has general requirements and information, such as the 
scope, applicable definitions, general descriptions of battery dimensions, 
terminal requirements, marking requirements, general design conditions, test 
conditions, etc. Section 2 of Part 1 is comprised of specification sheets for 
various types of cells and batteries. 

4.1.2.3 JAPANESE STANDARDS 

� JIS C 8515:2007  Primary batteries - Physical and e lectrical 
specifications 

This standard corresponds to international standard IEC 60086-2:2000. The 
contents of this standard are only available in Japanese. 

� JIS C 8711:2006  Secondary cells and batteries cont aining alkaline or 
other non-acid electrolytes - Secondary lithium cel ls and batteries for 
portable applications 

This standard corresponds to international standard IEC 61960:2003. The 
contents of this standard are only available in Japanese. 

� JIS D 5301:2006 Lead-acid starter batteries 

This Standard specifies lead-acid batteries with a nominal voltage of 12 V used 
for starting of internal combustion engine, lighting, ignition, etc. of automobiles, 
etc. It corresponds to international standard IEC 60095. 

� JIS D 5302 standard for Lead-acid starter batteries  for motorcycles. 

The information related to this standard is only available in Japanese. Lead-acid 
starter batteries for motorcycles can have a nominal voltage different from 12V 
(e.g. 6V) and are not covered by JIS D 5301 nor by IEC 60095. 

4.1.2.4 OTHER STANDARDS 

� German standards 

Several German standards exist. They are available in German and include, but 
are not limited to: 

DIN 40768 Alkaline storage batteries; 6 V and 12 V sealed nickel-cadmium 
batteries, button cells with pasted plates, capacities, main dimensions, technical 
data 

DIN 40763-1 Nickel-cadmium-batteries; cells with fibre structured plates; cells in 
plastic containers; nominal capacities, main dimensions 

DIN 40734 Lead acid batteries - Stationary vented cells with positive grid 
plates - Cells in plastic containers; rated capacities, main dimensions, weights 

DIN 40736-1 Lead acid batteries; stationary cells with positive tubular plates; 
cells in plastic-containers; rated capacities, main dimensions, weights 
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DIN 72311-20 Lead storage batteries; starter batteries for commercial vehicles; 
nominal capacities and main dimensions 

� AS 2149-2003 Starter batteries – lead acid 

This Australian standard provides requirements for the materials, design and 
construction of leads acid, automotive batteries having either a 6 V or a 12 V 
output. It covers both safety and performance criteria.  

� GB/T 5008.2-2005 Lead-acid starter batteries - Kind s of products and 
specifications  

This standard is only available in Chinese. 

� BCI Battery Technical Manual  Automotive Lead Acid battery test 
procedures  

BCI (Battery Council International) is a not-for-profit trade association formed to 
promote the interests of an international battery industry. BCI has more than 
190 members worldwide engaged in every facet of the industry. BCI’s activities 
include establishing technical standards for battery manufacturing. A summary 
of standards applicable to each category of battery is displayed in Table 15 As 
can be seen from the table and from the descriptions above, there is a very 
large variety of applicable standards with different scopes and test methods. 
However, IEC standards are widely accepted both in Europe and internationally 
and could provide a basis for harmonisation. 

� European standard EN 50342 Lead-acid starter batter ies. General 
requirements, methods of test and numbering 

This European standard replaces the EN 60095 standard. Certain automotive 
battery industries use both IEC/EN 60095 and EN 50342 to measure automotive 
battery capacity/performance. The methods and characteristics measured are 
the same in both IEC/EN 60095 and EN 50342 standard. However, some 
requirements (i.e. in terms of thresholds values) differ. 
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Table 15: Relevant standards for different battery categories 

 

 

Scope Japanese Standards International standards (a lso European) American Standards Other standards 

General purpose and 
specialty primary batteries 

IEC/EN 60086-2 Primary batteries Physical and 
electrical specifications 

P
or

ta
bl

e 
P

rim
ar

y 
ba

tte
rie

s 

Watch  batteries 

JISC 851 5 :2007 Primary 
batteries -- Physical and 
electrical specifications 
 IEC/EN 60086 :3 Primary batteries Watch 

Batteries 

ANSI C18.1M Portable 
Primary Cells and 
Batteries with Aqueous 
Electrolyte - General and 
Specifications 
ANSI C18.3M Portable 
Lithium Primary Cells 
and Batteries - General 
and Specifications 

DIN 40768 Alkaline storage batteries; 6 V and 12 V 
sealed nickel-cadmium batteries, button cells with 
pasted plates, capacities, main dimensions, technical 
data 

 

Sealed Ni-Cd 

and Ni-MH 

rechargeable 

single cells 

N/A 

IEC/EN 60622 Secondary cells and batteries 
containing alkaline or other non-acid 
electrolytes – sealed nickel-cadmium prismatic 
rechargeable single cells 
IEC/EN 61951-1 Secondary cells and batteries 
containing alkaline or other non acid 
electrolytes – portable sealed rechargeable 
single cells – Nickel Cadmium 
IEC/EN 61951-2 Secondary cells and batteries 
containing alkaline or other non-acid 
electrolytes – Portable sealed rechargeable 
single cells – Nickel-metal hydride 

P
or

ta
bl

e 
S

ec
on

da
ry

 b
at

te
rie

s 

Secondary 
cells and 
batteries 

containing 
alkaline or 
other non 

acid 
electrolytes 

Secondary 
lithium cells 
and batteries 
for portable 
applications 

JISC 8711:2006 Secondary 
cells and batteries containing 
alkaline or other non-acid 
electrolytes -- Secondary lithium 
cells and batteries for portable 
applications 

IEC/EN 61960 Secondary cells and batteries 
containing alkaline or other non-acid 
electrolytes – secondary lithium cells and 
batteries for portable applications 
 

ANSI C18.2M Portable 
Rechargeable Cells and 
Batteries - General and 
Specifications 
 

DIN 40763-1 Nickel-cadmium-batteries; cells with fibre 
structured plates; cells in plastic containers; nominal 
capacities, main dimensions 
 

A
ut

om
ot

iv
e 

ba
tte

rie
s 

Lead-acid starter batteries 

JIS D 5301:2006 Lead-acid 
starter batteries 
JIS D 5302 standard for Lead-
acid starter batteries for 
motorcycles. 
 

IEC/EN 60095-1 Lead-acid starter batteries  
General requirements and methods of test 
 

N/A 

DIN 72311-20 Lead storage batteries; starter batteries 
for commercial vehicles; nominal capacities and main 
dimensions 
GB/T 5008.2-2005 Lead-acid starter batteries--Kinds of 
products and specifications 
AS 2149-2003 Starter batteries - Lead-acid 
BCI Battery Technical Manual  Automotive Lead Acid 
battery test procedures 
EN 50342:2001 Lead-acid starter batteries. General 
requirements, methods of test and numbering 
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4.2.  TASK 1.2 – CAPACITY DETERMINATION METHODS 

The objective of this subtask is to identify the current existing methods used to 
evaluate the capacity as well as the different parameters influencing the 
capacity of portable and automotive batteries.  

A first section will provide the basic principles of the theoretical determination of 
the capacity of a battery and a second paragraph will establish a detailed list of 
the different parameters that can have an influence on the capacity of the 
batteries. A second section will investigate the current standards used to 
evaluate the capacity of each category of products under the scope of the study.   

4.2.1 CAPACITY DEFINITION  

It should be noted that no definition of capacity is provided in the 2006/66/EC 
Batteries Directive. 

4.2.1.1 TECHNICAL DEFINITION OF THE CAPACITY  

The technical meaning of the capacity of a battery (applied to all electric 
components) is a measure of the energy contained within a battery under set 
conditions expressed in ampere hours (Ah), i.e. it is the intensity of current (A) 
delivered by a battery during a certain period (h). When the value of the capacity 
is measured in set conditions, it is referred to as the “rated capacity” to 
differentiate from the “delivered capacity” in real life conditions. 

For example, a battery with a capacity of 1Ah could theoretically deliver a 
current of 1A during 1h or 0.5A during 2h. Actually, the intensity of the current 
delivered by a battery is directly linked to the resistance of the appliance it is 
used with.  

The figure below shows the functioning of a battery with an end-application. The 
battery delivers current in the circuit, at a voltage U measured by the voltmeter.  

This voltage is directly linked to the type of the battery (chemical composition 
and quantity of materials present in the battery) and varies as the battery is 
being discharged (decrease in time from a nominal voltage value down to an 
end-point voltage determined by the end-application, see explanations on next 
page for further details).  

The intensity of the current I measured by the ammeter is directly linked to the 
internal resistance R (made up of several resistive parts in a similar way to that 
explained in  4.2.2.3) of the appliance it is used with and also varies in time as 
the battery is being discharged according to Ohm’s law: U=R.I. 

In an appliance, R can vary with the usage mode (a radio has a higher 
consumption at higher volumes), and during certain stages such as the start of a 
toy engine. At a constant usage mode and an established regime (case of IEC 
60086-2 tests), R stays constant during the discharge and is specific to the end-
application. 
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Figure 26: Basic scheme of a battery in constant resistance discharge mode 
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The capacity of a battery can be defined as the multiplication of the Intensity by 
the time of discharge (see Formula 1). 

Formula 1: Capacity of a battery 
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Where I(t) represents the value of current flowing out of the battery at the instant 
t, U(t) the voltage at the instant t and R the internal resistance of the application. 
The time of the discharge which is usually called the service hours corresponds 
to the time after which the battery delivers insufficient current to power the 
device (discharged). 

To simplify the calculation, the voltage is considered constant and equal to an 
average value throughout the discharge and the formula presented above can 
be simplified (Formula 2: Simplified formula for the capacity). 

Formula 2: Simplified formula for the capacity  

t
R

U
tIC ×=×=  

Actually, the voltage delivered by a battery decreases with time (i.e. as the 
discharge time increases). Throughout its lifetime, the voltage will decrease 
from the initial nominal value to an end-point voltage which is determined by the 
application.  Figure 27 presents a typical discharge curve for a battery and 
Table 16 lists standard end-point voltages for typical applications of primary 
batteries.  

The lifetime of the battery is then defined as the time during which the battery is 
able to supply the application before its voltage drops below the end-point 
voltage. For some categories of batteries (e.g. rechargeable batteries) the 
variation of the voltage is not as pronounced as for other (e.g. primary 
batteries). 
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Most electrical devices drain energy at a constant resistance discharge mode. 
However, some other devices, specifically digital devices drain energy at a 
constant power discharge mode.  

Technically, for an automotive battery, the capacity is a measure of its storage 
ability. It indicates the available quantity of current that a battery can supply in a 
certain time when discharging with a constant current until a specified voltage is 
reached (end-point voltage/final discharging voltage). A nominal capacity is 
always given for prescribed conditions. A battery with a 20-hour capacity of 60 
Ah can deliver a current of 3 amperes (A) over 20 hours (h): 60 Ah/20 h = 3 A. 
The capacity is not constant but depends on temperature and the level of 
current (see section  4.2.2.4). An increase in discharge current or reductions in 
operating temperatures reduce the battery's capacity. 

Figure 27 – Discharge curve of a battery at constan t resistance 
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Table 16: Standard end-point voltage for several ty pical applications of primary 
batteries 37 

Application End-point voltage 
(V) 

Radio 
Motor/Toy 
Personal cassette player and tape recorder 
Electronic Game 
Photo flash 
Digital still camera 
Remote Control 

Please refer to IEC 
60086-2 

4.2.1.2 PRACTICAL DEFINITION OF THE CAPACITY OF A 
BATTERY 

As presented in section above (section  4.2.1.1) the technical meaning of the 
capacity applied to electrical components provides a measure of the capacity in 
ampere-hours. However, this information is not the only information used by 

                                                

 37 Extract from IEC 60086-2, Performance testing table for standard alkaline batteries. 
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battery manufacturers to communicate on the performance and capability of 
their products. 

Indeed, if for secondary batteries, the technical definition is taken as a reference 
to rate the capacity of the batteries (i.e. in mAh), for primary batteries the 
information is usually provided in terms of “performance” instead of “capacity” 
expressed in service hours, which refer to the duration of the discharge as 
defined in the section above (which can easily be linked to the capacity in 
ampere-hours provided that the value of the current is known, see Formula 1). 

For automotive batteries, the capacity of the battery is provided following the 
technical definition (ampere hour). However, most actors in the automotive 
battery industry agree that the capacity in ampere-hours does not constitute the 
most valuable indication to compare the overall performance of an automotive 
battery to another automotive battery. Indeed the notion of capacity provides 
indication on the ability of the battery to store energy however it does not 
provide information on its ability to start an engine. Therefore in the case of 
automotive battery the information on the capacity is complemented by an 
indication of the capability of the battery to start an engine which refers to the 
measurement of the “Cold Cranking Amperes” CCA. This notion will be further 
described in section  4.2.3.3. 

4.2.2 PARAMETERS INFLUENCING CAPACITY  

As explained earlier ( 2.2.1), several parameters influence battery capacity. 
These parameters are further described in the following paragraphs. 

4.2.2.1 ELECTROCHEMICAL COMPOSITION 

The energy released by the battery relies on the redox (reduction/oxidation) 
reaction taking place into the cell. The ability of the reactants to transfer 
electrons determines the nominal voltage of the battery and the slope of its 
specific discharge curve describing the evolution of the cell voltage throughout 
the discharge of the battery (Figure 28) 
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Figure 28 - Discharging curves of button cells with  different chemical 
compositions 38 

 

The capacity of the different batteries on this graph can be derived from the area 
between the discharge curve and the horizontal line of end voltage 0,8V i.e. the 
areas marked with vertical and bended stripes for battery B and battery C. For a 
discharge under constant resistance, the relationship is given by Formula 1: 

∫ ∫ ∫===
f

i

f

i

f

i

dttU
R

dt
R

tU
dttIC )(

1)(
)(  

In this case, dividing the surface of the hatched area by the resistance yields the 
capacity. Since this surface area is determined by the electrochemical 
composition of a battery, there is a close relationship between electrochemical 
composition and capacity. 

Battery A which has a higher nominal voltage may not be used for the same 
applications and cannot be compared directly with the other two batteries. For 
batteries B and C, the dependence of the capacity on the chemical composition 
can be seen through the marked areas i.e. the capacity of battery B is slightly 
more important than that of battery C because the area delimited with vertical 
stripes is bigger than that delimited with bended stripes.  

Depending on the electrochemical composition of the battery, the amount of 
energy which can be stored for a given mass differs. This refers to the 
gravimetric energy density of a battery, i.e. the amount of energy stored for a 
given mass (kWh/kg) (see Figure 29 and Figure 30 for primary and secondary 
batteries). For primary batteries, the alkaline system provides a higher energy 

                                                

38http://www.chinabatteryweb.com/product-B/images/redsunDischargecurve-Button.jpg   
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density than the carbon zinc based batteries. For secondary batteries Nickel 
metal hydride systems provide a higher energy density then Nickel Cadmium 
systems. 

This explains the variations of the capacity of a battery depending on its 
electrochemical composition. 

Figure 29: Gravimetric energy density of primary ba tteries with different 
electrochemical compositions 

 

Figure 30: Gravimetric energy densities of secondar y batteries electrochemical 
systems 39 

 

4.2.2.2 SIZE 

For a given electro chemical system, the size of the battery determines the 
amount of chemicals in the cell which has an impact on the capacity (the higher 
the quantity of chemical, the higher the capacity).  

                                                
39 Harding Energy Inc. http://www.hardingenergy.com/pdfs/ComparisonofApplication.pdf here the 
technology lead-acid is mentioned however it is out of scope when considering portable secondary 
batteries 
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4.2.2.3 INTERNAL RESISTANCE 

The internal resistance of a cell determines its ability to deliver current. A low 
internal resistance battery allows high currents whereas a high internal 
resistance will deliver lower currents. The internal resistance is actually the 
equivalent resistance of several resistive parts of the cell (Figure 31).  

Figure 31 - Resistance Equivalent Circuit 40 

 

 
 

• Rm is the resistance of the metallic path 
through the cell including the terminals, 
electrodes and inter-connections. 

• Ra is the resistance of the electrochemical 
path including the electrolyte and the separator. 

• Cb is the capacitance of the parallel plates 
which form the electrodes of the cell. 

• Ri is the non-linear contact resistance 
between the plate or electrode and the 
electrolyte. 

 

As current flows out of the cell, there is a voltage drop due to the internal 
resistance of the battery i.e. the actual voltage delivered to the end application is 
lower than the one delivered by an ideal cell that would not have any internal 
resistance. This drop increases with the value of the internal resistance. This 
means that all the energy theoretically available for the end user will not be 
delivered and that a part of it will be lost through the Joule Heating effect RI2.  

The loss increases linearly with the resistance, the higher the internal resistance 
the higher the loss.    

The internal resistance is a parameter directly linked to the grain size of the 
electrolyte material. It is controlled by the cell manufacturer in a milling process.    

4.2.2.4 TEMPERATURE AND RELATIVE HUMIDITY 

Temperature is a factor that influences the speed of the reduction and oxidation 
reaction and thus the overall performance of the battery.  

At extremely low temperatures, the electrolyte can freeze whereas too high 
temperatures may initiate unwanted reactions. These limits set an operating 
temperature range for the battery which is sometimes specified by 
manufacturers on technical datasheet (Figure 32). Yet, even if the battery states 
to work down to -20°C, the performances may serious ly start deteriorating below 
0°C.    

                                                

 40 http://www.mpoweruk.com/performance.htm  
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Figure 32 – Operating temperature range for the Dur acell MN 1500 battery (LR6) 41 

  

Between these limits, the Arrhenius equation (Formula 3) defines the 
relationship between temperature and the rate (k) at which the chemical 
reaction takes place in the battery.  

Formula 3 – Arrhenius Law 

)exp(
RT

E
Ak a−=  

In the Arrhenius Law, R is the gas constant, Ea the activation energy depending 
on the reaction, T stands for the temperature, and A is the pre-exponential 
factor. The relation shows that the rate of the chemical equation increases with 
temperature. For example, every 10°C increase in te mperature causes the 
reaction rate to double.  

For the use of the batteries, this means that the instantaneous power available 
for the end-application will be higher at high temperatures causing the service 
hours to diminish.  

In addition, high temperatures improve the electrons mobility between the two 
electrodes of the cell and thus reduce the internal resistance increasing the 
overall capacity (see Figure 29).  

Also, the relative humidity (% of water vapour contained in the air) of the 
atmosphere has an impact on the capacity as the water can potentially 
chemically react with the battery’s chemicals and affect its performance. Also, 
risks of corrosion are increased in humid environments. 

4.2.2.5 END APPLICATION  

The capacity of a battery is also dependent on the end-application’s electric 
characteristics: 

• Resistance of the device which determines the discharge rate (i.e. intensity in 
amperes) following Ohm’s Law (V=RI) 

• The end-point voltage, which determines the level of energy below which the 
device will not work. 

• Type of discharge 

� Influence of the resistance and of the end-point vo ltage 

Capacity increases significantly at low discharge rates (i.e. high resistance 
devices), and low end-point voltages which correspond to longer times of 
discharge. For a given battery used for two end applications characterised by 
their resistance (R1 and R2), the evaluation of the overall capacity through the 

                                                

 41 http://www.duracell.com/oem/Pdf/new/MN1500_US_CT.pdf  
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simplified formula t
R

U
C =  will show that the capacity corresponding to the 

lowest resistance will be the highest.  

Typically, battery-operated devices can be broken down into three categories.  

First, there are low drain  devices which do not require too much power: e.g. 
some types of radios, clocks and flashlights. Second, the moderate-drain 
(medium drain ) category: tape recorders, Game Boys, music and CD players, 
electronic toys, pagers, smoke detectors, remote controls and flashlights (for 
intensive use). The third category, high drain  devices, includes high powered 
devices such as digital cameras, palmtops, remote-control toys, portable 
televisions and photo flash units. 

The measured capacity of a battery (rated capacity) varies depending on the 
application and its number of service hours also varies (Figure 33) and no single 
value of rated capacity can be given for a battery. 

However, in the case of batteries intended for a specific use (e.g. automotive 
batteries, watch batteries) it is possible to determine a rated capacity as there is 
only one end-application. 

Figure 33: Discharge profiles of a LR6 battery 42 

  

In the case of secondary batteries, their technology, which allow having low 
internal resistance, the capacity of the battery does not greatly vary depending 
on the end-use application and a single rated capacity can be determined. 

For general purpose primary batteries, the comparison of the performances of 
two distinct batteries can therefore only be established regarding a specific end-
use application that will impose the discharging rate through its internal 
resistance.  

In addition, the curve describing the evolution of the voltage of the battery as a 
function of the resistance of the application may not have exactly the same 
profile. This explains in the case of primary batteries why battery A may perform 
better than battery B for a low resistance and worse than B at high resistances. 
The comparison of the evolution of the capacity of three different LR6 batteries, 
measured using IEC Standard methods for primary batteries, shows that battery 
B may be the best choice for a radio, a remote control and a motor toy but the 
worst choice for a camera (Figure 34).  

                                                
42 Energizer 
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Figure 34 – Capacity of three LR6 batteries accordi ng to various end-use 
applications 43 
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�  Influence of the type of discharge 

A battery may be discharged under different modes depending on the end-
application. The type of discharge mode selected can have a significant impact 
on the service life delivered by a battery in a specified application.  

The three typical modes under which a battery may be discharged are:  

• Constant Resistance  (“R”): In this mode, the resistance of the equipment 
load remains constant throughout the discharge. This is the type of discharge 
occurring in most common electric devices. 

• Constant Current  (“C”): In this mode, the current drawn by the device 
remains constant during the discharge 

• Constant Power  (“P”): In this mode, the current during the discharge 
increases as the battery voltage decreases, thus discharging the battery at a 
constant power level. (Power = Current x Voltage). This is the type of 
discharge that occurs in new digital applications (e.g. digital cameras). 

The theoretical discharge profile of a battery under these three different 
discharge modes can be plotted. Figure 35, represents the three discharge 
modes considering a device with a minimum power requirement of 100 mW and 
an end-point voltage of 0.8V. It shows that the discharge at constant resistance 
leads to a lower service life than the discharge at constant current and than the 
discharge at constant power.  

This can be explained because in a constant resistance discharge, the current 
drops during the discharge following the voltage drop (I=U/R). Therefore, the 

                                                

 43 IEC documentation  

Low /medium drainage rate 
application 

High drainage rate application 
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power delivered (P=UI=U²/R) drops even more rapidly. Also, in order to ensure 
the required power is available throughout the discharge, the discharge current 
is in excess of the minimum required: the battery discharges at higher currents 
and its capacity in ampere-hours drops rapidly, leading to a short service life 
(see Figure 36, left graph). 

In constant current mode, the current is maintained at a minimum level (125 
mA) so that the power output is 100 mW at the end of the discharge (i.e. when 
the voltage reaches the end-point voltage of 0.8V) (100= 0.8x125). Thus, the 
average current drain is lower than in a constant resistance discharge mode and 
the resulting service life is longer. 

The constant power discharge mode requires the lowest current (discharge rate) 
to maintain the output power at 100 mW compared to the other two discharge 
modes, and therefore leads to the longest service life. 

Figure 35: Discharge profile of a R6 Alkaline batte ry under different modes – end 
point voltage: 0.8 V and minimum power level: 100mW 44 

 

Figure 36: Current and power profile in different d ischarge modes (LR6 battery) 45 

 

4.2.2.6 USAGE PATTERN AND AGEING 

 

For all categories of batteries, the usage profile is entirely determined by the 
user and can highly impact its performances. 

• Frequency of use and usage pattern: 

                                                
44 DURACELL  
45 Ibid 
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Delivered capacity results will differ for devices used two hours per day versus 
one hour per month.  

• Storage life/Shelf life 

For all batteries, the capacity will decline with time. Depending on the 
electrochemical composition of the battery, this reduction in the capacity 
compared to the “initial capacity” or “fresh capacity” (capacity of a freshly 
manufactured battery) can be of 20% after one year. The storage life of shelf life 
can be defined as the duration under specified conditions at the end of which a 
battery retains its ability to perform a specified service output. 

• Charge/discharge cycles: 

For rechargeable batteries, life cycle is defined as the number of complete 
charge-discharge cycles a battery can perform before its capacity falls below a 
given percentage of its initial rated capacity (commonly when it reaches 50% or 
60% of the initial capacity).  The ageing process corresponds to a reduction of 
the performance over time which continues gradually even after the capacity 
has fallen below 80%. The depth of discharge imposed by the user also has a 
direct impact on the life cycle of the battery. The memory effect states that some 
cells could remember the depth of the previous discharges and only accept that 
amount of energy during further charges causing the overall performances of 
the battery to fall. Also the charging patterns (frequency the user will recharge 
his batteries, for how long, and the duration in time between the charging and 
the use of the battery) can affect the capacity of the battery. 

4.2.3 STANDARD METHODS TO EVALUATE CAPACITY  

The standard methods used to evaluate the capacity of batteries refer to the IEC 
methods which are Europe wide and internationally accepted (see section 
 4.1.2). For some categories of batteries, such methods do not exist and the 
capacity of the battery in the technical sense is not measured; the performance 
of the battery is measured instead. Certain battery models are not covered by 
any standards, as they do not represent a significant share of the market or 
because they are not products of standardised format/design. As such, there 
are no standardised methods to measure either their capacity or their 
performance. 

4.2.3.1 PRIMARY BATTERIES 

Depending on the model of primary battery, the international IEC standard for 
primary batteries measures the performance of general purpose batteries in 
services hours, pulses and capacity (for watch batteries). For each type of 
battery, the standard defines threshold levels of service hours, number of 
pulses, etc. that the battery must meet. 

Two types of primary batteries are distinguished in the standard: 

• Primary batteries tested under IEC 60086-2 

• Watch batteries tested under IEC 60086-3 

IEC 60086-2 includes test methods for primary general purpose batteries and 
specialty batteries. IEC 60086-3 only relates to watch batteries. All tests are 
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performed under specific discharge conditions (temp erature and 
humidity) 46.  

� Primary batteries (IEC 60086-2) 

As there is a wide variety of end-applications for each model of general purpose 
primary battery, and because the capacity of a battery is dependent on the type 
of end-application (see  4.2.2.5), a single value of the rated capacity cannot be 
defined for a general purpose primary battery.  

Therefore, for general purpose batteries, the existing international standards do 
not provide a single value of rated capacity of these batteries but rather evaluate 
their performance through a multitude of tests on a specific list of loads, voltage 
cut-offs and duty cycles that represent most commonly used devices.  

For specialty batteries, a single test (or in some cases a very limited number of 
tests) is proposed leading to a single value of rated capacity or performance.  

The IEC 60086 tests provide information on the average duration time, or 
service hours (minimum time during which the battery can supply sufficient 
power to a device) and do not provide data on the capacity in mAh. This 
information in hours of service about the performance is easily understandable 
for the consumer and is linked to the notion of capacity (see  4.2.1). The 
measured duration time should be equal or higher than a Minimum Average 
Duration (MAD) defined by the standard (see Table 17). 

The tests are based on three types of discharge depending on the end-
application of the product:  

• The discharge under constant resistance which is usually used for tests 
under low to medium drainage rates applications (radio, remote control, etc.) 

• The discharge under constant current which is usually used for applications 
imposing high drainage rates (camera flashes, etc.) 

• The discharge under constant power which is quite recent and was 
developed for new digital applications like digital still cameras.  

For each typical end-application used in the standard, the type of test selected 
(constant current, constant resistance or constant power) is supposed to best 
describe the overall use of the battery in real life conditions.  

Each test is then linked to a usage pattern, called the daily period or duty cycle, 
which specifies the daily use for which the battery test is performed. The overall 
test corresponds to the combination of a type a discharge and a daily period.  

                                                
46 Please refer to IEC 60086-1 
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Table 17 – Examples of typical discharge tests for primary batteries under 
different types of discharge (IEC 60086-2) 

Type 
Vn 

(V) 
Resistance (Ω)/ 

Power (mW) 
Daily period End-point voltage MAD Application 

Radio 

Motor/toy 

Personal 
cassette 

player and 
tape recorder 

CD/MD/Elect
ronic game 

Photo flash 

Digital still 
camera 

LR6 Please refer to IEC 60086-2 (p 17) 

Remote 
control 

Some of these tests are common to several types of primary batteries. For 
example, the test corresponding to a discharge under a constant resistance of 
XX47 Ω and a daily period of XX48 h (radio) is common to three types of batteries 
(R6P, R6S and LR6). 

For some primary batteries which are used in very specific applications which 
are too complex to replicate, the standard defines a service output test whose 
conditions must reproduce the typical conditions in which the battery will be 
used. The service output tests defined in the standard correspond to discharges 
under constant resistance.  

Table 18 – Service output tests for three primary b atteries (IEC 60086-2) 

Discharge conditions 

Type Nominal 
voltage R 

(kΏ) Daily period Cut-off (V) 

Minimum 
Average 
Duration 

Applications 

BR1225 service output test 

CR11108 service output test 

SR65 
Please refer to IEC 60086-2 

service output test 

� Watch batteries (IEC 60086-3) 

The third part of the IEC standard 60086 for primary batteries only concerns 
watch batteries. The standard defines two methods of tests under constant 
resistance to measure the capacity of watch batteries. Contrarily to the second 
part of the standard which rated the performance of the batteries through a 
minimum average duration (MAD), the third part expresses the capacity of 
watch batteries in ampere-hours.  

                                                
47 Please refer to IEC 60086-2 (p 17) 
48 Please refer to IEC 60086-2 (p 17) 
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The first method, called method A, is recommended in the standard as the most 
indicative of current watch requirements whereas the second method, called 
method B, is a more general method like those presented in IEC 60086-2 for a 
discharge under constant resistance for other primary batteries. 

• Method A 

The open-circuit voltage UOC and the on-load voltage UCC are measured every 
day throughout a discharge under constant resistance until the voltage falls 
below the end-point voltage.  

Figure 37 – Circuitry principle for method A (IEC 6 0086-3) 

Please refer to  IEC 60086-3 - Figure 6 

The capacity of the battery is then obtained by adding the partial capacities 
calculated after each measurement.  

Formula 4 – Watch capacity measured with method A ( IEC 60086-3) 

Please refer to  IEC 60086-3 – p34 

• Method B 

The principle of this method is rather similar to that used for tests of other 
primary batteries under constant resistance. Contrarily to method A, the overall 
capacity is evaluated through the duration of the discharge by choosing an 
average value for the discharge voltage. 

Figure 38 – Circuitry principle for method B (IEC 6 0086-3) 

Please refer to  IEC 60086-3 - Figure 8 

Formula 5 – Watch capacity measured with method B ( IEC 60086-3) 

Please refer to  IEC 60086-3 – p35 

4.2.3.2 PORTABLE SECONDARY BATTERIES 

� General principles 

IEC standards for secondary batteries (see section  4.1.2) define test regimes 
under a list of constant current drains in a continuous mode which allow the 
determination of a rated capacity for each battery. This is made possible 
because of the design of rechargeable batteries: internal resistance of 
rechargeable batteries is low, leading to a lower variation in delivered and rated 
capacity in constant current discharge conditions, and to a lower variation of the 
rated capacity depending on the end-use application. 

A battery rated at 1Ah will deliver 0.05A over a 20 hour period at a set 
temperature. However, if it is discharged at 0.5A, it will run out of charge in 2 
hours ( tIC ×= ). 
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For this reason, a battery capacity rating is always related to expected 
discharge duration—the standard duration is generally 5 hours (see next 
paragraph). The higher the ampere-hour rating for the same discharge duration, 
the longer the battery will last for a certain load. 

The methods used in the IEC standards for secondary batteries are based on 
the notion of the rated capacity C X where X designates the duration of the 
discharge (in hours). This capacity, declared by the manufacturer, corresponds 
to the quantity of electricity that the battery can de liver during a period of 
X hours for a discharge under constant current Ix.   

In the standards, Ix is expressed as a multiple of the specific current It. The 
specific current is defined as the current delivered if the battery was discharged 
in one hour given its rated capacity.   

Formula 6 – Definition of the specific current defi ned for the tests 

h
X

CI t 1/=  

For example, for a battery rated under a 5 hour discharge with a capacity C5 at a 
constant current I5 the following is true:   C5 = I5 x 5 where I5 is the constant 
current drain corresponding to the 5 hour discharge. 

Moreover, according to Formula 6, C5 = It 

This means that I5 = 
5

1
 It = 0.2 It 

If C5 equals to 1Ah, the specific current would be 1A and I5 would equal 0.2A. 

The tests defined for secondary batteries in the standards are conducted under 
constant current which are multiples of It and define minimum average discharge 
duration for increasing drainage rates.  

The definition of the specific current is quite convenient because it allows the 
statement of common minimum durations for all categories of batteries at a 
given temperature disregarding their own characteristics (size, etc) and without 
imposing a common value for the discharge current. For example, two 
secondary batteries with the specific currents I5’and I5”both corresponding to a 
discharge of 5 hours under the constant currents 0.2 It’ and 0.2 It” will have the 
same minimum discharge duration requirements at 5 x It’ and 5 x It”. 

Batteries are tested at 20°C or 25°C depending on t heir category. Other tests at 
lower temperatures can also be conducted.  

For each battery test, the capacity can be easily evaluated by using the formula 
of a discharge under constant current ( tIC ×= ) where I is the discharge 
current and t the discharge time. For a fixed discharge duration, the 
determination of the capacity for two secondary batteries allows knowing which 
one can deliver the greatest amount of energy. 

The rated capacity Cx can be used as an evaluation of the capacity of the 
battery. Contrarily to primary batteries where the discharge parameters 
(resistance, current or power) are imposed and the discharge time measured, 
the discharge time is there imposed (for example 5 hours for most of secondary 
batteries) and the discharge parameter measured (current intensity enabling to 
reach such discharge duration).   

In the following sections, details about the IEC test methods for certain 
categories of secondary batteries are provided. 
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� Secondary cells and batteries containing alkaline o r other non-acid 
electrolyte (IEC 60622, IEC 61951, and IEC 61960) 

The test methods defined for these batteries (IEC 60622, IEC 61951 and IEC 
61960) are all based on tests methods with discharge duration of 5 hours under 
continuous constant current (i.e. the specific current) at 20°C.  

Depending on the model of battery, the test current can be increased up to 10 
times the specific current to check the behaviour of the battery at high drainage 
rates (see example for prismatic NiCd batteries, Table 19).  

The procedure preceding the tests (discharging, charging, and storage) is 
defined in the standards and is also common to all these batteries.  

The rated capacity C5 at 20°C can be used to evaluate the capacity of the se 
batteries.      

Table 19: Minimum discharge duration at 20°C for se aled nickel-cadmium 
prismatic rechargeable cells, IEC 60622 

Discharge conditions Minimum discharge duration 

Cell designation  Rate of constant 
current (A) 

Final voltage 
(V) L M H X 

0,2 It 

1,0 It 

5,0 It 

10,0 It 

Please refer to IEC 60622 - Table 3 

4.2.3.3 AUTOMOTIVE BATTERIES: LEAD-ACID STARTERS (I EC 
60095-1) 

As already mentioned in section  4.2.1.2, the data on capacity is not the single 
criterion useful for the comparison of automotive batteries. The data on the 
capability to start the engine of the vehicle it is intended to fit into is also an 
objective criteria to include in order to perform an effective comparison of 
automotive batteries. The IEC 60095-1 standard provides methods to evaluate 
both the capacity in mAh and the performance, meaning the cold cranking 
capability of a battery (capability to start an engine, in particular under adverse 
conditions (low temperatures)).  

� Capacity evaluation 

The capacity of an automotive battery is defined for a temperature of 25 ± 2°C. 

 The 20 hour nominal capacity Cn (Formula 7) is the electric charge that a 
battery can supply given a constant current In discharge. This current is defined 
as the current that is required for the voltage to reach the end-point voltage after 
a 20 hour discharge. . 
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Formula 7 – 20 hour nominal capacity C n (IEC 60095-1) 

)(
20

A
C

I n
n =  

The effective 20 hour capacity Ce (Formula 8) of the battery is measured by 
discharging a battery with constant the current In up to the end-point voltage Uf = 
10.50V.The resultant time of the discharge is then used to calculate the effective 
capacity of the battery. Throughout the duration of the test the battery must be 
kept in a water bath at a temperature of 25 ± 2°C. The battery must be charged 
according to the standard and the discharging test must start within 1 to 5h after 
the completion of the charge.  

Formula 8 – Effective 20 hour capacity C e 

ne ItC ×=  

If the final temperature of the battery is not kept between XX°C and XX°C 49, a 
correction formula must be used in order to take into account the shift in 
temperature. 

The standard for the automotive batteries defines a minimum boundary for the 
20 hour effective capacity Ce.  

Requirement 1 – Minimum for the 20 hour effective c apacity 

ne CC ≥  

These notions can also be expressed in minutes by defining the nominal 
reserve capacity i.e. the period of time for which a battery can maintain a 
discharge current of 25A up to an end-point voltage of 10.50V.  

The effective reserve capacity corresponding is determined by discharging the 
battery with a constant current of 25A up to the end-point voltage of 10.50V. The 
protocol for this test is the same as that of the effective 20 hour capacity test. 

A correction formula must also be used whether the final temperature of the 
battery has not been kept between the defined ranges (Formula 9).  

                                                
49 Please  



 

65 
March 2008 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 

  

 

 

Formula 9 – Correction formula to take into account  the shift in temperature 
during the discharge (IEC 60095-1) 

)]25(009.01[,25, −×−=° TCC eTrCer  

The standard defines a minimum boundary for the effective reserve capacity.  

Requirement 2 – Minimum for the effective reserve c apacity (IEC 60095-1) 

nrer CC ,, =  

� Cranking performance test 

This test is used to evaluate the ability of the battery to start the engine.  

The preparation of the battery consists of a preliminary rest period of up to 24h 
followed by the placement of the battery in a cooling chamber with forced air 
circulation at a temperature of -18 ± 1°C.  

The battery must then be exposed to a first discharge inside or outside the 
cooling chamber, within 2 minutes after the end of the cooling period with a 
constant discharge current Icc depending on the use of the battery and 
determined by the manufacturer.  

After a discharge period of 10 seconds, the terminal voltage Uf10s must be 
recorded. After a discharge period of 30 seconds, the terminal voltage Uf30s must 
also be recorded and the current must be cut off. 

After a rest period of 20s ± 1s, the battery must be discharged with a constant 
current of 0.6ICC. The discharge must then be stopped when the voltage reaches 
6V. The discharge period t6V must also be recorded. 

The standard for the cold cranking tests defines requirements corresponding to 
compulsory minimum boundaries for Uf10s and Uf30s and an optional minimum 
time for t6V.  

Requirement 3 – Minimum boundaries for U f10s and U f30s (compulsory) (IEC 60095-
1) 

VU

VU

sf

sf

2.7

5.7

30

10

≥

≥
     

Requirement 4 – Minimum time for t 6V (optional) (IEC 60095-1) 

st V 406 ≥  

The Cold cranking test may also be conducted at -29°C when the automotive 
battery is specially manufactured for powering engines under extreme 
conditions.  
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4.3.  TASK 1.3 – HARMONISATION OF METHODS 

As discussed in task 1.1, the existing methods to measure the capacity of 
batteries specify testing conditions that can be very different from one standard 
to another, or even within the same standard, depending on the type of battery 
(i.e. portable primary, portable secondary or automotive), of the shape of the 
battery, and on its end-use. One key objective of this sub-task is to define how 
and on what basis the methods to determine the capacity/performance of a 
battery need to be harmonised.  

The objective of this section is to identify harmonised methods which will 
provide the necessary tools for comparing batteries. However, comparison 
makes sense only when comparing products having the same potential 
functionalities (i.e. capability to service the same type of applications). Indeed 
comparing a battery for car and a rechargeable battery pack for laptop does not 
make sense; however, comparing a R6 battery with an LR6 could be interesting. 

In order to evaluate the existing methods, it is proposed to investigate the 
possible development of harmonised methods in two steps. 

• Harmonisation of methods within each category of battery (e.g. primary, 
secondary, automotive) 

• Harmonisation of methods across categories of batteries where relevant; 
i.e. for batteries having the same type of end-use application. Indeed  
comparison of batteries makes sense only for batteries having the same 
functionalities (i.e. servicing the same type of applications) 

BIO’s approach is of the bottom-up kind: having identified many kinds of 
batteries, the idea is to look for similarities between these groups in order to 
suggest harmonised methods. For example, the secondary batteries category is 
further divided into sub-categories based on battery chemistries. BIO proposes 
to investigate these sub-categories to determine whether any harmonisation is 
necessary and possible. In a second step, possibilities of harmonisation 
between different categories of batteries will be examined, e.g. primary and 
secondary batteries that can be used for similar applications. 

When harmonising methods within each category of batteries, 
capacity/performance evaluation methods will be analysed in terms of testing 
conditions (temperature, discharge type, etc.) and similar method (in terms of 
test conditions) will be merged. Also, when several methods apply to the same 
type of batteries, a selection of the most relevant ones will be made taking into 
account that: 

• the selected test methods should correspond as much as possible to an 
existing standard ; 

• the selected test methods should provide representative data on 
capacity/performance of the battery to avoid potential misleading and 
“unfair competition”. 

Harmonising capacity determination methods may not always be possible with 
readily available means. In such a case, future research needs are identified 
and suggested.  
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4.3.1 HARMONISATION WITHIN EACH CATEGORY OF BATTERIES  

As explained in section 2.2.2, three broad categories of batteries have been 
identified: primary portable batteries, secondary portable batteries and 
automotive batteries. Each category has its own standards, end uses and 
capacity or performance units and tests. An overview is provided in Table 20. 

Table 20: Summary of the types of tests existing fo r measuring the 
capacity/performance of a battery 

 Type of product Capacity/performance unit Type of t est Example 
end use 

Standard 
used IEC TC 

Primary general 
purpose & specialty 
batteries 

service hours/type of 
application 

discharge test at 
constant resistance 

Remote, 
toy, etc. 

IEC 60086-2 

Primary general 
purpose & specialty 
batteries 

service hours/type of 
application 

service output test at 
constant resistance 

Small 
electronics 

IEC 60086-2 

Primary general 

purpose & specialty 

batteries  

number of pulses/type of 

application (photo) 

discharge test at 

constant current 
Photo flash IEC 60086-2 

Primary general 

purpose batteries 
 Number of pulses 

discharge test at 

constant power 

Digital 

camera 
IEC 60086-2 

P
rim

ar
y 

Watch batteries mAh service output test at 
constant resistance Watch IEC 60086-3 

TC 35 

S
ec

on
da

ry
 

Secondary batteries mAh service output test at 
constant current 

Toy, digital 
camera, etc. 

IEC 60622 
IEC 61951 
IEC 61960 
IEC 61096-1 

A
ut

om
ot

iv
e 

Automotive batteries 
Capacity: mAh  

Other indicator (performance): 
A (Icc) 

service output test at 
constant current 

Engine 
starter 

IEC 60095-1 

TC 21 

A first approach to developing harmonised capacity measurement methods is to 
provide consistent methods within each category. Further harmonisation 
measures will be examined as a complement. 

4.3.1.1 HARMONISATION WITHIN PRIMARY BATTERIES 

Because of the nature of primary batteries, delivered capacity and rated 
capacity vary significantly across applications. As a result, no single capacity 
measurement is meaningful when a battery has a host of end-uses. In 
particular, general purpose primary batteries typically have several applications 
and associated discharge tests (see Table 21 for an example). By contrast, 
specialty or watch batteries have a very narrow range of uses so that it is 
usually possible to rate their performance or capacity with a single value. 
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Table 21: Tests for the R03 and LR03 general purpos e primary batteries as 
specified in IEC 60086-2. 

Discharge conditions 
Battery 

type 
Nominal 

voltage (V) Resistance ( Ω) Daily discharge time 
End-point 

voltage 
(V) 

Application 

remote control 

Radio 

portable lighting 

photo flash 

R03  - LR03 

 

1,5 Please refer to IEC 60086-2  (p13 and p17) 

personal cassette 
player and tape 

recorder 

Consequently, the harmonisation of capacity measurement methods within 
primary batteries will be performed considering two sub-categories: 

• Watch and specialty batteries, which do not require extensive harmonisation 
as the tests specified within existing standards are convenient (provide a 
meaningful data on capacity or performance of the battery) 

• General purpose batteries, which require further discussion because of the 
diversity in their end-uses. 

Furthermore, as already mentioned in section  4.2.3.1, it is important to note that 
existing IEC discharge tests for primary batteries do not yield capacity values in 
ampere-hours, except for watch batteries. Instead, the tests measure service 
hours or number of pulses. It is possible to obtain estimates of delivered 
capacity values from these tests, provided that the current is measured 

continuously during the test. A calculation according to the formula: ∫= dttIC )(  

where C is the delivered capacity in ampere hours, I the current and t the time 
allows an easy conversion. However, service hours and numbers of pulses 
provide useful and easily understandable indications about a battery’s 
performance or about its capacity in the practical sense, i.e. its ability to deliver 
energy. Indeed, the TC35 working group has “concluded over the years that it 
would appear the service life in hours would be the meaningful and useful way 
of communicating performance to users”. 

BIO proposes to develop harmonised methods for primary batteries according to 
the following criteria: 

• Harmonise test methods for batteries with similar geometries viz. size and 
shape. Indeed, these are to be fitted in the same devices and consistent 
capacity data is crucial in helping consumers make informed choices. It is 
important that, when faced with two batteries that have the same shape and 
can be used for the same application, there is a test that covers both 
batteries and provides an objective basis for comparison. 

• Select tests that are representative of a battery’s end-uses to ensure that 
measured battery performance, or capacity in the larger sense, is 
meaningful. This is essential for general purpose batteries since, as 
mentioned above, delivered capacity varies with the end application. Also the 
selected tests should cover the entire spectrum of a battery’s applications as 
much as possible (i.e. the selected tests should be representative of the 
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battery’s usage in low, medium and high drain applications if relevant). A 
battery’s typical end-uses can be identified by examining market data or 
comparing technical datasheets from battery manufacturers if need be. 
These datasheets usually indicate the types of discharge tests carried out by 
manufacturers as well as the battery’s main end-uses.  

• The results provided by the tests will be displayed on the product label and 
therefore must not be too numerous, otherwise they will not fit on the label 
and the consumer might be confused. On the other hand, too few tests might 
mean a lack of information that is detrimental to consumer information. 
Additional information could be conveyed through other means should it be 
required. For instance, many manufacturers currently provide technical data 
sheets on their websites and this will be further discussed in section  5.4.  

• Simplicity is also important – therefore, when two tests are too similar and 
might lead to potential confusion, they should be closely analysed to 
determine if one out of the two could be selected and representative enough 
of both tests. 

� Specialty and watch primary batteries 

Specialty and watch batteries do not require extensive harmonisation because 
they usually have a single associated end-use. Therefore, a single capacity 
measurement is meaningful and evaluation methods already exist. 

For each specialty battery covered by IEC60086-2 (Annex 22), there is only one 
standardized service output test (test designed to measure the service output, 
i.e. the service life, or capacity, or energy output of a battery under specified 
conditions of discharge). The results of this test can be translated in terms of 
delivered capacity, although the preferred unit for displaying battery 
performance is not the ampere-hour, but rather the service life in hours, which 
also has the advantage of being easily understandable by non-technical 
customers. This is a single measure, and it is based on a long duration test that 
is reliable.  

Table 22 shows the example of the IEC 60086-2 test specified for specialty 
battery LR9, commonly used for electronic toys or cameras.  

Table 22: Service output test for the LR9 specialty  battery (IEC 60086-2) 

Discharge conditions Battery 
type 

Nominal 
voltage 
(V) 

Resistance 
(Ω) 

Daily discharge 
time 

End-point voltage 
(V) 

Application 

LR9

 

1,5 390  Please refer to IEC 60086-2 (p23) service output test 

In addition to service output tests, some button or specialty batteries include 
additional service application tests (tests that simulate the actual use of a 
battery in a specific application) based on the latest devices development or the 
specific use of the battery. They are designed to capture any additional 
requirements not taken into account in the service output test. With the current 
trend towards miniaturisation of devices, more and more service application 
tests may be required to capture the increasing range of applications of button 
cells and specialty batteries. Harmonising test methods for this category of 
battery therefore may be more complicated in the future. 
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Table 23 shows an example of a specialty battery with a service output test and 
additional service application tests. In this case, the service output test is not the 
only indicator of battery performance. However, it is designed to represent the 
functioning conditions of a battery adequately.  Although service application 
tests do provide added value, the service output test as a whole remains the 
method that best captures the conditions in which a battery is used. It should 
therefore be retained as the sole method for capacity measurement in view of 
labelling. 

Table 23: IEC 60086-2 tests for the PR48 battery 

Discharge conditions 
battery 

type 
Vn 
(V) Resistance 

(Ω)/Intensity(mA)  Daily period 
End-point 

voltage 
(V) 

Application 

PR48 1,4 
high power 

service 
output test 

PR48 1,4 hearing aid 
standard 

PR48 1,4 hearing aid 
high drain 

PR48 1,4 

Please refer to IEC 60086-2 (p25 and p26) 

hearing aid 

Watch batteries are submitted to specific tests under IEC60086-3 as detailed in 
section 4.2.3, which result in capacity values in ampere-hours.  

These tests give standardized capacity measuring methods for watch batteries 
with a meaningful output (capacity in ampere-hours). Thanks to the capacity 
data provided by these tests, a meaningful comparison between watch batteries 
can be made.  

BIO therefore proposes to retain the service output  tests from IEC 60086-2 
for specialty primary batteries and the IEC 60086-3  tests for watch 
batteries. One caveat is that new developments in b attery usage should be 
monitored so that, should the service output tests become obsolete with 
regard to device development and battery use, they can be adapted to 
become more representative of discharge conditions.  

� General purpose primary batteries 

Since these batteries have a wide range of applications, providing a single 
capacity value would not be meaningful. As a result, the IEC60086-3 standard 
sometimes specifies many tests for a single battery. This section will investigate 
the possible harmonisation of capacity measurement tests for these batteries. 

In order to ensure optimum usefulness of harmonised tests, the following two-
tier approach to harmonising general purpose primary batteries capacity tests 
was used: 

- Identify groups of batteries with similar sizes and shapes, i.e. batteries that can 
be used for the same application. This results in “clusters” of batteries with 
identical geometries. Importantly, their nominal voltages are also the same; 
otherwise the batteries within each cluster would not be interchangeable. 

- Within those clusters, identify the tests most representative of the batteries’ 
end-uses. This results in a set of representative tests for each cluster of 



 

71 
March 2008 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 

  

 

 

batteries, which helps customers in the decision-making process when faced 
with several possible batteries for one device. The selection of tests as 
specified by IEC60086-2 are already the result of extensive market analysis by 
the IEC TC35 group; however, these tests are sometimes too numerous and 
need to be short listed (keeping in mind that the future capacity-labelling will 
have physical limitations (i.e. size)).  

The results of the first step are presented in Annex 23. For each cluster of 
batteries with identical geometries, a table summarises the tests described in 
IEC60086-2.  

When there is only a small number of tests for a cluster of batteries (i.e. up to 4), 
we consider that they can usefully convey capacity values without being 
confusing, overwhelming or too numerous to fit on a label – unless the tests are 
very similar. However, when there are too many tests (i.e. > 4), the range of 
tests needs to be narrowed down. For this purpose 2 methodologies are 
proposed: 

Methodology 1: Select the 4 application tests which correspond to the four 
most popular end-use devices of the battery considered and representative 
of the whole spectrum of end-use applications of the battery (i.e. low, 
medium and high drain applications if relevant). The number of 4 is a 
preliminary suggestion.  

Methodology 2: Devices can be ranked according to their drainage rate 
(i.e. Low, Medium or High, see section  4.2.2.5). Therefore, it is suggested 
to select one representative application-test for each of these three ranges 
of appliances. 

Table 24 summarizes the number of tests for each battery cluster as stated by 
the IEC 60086-2. The cases that need discussing are explored below and 
proposed solutions are presented, to be reviewed with stakeholders. 

Table 24: Number of tests for each battery geometry  

Number 

of tests 
Battery clusters Comments 

1 {2R10} No need to harmonise 

2 {4LR61}{3R12S, 3R12P, 3LR12, 3R12C} No need to harmonise 

3 {LR8D425}, {4LR25-2, 4R25-2}, {4LR25-X, 4R25-
X}, {4R25Y} {R1, LR1}, {6LR61, 6F22} 

No need to harmonise unless some 
tests are very similar 

5 {R14P, R14S, LR14}, {R03, LR03} Harmonisation needed 

6 {R20P, R20S, LR20} Harmonisation needed 

8 {R6P, R6S, LR6} Harmonisation needed 

• Harmonisation according to Methodology 1: 

The identification and selection of harmonised tests for batteries with 3 tests 
is discussed separately in Annex 24, while the more complex cases for 
batteries with 5 or more tests (R03, R6, R14, and R20 geometries) are 
discussed in detail below.  

It is important to note that the IEC standards are revised regularly (i.e. every 
5 years approximately) to ensure that the proposed application-test represent 
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80% of the applications typically powered by a model of battery. In the same 
fashion, in order to ensure that the selected harmonised methods for each 
model of battery is always in accordance with the real life usages of the 
battery considered, the selection of test would need to be revised every 5 
years , this to avoid placing barriers to innovation. Indeed, if a battery is 
tested under, for example, a radio and a remote control test that were 
selected in 2008 but that its usage evolves in such way that in 2013 it is 
mostly used in digital cameras, it would be necessary to change the battery’s 
technology in such way that it provides optimum capacity to a digital camera. 
However, if the battery’s performance is tested under radio and remote 
control tests, then manufacturers will not encourage innovating towards 
optimum performance in digital camera but will focus on obtaining optimum 
performance for radios and remote controls only.  

R03 geometry  

This battery geometry has five associated tests (Table 25). Research is 
needed to identify the most representative ones. A preliminary selection 
following Methodology 1 would suggest keeping all tests but the photo flash 
test (tests in bold font), based on comparison of published manufacturers’ 
datasheets and of the different application tests they propose.  

Table 25: Summary of tests methods for R03 batterie s (IEC 60086) 

Discharge conditions 

Battery type V n (V) 
Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

R03 LR03 1,5 remote control 

R03 LR03 1,5 radio 

R03 LR03 1,5 portable lighting 

LR03 1,5 photo flash 

R03 LR03 1,5 

Please refer to IEC 60086 -2 (p13 and p17) 

personal cassette player 
and tape recorder 

R6 geometry  

There are many tests for this geometry which exist in LR6 (alkaline), R6P 
and R6S (carbon zinc). Table 26 describes their main characteristics. 

Similar radio tests are used for all 3 models of batteries and provide a useful 
index for comparing them; therefore it is suggested select this test as a 
representative test of the battery’s usage (radio). 

Further research is needed to determine those 4 applications that best 
represent this battery geometry. However, preliminary analysis suggests that 
in addition to the radio test, the following tests should be retained (see Table 
26 in bold): 

- portable cassette recorder 

- motor/ toy test. 

- digital still camera 



 

73 
March 2008 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 

  

 

 

Indeed, comparison of published technical datasheets for LR6/R6 batteries 
shows that these seem to be the tests manufacturers use most often. Also, 
digital still camera is the most common application for LR6 batteries50 and it 
data on the performance of an R6 battery in such application would be 
representative of the battery’s main usage. 

Table 26: Summary of tests methods for R6 batteries  (IEC 60086) 

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

LR6 -R6P 1,5 remote control 

LR6 - R6P – R6S 1,5 Radio 

LR6 1,5 photo flash 

LR6 - R6P 1,5 personal cassette player 
and tape recorder 

LR6 - R6P 1,5 motor/toy 

LR6 

 

1,5 

 
digital still camera 

LR6 1,5 CD/MD/electronic game 

R6P 1,5 

Please refer to IEC 60086-2  (p13 and p17) 

pulse test 

R14 geometry  

The IEC 60086 standard describes 5 tests for primary batteries with R14 
geometry (Table 27). R14P, R14S and LR14 are all used for tape 
recorder/personal cassette player applications, yet there are 2 tests: one 
under a constant resistance for R14P and R14S and one under a constant 
current discharge for LR14. It is therefore suggested to replace the portable 
stereo test by a tape recorder test in order to make a comparison possible for 
these 3 batteries for tape recorder/personal cassette player applications. 

                                                
50 http://www.iec.ch/online_news/etech/arch_2005/etech_0805/focus.htm  
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Table 27: Summary of tests methods for R14 batterie s (IEC 60086) 

Discharge conditions 

battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

R14P R14S 
LR14 

1,5 Toy 

R14P R14 S 1,5 tape recorder 

R14P R14S 
LR14 

1,5 Radio 

LR14 1,5 portable stereo 

R14P R14S 
LR14 

1,5 

Please refer to IEC 60086-2 (p14 and p17) 

portable lighting 

The proposed new tests are indicated in the following table (Table 28): 

Table 28: Suggested harmonised methods for R14P, R1 4S, and LR14 batteries 
(IEC 60086) 

Discharge conditions 

battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

1,5 toy 

1,5 tape recorder/personal 
cassette player 

1,5 radio 

R14P R14S 

LR14 

1,5 

Please refer to IEC 60086-2 (p14 and p17) 

portable lighting 

R20 geometry  

Table 29 summarises the tests for primary batteries of the R20 geometry. 
R20P, R20S and LR20 are all used for tape recorder/personal cassette 
player applications, yet there are 2 tests: one under a constant resistance for 
R20P and one under a constant current discharge for LR20. It is therefore 
suggested to replace the portable stereo test by a tape recorder test, in order 
to make a comparison possible for these 3 batteries for tape 
recorder/personal cassette player applications. The portable lighting tests are 
very similar. It is therefore suggested replace the portable lighting (2) test by 
the portable light (1) test as to provide a simple indication for the customer on 
the label. Indeed, the comparison between the test practices of major 
manufacturers shows that the portable light (1) discharge test is preferred.   
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Table 29: Summary of tests methods for R20 batterie s (IEC 60086) 

Discharge conditions 

battery type V n (V) 
Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

R20P R20S 
LR20 

1,5 toy 

R20P R20S 1,5 tape recorder 

R20P R20S 
LR20 

1,5 radio 

LR20 1,5 portable stereo 

R20P R20S 
LR20 1,5 portable lighting (2) 

R20P R20S 
LR20 1,5 

Please refer to IEC 60086-2 (p15 and p18) 

portable lighting (1) 

The proposed selected tests are indicated in the following table: 

Table 30: Suggested harmonised methods for R20P, R2 0S, and LR20 primary 
batteries 

Discharge conditions 

battery type V n (V) 
Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

1,5 toy 

1,5 tape recorder/personal 
cassette player 

1,5 radio 

R20P R20S 
LR20 

 

1,5 

Please refer to IEC 60086-2 (p15 and p18) 

portable lighting 

• Harmonisation according to Methodology 2: 

The selection of tests according to Methodology 2 is less straightforward. First it 
requires identifying the devices mentioned by the different IEC tests, being “low 
drain devices”, “medium drain devices” and “high drain devices”. Such 
classification is based on the power required by the device to operate i.e. low, 
medium or high.   

Commonly the devices are classified as presented in Table 31. However, a 
more accurate classification, defining precise power ranges for each category 
(low, medium high) would be needed in the future in order to add robustness to 
this methodology and device classification according to its drain-rate. 

Table 31: Classification of battery operated device s per type of drainage rate 

LOW MEDIUM HIGH 

N/A for general purpose 
batteries tested under IEC 
60086-1. Examples of low 
drain devices include some 
types of radios, some types 
of flashlights, etc. 
 

Radio 
Portable lighting (medium 
drain) 
Toy/motor 
Personal cassette player 
and tape recorder 
 
 

Photo flash 
Digital camera 
Paging equipment 
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The methodology then requires comparing the estimated rated capacity  of the 
battery measured in each of these applications.  

This can be done through the calculation of the estimated rated capacity 
corresponding to the minimum average durations (MAD) specified in the IEC 
standard 60086-1 and which can be calculated using the simplified calculation  

formula51
 C =

R

Uaverage
.MAD, 

where 
2

intmin poendalno

average

UU
U

−+
=  (see Figure 39), Unominal is the nominal 

tension of the battery, and Uend-point the minimum voltage at which the battery-
operated device can work. 

R is the resistance of the end-use device, and MAD the estimated minimum 
average duration in service hours required by the IEC 60086 standard. 

Figure 39: Illustration of the rated capacity vs. e stimated rated capacity 

 

Such estimates of the rated capacity for different possible types of applications  
of a single battery allows defining (for each model of battery) groups of 
applications having the same type of drainage rates, i.e. leading to similar 
results in terms of rated capacity (mAh).  

                                                
51 The complete formula is presented in section  4.2.1.1 (Formula 1) 



 

77 
March 2008 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 

  

 

 

Figure 40: Methodology 2 for selection of harmonise d methods for general 
purpose batteries 
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Selection of the device which is representative 
of the average rated capacity obtained in LOW/ 

MEDIUM/ HIGH drain devices

Some types of 
radios, flashlights, 
personal cassette 

and tape 
recorders, etc.

photo flash

Selection of the corresponding application test 
for each group of battery-operated device : 

Low/ Medium/ High

Identification of groups of devices according to their drain rate (Low/ Medium / High) 
[identification through the calculation of the estimated rated capacity]

LOW MEDIUM HIGH

 

It is then suggested to select the application being best representative of each 
range of application (i.e. leading to a value of estimated rated capacity best 
representative of the average value of the estimated rated capacities in each 
group of devices).  

This allows rating the battery’s performance in terms of capacity in ampere-
hours instead of service hours for each group of battery-operated device, i.e. 
low drain, medium drain, or high drain; by using one single IEC application-test 
for each level of drainage rate (i.e. selection of 3 representative IEC 60086-1 
application tests).  

 

If a battery model is only tested for applications of low drainage rates, only one 
test will be selected. Same will be done if the application is tested only for 
medium drain, or high drain devices (selection of one test). 

If a battery model is only tested for two types of battery-operated devices (e.g. 
medium and high drain rates) then only two application-tests will be needed. 

Taking the R03/LR03 battery model as an example, th is section will 
explore the feasibility and practicality of such me thodology. 
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R03 geometry  

The IEC standard 60086-1 provides the following duty cycle requirements for 
R03/LR03 batteries (Table 32): 

Table 32: Test and duty cycle requirements for R03/ LR03 primary batteries (IEC 
60086-1) 

discharge conditions 
Type Unominal  

(V) R (Ώ) or current in 
amperes Daily period Uend-point  

(V) 

Minimum 
Average 
Duration 
(MAD)52 

Applications 

 XXX min 
Portable 
lighting 

XX h 
Remote 
control 

XX h 

Personal 
cassette 

player and 
tape recorder 

XX h Radio 

LR03 1.5 V Please refer to IEC 60086-2 p 17 

XX 
pulses 

Photo flash 

XX min 
Portable 
lighting 

XX h 

Personal 
cassette 

player and 
tape recorder 

XX h Radio 

R03 1.5 Please refer to IEC 60086-2 p 17 

XX h Remote 
control 

Here, the comparison of the required MAD values for the same application-tests 
(i.e. portable lighting, remote control, personal cassette player and tape 
recorder, and radio) makes it clearly visible that alkaline batteries are expected 
to “last longer” than Carbon Zinc batteries. These differences in MAD values 
lead to differences in the estimated rated capacity. Therefore the calculations for 
each of these batteries: R03 and LR03 need to be done separately.  

 For LR03 batteries , the analysis of the IEC requirements and calculations (see 
Figure 41) show that in the: 

- low range: this type of battery is not tested for low drain devices. This suggests 
that this battery type is not fitted to deliver power to such devices. 

- medium range: personal tape recorders, portable, radio and remote control 
tests lead to similar results in terms of rated capacity (respectively 510, 755,  
600, and 704 mAh – leading to an average of 642 mAh). The average test 
being the “Personal cassette player and tape recorder” test (i.e. test leading to 

                                                
52 Please refer to IEC 60086-2 p 13 and p17 
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an estimated rated capacity of 600 mAh, which is the closest to 642 mAh) (see 
Figure 41). 

- high drain device category, the test for photo flash is the only one figuring in 
the standard and is therefore selected. 

Therefore one suggestion of harmonised tests would be to keep one medium 
drain application test, represented by a personal cassette and tape recorder 
test, and one high drain test represented by the photo flash test. 

The result of these tests would then be expressed in ampere hours through the 
value of the estimated rated capacity or pulses (depending on the unit provided 
by the IEC application-test). Indeed, the value of corresponding service hours 
would not be relevant. For example, in the medium range devices, the rated 
capacity of the battery is of about 600 mAh, however, the corresponding 
service-hours vary between 130 min and 44 h depending on the application 
considered and the rating provided in terms of a number of service hours per 
group of application would not be meaningful at all.  

For an LR03 battery tested under IEC 60086, the results would then be: 

- LOW drainage rate: not adapted 

- MEDIUM drainage rate: estimated rated capacity in ampere-hours resulting 
from the personal cassette player and tape recorder. 

- HIGH drainage rate: XX pulses53 

Figure 41: Estimated capacity in mAh calculated for  LR03 batteries according to 
IEC 60086-1 standard 
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For R03 batteries , the analysis of the IEC requirements and calculations (see 
Figure 41) show that in the: 

- low range: this type of battery is not tested for low drain devices. This suggests 
that this battery type is not fitted to deliver power to such devices. 

                                                
53 Please refer to IEC 60086-2 p17 
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- medium range: personal tape recorders, portable, radio and remote control 
tests lead to similar results in terms of rated capacity (respectively 174, 180, 
320, and 208 mAh – leading to an average of 221 mAh). The average test 
being the “remote control” test (i.e. test leading to an estimated rated capacity 
of 208 mAh, which is the closest to 221 mAh) (see Figure 42). 

- high drain device category: this type of battery is not tested for low drain 
devices. This suggests that this battery type is not fitted to deliver power to 
such devices. 

If we follow the methodology, it would suggest selecting the remote control test for 
testing the “medium drain rate” capacity of R03 batteries, meaning that different 
tests would be required for R03 and LR03 batteries. As this would not allow a fair 
comparison of these two types of batteries, it is suggested to select the “personal 
cassette and tape recorder” test for R03 batteries as well as it also leads to a 
fairly representative value of the capacity obtained in the case of medium drain 
devices.  

Figure 42: Estimated capacity in mAh calculated for  R03 batteries according to 
IEC 60086-1 standard 
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For an R03 battery tested under IEC 60086, the results would then be: 

- LOW drainage rate: not adapted 

- MEDIUM drainage rate: estimated rated capacity in ampere-hours resulting 
from the personal cassette player and tape recorder. 

- HIGH drainage rate: not adapted 

Therefore, according to methodology 2, the harmonis ed tests for R03/LR03 
batteries would be the following: 

- No test for low drain rate range applications 

- One test for medium drain rate application: i.e. the personal cassette player 
and tape recorder 

- One test for high drain rate applications: the photo test. 

221 
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Other general purpose primary batteries  

Such analysis can be done for each type of primary battery, following the same 
methodology for every other primary general purpose battery. 

This approach would lead to the identification of 1 to 3 harmonised methods for 
each type of battery, each of these tests being representative of the battery’s 
capacity in either a low-drain application, a medium drain application, and/or a 
high drain application.  

However, such harmonised methods do not seem to lead to easily 
understandable information for the consumer . Indeed the average estimated 
rated capacity for a certain range of applications in ampere-hours  (i.e. low, 
medium high drain) does not reflect the performance of the battery in terms 
of service hours which can be very different depending on the end-use  
application considered. Besides, this approach supposes that end-users already 
know in which category of end-use appliance there battery-operated device 
belong to: i.e. low, medium of high drain device. 

Moreover, this methodology would certainly require a considerable amount of 
additional work that could potentially be economically unfeasible and very time-
consuming. 

Therefore, the selection of the application tests was not undertaken for all types of 
general purpose but solely presented for R03/LR03 batteries in order to illustrate 
the barriers of such approach. 

4.3.1.2 HARMONISATION WITHIN PORTABLE SECONDARY 
BATTERIES 

As seen in section  4.1.1.2, the category of portable secondary batteries includes 
both batteries of standardised format, and batteries which are custom-made for 
a specific application.  

In this section, these two types of batteries will be analysed separately as they 
do not service the same type of applications. Comparison makes sense only 
when comparing batteries with batteries having the same potential 
functionalities (i.e. capability to service the same type of applications). 
Therefore, there is no need to make comparison of products across these two 
types of batteries, and the need for harmonised evaluation methods covering 
both standard secondary batteries and custom-made battery packs is not 
relevant. 

� Portable secondary batteries of standardised format 

As seen in sections  4.1.2 and  4.2.3.2, portable secondary batteries of 
standardised format are tested according to 4 standards all using similar testing 
methods (discharge at constant current and evaluation of the capacity in 
ampere-hours with similar testing conditions: e.g. temperature, duration, end-
point voltage) . 

Therefore, it is suggested to use the methods provided by the IEC standards 
already in place for portable secondary batteries described in section  4.2.3.2 : 
IEC 60622, IEC 61951 or IEC 61960, which all provide the same test method 
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Indeed these methods allow the objective determination of a single rated 
capacity in ampere-hours for each type of secondary battery of standardised 
format which can serve as the basis for the comparison of these products. 

This conclusion also reflects the position of Recharge, which states that the 
current IEC standards have received European and international acceptance 
and already provide a harmonised basis for the comparison of such products on 
the basis of their rated capacity in ampere-hours as defined by the standards. 

� Portable custom-made battery packs 

These batteries are not standardised products and each pack battery is 
designed to fit a specific model of end-application (e.g. specific brand and model 
of computer, specific brand and model of mp3 player).  

It would be possible to measure the capacity of a battery pack according to a 
normalised method by putting its cells in series and carrying out a capacity test 
as specified in the IEC standards for secondary batteries. The resulting capacity 
is then determined by the weakest cell: as soon as one of the cells stops 
functioning properly, the whole battery pack is affected, so the performance of a 
battery can only be as good as that of its worst component. However, there are 
no standard methods to evaluate the capacity of custom-made battery packs as 
a whole. As seen in section  4.1.2, these batteries are commonly tested under in-
house measurement methods specifically developed for them by the 
manufacturer of the product integrating the battery pack (e.g. Nokia, Apple, 
Motorola, Dell, Microsoft, and Samsung Electronics). It would be very useful for 
manufacturers to add information on the performance of a device. For example, 
Apple provides several indicators for cell phone batteries: talk time in hours, 
standby time in hours, internet use in hours, video and audio playback in hours. 

This can be explained by the fact that basing a rating (i.e. capacity in ampere-
hours) on a standard method (defining a standard discharge rate, a operating 
temperature, etc.) could possibly hurt manufacturer's marketing claims and 
comparisons with competitors’ products since the product and battery are 
designed to provide the maximum hours of operation in specific conditions and 
not to provide the best results in standard test conditions. 

It is therefore suggested that custom made battery packs should not be 
subject to any harmonisation of their evaluation me thods as they do not 
represent standard products for which standard meth ods can be set  (i.e. 
specification of usage pattern (or duty cycle), resistive load, discharge type, 
operating temperature, etc.) as the evaluation methods are specific to each 
model of battery pack. 

4.3.1.3 APPLICABILITY TO AUTOMOTIVE BATTERIES 

As seen in sections  4.1.2 and  4.2.3.3, automotive batteries are mainly tested 
under the IEC 60095 standard which provides standard methods to measure 
the: 

• capacity : both the nominal capacity of a battery in ampere-hours and the 
reserve capacity in minutes. These two measurements provide information 
on the same characteristic of the battery: i.e. its ability to store energy 
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• cranking performance : indication of the capability of the battery to start an 
engine measured in amperes 

It is therefore suggested to use these methods (included in the IEC 60095 
standard) as they already provide a harmonised framework to measure the 
capacity and the performance of automotive batteries. Section  5.2.3.3 will 
further discuss the parameters to use when providing consumers with consistent 
and comparable information. 

4.3.1.4 BATTERIES NOT COVERED BY IEC STANDARDS 

Some batteries are not covered by any standards. When they have geometries 
that are not covered by IEC standards, there is no baseline for geometry to refer 
to. As a result, the best option is to measure the performance of these batteries 
at a specified load and end-point voltage using in-house methods. However, 
when a battery that is not covered by existing standards has the same geometry 
as batteries that are covered by IEC standards, the same capacity 
measurement tests can be used. 

4.3.2 HARMONISATION OF METHODS ACROSS CATEGORIES OF 
BATTERIES  

As mentioned in the introductory part, the first criterion (section  4.3.1) was to 
harmonise the test methods within each category of battery. This allowed 
reducing the number of test methods currently used to evaluate the capacity 
and resulted in suggesting: 

• One or two harmonised methods to determine the service hours of specialty 
batteries  

• One harmonised method to determine the capacity in mAh of watch batteries 

• A reduced number of methods (up to 4) per model of primary battery to 
determine the service hours of general purpose primary batteries 

• One harmonised method to determine the capacity in ampere-hours of 
secondary batteries of standardised format. 

• One harmonised method to determine both the capacity and performance of 
automotive batteries 

This section will explore if a further harmonisation of the methods for batteries 
having the same type of end-use applications could be relevant and for which 
batteries this could apply.  

The shape of the battery determines its potential end-use. As such, batteries 
presenting the same designs are grouped and to provide an insight of the 
different categories of batteries having the same type of end-use applications. 
The analysis of the categories of products in section  4.1.1 allows defining 5 
broad categories of batteries existing in similar shapes and sizes, i.e. which can 
fit into similar electronic devices (see Figure 43).  

The identification of harmonised methods to evaluate the capacity of these 
batteries for each of these 5 sets of batteries would provide a tool for their 
objective comparison. This would enable having harmonized test methods to 



 

 

84 

 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 

March 2008 

 
 

evaluate the capacity of both primary and secondary interchangeable batteries 
and would allow the comparison of these products. 

Figure 43: Five sets of batteries having the same t ype of end-use 
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For the four following sets of batteries, the methods were already harmonised in 
section  4.3.1: 

• Automotive batteries (tested under IEC 60095) 

• Rechargeable batteries of standardised format which are not interchangeable 
with primary batteries  (see test method provided by either  IEC 60622, IEC 
61951 or IEC 61960, IEC 61056) 

• Custom made battery packs (suggested to be out of the scope of this study) 

• Primary batteries which are not interchangeable with rechargeable batteries 
(see test methods selected in section  0 4.3.1.1 for primary batteries) 

However, for interchangeable primary and rechargeable batteries the analysis of 
section  4.3.1 suggests using methods from the IEC 60086 for primary batteries, 
i.e. between 1 and 4 tests (mainly discharge tests at constant resistance) per 
model of battery; and methods from IEC 60622, IEC 61951 or IEC 6196054 for 
secondary batteries (i.e. a discharge test at constant current with a discharge 
duration of 5 hours). The following sections will focus on the possibility to 
harmonise these testing methods for both primary and secondary batteries 
which are interchangeable (these batteries are included in the categories of 
general purpose primary batteries and secondary batteries with non-acid 
electrolyte). 

The objective of the first section is to identify the main differences and 
similarities between the test methods for primary batteries and secondary 
batteries. A second section will then analyse the possibility to develop 
harmonised methods for both categories of batteries. 

                                                
54 These three standards provide the same test method for evaluating the capacity of secondary 

batteries  
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4.3.2.1 COMPARISON OF THE CAPACITY/PERFORMANCE 
EVALUATION METHODS FOR INTERCHANGEABLE 
PRIMARY AND SECONDARY BATTERIES 

Table 33 provides an overview of the main differences between the standard 
methods used to evaluate the capacity and performance of interchangeable 
primary and secondary batteries.  

The first difference lies in the type of parameter measured by the evaluation 
methods: performance for primary batteries, and capacity for secondary 
batteries. However, the output of tests for primary batteries could also be 
obtained in ampere-hours if necessary, provided that the current is measured 

continuously during the test. A calculation according to the formula: ∫= dttIC )(  

where C is the estimated capacity in ampere hours, I the current and t the time 
allows an easy conversion.  

The main difference therefore lies in the type of discharge. As seen in section 
 4.2.3.1 the technical characteristics of secondary batteries make it possible to 
have one single value of rated capacity in ampere-hours per battery measured 
according to the same evaluation method, based on a discharge at constant 
current for all secondary batteries (with non-acid electrolyte). However, for 
primary batteries, capacity is much more dependent on the end-use or 
discharge rate. As a result, it is not possible to have one single value of the 
capacity.  

The next section will analyse the possibility of developing harmonised methods 
taking into account these technical differences. 
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Table 33: Comparison of the capacity/performance ev aluation methods for 
interchangeable primary and secondary batteries 

Category  Portable primary batteries 
(interchangeable) 

Portable secondary 
batteries 

 (interchangeable) 

T
yp

e 
of

 
ba

tte
ry

  

Type of end-use 
application general purpose general purpose 

Parameter 
evaluated 

performance  expressed in service 
hours or number of pulses depending 
on the model of the battery and on its 
end-use application – a wide range of 
tests are available for one model of 
battery representing its different end-
usages 

capacity expressed in a 
single rated capacity 
value ampere-hours - 
same test (not 
dependent on the end-
use application) 

Type of discharge  

discharge at constant resistance  
following "duty cycles" defined in the 
test methods – for some minor types 
of batteries discharge at constant 
power or intensity 

continuous discharge at 
constant intensity  

Temperature similar 

T
yp

e 
of

 e
va

lu
at

io
n 

m
et

ho
d 

End-point voltage similar range (~1 V) 

4.3.2.2 DISCUSSION ON THE HARMONISATION OF METHODS FOR 
PORTABLE PRIMARY AND SECONDARY 
INTERCHANGEABLE BATTERIES 

The main parameter which differs in the capacity/performance evaluation 
methods is the type of discharge. Harmonisation according to the type of 
discharge can be done in two different ways: harmonise all the test methods for 
primary and secondary batteries so that they are based on a discharge at 
constant current ; or harmonise all the test methods for primary and secondary 
batteries so that they are based on a discharge at constant resistance . This 
section will explore the possibility of such harmonisations. 

� Development of harmonised capacity measurement methods at constant 
resistance 

The development of performance evaluation methods based on discharge at 
constant resistance (application tests) for secondary batteries is technically 
feasible. This would allow to measure the service hours provided by a type 
of portable secondary battery in a certain applicat ion  and to compare this 
value of performance with the one obtained when using a primary battery. 

This type of test is sometimes used by consumer NGOs55 to provide comparison 
between primary and secondary batteries by rating the batteries according to 
the service hours they provide in different end-use applications.  

Two different approaches (Figure 44) can be proposed in order to provide a 
framework for the comparison of portable primary batteries and portable 
secondary batteries through the evaluation of the number of service hours they 
provide in a specific end-use application: 

                                                
55 UFC- Que Choisir (France). Piles et accus Halte aux jetables ! 26/12/07 
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- Approach 1: one model of secondary battery (e.g. R6 type) is compared to 
a primary battery of the same geometry (e.g. an LR6 battery) for use in the 
same application. The secondary battery is not recharged during the test 
and only one discharge is considered. 

- Approach 2: one model of secondary battery (e.g. R6 type) is compared to 
a primary battery of the same geometry (e.g. an LR6 battery). The 
secondary battery is recharged during the test. 

Figure 44: Illustration of approach one and two whe n comparing primary and 
secondary portable batteries used in the same appli cation  

 

• Approach 1: Comparison considering one discharge only for portable 
secondary batteries 

Assuming a secondary battery is fully charged, it could be technically feasible  
to compare the number of service-hours this battery can provide in one 
discharge when used in a specific application to the number of service-hours 
provided by a primary battery of the same format (i.e. geometry) used in the 
same application, and in the same conditions (i.e. temperature, relative 
humidity, usage pattern of the battery-operated device). 

However, such a test, based on a single discharge of the secondary battery, 
would favour primary batteries which are based on technologies having a higher 
energy density (kWh/kg of battery) and therefore which can contain more 
energy for a specific volume (i.e. a primary battery typically contains more 
energy than a secondary battery of the same format). 

Primary batteries, which are mainly based on alkaline and carbon zinc 
technologies, typically have a higher performance than secondary batteries 
which are typically based on NiCd or NimH technologies. Therefore, a 
comparison based on harmonised methods to determine the performance of 
both primary and secondary batteries would certainly rank primary batteries 
ahead of secondary batteries.  

Such results would not reflect the potential economic and environmental 
benefits that secondary batteries may have compared to primary batteries. 
Because secondary batteries are intended to be recharged and “refilled” with 
energy it is restrictive to only take into account the performance they are able to 
deliver in one single discharge as they are not intended to be used this way. 
Therefore a second approach, which takes into account the ability of secondary 
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portable batteries to be recharged, needs to be considered in order to avoid 
misleading evaluations. 

• Approach 2: Comparison considering total charge-discharge cycles a 
secondary battery can perform over its life cycle. 

It could also be technically feasible  to compare the number of service-hours a 
secondary battery can provide considering it is charged and considering that the 
test ends when the secondary battery reaches the maximum number of cycles 
(i.e. charge-discharge cycles) it can provide before it is considered “dead” (i.e. 
for rechargeable batteries, life cycle is defined as the number of complete 
charge-discharge cycles a battery can perform before its capacity falls below 
50~60% of its initial rated capacity). 

However, if the charge-discharge cycles of secondary batteries are taken into 
account, then the delivered service-hours by a secondary battery will always 
outperform primary batteries (secondary batteries can be recharged up to 1000 
times over their life cycle, although this is not often the case) which by definition 
cannot be refilled once discharged. 

When comparing secondary batteries with primary batteries using Approach 2, it 
is important to note that the scope of the two systems which are being 
compared (i.e. [secondary battery + battery-operate d device + charger + 
external power resource] vs. [primary battery + bat tery-operated device]) 
are different and therefore cannot be compared usin g a single indicator on 
the performance.  Indeed such comparison only based on the performance 
indicator would be incomplete and potentially misleading. For example, in a 
clock, a primary battery can provide a satisfactory service life of at least two 
years, and in such low energy demanding applications, the use of a typically 
more expensive secondary battery, which also requires the use of a charger, 
might not be the best choice.  

Therefore, in order to have a relevant comparison of the performance of a 
secondary battery within a specific application compared to the performance of 
a primary battery used in the same application, a more global approach  needs 
to be adopted. 

In order to have a global approach, a life cycle approach would be necessary, 
taking into account the environmental impacts and resource consumption of the 
batteries during their entire life-cycle and the life cycle cost of the batteries. 

The resources consumption in terms of material and energy used in the 
manufacture of primary or secondary batteries should be calculated to assess 
the possible environmental benefits of using one technology or the other (i.e. 
primary or rechargeable). This global analysis would also be required to 
evaluate the environmental impacts of the charger which is inevitably associated 
to secondary battery usage.  

However, such broad assessment is out of the scope of the present study  
which solely focuses on the capacity of batteries in ampere-hours and on 
their performance in service-hours over the use phase, and not on their 
overall environmental performance over their entire life cycle. Further research 
would be needed to suggest a harmonised LCA analysis tool for all batteries 
(e.g. EcoReport tool used in Preparatory studies for the Eco-design of Energy-
using Products, SIMAPRO LCA tool). 



 

89 
March 2008 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 

  

 

 

The life-cycle cost would also need to be calculated. Such notion could be 
expressed by the determination of the global economic cost of the energy 
delivered by the battery over its life cycle (expressed in euros/kWh). Taking the 
price into account allows the determination of the cost of one kWh produced by 
the battery56 according to the following calculation: 

)(

)(secargcos

kWhcyclelifewholeitsoverbatterythebyproducedenergyofamounttotal

eurosbatteriesondaryoferechthefortsyelectricitpricepurchase
kWhofCost

+=
57 

Defining such an indicator would enable to take into consideration the 
economical aspects which are also important for consumers when making a 
purchase decision. However, this would require measuring the “total amount of 
energy produced by the battery over its life cycle”.  As far as primary batteries 
are concerned, the data on performance in service hours completed by the data 
on capacity and tension (see footnote56) allows to calculate this value of energy. 
However, for secondary batteries, the issue is less straightforward as the 
amount of energy delivered throughout the lifetime of a battery will also depend 
on the usage pattern and charging conditions  4.2.2.6). Therefore accurate 
charging patterns would need to be put in place through a new standard.  

Also, determining such data through application tests for secondary batteries 
would require long-lasting tests (duration in time) and would be costly.  

A global approach based on a life-cycle analysis co uld technically serve 
as the basic tool for rating and comparing secondar y and primary 
batteries. However, such an analysis is out of the scope of the present 
study which focuses on the capacity of batteries in  ampere-hours and on 
their performance in service-hours. 

� Development of harmonised capacity measurement methods at constant 
current 

Capacity testing for secondary batteries is already carried out under constant 
discharge current (in IEC standards) as explained in section  4.2.3.2. For primary 
batteries, it is currently mainly based on discharge at constant resistance for 
historical  rather than technical  reasons (technologies enabling constant 
current testing did not exist yet when IEC 60086 was developed). The 
development of capacity evaluation methods based on discharge under 
constant current for primary batteries is technically feasible, provided that 
different drainage regimes (currents and duty cycles) are used to represent the 
variety of end-use applications. Besides, it is easy to then calculate rated 
capacity values according to the formula: tIC ×= . 

Harmonising capacity measurement methods at constant current would provide 
tools to compare different chemical systems regardless of whether they are 
primary or secondary batteries. Some manufacturers actually already use these 

                                                
56 The energy produced by a battery in kWh is equivalent to the power delivered by the battery (P) 

multiplied by the time (t) during which it provides power. It is therefore equivalent to the capacity 
in ampere-hours multiplied by the tension (U) delivered ( P= U x I where I is the current, 
therefore P x t = U x I x t = U x C) 

57 The purchase price for secondary batteries also includes the price of the charger 
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methods: Figure 45 shows an example from an Energizer battery handbook 
where the capacities of primary and secondary batteries are compared. 

Figure 45: Comparison of primary and secondary AA b atteries for constant 
current drain discharges.  

 

This section will further detail requirements for developing harmonised constant 
current tests in terms of how to define the discharge currents, the duty cycle and 
the end-of-discharge. 

• Discharge currents 

For primary batteries, the IEC 60086 standard mostly specifies discharge 
resistances. 

Where specialty batteries are concerned, a straightforward and reasonable 
approach to switching to constant current discharge tests is to use the 
resistance and voltages specified in the standard service output test to work out 
the constant discharge current. The process is explained below.  

For general purpose primary batteries, the suggested approach is to define 
three of four different regimes for each battery format representative of its three 
most popular end-use applications (an example of a similar method with 4 
discharge currents is shown in Figure 49). For instance, a low-drain, a medium-
drain and a high-drain discharge current could be defined for each battery 
geometry. The selected discharge currents should also be representative of 
the most popular end-use applications of a battery . For example, it is 
estimated that toys typically work at 300mA current drains with an R14 battery; 
this could be retained as the medium-drain current.   
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Figure 46: Capacity tests at constant currents for LR6 batteries. 

 

A method for determining discharge currents representative of an application is 
to start from IEC standards and calculate a value from an average voltage over 
the discharge test and the specified resistance.  For example, the motor/toy test 
for LR6 batteries is conducted over a constant resistance of R=3.9 Ω from a 
nominal voltage of Un=1.5 V down to a cut-off voltage of Uf=0.8V.  The 
associated current is therefore: 

mAmA
R

U
I

average
300295

9.3

2/)8.05.1( ≈≈+==  

Selecting 3 or 4 discharge currents for different regimes for general purpose 
primary batteries is necessarily restrictive and cannot represent the whole range 
of possible applications. Care must be taken to ensure that the selected regimes 
are as representative as possible of the battery’s applications and encompass 
when possible low, medium and high drain regimes.  

For each battery format, the three or four selected end-use applications for 
which a constant current test would be developed could be the same as the 
selected end-use applications chosen in the Methodology 1 approach 
developed earlier in section  4.3.1.1. 

For secondary batteries, discharge currents are already specified under IEC 
61951-1, 61951-2 and 60622. These currents are derived from rated capacity 
values based on 5-hour-long discharges (see  4.2.3.2) and are not the same as 
those selected for primary batteries. For a fair comparison, the same discharge 
currents need to be used, as can be seen on Figure 45. Therefore, discharge 
currents for testing a given secondary battery should be the same as those used 
for testing the corresponding primary battery geometry. This entails a departure 
from IEC standards for secondary batteries. 

• Duty cycle: continuous or intermittent discharge 

The discharge mode can be either continuous or intermittent. In IEC standards, 
the specified discharge modes are continuous for secondary batteries and 
usually intermittent for primary batteries. 

Primary battery capacity values are lower when the discharge is continuous: 
when breaks are allowed during a discharge test, primary batteries can “rest” 
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(active materials within the battery have time to move to the depleted reaction 
area, giving it more “fuel” to power the battery) and perform much better. Figure 
50 shows the difference in capacity observed for a continuous as opposed to an 
intermittent discharge. If a continuous duty cycle was used in the harmonised 
methods, secondary batteries would have an unfair advantage. To allow fair 
comparison between primary and secondary batteries, the best option is to 
retain the duty cycles specified by IEC 60086-2 for each battery/application.  

For secondary batteries, capacity values are not very much affected by the duty 
cycle. Intermittent discharge can therefore be used during the test so that test 
conditions are the same for primary and secondary batteries. The discharge 
mode (intermittent pattern) to be used for a given secondary battery at a given 
discharge current should be the same as for the corresponding primary battery 
geometry at the same discharge current. As this option is more time-consuming 
compared with continuous discharges, manufacturers may use continuous 
discharge duty cycle provided there is sufficient evidence that the two types of 
tests are equivalent. 

Figure 47: Capacity variation for continuous/interm ittent discharge modes. 

 

• End of discharge 

For single cells, the IEC standards for primary and secondary batteries specify 
cut-off voltages within similar ranges (0.8V to 1V). The same requirements 
should be kept here.  

To summarize, the approach used for this type of harmonisation is as follows: 

- For each primary battery format, the IEC 60086 standard tests selected 
according to methodology 1 (the most representative of the end-uses of a 
battery) are kept as the basis for capacity testing, but tests under constant 
resistance are changed to tests under constant current based on the test 
specifications. Duty cycles, cut-off voltages and temperature remain the same. 

- For each secondary battery format, the tests applied to the corresponding 
primary batteries are used. If there is sufficient evidence that using continuous 
discharge tests instead of intermittent tests does not affect capacity values, then 
continuous tests may be used for efficiency purposes. 

Although harmonising capacity measurement methods u nder constant 
current is technically feasible, the arguments deve loped in the section on 
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harmonising tests at constant resistance still hold . Two approaches are 
needed to provide a framework for comparing primary  and secondary 
batteries: 

- Approach 1: comparison based on one discharge cycle for secondary 
batteries. This approach favours primary batteries and fails to reflect the 
environmental and financial benefits of secondary batteries. 

- Approach 2: comparison over the whole life cycle of a secondary battery. 
This approach necessitates a life cycle approach that is out of the scope 
of this study, which focuses solely on capacity comparisons. 

Besides, harmonised capacity measurement methods un der constant 
current as described above involve significant depa rtures from IEC 
standards, especially for secondary batteries, sinc e new currents and duty 
cycles are used. In turn, this generates significan t additional costs and 
work. 

4.3.3 COMPLIANCE REQUIREMENTS  

The objective of section  4.3. is to determine harmonised methods for rating the 
capacity/performance, not only of a single product but of a series of 
products of the same type , manufactured by a specific manufacturer. 
Therefore it is necessary, as a second step (the first step being the identification 
of the harmonised methods as performed in section  4.3. ) to define specific 
compliance requirements  that a type of product should meet in order to be 
able to display a certain information on its performance or capacity. 

Indeed, having harmonised methods of capacity measurements alone is not 
enough to guarantee capacity marking that is not misleading and unfair (e.g. 
testing just one product is not representative of a whole production and could 
therefore be misleading).  

In order to ensure fair and representative marking, there needs to be 
repeatable and harmonised measurement methods , taking into account 
additional criteria, for each set of batteries for which harmonised methods were 
identified: 

• Sample size 

Capacity measurements are not conducted for a single battery. Sample size 
can influence the test outputs as values differ from one battery to another. 
For example, it is unfair to compare a capacity value based on a sample of 3 
good batteries with a capacity value based on a sample of 15 batteries that is 
more representative of the possible range of values. 

• Choice of the displayed capacity/performance data.  

Displaying the average capacity value over the sample batteries, the 
minimum value measured in sample or the maximum value will yield different 
results. Other possibilities exist such as displaying the average value 
calculated without the highest and the lowest values of the sample. For a fair 
comparison, the selection process for the displayed capacity value should be 
the same for all producers. 
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• Timing of capacity/performance measurement 

Due to the ageing process and handling conditions as well as storage 
conditions (which set temperature and relative humidity conditions), the 
capacity of a battery changes over time (see section  4.2.2). For example, the 
capacity of a NiMH battery will be much higher just after it has been 
manufactured than a year afterwards, so the capacity of these batteries must 
be measured at the same time.  

• Delayed performance/capacity retention 

If the capacity of a battery decreases over time too rapidly, the consumer 
may be faced with a battery that has lost much of its ability to store energy 
after a very short while, even though the initial value was similar to that of 
other batteries. “Delayed performance” should therefore be controlled: for 
example, the capacity of a battery should be at least 80% or 90% of the initial 
capacity after a period of one year. 

Such sampling and compliance requirements are also included in the IEC 
standards, except for automotive batteries, and it is suggested to adopt these 
requirements when they already exist as they seem to be widely in place. 

The following paragraphs will describe the suggested compliance requirements 
for each type of battery. 

4.3.3.1 PORTABLE PRIMARY BATTERIES 

• Sample size and choice of the displayed performance data 

The IEC 60086-1 standard, proposes a test to check the value of minimum 
average duration (MAD as specified in IEC 60086-2). The test is carried out 
as follows (conformance check method): 

Please refer to IEC 60086-1 - Section 5.3 (p 35) 

Depending on the model of portable primary battery, the same testing 
procedure is available to test the performance data, expressed in number of 
pulses, or to test the capacity data in ampere-hours. 

Considering these sampling requirements and performance testing 
procedures, it is suggested that the displayed value of performance data in 
service-hours, pulses or ampere-hours should be the average value of 
service-hours, pulses or ampere-hours, of a sample of 9 units  calculated 
as follows: 

a) Nine batteries are tested (sample size = 9)  

b) The average number of service-hours/ number of pulses/ capacity 
data in ampere-hours is calculated  

When a battery is tested with several end-use applications, the average 
value for service-hours, pulses or ampere-hours is calculated for each 
application. For example, if three tests have been retained for a specific 
battery, then this procedure should be repeated three times, resulting in three 
meaningful averages to display on the label. 

• Timing of the capacity/performance measurement 
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The capacity data for primary batteries is suggested to be measured in the 
same conditions as mentioned by the IEC 60086-1 standard related to the 
“initial discharge test” , i.e. the testing of the batteries and calculation of the 
average performance/capacity is made 60 days maximum after the day of 
manufacture . During this period of time, the batteries are stored at specific 
temperature and relative humidity conditions (Table 34).  

Later in the study, when assessing the required control and surveillance 
schemes to put in place, the “delayed discharge test” (see Table 34) and the 
“conformance check methods” as specified in the IEC 60086-1 are suggested to 
be adopted for verifying the data declared by a manufacturer.  

Table 34: Conditions of storage before and during t he discharge tests (IEC 60086) 

Please refer to IEC 60086-1 - Table 4 (p37) 

• Delayed performance 

IEC 60086-2 specifies requirements for delayed performance for each battery in 
terms % of MAD after a given period of time (e.g. 12 months). An example is 
shown in Table 35. The delayed performance should be at least 80-95% of the 
initial performance depending on the type of battery. The IEC specifications can 
be retained for compliance requirements for primary batteries. 

Table 35: Delayed discharge performance for LR9, LR 53 and CR11108 according 
to IEC 60086-2 

Please refer to IEC 60086-2 (p23) 

For watch batteries, IEC 60086-3 specifies a minimum value of the delayed 
capacity after a period of 12 months.  

The discharge performance test described in the IEC standard can be retained, 
with a minimum capacity value of 90% of the initial capacity value after 12 
months. 

4.3.3.2 PORTABLE SECONDARY BATTERIES 

The compliance requirements for portable secondary batteries58 according to 
the standards for portable secondary batteries (IEC 61960, IEC 61951-1, IEC 
61951-2, and IEC 60622) are very similar and are summarised in Table 36. The 
following paragraphs further detail the sampling procedures, choice of the 
displayed capacity value and timing of the measurement and discuss what 
should be suggested in order to provide a harmonised and objective tool to rate 
the capacity of such batteries. 

                                                
58 Reminder: a battery is composed of one or several cells 
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Table 36: Compliance requirements for portable seco ndary batteries as provided 
by the IEC standards 

Type of 
portable 

secondary 
battery 

Sub-type 
Sampling 
size (type 
approval) 

Compliance 
requirement on 
the displayed 
value of rated 

capacity 

Compliance 
requirement on the 

timing of the 
measurement 

Source 

cylindrical 
cells 

button 
cells NiCd 
small 

prismatic 
cells 

IEC 61951-1 

cylindrical 
cells 

button 
cells 

IEC 61951-2 

IEC 61951-2 NimH 

prismatic 
cells 

IEC 61951-2 
IEC 60622 

Lithium  N/A 

Please refer to the relevant standards mentioned in the 
next column  

IEC 61960 

• Sample size  

Before it is judged to be compliant, a battery must pass a “type approval” and 
“a batch acceptance” test. Type approval is carried out before the product is 
sold, while batch acceptance is used on delivery on a reduced sample. 

For type approval, sampling requirements in the standard slightly differ 
according to the type of battery and are presented in Table 36. The capacity 
measurement tests for secondary batteries are not destructive, as it is the 
case for primary batteries. Therefore, the number of samples can be higher 
than what was suggested for primary batteries.  

It is suggested to maintain the sampling requirements provided by the IEC 
standards for portable secondary batteries (IEC 61960, IEC 61951-1, IEC 
61951-2, and IEC 60622) i.e. from 15 to 32 units depending on the type of 
battery.  

It could be envisaged to require all models of portable secondary batteries to 
be tested with a sample of 27 units. This would enable to harmonise the 
sampling procedures for all portable secondary batteries. However, further 
research would be needed to ensure that decreasing the number of samples 
from 32 to 27 for certain models of batteries (i.e. cylindrical NiCd and NimH 
cells, and button NiCd cells), and increasing the sample from 15 to 27 units 
(for lithium batteries) will not have an impact on the value of rated capacity 
and that the sample is still representative. 

For batch acceptance, the sampling procedure is established in accordance 
with IEC 60410. This procedure should be maintained.   

• Choice of the displayed capacity value 

According to the standards for portable secondary batteries (IEC 61960, IEC 
61951-1, IEC 61951-2, and IEC 60622), the declared value of capacity is a 
minimum requirement that must be met by each battery of the sample, with 
no exceptions. Therefore it is suggested that the minimum value of the 
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rated capacity in ampere-hours obtained within the sample  should be the 
result provided for each type of battery. 

• Timing of capacity measurement 

Also, the measurement of the rated capacity according to the standards for 
portable secondary batteries is made a few hours after the battery has been 
fully charged59; and it is suggested to maintain this requirement. It is also 
suggested to maintain the standard procedures for the charging and 
discharging of the portable secondary batteries as described in the different 
IEC standards60.  

• Capacity retention  

IEC standards IEC 61951-1, IEC 61951-2, IEC 61960 specify both capacity 
retention and endurance tests. The difference is that while capacity retention 
tests measure the capacity that a cell or battery can deliver after storage, at a 
specific temperature, for a specific time without subsequent recharging as a 
percentage of the rated capacity, endurance tests determine the number of 
charge/discharge cycles which a cell or battery can endure before its useful 
capacity has been significantly depleted. Capacity retention is the primary 
focus here; yet as endurance tests give valuable information about the ability 
of a battery to retain its capacity when submitted to numerous charge-
discharge cycles, the tests are briefly explained as well.  

The requirements specified by IEC standards are different for Nickel-based 
batteries and Lithium batteries. All tests will not be described in detail, but a 
typical example is presented for NiMH batteries (IEC 61951-2). 

� Capacity retention test: the cell should be charged and subsequently 
stored for 28 days, followed by a discharge under specified conditions at 
0.2 It. The standard then defines a minimum discharge duration for the 
cell. 

� Endurance test: the battery is submitted to a sequence of 50 charge-
discharge cycles until the discharge duration of any 50th cycle becomes 
less than a specific number of hours (fixed by the IEC 61951-2). At this 
stage, a repeat capacity measurement should be carried out for the 50th 
cycle. When two successive capacity cycles yield to discharge durations 
lower than a specific number of hours (fixed by the IEC 61951-2), the 
endurance test is considered complete. Compliance is achieved when 
the number of cycles is larger than a specified number depending on 
battery type. 

The IEC specifications for capacity retention and endurance tests are the 
proposed requirements for compliance. 

                                                
59 Please refer to the relevant standards for the exact number of hours 

60 I.e. For all portable secondary batteries, except lithium batteries the IEC standards require a 
charge of 14-16h, at 20°C, and at a current of 0.1 It (see  4.2.3.2 for details on It) For lithium 
batteries, the standard only requires the battery to be charged at 20°C. 
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4.3.3.3 AUTOMOTIVE BATTERIES 

Neither IEC standard 60095-1 for automotive batteries nor EN 50342 
specifies any requirements in terms of sample size and choice of the 
displayed value. Manufacturers are free to choose their own values. 

• Sample size 

As stated above, there is no standardised sample size. However, as a rule of 
thumb, it is estimated that manufacturers of automotive batteries test 
samples of around five batteries. BIO suggests keeping this value of five 
batteries  as a preliminary suggestion for sample size and reviewing it with 
stakeholders for validation. 

• Choice of the displayed capacity/performance data.  

In the absence of any indication from IEC or EN standards, manufacturers 
can use very different methods for displaying capacity/performance data, 
leading to misleading marking. A preliminary suggestion to solve this 
problem is to use the minimum capacity/performance values  evaluated in 
the sample of five batteries, in the same spirit as non-automotive secondary 
batteries. This will provide an indication of the minimum requirement for the 
capacity/performance of automotive batteries. This suggestion will be 
assessed and reviewed with stakeholders. 

• Timing of capacity/performance measurement 

IEC Standard 60095-1 specifies a maximum number of days after the 
manufacturing date for testing filled batteries and dry-charged or charge-
conserved batteries. It is therefore suggested to maintain these requirements 
for the timing of the measurement of the “fresh capacity” and CCA tests. 

• Capacity (charge) retention test and endurance tests for automotive 
batteries 

IEC 60095-1 describes charge (capacity) retention tests and endurance tests 
for automotive batteries. Again, charge retention tests are more important but 
an overview of endurance tests is provided below. 

The charge retention test measures the cold cranking performance of a 
battery after it has been stored for a long period of time. It consists of a 
cranking performance test carried out at -18°C afte r a storage time of 10 to 
49 days (depending on battery characteristics) at 40°C. The voltage after 30 
seconds should meet a specific requirement. 

Endurance tests comprise several kinds of tests including corrosion tests. 
Only cycling tests are of interest here.  They measure the ability of an 
automotive battery to withstand repeated charge/discharge cycles. Four 
different cycling tests are described in IEC 60095-1. Automotive batteries are 
submitted to sequences of tests according to their classification (class A, B or 
C). These tests consist of a storage period followed by endurance cycles, 
further storage and a discharge. 

The IEC 60095-1 tests are the suggested tests for compliance requirements. 
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4.4.  TASK 1.4 – STAKEHOLDER CONSULTATION 

Throughout the course of this study, and from the very beginning, major 
stakeholders from the battery industry, NGOs, and governments were identified 
and invited to participate to the different steps of this study.  

At the very beginning of the study, a questionnaire (see Annexe 25) was sent 
out to them, also encouraging stakeholders to forward it to anyone they thought 
could be interested to participate. This ensured that a maximum of opinions 
could be received. A summary of the stakeholders contacted and of the 
participation received is presented in Annexe 26. A synthesis of stakeholder 
responses is presented in Annexe 27 to Annexe 30. Participants were also 
invited to send any document they thought could be useful to the study.  

A thorough analysis of these replies was undertaken and the inputs were taken 
into account when carrying out the study. 

A Stakeholder meeting will also be held in Brussels on March 25th 2008 at the 
European Commission’s premises in order to discuss the preliminary results 
and labelling options provided within the interim report. 
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5.  TASK 2 – CAPACITY LABEL DESIGN AND APPLICATION  

The objective of this Task 2 is to propose different approaches for the design, 
layout, and application of a capacity label. In this part of the study, the size and 
format of the label will be defined. The three basic questions to be answered 
are: 

• What kind of capacity information should be provided? 

• Where should the label be placed? 

• What should be the size of this label? 

Section  4.3. allowed defining harmonised methods and compliance 
requirements for the measure of capacity/performance of each type of portable 
primary and secondary batteries and of automotive batteries.  These methods 
provide an objective framework to measure the performance/capacity of a 
model of battery.  

In a first step, this section will further discuss the unit chosen for the 
capacity/performance information which will be displayed on the label. In a 
second step, several preliminary labelling options will be developed, in terms of 
design, size and location. A third section, not yet included in the interim report, 
will analyse the different labelling options proposed in order to identify the most 
relevant one (will be included in the final report). 

5.1.  TASK 2.1 – CAPACITY INFORMATION 

This section61 aims at determining the unit in which the capacity/performance 
information will be conveyed.  

For batteries whose capacity/performance greatly varies depending on the end-
use application (no single rated capacity data), the number of values which will 
be provided will also need to be determined. 

The capacity per se is the quantity of energy contained in a battery, thus an 
indicator to define the performance of a battery. Even if the capacity labelling 
requirements are set in the Directive under the “Labelling” clause (and not under 
the heading “Information to end-users”), this will indeed provide end-users with 
means to compare the performance of two similar batteries. However, as 
explained in Task 1, the capacity of a battery also depends on its end-use. Thus 
the labelling also needs to take into account an approach where the suggested 
end-applications could be indicated on the capacity label as well (e.g. for 
primary general purpose battery a capacity information or performance 
information alone, without specifying the end-use is not meaningful). 

                                                
61 Please note that this task is still in progress (interim version). The final version will be 

presented in the final report of this study 
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Hence, this sub-task will try to identify the set of information that a label may 
include for different types of portable and automotive batteries. This information 
will indeed take into account the complexity linked with the notion of capacity 
determination.  

 4.3. identifies the most relevant tests that should be selected for each kind of 
battery and communicated to consumers. This process was designed to provide 
relevant indicators of performance or capacity. 

Therefore, the results of those tests should be indicated on the label as they are 
representative of the battery’s performance/capacity. The units and number of 
results vary across batteries; for example, there is only one figure for watch 
batteries but several figures, associated with their end-use applications , for 
general purpose primary batteries. An overview of the capacity indicators to 
display on the label is summarised in Table 37. Note that Table 37 does not 
specify how displayed capacity values are chosen (in terms of sample size, 
selection of the value to display or time of measurement). This is explained in 
detail in  4.3.3. Cross-references are provided in the “information” column of 
Table 37. 

Table 37: Capacity/performance information provided  by harmonised 
measurement methods 

Category of 
battery Type of battery Information Unit Method  

General purpose 
primary batteries 

Performance in a selected 
number of end-applications  

(up to 4 data) 
See  4.3.3.1 

Service hours per end-
use application or 
number of pulses 

IEC 

Specialty batteries Performance (1 or 2 data) 
See  4.3.3.1 

Service hours IEC 

Primary battery 

Watch batteries Capacity (single) 
See  4.3.3.1 

Ampere-hours IEC 

Standardised 
format 

Capacity (single data) 
See  4.3.3.2 

Ampere-hours IEC Secondary non-
automotive 
batteries Custom-made 

batteries 
Capacity (single data) 

See  4.3.3.2 Out of scope in-
house 

Automotive 
batteries 

Automotive 
batteries 

Capacity (single data) and 
Performance (single data) 

See  4.3.3.3 

Ampere-hours 
Cold Cranking Amperes 

(CCA) 
IEC/EN 

By displaying the capacity/performance information in its associated unit as 
described in this table on each battery label, one ensures that the information is 
meaningful and concise. In turn, this minimises space requirements and 
enhances clarity. 

Note that it is possible to express the capacity of general purpose primary 
batteries in mAh for each application. As mentioned before, it can be 
approximated by mathematical methods (see section  4.3.2.1). Some 
manufacturers include this data on their technical datasheets (Figure 48). 
However, this is not extremely accurate and service life or number of pulses 
remain much more meaningful indicators and therefore are the ones suggested. 
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Figure 48: Capacity information provided on Rayovac technical datasheets 

 

5.2.  TASK 2.2 – LABEL DESIGN AND LAYOUT  

The aim of this section62 is to propose options for capacity labelling. In order to 
achieve this, existing labelling constraints unrelated to capacity must be taken 
into account as they limit the size available on the package or on the battery 
itself. Once these constraints are well understood, the optimal means of 
integrating capacity information will be analysed. Finally, several labelling 
options will be suggested. 

5.2.1 EXISTING BATTERY LABELLING CONSTRAINTS  

Battery capacity comes as an added piece of information to display on battery 
labels that must already show several items. This section examines existing 
labelling constraints in order to extract the parameters that may influence the 
design, size and location of the label for capacity marking. 

As illustrated in Figure 49, a large amount of information can be displayed on 
battery labels (in this case, on the packaging). This can include product specific 
information (battery type, size, electrochemical composition, voltage, capacity, 
etc.), safety and precautionary labels, recycling and separate collection, 
possible end-applications, etc. However, these pieces of information are not 
always available on all the batteries in a systematic manner. Some of these 
labels are mandatory while others (e.g. capacity and end-application use) are 
currently shown on a voluntary basis. 

                                                
62 Please note that this task is still in progress (interim version). The final version will be 

presented in the final report of this study 
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Figure 49 – Illustrative battery packaging and different types of information 

Product specific information
-Battery type
-Electrochemical composition
-Voltage
-Capacity

Possible end-uses

Safety & precautionary labels
EU 

separate collection  

5.2.1.1 MANDATORY INFORMATION 

The following list of mandatory information is not exhaustive. However, it is a 
good indicator of what is already indicated on battery labels and how much 
space is required. 

• Technical features labels 

All batteries are marked with polarity (+ and -) as well as voltage.  

• Separate collection label  

Article 21.1 of the 2006/66/EC Batteries Directive specifies that all batteries, 
accumulators and battery packs are required to be marked with the separate 
collection symbol (crossed-out wheeled bin, Figure 50) either on the battery or its 
packaging depending on size.  

Figure 50 – Crossed wheeled bin symbol (Annex II of the Batteries Directive) 

 

On the battery 

- Prismatic shapes: The symbol; shall cover at least 3% of the area of 
the largest side of the battery, accumulator or battery pack, up to a 
maximum size of 5x5 cm. The symbol may be marked on any side. 

- Cylindrical shapes: The symbol shall cover at least 1.5% of the battery 
surface area to a maximum of 5cm x 5cm. 

On the packaging 
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- Where the size of the battery, accumulator or battery pack is such that 
the symbol would be smaller than 0.5cm x 0.5cm, the battery, 
accumulator or battery pack need not be marked but a symbol 
measuring 1cm x 1 cm shall be printed on the consumer packaging. 
Further, article 21 paragraph 6 specifies that “symbols shall be printed 
visibly, legibly and indelibly”. Figure 51 provides guidance on the 
dimensions and location of this label. 

Figure 51 – Size and proportion of the crossed wheeled bin label 
 

Battery 
size 

(IEC) 

Minimal 
“a”  

(mm) 

Label size 
(mm) 

R6 4.1 6.1x6.1 

6LR61 4.0 6.0x6.0 

R14 5.4 8.2x8.2 

R20 6.9 10.3x10.3 
 

• Composition labels 

The Directive requires that “Batteries, accumulators and button cells containing 
more than 0,0005 % mercury, more than 0,002 % cadmium or more than 0,004 
% lead, shall be marked with the chemical symbol for the metal concerned: Hg, 
Cd or Pb. The symbol indicating the heavy metal content shall be printed 
beneath the symbol shown in Annex II (i.e. crossed wheeled bin) and shall 
cover an area of at least one quarter the size of that symbol”. Figure 52 provides 
guidance on the dimensions for this label. 

Figure 52 – Size and proportion of the composition label 
 

Battery 
size 

(IEC) 

Minimal 
“a”  

(mm) 

Label size 
(mm) 

R6 4.1 6.1x8.1 

6LR61 4.0 6.0x8.0 

R14 5.4 8.2x10.8 

R20 6.9 10.3x13.8 
 

  

• International recycling label  
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In accordance to ISO 14021 standards (Environmental labels and declarations), 
the ISO three arrows chasing symbol, or Moebius loop, 7000-1135 shall be 
used to indicate a recyclable product, provided collection or drop-off facilities for 
the purpose of recycling are conveniently available to a reasonable proportion of 
the purchasers. This symbol has been incorporated into IEC International 
Standards 1429 (Marking of secondary cells and batteries) and is applicable to 
lead acid and nickel cadmium batteries. Figure 53 provides guidance on the 
dimensions of this label. 

Figure 53 – International recycling label 

 

5.2.1.2 OPTIONAL INFORMATION 

In addition to the mandatory labelling requirements, some battery producers add 
supplementary information such as capacity or possible end-use applications. 
Also, as batteries production and distribution is an international market, some 
manufacturers label their products for both the European and the International 
labels.  

The conclusion is that battery packaging usually already have very much 
information on them (Figure 54). When designing a label for capacity marking, 
this implies that: 

• The available space for the new label is limited, mainly on the battery itself   

• Much information is already available to consumers. However, it is unlikely 
that they will read it all and it is important to design the label so that priority is 
given to the most important information. 
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Figure 54 – Information displayed on the packaging or the battery itself (secondary 
custom-made battery pack on the left and primary 9 V battery on the right) 

Capacity

Safety

Polarity

EU 
separate collection

International
separate collection

Origin

 

 

 

 

5.2.2 CONSIDERATIONS FOR INTEGRATING CAPACITY LABELLING  

The 2006/66/EC Batteries Directive requires capacity labelling to be “visible, 
legible and indelible”. To achieve this, size, location and clarity must be 
considered. 

5.2.2.1 LABEL SIZE  

Both relative size and absolute size should be considered here. 

Relative size refers to the size of capacity indicators relative to other mandatory 
elements of battery labelling, such as the crossed-out wheeled bin. For 
consumers, the size of a label acts as a “shadow” or “hidden” ranking of the 
information, i.e. the bigger the label, the more important the information. Thus, 
the importance of the information that is displayed on a battery label needs to be 
assessed and classified. If, for example, the crossed-out wheeled bin is deemed 
to be more important than measures of capacity, then the size of capacity 
indicators should be smaller. 

Absolute size refers to the size of the label measured in mm. It is crucial that 
capacity labels do not shrink to the point where they become illegible.  

Combining both criteria, the size of the label should be sufficiently large to allow 
for legible information, yet not larger than other elements of similar or greater 
importance. 

5.2.2.2 LABEL LOCATION 

The Directive requires that “the capacity of all portable and automotive batteries 
and accumulators is indicated on them”. However, there are several issues with 
putting a label on the battery itself : 

• Some batteries are not large enough to display capacity labelling. This is 
especially true for button cells. Also, while general purpose primary batteries 



 

107 
Mach 2008 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 

  

 

 

are larger, they also require more information (several end-use applications 
see section  5.1. ). Thus, manufacturers are asked to cram up to three or four 
additional pieces of information on their batteries. The label could be made to 
fit on the battery by shrinking its font or other similar manipulations, but it 
would not be legible any more. 

• Cylindrical batteries may rotate inside their packaging (Figure 55). Unless the 
label is displayed all around the battery (which would be unfeasible for space 
and legibility reasons, and considering the other piece of information that 
have to be on the battery itself), it can be hidden from view and therefore 
useless to the consumer at the time of purchase.  

Figure 55 - Cylindrical batteries inside their packaging 

 

It follows that, when there is too much information to be satisfactorily conveyed 
through labelling on the battery itself, labels should be placed on the packaging. 

Space is not an issue for automotive batteries, but it is for general purpose 
primary batteries. In that case, there are two options: 

• Put the label on the front of the packaging. The advantage of this option is 
that the label can then be printed in colour. Also, it can be examined at once 
by the consumer, without making the effort to turn the packaging over. 

• Put the label behind the packaging. Most of the time, it will be printed and 
black and white – however, colour printing is also possible. The advantage of 
this option is that there is usually more space. But it is unlikely that 
consumers in stores will turn the packaging to check the capacity of batteries 
before choosing them.  

Besides, capacity information is valid and relevant only at the time of purchase, 
when consumers take into account battery capacity to choose the right battery 
for them. It then makes sense for the labelling to be on the packaging, which is 
the primary place where consumers are likely to seek battery data. In the 
eventuality that a consumer uses a battery that has been bought a long time 
ago and has lost its packaging, capacity data is very likely not to be accurate 
anymore and therefore not the most useful. 

5.2.2.3 LABEL CLARITY AND LEGIBILITY 

Capacity information must be displayed in a user-friendly way. Three formats 
are possible: 

• Textual : In the case of capacity marking, this would be a number 
indicating the capacity of a battery in mAh or, in the practical sense, in 
number of pulses or service hours.  
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• Iconic or Illustrative : the approach here is to use an icon (e.g. a picture 
of a camera application) to show that the battery is suitable for that 
particular application  

• Integrated : this type of label design combines the textual and iconic 
approaches.  

Colour can be added to boot. In Europe, the traffic light colour scale is widely 
used and easily understandable by consumers, so that it does not require a 
legend (Figure 56). Letters can also be used as in the European Energy label 
(Figure 56 b)) 

Figure 56 – Colour code for a) Sainsbury’s wheel of  health; b) an energy window 

 

 Examples of labels 

Figure 57, Figure 58 and Figure 59 present some examples for portable primary 
and secondary batteries, and automotive batteries. 
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Figure 57 – Information on primary batteries labels 63,64 

  

Figure 58 - Rechargeable battery packaging 65,66,67,68 

 
 

  

 

                                                
63 Picture from  http://www.active-robots.com/products/power-supplies/gp-battery/aax4-400.jpg  
64 Picture from http://www.everfast.com.hk/catalog/images/batteries-pictures/EFalk_10xAAA.jpg  
65 Picture from http://www.tristatebattery.com/images/ul-4aa2600.jpg  
66 Picture from http://www.nimhbattery.com/accupower-2900-rechargeable-win.htm  
67 Picture from  http://www.germes-online.com/catalog/87/90/444/rechargeable_batteries.html  
68 Picture from  http://i.pricerunner.com/prod/9_12_5_9_i246112814s/product.jpeg  
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Figure 59 – Example of automotive batteries labels (front) 

Capacity

Current 
available at 
the startup

 

These examples can help to assess the concerns regarding labelling and some 
preliminary suggestions that will need to be further explored when developing 
labelling options: 

• For primary batteries 

The examples shown above are illustrative of the lack of space problem on 
certain battery geometries. In the examples in Figure 57, the icons are large 
enough to enable easy reading (they could hardly be shrunken), but too 
large to be put on the batteries themselves.  

• For non-automotive secondary batteries 

Capacity in mAh can easily be put on the batteries themselves . Adding the 
information on the packaging  makes it easier to access, but is not 
necessary.   

• For automotive batteries 

There is enough space for both capacity and performance indications on 
the battery itself . 

5.2.3 LABELLING OPTIONS  

Creating a relevant label requires a good understanding of the objectives to 
reach. Based on the initial concept of battery labelling, several options for each 
identified group of batteries were created in order to attract attention and create 
concept recognition. In agreement with the Commission 1 or 2 samples will be 
selected for further refinement. For each label proposed to the Commission, 
examples of how it could appear on a selection of different pro ducts  (for 
different types of portable and automotive batteries and sizes) will be shown to 
facilitate the decision-making process in the final version of the report .  

Based on the considerations developed in Task 2.1 and the beginning of Task 
2.2, BIO proposes to offer several labelling options for each battery category. 
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The design and associated capacity information for each option are presented 
first. Size and location issues are discussed afterwards. 

In a first step, this section will further detail different labelling options proposed 
for: 

• Portable primary batteries 

• Portable secondary batteries 

• Automotive batteries 

For each label presented in this section, its design, size, and location will be 
discussed, based on a preliminary work. The final version of the report will 
include a more detailed description of each labelling option. 

In a second step, more elaborate labelling options which might necessitate 
further research will be presented. 

Because the timescale for the implementation of the Batteries labelling is very 
short (six months according to the Directive69 and battery producers claim they 
often need 12 to 18 months to implement new labelling options), the more 
elaborate options cannot be implemented quickly and must be regarded as a 
second step that complements the first, more simplified options. There are 
therefore two “levels” of labelling proposed. 

5.2.3.1 PORTABLE PRIMARY BATTERIES 

This section presents the labelling options which are suggested for portable 
primary batteries. Section  5.2.3.4 will propose more elaborate versions of this 
label. 

� Portable primary general purpose batteries 

• Option 1: Performance marking for popular end-use d evices 

� Label design  

Option 1 is based on harmonisation methodology 1 (see section  4.3.1), which 
selects up to 4 application tests corresponding to the 1-4 most popular end-
use devices of the battery geometry considered. The result is an integrated 
format label with up to 4 pictograms depicting the selected applications and 
their associated number of service hours or pulses. This label is in black and 
white (see Figure 60). With such a label, the end-user is informed of the 
average number of hours the battery he wishes to purchase will last in some 
common applications.  

Figure 60: Option 1 label design 

 

                                                
69 From March 2009 to September 2009 according to Article 21 
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� Label size and location 

The precise diameter for the icons and the font for the specification of the 
number of service-hours or for the number of pulses of this labelling option 
will be later determined in the final version of the report. (i.e. Work in 
progress) 

When determining the size of the icon, it should be considered that in order 
to be visible; a minimum diameter between at least 10 mm and 12 mm 
appears to be necessary. Considering that this label can require up to 4 icons 
(e.g. for R6 type batteries) it is therefore too big70 to fit on the battery itself 
(except maybe on batteries of large dimensions such as  3R12 batteries) and 
should be put on the front of the packaging. This would ensure a greater 
visibility of the label for then end-user. 

• Option 2 : Capacity marking for tests under constan t current 

� Label design 

This labelling option is based on the harmonised tests across categories of 
batteries under constant current. The result of this harmonisation is a 
selection of tests representative of the end-use applications of one specific 
battery geometry and yielding capacity values in mAh. The resulting label 
proposes to use an icon to represent the end-use associated with each 
discharge current and the resulting capacity value in mAh. Thus, consumers 
can compare capacity figures for typical applications. This label is in black 
and white. 

Figure 61: Option 2 label design 

 

� Label size and location 

The precise diameter for the icons and the size of the font for the 
specification of the capacity will be later determined in the final version of the 
report. (i.e. Work in progress) 

When determining the size of the icon, it should be considered that in order 
to be visible; a minimum diameter between at least 10 mm and 12 mm 
appears to be necessary. Considering that this label can require up to 4 icons 
(e.g. for R6 type batteries) it is therefore too big to fit on the battery itself 
(except maybe on batteries of large dimensions such as  3R12 batteries) and 
should be put on the front of the packaging. This would ensure a greater 
visibility of the label for then end-user. 

 

• NB. Rejected labelling option for general purpose p rimary batteries: 
Performance marking for low, medium and high drain devices 

                                                
70  This is in line with the requirements associated to the crossed wheeled bin symbol : « Where 
the size of the battery, accumulator or battery pack is such that the symbol would be smaller than 
0.5cm x 0.5cm, the battery, accumulator or battery pack need not be marked but a symbol 
measuring 1cm x 1 cm shall be printed on the consumer packaging » 
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This option was judged inadequate and rejected as a proposed labelling 
option. Nevertheless, it is presented here so that stakeholders who favour it 
understand why it was not proposed. 

� Label design  

This option is based on Methodology 2 for harmonising performance 
evaluation methods (developed in section  4.3.1), where representative tests 
are selected for high drain (H), medium drain (M) and low drain (L) battery-
operated applications.  

The output is a triplet of estimated rated capacity values in mAh associated 
to a range of application (i.e. low drain, medium or high drain applications). 
This type of label would enable the end-user to choose the best battery (i.e. 
the battery with the highest value of estimated rated capacity) according to 
the type of application he needs to power, i.e. low drain, medium drain or 
high drain devices. 

This label combines information on the devices as a letter in an icon (“L” for 
low, “M” for medium and “H” for High) and information on the estimated 
capacity as a quantitative value.  

Batteries not intended for use with certain kinds of applications e.g. low drain 
devices should be flagged. This can be done by greying the corresponding 
icon (Figure 62).  

Figure 62: Option 2 label design – example of a bat tery not adapted for use in low-
drain applications 

 

The L, M, H code is not instinctive, so this label requires an explanation so 
that end-users are informed of what type of applications are “low-drain”, 
“medium drain” or "high drain”. This legend should inform the user on the 
meaning of L, M and H and the associated applications, as non-technical 
consumers are unlikely to be able to recognise high-drain devices from low 
drain ones. This type of information would require enough space to list the 
common end-use applications according to their drainage characteristics. 

This label is in black and white. 

There are several issues with this option. Consumers are unlikely to 
understand the concept of low, medium and high drainage even with a 
legend on the back of the packaging. Furthermore, the capacity values 
displayed on the label are not accurate indications of how the battery might 
perform with a specific end-use. The option 1 label is a much more valuable 
tool for conveying the performance of primary batteries. 
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� Portable primary specialty batteries 

As it was presented for portable general purpose primary batteries this section 
proposes a first labelling option for primary specialty batteries, directly linked to 
the harmonised tests identified in section  4.3.1. Section  5.2.3.4 will propose 
more elaborate versions of this label. 

• Option 1: Performance marking through specific serv ice output test 

� Label design 

The proposed label is a textual label indicating the performance of the 
battery in the units measured by the service output test (e.g. number of 
service-hours, see Figure 63). As these batteries are specialised, they are 
only tested with one single test and only one value needs to be displayed. It 
could be suggested to replace the word “performance” by an icon displaying 
an hourglass. 

Figure 63: Labelling option for portable primary sp ecialty batteries 

Performance: 38 hours   

� Label size and location 

The requirements in terms of size and location of this label will be further 
determined in the final version of the report. However, preliminary analysis 
would suggest that considering there is only limited textual information on 
this label, the space requirements are not as stringent as for iconic 
information. Placing the label on the battery itself could be possible for 
certain types of battery (i.e. not on button cells which are typically too small). 
For cylindrical batteries, careful consideration should be given to the fact 
that the battery may rotate in its packaging and hide the capacity information 
from view. (i.e. Work in progress) 

� Portable primary watch batteries 

• Option 1: Textual capacity marking  

� Label design 

Watch battery labels should be placed on the packaging and consist of a 
textual label indicating the estimated rated capacity in mAh. It is suggested 
that the word capacity should figure on the labelling as end-users are not 
always aware that “mAh” refer to a notion of capacity in ampere-hours. 

Figure 64: Labelling Option 1 for watch batteries 

Capacity: 45 mAh 

� Label size and location 

Due to the small size of watch batteries, the label should be on the 
packaging. The precise requirements in terms of size and location of this 
label will be further determined in the final version of the report (i.e. Work 
in progress). 
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5.2.3.2 PORTABLE SECONDARY BATTERIES 

As it was presented for portable general purpose primary batteries this section 
proposes a “first level” labelling option for portable secondary batteries, directly 
linked to the harmonised tests identified in section  4.3.1, more elaborate options 
will be presented in section  5.2.3.4. 

• Option 1: Textual labelling  

� Label design 

As explained in the section on harmonisation of capacity evaluation 
methods (section  4.3.1) a meaningful rated capacity can be derived from 
harmonised tests. A textual label showing the rated capacity in mAh is 
therefore convenient. It is also suggested that the word “capacity” should 
be added to inform the customer that “mAh” refer to a capacity value.  

Figure 65: Labelling Option 1 for portable secondar y batteries 

Capacity: 900 mAh 

� Label size and location 

This labelling option does not require much space (see Figure 65) if the 
“word” capacity is not included on the labelling. Preliminary analysis 
suggests that it can easily be put on batteries themselves. However, 
further work is in progress to confirm this and to precise the exact size and 
location requirements which will figure in the final version of the report. 

A second label mentioning the word capacity could be envisaged on the 
packaging of the batteries. 

� Note on icons for portable primary batteries labell ing:  

Icons for labelling primary portable batteries are not standardised. Producers 
are free to use their own designs. While in the short run, it is easier to retain 
existing individual pictograms, greater clarity can be achieved in the future if 
icon designs are standardised. 

5.2.3.3 AUTOMOTIVE BATTERIES 

Automotive batteries capacity labels should be placed on the battery itself, on 
one of the sides of the battery, excluding the bottom side (which remains 
invisible once the battery is sitting on a shelf). Automotive batteries offer enough 
space for capacity labels to be located on them and are often handled with no 
packaging. The precise requirements in terms of size and location of the labels 
proposed here will be further specified in the final version of the report. 

The options presented below are all textual options. Admittedly, 
performance/capacity rating in CCA/mAh may be difficult to understand for the 
average consumer, and it could be argued that more accessible labelling could 
be required. However, automotive batteries are generally purchased in 
specialist stores such as garages, with the help of specialists. The consumer 
does not need to understand precisely what is meant by CCA/mAh ratings; it is 
the understanding of the specialist, who advises the consumer, which really 
matters. CCA/mAh ratings are therefore adapted. 

• Option 1: Textual labelling 
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This option is commonly used by manufacturers. It is a textual label 
consisting of the performance of the battery in Cold Cranking Amperes (CCA) 
and capacity information in Ampere hours. 

44 Ah / 360 CCA 

• Option 2: Simplified textual labelling 

Automotive battery manufacturers stress the importance of communicating 
about “performance” rather than “capacity” only. Some manufacturers even 
favour a “performance –only” marking because, according to Eurobat, “this is 
the main purpose of the battery”. The label suggested here is therefore a 
simplified textual label consisting of the performance of the battery in Cold 
Cranking Amperes (CCA). This would enable end-users to focus their choice 
of a battery on the most significant parameter describing the “performance” of 
a battery. 

360 CCA 

• Option 3: Elaborated textual labelling 

A third option would be to integrate both information on capacity and 
performance in a single indicator. 

The Japanese standard JIS D 5301 provides an indicator that combines both 
capacity and performance measurements. It is called “performance ranking” 
calculated according to the following formula: 

8.2
_

RCCCA
rankingeperformanc

×=   

where CCA is the Cold Cranking Amperes performance in amperes and RC 
is the Reserve Capacity in hours. 

A textual labelling consisting only of the value of this performance ranking 
indicator could therefore be envisaged.  

5.2.3.4 ELABORATE LABELLING OPTIONS (SECOND STEP) 

The labelling options presented above are quite straightforward based on the 
previous analysis of harmonised methods for evaluating the 
capacity/performance of batteries (section  4.3. ).  

This section presents an approach to develop more elaborate and more 
adapted labelling options for a rapid and easy understanding by consumers and 
non-experts, based on the labelling options already presented above.  

The principle of this approach is to convert the textual data conveyed by the 
previous labels  (e.g. performance data in service-hours/ number of pulses, 
capacity data in ampere-hours, CCA data in amperes) which is not always 
evocative for the end-user, into a colour code associated to a letter  as it is 
already done in the European Energy Labelling scheme (Figure 66). 

The European Energy labelling scheme associates the energy consumption of a 
device to a certain “Energy class” (e.g. A, B, C) and a colour (Table 38), based 
on the calculation of an index I, as follows: 
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averageEuropeannconsumptioEnergy

producttestednconsumptioEnergy
IndexEfficiencyEnergy

)(

)(=  

Figure 66 – EU Energy efficiency rating scale 

 

Table 38: Example of the determination of Energy cl asses for Domestic fridges 

Energy efficiency 
grades used in EU 

energy label71 

EU Energy 
Label 

I<30 % of base line A++ 
30<I<42 A+ 
42<I<55 A 
55<I<75 B 
75<I<90 C 

90<I<100 D 
100<I<110 E 
110<I<125 F 

125<I G 

The same approach could be carried out in order to adapt the previous labelling 
options through the calculation of a “performance index” or a “capacity index” 
defined as follow: 

averageEuropeanCapacityePerformanc

producttestedCapacityePerformanc
IndexCapacityePerformanc

)/(

)/(
/ =  

The development of more elaborate labels would enable consumers to 
understand the information conveyed by the label more easily. Indeed, not all 

                                                
71 Here, the lower the index the better. In the case of the battery performance/capacity index, the higher the 

better, so the letter grading will go from G to A as the index increases. 



 

 

118 

 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 

March 2008 

 
 

end-users are aware of the meaning of a value in mAh, or even in service hours: 
is it a high/low value, and compared to what? The translation of the 
capacity/performance information into a colour code and letter through more 
elaborate labelling options would enable consumers to answer these questions.  

However, the implementation of such battery labelling options requires a 
definition of the average performance/capacity of batteries currently in stock in 
Europe for each type of batteries. The performance/capacity of the worst and 
best products in stock on the European market must also be determined in 
order to define the threshold values of each “Performance/Capacity class” in a 
representative manner for each type of battery.  

The next paragraph develops in details the elaborate labelling options proposed 
for general purpose primary batteries, and briefly presents the elaborated 
options for other types of batteries which were developed using the same 
approach. 

� Portable primary general purpose batteries 

• Option 1a: colour code as in the European Energy La bel for popular 
end-use applications 

� Label design 

This label is the same as Option 1 except that the textual information related 
to the number of service-hours/number of pulses for a specific type of 
application is replaced by a colour code, also associated to a letter as 
formulated in the European Energy Label.  

For example, if a battery performs very well with an electronic toy compared 
with other batteries available on the market, the “toy icon” should be coloured 
in green and the battery should be rated A for this application (Figure 67).  

Figure 67: Labelling option 3 

  

For each type of application  figuring in the selected tests (up to 4), this 
labelling option requires the determination of a “Performance class”, e.g. 
A,B,C,D based on the calculation of an efficiency index I as calculated for 
other products already covered by the European Energy label. 

Then, depending on the value of I, an performance class (i.e. letter and 
colour) is associated. 

The requirements for the implementation of this labelling option mentioned 
above can be translated as follows for general purpose primary batteries: for 
each format of general purpose primary battery (e.g. the R6/LR6 or AA 
format), the average performance of all general purpose primary batteries of 
this format currently in stock in Europe must be calculated. This has to be 
done for each of the end-use applications of this battery format identified 
through harmonised methods. Next, the best and worst performances for 
primary batteries of the said format with each of its associated end-
application must be identified. An example is detailed below. 

Take a brand X LR03 battery. This battery will be compared with all general 
purpose primary batteries of the same geometry i.e. LR03/R03 (or AAA), for 
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several end-use applications. The representative applications for this battery 
geometry retained after harmonisation are: remote control, radio, portable 
lighting and tape recorder (see section  4.3.1.1).  

A performance index therefore needs to be calculated for the brand X LR03 
battery for each of these 4 end-use applications. 

For the radio example, the average performance in radios of all general 
purpose primary batteries with AAA geometries currently in stock in Europe 
(i.e. the baseline) needs to be calculated based on a survey. Then, the worst 
and best performances in radios of all AAA general purpose primary batteries 
currently in stock in Europe needs to be identified in order to have an idea of 
how the different performance classes should be defined (determination of 
the threshold values of I as defined in Table 38).  

Once the performance of the brand X LR03 battery in a radio is measured, 
the capacity index for brand X LR03 battery in a radio can be calculated and 
associated to a performance class. 

These steps must be repeated for each of the four end-use applications. The 
protocol for calculating a performance ratio is described in Figure 68 : 
Protocol for calculating a performance index. 

Figure 68 : Protocol for calculating a performance index.  

 

 

Also, as the average battery performance improves over time, the scale will 
have to be updated regularly (revision of the “European average 
performance” which serves as the basis for I index). Furthermore, a legend 
(as in Figure 66) could be added for the end-user to better understand the 
labelling. The legend could be displayed on the back of the packaging, 
preferably in colour. However, it could be envisaged not to display this legend 
as European end-users are already quite familiar with the Energy label and 
would recognise the colours even if no legend is displayed. If necessary, it 
could be suggested to add the letters corresponding to the performance 
classes in the coloured icons. 
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This label is obviously in colour.  

� Label size and location 

The requirements in terms of size are similar to the ones mentioned for 
Option 1. However, work is still in progress to refine the requirements in 
terms of size and location of such labelling option. 

As a preliminary suggestion: the icons should be placed on the front of the 
packaging for accessibility purposes. The legend, on the other hand, is very 
large and should be on the back of the packaging, unless colour printing is 
only possible on the front of the packaging. However, it appears that colour 
printing may represent a burden in terms of costs. If it was proven that it is 
indeed not economically feasible, another option in black and white is 
proposed. 

•  Option 1b: letter grading as in the European Energ y Label for popular 
end-use applications 

� Label design. 

This option is based on Option 1. The design is the same as in option 1a 
except that colours are replaced by letters ranging associated to the different 
“Performance classes”, i.e. from A to G. As a result, there is no need for 
colour printing.  

Figure 69 : Letter grading label for popular end-us e applications.  

 

This label is in black and white. 

� Label size and location 

The requirements in terms of size of the icons are similar to the ones 
mentioned for Option 1. However, work is still in progress to refine the 
requirements in terms of size and location of such labelling option. 

As a preliminary suggestion: as this label uses up to four icons the icons 
should be on the front of the packaging.  

� Other batteries 

The following labels could be envisaged for primary specialty batteries, 
watch batteries, secondary batteries and automotive batteries 

• Option 1a and 1b: Performance marking through colou r code and 
letter marking as in the European Energy Label 

� Label design 

As for primary batteries, it could be envisaged, as a second step to 
ameliorate the performance marking by adopting an approach similar to 
what is already proposed by the European Energy Label. 

Following this approach leads to two new possible labelling: a first option 
using the colour codes and letters (see Figure 70), a second option in black 
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and white which only uses the letters (Figure 71). However, for specialty 
batteries, watch batteries, secondary batteries, and automotive batteries 
only one icon is needed as these batteries do not service a multitude of end-
use applications like it is the case for general purpose primary batteries, or 
as the capacity data is not defined for a specific end-use application. The 
word “capacity” or “performance” may need to be written inside the icon so 
that consumers understand what the letter and colour code refer to. 

Figure 70: Labelling Option 1a 

 

Figure 71: Labelling Option 1b 

 

� Label size and location 

The requirements in terms of size and location of these labels will be further 
determined in the final version of the report.  

5.3.  EXEMPTIONS 

It is important to note the following points in line with the spirit of the Directive: 

• The portable battery market is not evenly distributed between the 
different types of batteries. Thus R6 geometry batteries (AA) and R03 
geometry batteries (AAA) are estimated to make up more than 80% of 
sales in Europe72, with AA batteries alone totalling more than 50% of the 
market of primary batteries.  By contrast, watch batteries and button 
cells make up less than 5% of the European primary batteries market. 
Thus, only a few models are commonly used by consumers. It is 
estimated that, together, R6 geometry batteries, R03 geometry batteries, 
R20 geometry batteries and R14 geometry batteries constitute 90% to 
95% of the market. F22 geometries are also quite common. The weight 
and amount of waste generated by the remaining batteries is negligible 
compared to that. [EPBA statistics to come] 

• For specialty batteries that are designed to work with very specific 
devices, comparison of capacity is not relevant. Indeed, when a device 
only works with a precise model of battery, consumers must buy this 
specific battery regardless of its performance. In those cases, capacity 
labels are not useful for comparative purposes. 

                                                
72 These preliminary estimates will later be supported by market data from EPBA 
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• Capacity labelling places an additional strain on producers and 
manufacturers, most significantly in terms of cost. In some cases 
labelling costs can become prohibitive. The materials and energy used 
for labelling also increase the environmental impact of batteries (e.g. 
more ink used on the packaging).  

• Article 21.7 of the 2006/66/EC Batteries Directive states that: 
“Exemptions from the labelling requirements of this Article may be 
granted in accordance with the procedure referred to in Article 24(2).” 
Therefore, when the disadvantages of capacity labelling outweigh its 
advantages for certain batteries, it is possible to request an exemption.  

In light of those remarks, it is questionable whether placing capacity labels on 
all  the batteries falling within the scope of this study is the best course of action. 
For less common batteries, or batteries that cannot be replaced by any others 
because of their specific end-use, capacity labelling can prove to be a burden to 
producers without helping reduce the amount of battery waste significantly or 
assisting the consumer in making choices.  

Instead, BIO recommends that mandatory labelling should be restricted to those 
batteries that make up a significant part of the market (preliminary estimate of 
90-95% of the market for portable primary batteries) and also of the waste 
stream, and for which capacity labelling would indeed provide added value for 
the consumer and the environment. The short listed batteries are: 

� batteries of the R6 geometry 

� batteries of the R03 geometry 

� batteries of the R14 geometry 

� batteries of the R20 geometry 

� batteries of the F22 geometry (6F22 and 6LR61) 

Figure 72: Most common battery sizes 

 

The labelling considerations explored above apply to all batteries that fall under 
the scope of this study and could therefore be restricted to the batteries listed 
above.  
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5.4.  TASK 2.3 – ANALYSIS OF OPTIONS 

This section will be completed in the final version of the report. It is not part of 
the requirements for the interim report. 

This section will compare different options of the labels suggested and the 
relative advantages and disadvantages of each of them. The starting point will 
be the criteria used for labelling of other products which will be developed by 
taking into additional parameters e.g. a preliminary list of criteria to be 
considered while analysing these options: 

� Technical issues 

• The completeness of the label (electrochemical composition, voltage, 
capacity, end-use applications, etc.) 

• The unit of the capacity 

• The number of end-uses (or number of charging cycles)  

• Its potential applicability to the broad range of portable and automotive 
batteries. 

� Interface issues 

• The size of the label 

• The location of the label 

• Readability and comprehensibility by the end-user 

These lists will be further elaborated and finalised in consultation with the 
Commission authorities. 

The options will also be analysed from different stakeholders’ perspectives: 

• Producer’s obligations and label implementation issues (costs) 

• Regulatory responsibilities of the EC and MS: Enforcement and market 
surveillance 

• End-user (Consumer’s) ease of access to the information and its 
usefulness  

The conclusion of this task will also include the evaluation of different options for 
their technical completeness and their effectiveness from visual communication 
point of view.  
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Annex 1: Summary table for the main types of primar y and secondary batteries

Chemistry End use Advantages Disadvantages 

Alkaline 
Manganese 
(Alkaline MnO2) 

Popular for high drain applications e.g. digital cameras, electronic games etc. 
Button alkaline batteries typically used in small electronic devices, remote controls, calculators etc. 

High energy density 
long shelf life 
good leak resistance 
performs well under heavy or light use 

Costlier than zinc-carbon cell but more 
efficient 
 

Zinc Carbon 
(« saline ») 

Common type batteries, more appropriate for low/moderate drain applications. 
Eg clocks, remote control Low cost 

Poor performance under heavy or 
continuous use 
Performance reduced at low T. 

Lithium (Lithium 
MnO2) 

Photographic and electronic applications requiring small, high power batteries, e.g. smoke alarms, 
computer peripherals, communications equipment, cameras, personal organizers, memory backup, 
and lighting 

Very high energy density 
long shelf life 
long operational life 
Good performance at low T 

Poor performance under heavy use 
vulnerable to leaks or explosions 
 

Zinc Air 
High to medium drain applications that use the batteries capacity within a few weeks after opening 
the seal.  
Typically used in hearing aids.  

Low cost 
very high energy density (highest 
capacity-to-volume ratio for any miniature 
battery system ) 
virtually unlimited shelf life 

Short operational life 
 

P
rim

ar
y 

ba
tte

rie
s 

Silver Oxide 
Miniature batteries (watches) miniature battery product line. Typically used in watches, calculators, 
hearing aids, and electronic instruments.  
 

Very high energy density 
Low internal resistance 
Good performance at low T 

Very high cost 

Nickel Cadmium 
(NiCd) 

Multi purpose batteries; some are interchangeable with primary batteries 
NiCd cells and alkaline cells are typically interchangeable for most applications 
Miniature button cells sometimes used in photographic equipment, hand held lamps, computer 
memory standby, toys, and novelties. 
Furthermore, NiCd secondary pack batteries also exist for use in e.g. cordless phones 

can supply extremely high currents  
can be recharged rapidly.  
long service life  
Good performance at low T  

High cost 
Memory effect 
Contain carcinogenic Cd 

Nickel-metal 
Hydride (NiMH) 

Multi purpose batteries; some are interchangeable with primary batteries 
Typically used in camcorders, Mobile Phones, Computers, IT equipment 
Overall design similar to that of NiCd 

Higher energy density than NiCd 

sensitivity against overcharging 
higher internal resistance shorter service 
life 
greater temperature dependence  
higher cost (than NiCd) 
Some memory effect 

Lithium Ion (Li-
Ion) 

Consumer electronics: Mobile phone, portable audio 

No memory effect 
high energy density  
long shelf life 
long operational life 
long cycle life 
Light weight 

High cost 
Minor risk of leakage 
Possible damage due to deep discharge 
Overheating may damage batteries and 
cause fire 

S
ec

on
da

ry
 b

at
te

rie
s 

Lithium Polymer 
(Li-Polymer) 

Mobile phone, portable audio, laptops 
Can be designed in many shapes 
Low danger of flammability 
Light weight 

High internal resistance so unable to 
deliver current bursts 
Lower energy density and cycle counts 
than Li-Ion 
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Annex 2: IEC 60086-2 Figure 1 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for each 
type of battery of category 1. 

Annex 3: IEC 60086-1 Figure 2 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for each 
type of battery of category 2. 

Annex 4: IEC 60086-2 Figure 3 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for each 
type of battery of category 3. 

Annex 5: IEC 60086-2 Figure 4 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for each 
type of battery of category 4. 

Annex 6: IEC 60086-2 Category 5 – R40 batteries 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 5. 

Annex 7: IEC 60086-2 Category 5 – 4LR44, 2CR13252, 4SR44 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for these 
types of batteries of category 5. 

Annex 8: IEC 60086-2 Category 5 – 5AR40 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 5. 

Annex 9: IEC 60086-2 Category 6 – S4  

Please refer to IEC 60086-2 
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Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6. 

Annex 10: IEC 60086-2 – 3R12C, 3R12P, 3R12S, 3LR12 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for these 
types of batteries of category 6. 

Annex 11: IEC 60086-2 – 4LR61  

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6. 

Annex 12: IEC 60086-2 Category 6 – CR-P2, BR-P2 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6. 

Annex 13: IEC 60086-2 Category 6 – 2CR5 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6. 

Annex 14: IEC 60086-2 Category 6 – 2EP3863 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6. 

Annex 15: IEC 60086-2 Category 6 – 4R25X, 4LR25X 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6. 

Annex 16: IEC 60086-2 Category 6 – 4LR25Y 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6. 
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Annex 17: IEC 60086-2 Category 6 – 4LR25-2 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for 
this type of battery of category 6. 

Annex 18: IEC 60086-2 Category 6 – 6AS4  

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6. 

Annex 19: IEC 60086-2 Category 6 – 6AS6 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6. 

Annex 20: IEC 60086 Category 6 – 6F22, 6LR61 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6 

Annex 21: IEC 60086-2 Category 6 – 6F100 

Please refer to IEC 60086-2 

Note: The IEC 60086-2 further specifies the value of the dimensions for this type 
of battery of category 6 
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Annex 22: List of primary batteries with only one d ischarge test (excluding watch 
batteries) 

Discharge conditions 
battery type V n (V) Resistance 

(Ω)/Intensity(mA) Daily period End-point 
voltage (V) 

Application 

6F100 

2R10 

2R10 

SR42 

LR53 

SR56 

SR57 

SR58 

SR59 

SR60 

SR62 

SR63 

SR63 

SR64 

SR65 

SR66 

SR67 

LR9 

6AS56 

CR1025 

CR1216 

CR1220 

BR1225 

CR1616 

CR1620 

CR2012 

BR2016 CR2016 

BR2020 

CR2025 

CR2032 

BR2320 CR2320 

BR2325 

CR2330 

CR2354 

CR2430 

CR2450 

BR3032 CR3032 

CR11108 

CR14250 

BR 17335 

CR17450 

CR12A604 

Please refer to IEC 60086-2 
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2EP3863 

S4 

6AS4 

5AR40 

LR41 

SR41 

LR43 

SR43 

LR44 

LR54 

SR54 

LR55 

SR55 

SR68 

SR69 

2CR13252 

CR14250 

Annex 23 General purpose primary batteries IEC 6008 6-2 tests grouped by battery 
geometry.  

• 4LR61  

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

4LR61 

4LR61 
Please refer to IEC 60086-2 

• R6 

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

LR6 -R6P 1,5 

LR6 - R6P - R6S 1,5 

LR6 1,5 

LR6 - R6P 1,5 

LR6 - R6P 1,5 

LR6 1,5 

LR6 1,5 

R6P 1,5 

Please refer to IEC 60086-2 
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• LR8D425  

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

LR8D425 1,5 

LR8D425 1,5 

LR8D425 1,5 

Please refer to IEC 60086-2 

• 4R25  

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

4LR25-2 4R25-2 6 

4LR25-2 4R25-2 6 

4LR25-2 4R25-2 6 

Please refer to IEC 60086-2 

• 4R25X   

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

4LR25X - 4R25X 6 

4LR25X - 4R25X 6 

4LR25X - 4R25X 6 

Please refer to IEC 60086-2 

• 4R25Y  

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

4R25Y 6 

4R25Y 6 

4R25Y 6 

Please refer to IEC 60086-2 

• R20  

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

R20P R20S 
LR20 

1,5 

R20P R20S 1,5 

R20P R20S 
LR20 

1,5 

LR20 1,5 

R20P R20S 
LR20 1,5 

Please refer to IEC 60086-2 
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R20P R20S 
LR20 

1,5 

• R14  

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

R14P R14S 
LR14 1,5 

R14P R14 S 1,5 

R14P R14S 
LR14 

1,5 

LR14 1,5 

R14P R14S 
LR14 

1,5 

Please refer to IEC 60086-2 

• 3R12  

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

4,5 3R12S 3R12P 
3LR12 3R12C 4,5 Please refer to IEC 60086-2 

• 2R10  

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

2R10 3 Please refer to IEC 60086-2 

• R1  

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

R1 - LR1 1,5 

LR1 1,5 

R1 - LR1 1,5 

Please refer to IEC 60086-2 

• R03 

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

R03 LR03 1,5 

R03 LR03 1,5 

R03 LR03 1,5 

LR03 1,5 

R03 LR03 1,5 

Please refer to IEC 60086-2 
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• 6LR1  

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

6LR61 6F22 9 

6LR61 6F22 9 

6LR61 6F22 9 

Please refer to IEC 60086-2 
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Annex 24 - Proposed harmonisation for battery clust ers with 3 IEC tests  

 

• 4R25 - There are only 3 tests specified in IEC60086-2. The portable lighting tests are 
very similar. For simplicity purposes, only one of them should be selected. Based on 
manufacturers’ technical data sheets, the resulting test should be based on the 
portable lighting test (1) test.   

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

4LR25-2 4R25-2 6 portable lighting (2) 

4LR25-2 4R25-2 6 portable lighting (1) 

4LR25-2 4R25-2 6 

Please refer to IEC 60086-2 

road warning lamp 

The resulting tests for this battery geometry are summarised in the table below. 

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

6 portable lighting 
4LR25-2 4R25-2 

6 
Please refer to IEC 60086-2 

road warning lamp 

• 4R25X -There are only 3 tests specified in IEC60086-2. The portable lighting tests 
are very similar. For simplicity purposes, only one of them should be selected. Based 
on manufacturers’ technical data sheets, the resulting test should be based on the 
portable lighting test (1).   

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

4LR25X - 4R25X 6 road warning lamp 

4LR25X - 4R25X 6 portable lighting (2) 

4LR25X - 4R25X 6 

Please refer to IEC 60086-2 

portable lighting (1) 

The resulting tests for this battery geometry are summarised in the table below. 

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

6 portable lighting 
4LR25X - 4R25X 

6 Please refer to IEC 60086-2 road warning lamp 

 

• 4R25Y - There are only 3 tests specified in IEC60086-2. The portable lighting tests 
are very similar. For simplicity purposes, only one of them should be selected.. Based 
on manufacturers’ technical data sheets, the resulting test should be based on the 
portable lighting test (1) 
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Discharge conditions 

battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

4R25Y 6 road warning lamp 

4R25Y 6 portable lighting (2) 

4R25Y 6 

Please refer to IEC 60086-2 

portable lighting (1) 

The resulting tests for this battery geometry are summarised in the table below. 

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

6 road warning lamp 
4R25Y 

6 Please refer to IEC 60086-2 portable lighting 

• LR8D425 - There are only 3 tests specified in IEC60086-2. There is no need to 
reduce the number of tests for this battery geometry 

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

LR8D425 1,5 service output test 

LR8D425 1,5 lighting 

LR8D425 1,5 

Please refer to IEC 60086-2 

laser pointer 

• R1 - There are only 3 tests specified in IEC60086-2. There is no need to reduce the 
number of tests for this battery geometry 

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

R1 - LR1 1,5 portable lighting 

LR1 1,5 paging test 

R1 - LR1 1,5 

Please refer to IEC 60086-2 

hearing aid 

• 6LR1 - There are only 3 tests specified in IEC60086-2. There is no need to reduce 
the number of tests for this battery geometry 

Discharge conditions 

Battery type V n (V) Resistance 
(Ω)/Intensity 

(mA) 
Daily period 

End-
point 

voltage 
(V) 

Application 

6LR61 6F22 9 radio 

6LR61 6F22 9 toy 

6LR61 6F22 9 

Please refer to IEC 60086-2 

smoke detector 
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Annexe 25: Questionnaire sent out to stakeholders i n the first steps of the study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Contact Bio Intelligence Service S.A.S. 

Cécile des Abbayes / Sanaée Iyama 

℡ + 33 (0)1 56 20 28 98 

cecile.desabbayes@biois.com 

sanaee.iyama@biois.com 

 

European Commission DG ENV  

 

Establishing harmonised methods to determine the 
capacity of all portable and automotive batteries and 
rules for the use of a label indicating the capacity of 

these batteries 

[TENDER NO. ENV.G.A/ETU/2007/0080r] 

 

Questionnaire to Manufacturers 

January 21, 2008 



 

137 
Mach 2008 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 

  

 

 

1.  INTRODUCTION 

1.1  OBJECTIVES OF THE QUESTIONNAIRE 

This document provides a brief background to a study on Battery Capacity Labelling 
conducted for the European Commission. It also contains a list of questions to 
supplement our understanding and additional data request.  

In particular, we are seeking information from you on the following aspects: 

• Capacity of batteries and existing capacity measure ment methods : to 
understand what exactly is defined as “battery capacity” and to collect data on 
existing harmonised methods to measure battery capacity. The objective is also to 
identify the common practice measurement methods used by the industry. 

• Parameters influencing capacity : to identify potential barriers when trying to define 
harmonised capacity measurement methods for batteries and the challenges 
represented by the definition of a capacity label 

• Use of a Label : to identify the possible labelling options that might already exist or 
that could be proposed 

1.2  BACKGROUND 

Directive 2006/66/EC, covering batteries and accumulators and waste batteries and 
accumulators aims at minimising the negative impacts of batteries and accumulators on 
the environment, and also at harmonising requirements for the smooth functioning of the 
internal market. The main features of this Directive are, placing batteries on the market, 
end of life, end-user information, and product-specific information (labelling 
requirements). For further details on the Directive, please visit the European 
Commission’s website:   

http://ec.europa.eu/environment/waste/batteries/index.htm 

By 26 September 2009, the capacity of all portable and automotive batteries will have to 
be labelled on them (article 21). The Commission is striving to ensure that clear and 
transparent information be provided and that end-users be informed about the capacity 
of the batteries at the time of their purchase. Detailed rules, including harmonised 
capacity determination methods, will be decided latest by 26 March 2009. This issue is 
the focus of the study and of the present questionn aire. 

The objective of this study on Battery Capacity Labelling is to set out harmonised 
methods to determine the capacity of batteries and accumulators and to suggest options 
for a label (capacity label). It constitutes the first step in considering which labelling 
requirements could be set for the batteries and accumulators covered by this Directive. 

2.  COMPANY AND PRODUCTS 

2.1  CONTACT DETAILS 

• Organisation       

• Name        

• Position/Department       

• Telephone       

• E-mail       

2.2  ACTIVITY 

What type of batteries do you manufacture? 
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• Primary batteries   

• Single cell secondary batteries (rechargeable)    

• Pack rechargeable batteries  

• Automotive batteries   

You may provide more details here (also see section  0) 

Box 1 

           

2.3  CONFIDENTIALITY 

• Please state explicitly if you prefer to provide some information only under terms of 
confidentiality.  

Confidential data: Yes   No  

Note:  We ensure complete confidentiality; however, it is also possible to sign a non-
disclosure agreement (NDA). Please do not hesitate to contact us for such an 
agreement. 

2.4  Type of products 

Kindly provide the list of batteries/accumulator you manufacture 

IEA Product 
designation (e.g. IEC-

LR14) 

Product category description (cylindrical 
primary battery, primary button cell battery, 

automotive battery, etc.) 

Number of 
models in this 

category  

                  

                  

                  

                  

                  

                  

3.  CAPACITY OF BATTERIES AND EXISTING MEASUREMENT METHODS 

• Do you measure the capacity of the different batteries you produce (through 
sample)? 

a)  Yes, for some categories of products (please specify which and 
explain why) 

b)  Yes, for all categories of products manufactured 
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c)  No (please explain why (e.g. no measurement method available)) 

Box 2 

           

• If answered Yes, please also answer the 4 following  questions: 

o What type of capacity measurement method(s) do you use? 

a)  IEC standard (please specify below) 

b)  In-house measurement methods (please specify below) 

c)  Other method (please specify below) 

Please provide further details on the capacity measurement method used 
here: 

Box 3 

      

o In what format do you express the capacity of your batteries? (e.g. mAh, hours of 
service per type of application, number of energy pulses (e.g. photo flash), cracking 
cold amperes for automotive batteries, colour code, etc.)  

Box 4 

      

o Do you use the same format for all battery types you produce? 
Box 5 

      

• Do you provide information to customers on the capacity of the batteries you 
produce? 

a)  Yes, for some types of products (please specify below) 

b)  Yes, for all types of products 

c)  No (please explain why) 

Box 6 

      

• If answered Yes, please also answer the 3 following  question  

o What type of capacity measurement method(s) do you use? 

a)  IEC standard (please specify below) 

b)  In-house measurement methods (please specify below) 

c)  Other method (please specify below) 
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Please provide further details on the capacity measurement method used here 
(if different than in Box 3): 
Box 7 

      

o In what format do you express the capacity of your batteries when you communicate 
to your customers? (e.g. mAh, hours of service per type of application, number of 
energy pulses (e.g. photo flash), cracking cold amperes for automotive batteries, 
colour code, etc.) (if different than in Box 5)? 

Box 8 

      

o Do you use the same format for all types of batteries when communicating capacity 
data to your customers? 

Box 9 

      

• Do you use any other parameter, other than battery capacity, for providing battery-
performance information? 

  Yes  

  No 

Please comment your answer. 
Box 10 

       

• Have you identified types of batteries for which normalised capacity measurement 
methods are currently not available? What type of measurement methods do you use 
for these batteries? (e.g. in house measurement methods) 

 

Box 11 

      

• Please provide any additional comment you may have related to battery capacity. 
Also, do not hesitate to send us technical datasheets, or any other material you may 
think could be useful for our study (e.g. in house measurement methods) (see 
contact details at the end of the questionnaire). 

Box 12 

      

• For some types of batteries (e.g. primary batteries) more than one single test method 
is defined to measure the capacity. However, the labelling requirements from the 
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battery directive state the need for identifying harmonised capacity determination 
methods. The capacity data provided by these harmonised methods should give 
useful and comparable information for consumers when purchasing batteries.  

• If you had to choose one specific test among existing methods for each sub 
category of batteries (for which more than one single test method currently exists), 
which one would you suggest as being the most relevant when testing the battery’s 
performance? (e.g. for primary batteries: one suggestion could be to test the 
performance of all primary batteries with a discharge rate corresponding to “medium” 
discharge conditions, i.e. to test it for a remote control)).   

• Please comment your answer and specify for which type of battery you 
provide information (e.g. primary batteries designed for one specific application (i.e. 
button cells), non specific primary and rechargeable batteries, rechargeable pack 
batteries, etc.) 

Box 13 

      

• On the contrary, do you think that there are no normalised test methods 
currently available to provide the basis to define such harmonised methods?  

Box 14 

      

• The following question is specific to general purpo se batteries. Please answer 
this question if you are a manufacturer of such bat teries. 

• Do you provide information to help the customer to better select a battery according 
to its application? 

•   Yes 

•   No  

• If answered Yes, 

Please describe the format in which you provide the information (e.g. pictogram, 
mAh, etc.): 

Box 15 

      

4.  PARAMETERS INFLUENCING CAPACITY 

The actual delivered capacity of a battery is dependent on several factors: load of the 
device it is used for (drain rate), operating temperature, cut off voltage, frequency of 
use, and length of time during which the device is used.  

Standards allow setting test conditions in which the operating temperature, the 
frequency of use and the time of use can be defined. Moreover, in the case of batteries 
designed for a specific application (e.g. button cells) service output standards allow to 
assess a meaningful rated capacity. In the case of pack batteries, and lithium based 
designs which are also application-specific batteries, independent testing programs can 
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be defined to provide meaningful rated capacity data. However, for some other types of 
batteries (e.g. general purpose primary batteries) the service variability due to changing 
equipments and devices may make it difficult to provide single capacity information.  

Preliminary research shows that this variation of the capacity depending on the end use 
device is more or less significant regarding the type of battery:  

- For primary saline batteries the variation of the capacity in mAh depending on the 
end use device is “high”  

- For primary alkaline and rechargeable batteries, this variation is less important 
(about 600 mAh for alkaline batteries, when excluding high drain devices such as 
photo flash) 

• Do you agree with these two statements? Please comment your answer and provide 
capacity variability ranges if possible. Also, we would greatly appreciate if you could 
send us some data to illustrate this phenomenon. 

Box 16 

      

For a single alkaline/saline primary battery , the IEC 60086 standard defines several 
end use applications for which the capacity is measured.  

• When comparing two primary batteries of the same size and same electrochemical 
composition  (e.g. two LR6 batteries “A” and “B”) and excluding high drain devices 
(e.g. photo flash), can we consider that, if battery “A” has a higher measured capacity 
in one device compared to battery “B”, then battery “A” will have a higher measured 
capacity in all other devices compared to battery “B”; or can we consider that no 
direct conclusion can be drawn as the capacity variability depending on the end use 
device could reverse the ranking in some cases?       

Please comment your answer (specify for which type of battery saline or alkaline, 
you provide data for). We would greatly appreciate if you could send us some data to 
illustrate your answer.  

Box 17 

      

Some manufacturers of batteries (e.g. general purpose primary batteries) provide 
performance information by specifying a list of the most adapted devices on their 
packaging.  

• Do you think this provides a good indication on the capacity of a battery? 
Box 18 

      

• The common measurement methods used provide a quantification of the rated 
capacity of a battery under set conditions. Is there generally a significant variation 
between the rated capacity of a battery and the delivered capacity of this same 
battery? Please comment your answer. 

Box 19 
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• Do you think the existing normalised measurement methods provide a good basis for 
the comparison of products in terms of capacity? I.e. some measurement methods 
might provide a rated capacity that is not meaningful of the delivered capacity, 
however, the rated capacity data provided might still be useful to compare Battery “A” 
with Battery ”B”. Please comment your answer. 

Box 20 

      

5.  USE OF A LABEL 

According to the Directive, by 26 September 2009, the capacity of all portable and 
automotive batteries will have to be labelled on them.  

• Have you already taken action to provide the most appropriate capacity-related 
information to your customers?  

  Yes  

  No 

• If answered Yes , please describe your approach (e.g. data is marked on the battery, 
on the packaging, on a website, the data is expressed as rated capacity measured in 
mAh, data is available through technical sheets, etc.) 

Box 21 

      

Please provide any additional comments you may have on the issue of battery capacity 
labelling 

Box 22 

      

Thank you for spending your precious time to provide this useful information.  We are at 
your disposition for any clarification and information. 

 

Kindly send you response to BIO Intelligence Servic e by February 8th, 2008 

Please send to Ms. Sanaée Iyama at sanaee.iyama@biois.com  or by fax  
( + 33 1 45 15 60 00) 
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Annexe 26: List of Stakeholders involved in the stu dy or contacted 

Organisation/ company 

IEC 
ANEC 
ANIE (Italy) 
BEUC 
Cenelec 
EEB 
Eurocommerce 
Eurocoop 

EICTA 

ICT Ireland 
JVC 
TAC commitee (27) 
Belgium Dept Env 
Danish EPA 
German Dept Env 
UK DTI 
Allbatteries 
ATC Batteries Industry Co Ltd 
BPI Battery 
Daily Power Batteries Limited 
Dubilier 
DURACELL Batteries Ltd 
EPBA 
GP BATTERIES (UK) LTD. 
Huanyu Battery 
Jiangmen Battery Factory 
Ningbo Osel Battery 
Rayovac 
Reliant 
Sahamit Battery 
Samsung 
Samsung Electronics ECC 
Sanyo 
Sony United Kingdom Ltd 
Toshiba Battery Co, Ltd 
Able New Energy 
AGM Batteries Ltd 
Allbatteries 
Apple Inc 
Avalanche 
Dantona Industries 
Dubilier 
EPTA 
Euro Energy Resources Ltd 
Exide 
Gloso industries HK Ltd 
Hitachi 
Makita 
Microsoft 
Mitel 
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Moixa Energy Ltd 
Plantronics Limited 
PMBL Limited 
Qualitech International Co Ltd 
Recharge 
Siomar Battery industries 
Johnson control 
Barden 
Battery association Japan 
Eurobat 
IBDA (UK) 
Lincon Batteries 
Multicell 
Qinetiq 
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Annexe 27: Synthesis of answers for General Purpose  Primary Batteries – stakeholders include IEC TC35,  EPBA, Duracell, GP, Euro 
Energy Ltd 

Do you measure the capacity of the different batteries you produce (through sample)? 

No. No single measure of the rated capacity would be meaningful as it is highly dependent on test conditions/end-uses. There is no standard for determining rated 
capacity for primary cells and batteries - IEC 60086-2 relies on resistive test instead. 

Do you provide information to customers on the capacity of the batteries you produce? 

Not in terms of capacity because this would not be meaningful to consumers and up to seven different measures would be needed according to the end-use. 

Do you use any other parameter, other than battery capacity, for providing battery-performance information? 

Yes, either through technical datasheets on manufacturers' websites or through pictograms. There is too much information to print on the label. IEC60086-2 can be 
used to provide information on the service-life of a battery in service hours, service minutes or number of pulses. 

Have you identified types of batteries for which normalised capacity measurement methods are currently not available? What type of measurement methods do you 
use for these batteries? (e.g. in house measurement methods) 

No normalised capacity measurement for general purpose primary batteries. 

Please provide any additional comment you may have related to battery capacity. Also, do not hesitate to send us technical datasheets, or any other material you 
may think could be useful for our study (e.g. in house measurement methods) (see contact details at the end of the questionnaire). 

Describing general purpose primary batteries through capacity marking in mAh is too complex. Meaningful information can be achieved through websites. 

For some types of batteries (e.g. primary batteries) more than one single test method is defined to measure the capacity. However, the labelling requirements from 
the battery directive state the need for identifying harmonised capacity determination methods. The capacity data provided by these harmonised methods should 
give useful and comparable information for consumers when purchasing batteries.  
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If you had to choose one specific test among existing methods for each sub category of batteries (for which more than one single test method currently exists), which 
one would you suggest as being the most relevant when testing the battery’s performance? (e.g. for primary batteries: one suggestion could be to test the 
performance of all primary batteries with a discharge rate corresponding to “medium” discharge conditions, i.e. to test it for a remote control)).   
Please comment your answer and specify for which type of battery you provide information (e.g. primary batteries designed for one specific application (i.e. button 
cells), non specific primary and rechargeable batteries, rechargeable pack batteries, etc.) 

No single test can describe the capacity of general purpose primary batteries, especially for multi-purpose batteries like the LR6. 

On the contrary, do you think that there are no normalised test methods currently available to provide the basis to define such harmonised methods?  

Standard methods have been developed in IEC 60086-2 but do not provide a single capacity data to rate the capacity of general purpose primary batteries. 

The following question is specific to general purpose batteries. Please answer this question if you are a manufacturer of such batteries. Do you provide information to 
help the customer to better select a battery according to its application? If Yes, Please describe the format in which you provide the information (e.g. pictogram, mAh, 
etc.) 

Yes - There are various formats including recommended use, pictograms, indications on the grades of performance, or verbal information from call centers. There is 
a consensus on the importance of manufacturers' websites. 

Preliminary research shows that this variation of the capacity depending on the end use device is more or less significant regarding the type of battery:  
- For primary saline batteries the variation of the capacity in mAh depending on the end use device is “high”  
- For primary alkaline and rechargeable batteries, this variation is less important (about 600 mAh for alkaline batteries, when excluding high drain devices such as 
photo flash)  
Do you agree with these two statements? Please comment your answer and provide capacity variability ranges if possible. Also, we would greatly appreciate if you 
could send us some data to illustrate this phenomenon. 

Variation is high in both cases and increasing because the devices market is going towards a multitude of power features: constant power, constant current, different 
cut-off voltages. 
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For a single alkaline/saline primary battery, the IEC 60086 standard defines several end use applications for which the capacity is measured.  
When comparing two primary batteries of the same size and same electrochemical composition  (e.g. two LR6 batteries “A” and “B”) and excluding high drain 
devices (e.g. photo flash), can we consider that, if battery “A” has a higher measured capacity in one device compared to battery “B”, then battery “A” will have a 
higher measured capacity in all other devices compared to battery “B”; or can we consider that no direct conclusion can be drawn as the capacity variability 
depending on the end use device could reverse the ranking in some cases?       
Please comment your answer (specify for which type of battery saline or alkaline, you provide data for). We would greatly appreciate if you could send us some data 
to illustrate your answer.  

No direct conclusion can be drawn. Performance varies across end-uses. 

Some manufacturers of batteries (e.g. general purpose primary batteries) provide performance information by specifying a list of the most adapted devices on their 
packaging. Do you think this provides a good indication on the capacity of a battery? 

Producers agree that this is useful for consumers. However, it does not show capacity data. 

Do you think the existing normalised measurement methods provide a good basis for the comparison of products in terms of capacity? I.e. some measurement 
methods might provide a rated capacity that is not meaningful of the delivered capacity, however, the rated capacity data provided might still be useful to compare 
Battery “A” with Battery ”B”. Please comment your answer. 

The type of normalised method would restrict the development of general purpose primary batteries as the design would focus on the normalised rated capacity test 
and not on the actual devices market. This would result in a very biased orientation of batteries design to the opposite of consumer interests. 

According to the Directive, by 26 September 2009, the capacity of all portable and automotive batteries will have to be labelled on them.  
Have you already taken action to provide the most appropriate capacity-related information to your customers? If Yes, please describe your approach (e.g. data is 
marked on the battery, on the packaging, on a website, the data is expressed as rated capacity measured in mAh, data is available through technical sheets, etc.) 

Not all producers have taken action. Those who have usually provide technical datasheets on manufacturers’ websites. 
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Please provide any additional comments you may have on the issue of battery capacity labelling 

Manufacturers agree that the timescale for implementing the Directive (6 months) is too short. Also, proper enforcement and control is crucial to get reliable data. 

Annexe 28: Synthesis of answers for Specialty Prima ry Batteries 

Do you measure the capacity of the different batteries you produce (through sample)? 

IEC60086-2 specifies service output tests and sometimes service application tests to measure, not the “capacity” of a primary specialty battery, but its performance 
or service life in service hours 

Do you provide information to customers on the capacity of the batteries you produce? 

Yes, IEC 60086-2 provides methods. The capacity is expressed in terms of hours or service hours. The result of the service output test can be translated as an 
estimated delivered capacity data that is reliable 

Have you identified types of batteries for which normalised capacity measurement methods are currently not available? What type of measurement methods do you 
use for these batteries? (e.g. in house measurement methods) 

For some specialty batteries, service output tests need to be complemented by service application tests. With the miniaturization of devices, more and more service 
application tests will be needed so careful monitoring of devices development is required. 

Some manufacturers of batteries (e.g. general purpose primary batteries) provide performance information by specifying a list of the most adapted devices on their 
packaging. Do you think this provides a good indication on the capacity of a battery? 

Not a requirement for specialty batteries 
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According to the Directive, by 26 September 2009, the capacity of all portable and automotive batteries will have to be labelled on them.  
Have you already taken action to provide the most appropriate capacity-related information to your customers? If Yes, please describe your approach (e.g. data is 
marked on the battery, on the packaging, on a website, the data is expressed as rated capacity measured in mAh, data is available through technical sheets, etc.) 

Most manufacturers provide technical datasheets through their websites 

Please provide any additional comments you may have on the issue of battery capacity labelling 

The standardized service output test should be the basis for capacity marking. The issue with supplying a data to the consumer is that the data printed should be 
verifiable, cover the variability of the manufacturer processes, should be still valid whatever the time the battery has been on shelves (batteries can be guaranteed 
several years). In addition, the manufacturer is not able to check in which conditions batteries have been stored; this means that a consumer buying a battery that 
has been assembled two years before may not be able to use the printed capacity as stated on the pack as a meaningful reference for his own purpose. 

Annexe 29: Synthesis of answers for non automotive secondary batteries – stakeholders include Recharge , Duracell, GP Batteries, 
Euro Energy Resources 

Do you measure the capacity of the different batteries you produce (through sample)? 

Yes, most of the time this is done through in-house methods specified by the OEM (Original Equipment Manufacturers), to comply with business/customer 
requirements. IEC standards are also used. 

If Yes, Do you use the same format for all battery types you produce? 

Yes, Most of the time capacity is expressed in mAh, although the runtime for different end-uses can be used as well. 

Do you provide information to customers on the capacity of the batteries you produce? If yes, what type of capacity measurement method(s) do you use? 

Yes, this is done either through IEC standards or in-house measurement methods provided by customers. 
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If Yes, In what format do you express the capacity of your batteries? (E.g. mAh, hours of service per type of application, number of energy pulses (e.g. photo flash), 
cold cranking amperes for automotive batteries, colour code, etc.)  

Capacity mAh is commonly used. Some manufacturers express "capacity" in terms of runtime. Some manufacturers argue that mAh values are not that useful to 
consumers as it is only one of the factors that determine battery performance, the other beings, for instance, the efficiency of a device's electronics. In the case of 
custom-made secondary batteries, they argue runtime when the battery is fully charged is more relevant. 

If Yes, Do you use the same format for all types of batteries when communicating capacity data to your customers? 

Capacity in mAh is retained by some producers as the unique capacity format for all non-automotive secondary batteries. However, some producers use several 
formats such as mAh for certain kinds of batteries and runtime for others. 

Do you use any other parameter, other than battery capacity, for providing battery-performance information? 

Yes. See above. 

Have you identified types of batteries for which normalised capacity measurement methods are currently not available? What type of measurement methods do you 
use for these batteries? (e.g. in house measurement methods) 

No, but in-house measurement methods are often used. Batteries can be tested under a constant electronic load or other indicators such as  self discharge can be 
measured. 

The following question is specific to general purpose batteries. Please answer this question if you are a manufacturer of such batteries. Do you provide information to 
help the customer to better select a battery according to its application? If Yes, Please describe the format in which you provide the information (e.g. pictogram, mAh, 
etc.) 

Yes. Formats are varied: mAh, discharge voltage graphs, service life information, technical datasheets... 
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Preliminary research shows that this variation of the capacity depending on the end use device is more or less significant regarding the type of battery:  
- For primary saline batteries the variation of the capacity in mAh depending on the end use device is “high”  
- For primary alkaline and rechargeable batteries, this variation is less important (about 600 mAh for alkaline batteries, when excluding high drain devices such as 
photo flash)  
Do you agree with these two statements? Please comment your answer and provide capacity variability ranges if possible. Also, we would greatly appreciate if you 
could send us some data to illustrate this phenomenon. 

For secondary batteries, the variation is indeed less important. 

Some manufacturers of batteries (e.g. general purpose primary batteries) provide performance information by specifying a list of the most adapted devices on their 
packaging. Do you think this provides a good indication on the capacity of a battery? 

Manufacturers agree that this is good. However, some argue that this is not enough. For custom-made batteries this is irrelevant. Some producers also feel that this 
should replace printed numbers that are not fully understood by consumers and lead to unfair competition. 

Do you think the existing normalised measurement methods provide a good basis for the comparison of products in terms of capacity? I.e. some measurement 
methods might provide a rated capacity that is not meaningful of the delivered capacity, however, the rated capacity data provided might still be useful to compare 
Battery “A” with Battery ”B”. Please comment your answer. 

Overall, manufacturers seem content with IEC standards. 

According to the Directive, by 26 September 2009, the capacity of all portable and automotive batteries will have to be labelled on them.  
Have you already taken action to provide the most appropriate capacity-related information to your customers? If  Yes, please describe your approach (e.g. data is 
marked on the battery, on the packaging, on a website, the data is expressed as rated capacity measured in mAh, data is available through technical sheets, etc.) 

Various stages can be found in stakeholders' replies: some have not taken any action, some only mark specific types of batteries "where appropriate". The data can 
be found on websites and/or the batteries or battery packs. 

Please provide any additional comments you may have on the issue of battery capacity labelling 



 

153 
Mach 2008 

European Commission DG Environment 
Interim report - Battery capacity determination and labelling 

  

 

 

Capacity determination methods should be left to the manufacturer in the case of custom-made products to avoid unfair competition. Exemptions from labelling 
requirements are requested for various kinds of batteries including: embedded batteries that cannot be accessed by consumers; small batteries and battery packs, 
for which capacity information should be printed on the packaging; incorporated batteries whose lifetime is longer than that of their associated equipment. Emphasis 
is also put on control and enforcement issues. Lastly, the timescale for implementing the Directive is too short. 

Annexe 30: Synthesis of answers for automotive seco ndary batteries – stakeholders include Eurobat, BAJ  (Battery Association of 
Japan, Johnson Controls Europe)  

Do you measure the capacity of the different batteries you produce (through sample)? 

Answers are varied: some producers do not measure capacity through sampling but produce them according to specifications; some use IEC, CENELEC or in-house 
measurements; some use a combination of Japanese JIS and IEC standards. 

If Yes, In what format do you express the capacity of your batteries? (E.g. mAh, hours of service per type of application, number of energy pulses (e.g. photo flash), 
cracking cold amperes for automotive batteries, colour code, etc.)  

Answers are varied: Japanese producers use the Japanese "performance ranking" indicator and the 10h rated capacity based on JISD 5302; others prefer to use 
Cold Cranking Amperes and Ampere-Hours. In all cases, «performance" was measured and not only capacity. 

If Yes, Do you use the same format for all battery types you produce? 

The format varies across products (e.g. motorcycles/cars) and can be specified according to different standards: IEC, CENELEC or even according to OEM 
requests. 

Do you provide information to customers on the capacity of the batteries you produce? 

Yes, either for all products or on request. 

If Yes, What type of capacity measurement method(s) do you use? 
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IEC standards, JIS standards for the Japanese industry specific customer requirements, in-house measurement methods. 

If Yes, In what format do you express the capacity of your batteries? (E.g. mAh, hours of service per type of application, number of energy pulses (e.g. photo flash), 
cracking cold amperes for automotive batteries, colour code, etc.)  

Japanese producers: according to JIS D 5302 and JIS D 5301standards; others: following IEC 60095 or EN 50342 

If Yes, Do you use the same format for all types of batteries when communicating capacity data to your customers? 

No 

Do you use any other parameter, other than battery capacity, for providing battery-performance information?  

Cold Cranking, Nominal voltage, Fitment codes, Customer references, Customer warranty 

Have you identified types of batteries for which normalised capacity measurement methods are currently not available? What type of measurement methods do you 
use for these batteries? (e.g. in house measurement methods) 

No 

Please provide any additional comment you may have related to battery capacity. Also, do not hesitate to send us technical datasheets, or any other material you 
may think could be useful for our study (e.g. in house measurement methods) (see contact details at the end of the questionnaire). 

Capacity alone does not provide useful information to consumers. "performance" should be measured. The Japanese favour an approach to capacity labelling based 
on both regional and IEC standards. 

According to the Directive, by 26 September 2009, the capacity of all portable and automotive batteries will have to be labelled on them.  
Have you already taken action to provide the most appropriate capacity-related information to your customers? If  Yes, please describe your approach (e.g. data is 
marked on the battery, on the packaging, on a website, the data is expressed as rated capacity measured in mAh, data is available through technical sheets, etc.) 
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Yes, all producers do provide information. The format varies (performance ranking, rated capacity). Data can be marked on the battery as well as packaging and 
supporting information material. 

Please provide any additional comments you may have on the issue of battery capacity labelling 

Capacity in Ah is not the most important information to provide to consumers. The ability of the battery to start an engine, conveyed by the performance in CCA, is 
more important. In order to ensure optimum usefulness to consumers, battery marking should include four items: dimension, performance, endurance and safety. 

 

 


