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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION  127 

____________ 128 

 129 

METHODOLOGY FOR THE CARBON FOOTPRINT CALCULATION 130 

APPLICABLE TO INDUSTRIAL LITHIUM-ION BATTERIES 131 

Part X: Second part of the title in normal letters  132 

 133 

 134 

FOREWORD 135 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all 136 
national electrotechnical committees (IEC National Committees). The object of IEC is to promote international co -137 
operation on all questions concerning standardization in the electrical and electronic fields. To this end and in addition 138 
to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, Publicly 139 
Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation is 140 
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may participate 141 
in this preparatory work. International, governmental  and non-governmental organizations liaising with the IEC also 142 
participate in this preparation. IEC collaborates closely with the International Organization for Standardization (ISO) 143 
in accordance with conditions determined by agreement between the two organizations. 144 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 145 
consensus of opinion on the relevant subjects since each technical committee has representation from all interested 146 
IEC National Committees.  147 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 148 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 149 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 150 
misinterpretation by any end user. 151 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 152 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 153 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.  154 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 155 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any services 156 
carried out by independent certification bodies.  157 

6) All users should ensure that they have the latest edition of this publication.  158 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 159 
members of its technical committees and IEC National Committees for any personal injury, property damage or other 160 
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses arising 161 
out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.  162 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 163 
indispensable for the correct application of this publication.  164 

9) Attention is drawn to the possibility that some of the elements of this IEC Public ation may be the subject of patent 165 
rights. IEC shall not be held responsible for identifying any or all such patent rights.  166 

IEC 63369 has been prepared by subcommittee SC21A/WG6, of IEC technical committee SC21A. 167 

It is an International Standard. 168 

The text of this International Standard  is based on the following documents: 169 

Draft Report on voting 

XX/XX/FDIS XX/XX/RVD 

 170 

Full information on the voting for its approval can be found in the report on voting indicated in the 171 

above table. 172 

The language used for the development of this International Standard is English. 173 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 174 

accordance with ISO/IEC Directives, Part  1 and ISO/IEC Directives, IEC Supplement, available at 175 

www.iec.ch/members_experts/refdocs. The main document types developed by IEC are described 176 

in greater detail at http://www.iec.ch/standardsdev/publications. 177 
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The committee has decided that the contents of this document will remain unchanged until the 178 

stability date indicated on the IEC website under webstore.iec.ch in the data related to the specific 179 

document. At this date, the document will be  180 

• reconfirmed, 181 

• withdrawn, 182 

• replaced by a revised edition, or 183 

• amended.  184 

 185 
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INTRODUCTION 186 

The introduction is an optional/conditional element of the text.  187 

For rules on the drafting of the introduction, refer to the ISO/IEC Directives, Part 2:2018, 188 

Clause 13. 189 

If patent rights have been identified, register the relevant declarations in the IEC patents 190 

database (https://patents.iec.ch) and include the notice below in the introduction. If the 191 

document is not affected by patent declarations, delete the text below. 192 

For rules on patents, see ISO/IEC Directives, Part 1. 193 

The International Electrotechnical Commission (IEC) draws attention to the fact that it is claimed 194 

that compliance with this document may involve the use of a patent. IEC takes no position 195 

concerning the evidence, validity, and scope of this patent right. 196 

The holder of this patent right has assured IEC that s/he is willing to negotiate licences under 197 

reasonable and non-discriminatory terms and conditions with applicants throughout the world. In 198 

this respect, the statement of the holder of this patent right is registered with IEC. Information may 199 

be obtained from the patent database available at http://patents.iec.ch.  200 

Attention is drawn to the possibility that some of the elements of this document may be the subject 201 

of patent rights other than those in the patent database. IEC shall not be held responsible for 202 

identifying any or all such patent rights.  203 

  204 
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METHODOLOGY FOR THE CARBON FOOTPRINT CALCULATION 205 

APPLICABLE TO INDUSTRIAL LITHIUM-ION BATTERIES 206 

Part X: Second part of the title in normal letters  207 

 208 

 209 

 210 

1 Scope 211 

This document provides a comprehensive technical guidance on how to use a methodology for the 212 

calculation of carbon footprint of industrial type Li-ion battery systems. Battery systems equal 213 

battery. Second life or usage that was not intended when the battery is put on the market are not 214 

taken into account. 215 

The definition of the parameters used for the calculation allows for an improved comparability of 216 

results for all rechargeable Li-ion chemistries. 217 

The calculation may be used by cell designers/manufacturers and battery manufacturers for a 218 

variety of purposes such as for battery system development and participation in voluntary or 219 

mandatory programmes. 220 

The result of the calculation may be used by the battery purchaser or the battery end-user in order 221 

to compare the carbon footprint of a variety of battery systems being considered for their 222 

application over their entire intended lifetime. 223 

This document offers also general guidance for the specific application of ISO 14067 to  such a 224 

calculation. 225 

This document does not pertain to secondary Li-ion batteries of portable type or for use in electric 226 

road vehicle. 227 

The carbon footprint calculation of charging and power conversion equipment is not covered in 228 

this document. 229 

 230 

2 Normative references 231 

The following documents are referred to in the text in such a way that some or all of their content 232 

constitutes requirements of this document. For dated references, only the edition cited applies. 233 

For undated references, the latest edition of the referenced document (including any amendments) 234 

applies. 235 

3 Terms and definitions 236 

3.1  237 

Primary data 238 

Company-specific data 239 

Foreground data1 240 

Definition to be agreed on in future work 241 

EXAMPLE 1 First example for term 1. 242 

EXAMPLE 2 Second example for term 1. 243 

Note 1 to entry: First note for term 1. 244 
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Note 2 to entry: Second note for term 1. 245 

[SOURCE: where definition 1 was found] 246 

3.2  247 

Secondary data 248 

Background data 249 

Definition to be agreed on in future work EXAMPLE Only one example for term 2 – no numbering.    250 

Note 1 to entry: Only one note for term 2 – still needs to be numbered. 251 

4 General information 252 

This document provides the necessary guidance and structure to ensure that all Product Carbon 253 

Footprint (PCF) calculations for industrial Li-ion cells and batteries are derived, verified and 254 

presented in a consistent and comparable way. 255 

Industrial Li-ion batteries are used in a large variety of applications and for proper Product Carbon 256 

Footprint calculations, their critical functionality has to be identified.  257 

The following functionalities classes are covered in this document:  258 

• Applications with frequent and repetitive charge and discharge cycles, and 259 

•  Applications with sporadic on demand energy delivery. 260 

The methodology should be used to assess the carbon footprint of single, multiple or all stages of 261 

the life of a battery. 262 

This document can be applied to assess the Carbon Footprint of one or several stages of the 263 

battery life. 264 

Note: The total energy transmitted by the battery to the application is considered by the industrial 265 

application provider for the use phase of its Product Carbon Footprint profile. The energy 266 

consumption during the use stage of the battery is defined by the ener gy losses linked to the 267 

battery and related component efficiency (e.g. BTMS) during charge, discharge and storage.  268 

 269 

5 Classification  270 

The specific uses of industrial Li-ion cells and batteries are classified as follows:  271 

5.1 Repetitive energy supply in mobile equipment (“REP-MOB”) 272 

The battery is storing and supplying energy in mobile equipment very f requently over its service 273 

life. 274 

The metrics for this duty is the total energy throughput capability in kWh over the expected service 275 

life. 276 

In such an application, the specific volumetric and gravimetric energy density is of key importance. 277 
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5.2 Repetitive energy supply in stationary equipment (“REP-STA”) 278 

The battery is storing and supplying energy in stationary equipment very frequently over its service 279 

life. 280 

The metrics for this duty is the total energy throughput capability in kWh over the expected service 281 

life. 282 

In such an application, the gravimetric energy density is of less importance. 283 

5.3  On demand energy supply in mobile equipment (“OND-MOB”) 284 

The battery is supplying auxiliary energy in mobile equipment sporadically, when main power is 285 

lost and as required over its service life. 286 

The metrics for this duty are specific power capability (W/Wh) and expected service life in calendar 287 

years of operation. 288 

In such an application, the specific volumetric and gravimetric energy density is of key importance.  289 

5.4 On demand energy supply in stationary equipment (“OND-STA”) 290 

The battery is supplying auxiliary energy in stationary equipment sporadically, when main power 291 

is lost and as required over its service life.  292 

The metrics for this duty are specific power capability (W/Wh) and expected service life in calendar 293 

years of operation. 294 

In such an application, the specific gravimetric energy density is of less importance. 295 

Example : UPS duty 296 

6 Calculation methodology  297 

 298 

6.1 Generalities 299 

 300 

This part describes the  global methodology  consisting of  2 main steps:: 301 

- Step 1)  Derivation of a virtual representative product  302 

- The components and process having a significant carbon footprint (“hot spots”) shall be 303 

identified. 304 

- These items shall receive particular attention during the calculation of the carbon footprint 305 

of actual products. 306 

- For this purpose, a virtual product should be assembled by using a weighted average of 307 

several actual products. This shall be followed by its footprint calculation using a common  308 

secondary data ( returns from NCs expected for the reference, also refer to clause 8) 309 

- https://nickelinstitute.org/policy/nickel-life-cycle-management/nickel-life-cycle-data/  310 

-  311 
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- Step 2) Derivation of footprint data of actual products 312 

The components and process steps with a significant carbon footprint  shall be investigated 313 

and documented with company specific data (DEFINITION TO BE ADDED). 314 

,TO BE REWORDED LATER :  stored on data platform of company specific data accessible 315 

to the user and the manufacturer 316 

For other components and production processes of the Bill Of Materials (BOM) , secondary 317 

data are acceptable 318 

 319 

6.2 Representative product 320 

The main components of the representative products are identified as follo ws: 321 

- The cell and its safety essential components (Safety Management Unit -SMU) incorporated 322 

during the battery assembly stage and, if present, the modules and their structures. 323 

- The system component parts necessary for ensuring proper battery function as required 324 

for the application:  325 

o The BMS (Battery Management System): 326 

▪ The BCU (Battery Control Unit) consisting of electronic components like 327 

switches and contactors 328 

▪ The BMU (Battery Management Unit) consisting of the electronic part for 329 

battery management (Note: A SMU may be incorporated in a BMS for the presentation 330 

of the PCF results) 331 

o The BTMS (Battery Thermal Management System) consisting of components 332 

directly associated to the battery for its thermal management. It can consist in 333 

various components allowing for static or dynamic heat exchanges such as thermal 334 

conductive parts, tubes for circulating fluids, etc..  335 

• -  The final outer casing of the battery if applicable 336 

• In some configurations part of the BMS might be positioned in the charger or application (for 337 

example:   contactors or switches). In this case, these components are considered to be part 338 

of the BMS.  339 

 340 

 341 

 342 
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 343 

 344 

Figure 1 – representative products components 345 

Part of the charger or the Power Conversion System (PCS) or the FFS in case of large battery 346 

systems which is required for functional safety of the battery has to be taken into account in the 347 

battery scope for carbon footprint calculation. This part is variable, depending on the application 348 

(mobile application or stationary application). 349 

When the battery (including all its functional components) is disconnected from the application, all 350 

components staying with the battery must be considered when performing the calculation of its 351 

carbon footprint. 352 

This section introduces the representative products which have been classified to calculate the 353 

carbon footprint of the batteries in each application.  354 

One for each of the 4 classes considered, based on the market share of the Lithium based 355 

chemistries used. 356 

(WG6 will need to define if it is possible to have a single representative product for a given class)  357 

The following table displays the structure and content of the representative products (values to be 358 

defined in WG6)  359 

- REP-MOB: Forklifts (very large market share) , off -road vehicles  360 
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   VIRTUAL Product 

Voltage  48V  

Energy  20 kWh 

Charge and discharge 
rates 

1C charge, 0.3 C 
discharge 

Cooling  No 

Chemistry  

70% LFP/ 20% NMC / 
10% LMO 

Life duration 7 years 

Nb of cycles   2000 cycles 

 361 

 362 

- REP- STA ESS container (home storage, industrial storage) 363 

  

VIRTUAL  
TYPICAL 

VIRTUAL 
CONTAINER 

      

Voltage  200V 1200V 

Energy  15 kWh 20  MWh 
Charge and discharge 
rates 0.3C C&D C Ch & disch 

Cooling  No 

50% air 
conditioning  
50% liquid 
cooling) 

Chemistry  

70% 
LFP/30%NMC 

50% LFP, 
50% NMC 

Life duration 12 y 15 y 

Nb of cycles   5000 cycles  
FSS  No YES 

 364 

- OND-MOB Example : Railways auxiliaries 365 

 366 

 VIRTUAL 

   

Voltage 300V 

Energy 18 kWh 
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Charge and 
discharge 
rates 

0.5 C Ch & C 
Disch 

Cooling 
Natural 
ventilation 

Chemistry 

60% NMC/LTO 
and 40% 
LFP/graphite 

Life duration 15 years 

   

FFS No 

 367 

 368 

OND- STA : 
UPS/ data 
centers   

VIRTUAL 
AVERAGE 

    

Voltage  200V 

Energy  400 kWh 

Charge and discharge 
rates 

0.6C ch 
and  4C 
discharge 

Cooling  

Natural 
ventilation 

Chemistry  LFP 

Life duration 15 years 

FFS   No 

 369 

Elements REP-MOB REP-STA OND-MOB OND-STA 

Specify if it is a real or a virtual 
product 

Virtual virtual virtual Virtual 

Description of the product  

Repetitive 
energy supply in 
mobile 
equipment 
Chemistry 
composition 
based on market 
share 

Repetitive 
energy supply 
in stationary 
equipment 
Chemistry 
composition 
based on 
market share 

On demand 
energy supply in 
mobile 
equipment 
Chemistry 
composition 
based on market 
share 

On demand 
energy supply 
in stationary 
equipment 
Chemistry 
composition 
based on 
market share  

Typical Energy 20 kWh 20 000 kWh 18 kWh   400 kWh 

Typical voltage 48 V 1200 V 300 V   200 V 

Bill of materials (BOM) as 
appropriate 

See 13.1 and 13.2 

System boundary  
Production 
stage  

Included Included included Included 
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Use stage  Included Included included Included 

EoL stage  Included Included included Included 

Product 
Boundary 

Charger 
(except 
part of 
battery if 
any) 

Excluded Excluded Excluded Excluded 

Assumptions related to 
transportation and storage 
scenario 

Representative conditions of transport for the materials and the batteries are 

described (see 13.3). As today most cell manufacturing is in Asia, the transport 
of the active material used for this purpose has been considered only locally In 
addition, as the impact of the transport has been proven negligible in the 
footprint, no specific condition is described, and default data is provided. 

Assumptions related to use 
scenario 

Only charging energy losses are accounted (related to battery efficiency 
including BTMS efficiency)  

Assumptions related to EoL 

Recycling process of the cell based on “Recycling rechargeable lithium 
ion batteries: Critical analysis of natural resource savings”, Dewulf et al, 
Resources, conservation and recycling, 2009  

Following steps has been considered in the End-of-Life stage (see 13.5) 

Dismantling process of the battery  
Pyrometallurgical treatment process for the cell 
Then, Hydrometallurgical treatment process for the cell  

  

Table 1 – Representative products for the 4 subcategories 370 

Due to the large number of applications, and therefore the large number of usage phase 371 

descriptions, it is not possible to define a simple benchmark classification applicable for all 372 

batteries. Nevertheless, a benchmark is possible per sub-category, based on each of the 4 373 

representative products (see limitations and benchmark restrictions in parag XXX), as long as they 374 

use the same default data described in this table.  375 

6.3 Functional Unit and Reference Flow for repetitive cycling use (REP-MOB & REP-STA) 376 

The function of the rechargeable batteries used in mobile or stationary applications is to supply electrical 377 

current at a desired voltage range. The rechargeable battery is the main storage of energy for mobile and 378 

stationary applications. Therefore, the functional unit (FU) for rechargeable batteries is defined as 1 kWh 379 

(kilowatt-hour) of the total energy provided over the service life by the battery system (measured in 380 

kWh).  381 

Example with two fictive cases for REP-MOB:  382 

 383 
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 384 

 385 

The energy consumption during the use stage of the battery is defined by the energy losses linked to the 386 

battery including BTMS during charge, discharge and storage. The total energy transmitted by the battery 387 

to the application has to be taken into account by the application/OEM provider, for the use phase of its 388 

Product Carbon Footprint profile. 389 

 390 

The charge is included in the load cycle for the REP use cases, as the battery is in regular cycling mode in 391 

usual operating conditions. 392 

Example of REP-MOB load profile – Forklift ? (Figure XX) 393 

Typical load profile to be considered to be supplied by the forklift stakeholders  394 

 395 

Example of REP-STA load profile – ESS container (Figure XX) 396 

Typical load profile to be considered to be supplied by TC-120 397 

 398 

 399 

What? Specific power capability (W for full discharge of the application at the end of battery 
service life /Wh) when demanded during the expected service life of the application in 
calendar years of operation. eg  example of FU for railways : 18 kWh spread over a 
period of three hours once a year during 30 years of train operation according to the 
profile xxxxxxx 

How much? 1 kWh of the total energy delivered over service life per year 

How well? Maximum specific energy, measured in Wh/kg  for mobile application 

What ? unit unit precision who ? remark REP-MOB case 1 REP-MOB case 2

identify the 

need

kWh_needed 

(over life)

Total needed by 

the application 

over the 

complete life (in 

years or cycles)

end-user 

request 

(technical 

specification)

5000 cycles of 2 kWh 

(under conditions in the 

application specification) 

= 10 000 kWh needed 

over life (1)

5000 cycles of 2 kWh (under 

conditions in the application 

specification) = 10 000 kWh 

needed over life (1)

identify the 

"physical unit"
kWh_produced

IEC kWh  =rated 

energy at 

production 

including the 

whole system

battery system 

manufacturer 

(sizing)

the sizing can be a 

big battery for all 

life, or several 

small ones with 

replacement over 

life

10 kWh (selected at sizing 

as capable of 1000 cycles)

2,5 kWh (selected at sizing as 

capable of 500 cycles)

define the 

functionnal unit 

normalized_kW

h by 

system 

boundaries as 

used to allow 

comparison of 2 

1 kWh of all 

kWh_needed
1kWh (from 10 MWh) 1kWh (from 10 MWh)

reference flow 

(as per the IEC 

63369 

definition)

nb of batteries 

to provide the 

kWh_needed

can be one big 

battery with 

high cycling 

properties, or 

battery system 

manufacturer 

(sizing)

Nb_ref_flow 1 battery 8 batteries

intermediate 

calculation

"physical unit" 

CO2 footprint

(for 1 battery 

produced)

battery system 

manufacturer 

(with real 

production lines 

values and 

full system scope 

as per figure 1

900 kg CO2 eq for 1 

battery system of 10 kWh

375 kg CO2 eq for 1 battery 

system of 2.5 kWh

CO2 footprint 

calculation 

(intermediate 

kg CO2 eq for 

reference flow

battery system 

manufacturer 

(production & 

=CO2_production

_per_battery_syst

em (cradle to 

=900 kg CO2 eg * 1 

battery over life 

==> 900 kg CO2 eq (2)

=375 kg CO2 eg * 8 batteries 

over life

 ==> 3000 kg CO2 eq (2)

CO2 footprint 

calculation 

kg CO2 eq (as 

result if IEC 

= 900 (2) / 10 000 (1) 

===> 0,09 kg CO2 eq IEC 

= 3000 (2) / 10 000 (1) 

===> 0,3 kg CO2 eq IEC 63369
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