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[bookmark: _Toc202861217][bookmark: _Toc203062752][bookmark: _Toc203568391][bookmark: _Toc203576632][bookmark: _Toc203577988][bookmark: _Toc203636700][bookmark: _Toc203638052][bookmark: _Toc203656293]2.	Scope and application
2.3. 	Use cases and application of Level Concept
[Table 1
General structure of the Level Concept 
	
	Items
	Level 1*
	Level 2*
	Level 3**
	Level 4**

	
	Purpose
	Strategy
	Reporting

	Life cycle stage
	Possible audiences
	Policy makers, researchers
	Company strategy/product developers, customers
	Government programs, customers

	Material production stage (See 6.1)
	Activity data (Material weight [kg])
	Primary and secondary data
	Primary data

	
	Carbon intensity of material production 
[kg-CO2eq/kg] 
	Secondary data
	Primary and secondary data
	Mainly Primary data

	Parts production and vehicle assembly stage (See 6.2)
	Vehicle model
	Average for a vehicle fleet
	Average for vehicles of a specific segment or a vehicle chosen as representative for a specific segment
	Average for specific vehicle models with different equipment variants
	Specific vehicle mode

	
	Supply chain model
	Generic
	Partly specific for hotspot part supply chain
	Mainly specific for whole supply chain

	
	Waste
	Implicit in surcharge factor
	Implicit in surcharge factor except explicit for hotspot part
	Fully explicit

	
	Gross vs. net material input (yield)
	Implicit in surcharge factor
	Implicit in surcharge factor except explicit for hotspot part
	Fully explicit

	
	Transport of parts
	Implicit in surcharge factor
	Implicit in surcharge factor except explicit for hotspot part
	Fully explicit

	
	Transport of vehicles
	Generic
	Explicitly reported from OEM gate to customer

	
	Primary/secondary material use
	Implicit in material production carbon intensity
	Implicit in material production carbon intensity except explicit for hotspot part
	Fully explicit

	
	Temporal validity
	Most recent data
	Most recent data except annual update for hotspot part
	Annual update

	
	Geographical representativeness
	Determined based on the research question
	As specific as possible while plant level for hotspot part
	Plant level

	Use stage        (See 6.3)
	Service life
	Officially available data by CPs; if not available, the values in some peer-reviewed reports or methodology or adopt values from this Resolution

	
	Use stage consumption
	Regional typical consumption values or other local representative realistic data
	Official certification values; if not available, OEM-specific data

	
	[Discrepancy factor
	OEM/CPs/ Suppliers-specific data ; if not available official monitoring info, inventories like EMEP/EEA, etc. or assume 1.0
	Default values provided by CPs
	Officially available data by CPs; if not available, verifiable OEM-specific average data matched to the region of operation, for informational purposes. 


	
	Deterioration factor for fuel cell
	Efficiency loss of 10% over the lifetime (6000 hours for LDVs), assuming a starting efficiency of 55% and running at an average of 25% of the peak power rating
	OEM/supplier-specific data on fuel cell life (to 10% loss in power) and average operational power level (as % of the peak power of the fuel cell, according to regulatory testing cycles)
	OEM/supplier-specific approach or data, validated by independent third party expert

	
	Deterioration factor for battery SoH in PHEV
	SoH loss of 20% over the operational life cycle of 2000 charge/discharge cycles hours for LDVs
	OEM/supplier-specific approach or data, validated by independent third party expert]

	
	Future changes in energy mix
	[A scenario for the expected future evolution of the fuel or electricity grid mix in the geographical region of interest shall be selected: 1. Official, government published energy mix or emissions factors (where these are consistent with the defined scope) based on currently implemented policy for a country or geographical region of interest, 2. If 1. above is not available, the Stated Policies Scenario (STEPS) from the most recent International Energy Agency’s World Energy Outlook (IEA WEO) report, for the geographical region of interest, shall be used. In addition, the IEA WEO Sustainable Development Scenario (SDS) shall also be used as a sensitivity case (or equivalent scenario taking into account international commitments under the UNFCCC). 3. Only if none of the previous options above are available for the geographical region of interest, a projected future electricity grid mix (or emissions factors for this) from either dispatch modelling or peer-reviewed published literature-based dispatch modelling may be used. Due to the inherent uncertainties involved, any such analysis shall include a sensitivity case consistent with the goals of the IEA WEO SDS (or equivalent scenario taking into account international commitments under the UNFCCC). For fuel mix a peer-reviewed published literature modelling may be used, provided that such scenarios are strictly aligned with the regulatory frameworks in force in the relevant country or region of use (for example, the RED III Directive in Europe the EU or the Renewable Fuels Standard in the US). In the equivalent approach for the average fuels mix, only those scenarios from peer-reviewed data reflecting implemented policies shall be considered that are based on announced production capacities]

	
	Maintenance 
	Optional: maintenance frequency factors based on practitioner’s technical assessment
	List of maintenance parts/consumable and associated frequency provided by OEM

	
	Determination of traction battery and fuel cell system replacement
	Excluded by default, unless a simple assumption on replacement is provided 
	Excluded by default, unless methodology from this Resolution to be followed upon justification 
	Excluded by default, unless OEM /supplier-specific approach to define the need for a replacement over the operational life is provided

	End-of-life stage (See 6.4)
	Activity data of EoL processes (e.g., weight of vehicle, parts, materials, etc.)
	Global secondary data
	Primary data based on BoM and MDS

	
	Carbon intensity data of EoL processes (e.g., dismantling and shredding/sorting, ASR thermal recovery, materials recycling, etc.)
	Global, regional, or country specific, primary or secondary data can be chosen, depending on the study
	Global or Region or Country primary data or secondary data shall be specified and provided by CPs 


	
	Recovered parts disposal and recycling process
(e.g., tyre, lead battery, driving battery, etc.)
	Global, regional, or country process can be chosen, depending on the study
	Global or Region or Country process shall be specified and provided by CPs

	
	Material recycling modelling 
	RCM or CFF


(*) There are multiple approaches possible for Level 1 and Level 2. The descriptions for each item in the rows of Level 1 and Level 2 are the minimum requirements for calculation. In other words, the practitioners can adopt any methodologies for each item from the designated or higher levels. For example, for material weight, Level 1 practitioner can use either secondary data or primary data, and Level 2 practitioner shall use primary data.
(**) Level 3 and Level 4 shall be carried on the single fixed approach throughout the life cycle stages, and the practitioners shall follow the descriptions for each item in the designated row.
3.	Definitions
[bookmark: _Toc204941726][bookmark: _Hlk209531486]3.11.	[Reserved]  (Reserved)
[bookmark: _Toc204941730]3.15.	[Reserved]  (Reserved)
[bookmark: _Toc204941733]3.18.	 [Reserved]  (Reserved)
[bookmark: _Toc204941745]153.28.	 [Reserved]  (Reserved)
[bookmark: _Toc204941747][bookmark: _Toc204941754]3.30.	 [Reserved]  (Reserved)
3.37. 	[Reserved]  (Reserved)
[bookmark: _Toc204941755]3.38.	[Reserved]  (Reserved)
[bookmark: _Toc204941756]3.39.	[Reserved]  (Reserved)
[bookmark: _Toc204941765]3.47.	[Reserved]  (Reserved)
[bookmark: _Toc204941766]3.48.	["Market-mediated effects" means the indirect impacts that arise from the market dynamics associated with a product or service throughout its life cycle. These effects can occur due to changes in supply and demand, price fluctuations, and shifts in consumer behaviour that are influenced by the introduction or modification of a product.]
[bookmark: _Toc204941773]3.54.	[Reserved]  (Reserved)
[bookmark: _Toc204941775]3.56.	[Reserved]  (Reserved)
[bookmark: _Toc204941776]3.57.	[Reserved]  (Reserved)
[bookmark: _Toc204941793]3.74.	[Reserved]  (Reserved)
[bookmark: _Toc204941794]3.75.	["Type III environmental declarations" means declarations which present quantified environmental information on the life cycle of a product to enable comparisons between products fulfilling the same function. Such declarations
5.	General methodology 
5.4.3.	Primary data share
To create visibility on the share of primary data-based emission in CFP calculations for vehicles, a primary data share (PDS) indicator can be defined. The PDS is the proportion (percentage) of a greenhouse gas emissions that is derived from primary data separately, one for activity data and another one for intensity data. 
The PDS is basically determination and communication tool [for the calculation of CFP according to Level 4 in material production stage (paragraph 6.1.5.2), parts production and vehicle assembly stage (paragraph 6.2.5.4)] but optionally be determined and communicated for use (paragraph 6.3) and end-of-life phases (paragraph 6.4). 
[bookmark: _Ref202967123]5.4.5.	[Chain of custody] 
[In the automobiles supply chain, the multiple inputs (resources), outputs (products), and processes exist, and the LCA of automotive products is generally conducted within a complex system. As a method for the appropriate allocation and management of environmental attributes within such a system, Chain of Custody may be applied. ISO 22095:2020 specifies five models of Chain of Custody (Table 2, Figure 5).
[bookmark: _Ref203566411]Table 2
Chain of Custody Models
	Input/Output Relation
	Identity preserved
	Segregated
	Controlled blending
	Mass balance
	Book and claim

	
	
	
	
	
	

	All input characteristics translate unchanged to output characteristics
	✓
	ー
	ー
	ー
	ー

	Mixing of inputs from different sources
	ー
	ー
	✓
	✓
	✓

	Output characteristics reflect the average of input flow characteristics
	✓
	ー
	✓
	ー
	ー

	Physical connection
	✓
	✓
	✓
	✓
	ー



[bookmark: _Ref205191766]

Figure 5
Overview of chain of custody models
[image: A diagram of process and process
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The Mass Balance model and Book and Claim model may enable a flexible allocation of environmental attributes; however, in order to ensure transparency and credibility, its application requires prudent consideration. More detailed provisions on Mass Balance are currently under discussion in ISO 13662, while ISO 14077 is addressing its application to LCA.
Accordingly, in automotive LCA, minimum requirements shall be established to prevent diverse interpretations and misuse of Mass Balance and Book and Claim. These requirements shall be continuously reviewed and revised, taking into account the developments of global standards such as ISO and the GHG Protocol.
5.4.5.1.	Verification and Assurance Requirements for Mass Balance and Book and Claim	
(a)	The reliability of these models shall primarily be ensured through verification, and at a minimum, an equivalent independent and transparent certification scheme shall be required.
(b)	If these models are used, they shall be clearly explained to the verifier with sufficient information so that the verifier can judge the appropriateness and correct application of the model.
(c)	When the environmental attributes of products using these models are claimed, clear and transparent information shall be provided to stakeholders.
5.4.5.2.	Applicability and Certification Requirements for Book & Claim
In this resolution, Book and Claim may only be applied to energy carriers such as electricity, fuels, and biomethane. It shall be noted that the Book and Claim model is intended to be applied in the electricity domain, and electricity certificates shall follow Chapter 5.5.1.2 (Electricity). When a similar approach is applied to other energy carriers, the same level of reliability of contractual instrument defined in Chapter 5.5.1.2 shall be demonstrated and verified.
5.4.5.3.	Operational and Technical Requirements for Mass Balance
This model shall correspond to “Mass Balance” as defined in ISO 22095:2020.
(a) This model shall only be applied in principle when a physical connection between input and output can be established. However, establishing the physical connection is not required if it would lead to additional GHG emissions due to, such as, transportation of products between multiple separate manufacturing sites within the system boundary.
(b)	This model shall be operated under the management of the same company, corporate group, or joint venture. 
(c)	This model shall be operated under accounting controls so that the claimed output exactly matches the actual input also taking into account material yields and scrap, to avoid any double counting. 
(d)	Technical feasibility: This model shall only be applied within the range that is technically feasible to produce the output from the input, and the environmental attributes allocated shall not exceed that range. 
(e)	Technical equivalence: When this model is applied, the environmental attributes shall only be allocated among products that have the same technical properties. 
(f)	This model shall only be applied to additional CFP reduction measures relative to the residual product. The residual product is the product without reduction measures used in mass balance within the respective reporting year. When this model is applied, the allocation of the CFP reduction resulting from the measure shall reflect an actual increase in green inputs, rather than a redistribution that merely makes some products appear greener without any change in production]
[bookmark: _Ref195697968][bookmark: _Ref195713544][bookmark: _Ref202967139]5.5.	Treatment of specific GHG emissions 		
5.5.1.2.	Electricity modelling
[bookmark: _Hlk215592222]Government authorities shall establish, within their respective territories, how electricity modelling is to be defined.  
The following approaches exist for modelling electricity consumption by a product system:
(a)	The location-based approach is a method of allocating electricity impacts among end-users based on geographical representativeness (economic area, country, bidding zone , etc.); this approach is currently the most commonly used by LCA practitioners, with main LCA databases offering detailed models at a relatively fine geographic scale. The same GHG intensity (gCO2eq per kWh)is applied to all electricity consumers within a single area. The GHG Protocol defines it as follows: “A location-based method reflects the average emissions intensity of grids on which energy consumption occurs (using mostly grid-average emission factor data).” [In this approach subnational consumption grid mix (i.e. for the USA California grid mix) or a national consumption grid mix (i.e., country-specific), or supra-national economic integration area grid mix (i.e. EU grid mix)   or a supra-national consumption grid mix (i.e., EU grid mix, Africa grid mix, North America) can be used based on Section 5.4.1.2 Geographical representativity] 
(b)	The market-based approach allocates electricity impacts among end-users based on a principle of individual contractual instruments, which can be claimed by different consumers. The GHG Protocol defines it as follows: “A market-based method reflects emissions from electricity that companies have purposefully chosen (or their lack of choice). It derives emission factors from contractual instruments, which include any type of contract between two parties for the sale and purchase of energy bundled with attributes about the energy generation, or for unbundled attribute claims.” [In this approach, every electricity consumption process is modelled using either:
(i) Processes that reflect the electricity mix purchased via specific contractual instruments related to the considered process and including losses during transmission and distribution of the purchased electricity
(ii) Or, if no contract exists for the given process, a residual consumption mix related to it, which can be derived either at a national level, a sub-national level or supranational level.] 
The contractual instruments that are used shall comply with the specific requirements as stated in the following sections 5.5.1.2.1.
[Further, this approach should only be used if the entity has enough data (i.e. secondary databases and datasets using residual consumption mixes for every process in the upstream value chain of the product).]
(c) [In circumstances where industries lack sufficient or appropriate data—whether concerning processes required for residual mixes or the processes utilizing them—or when they do not have the time necessary to develop such data, and likewise in situations pertaining to Level 3 and Level 4, they may employ the following mixed-method approach. The mixed method approach uses available location-based electricity mixes consumption processes from the LCA databases as generic default while using specific processes that reflect the electricity mix purchased via specific contractual instruments from suppliers and / or the electricity mix produced within the factories and including losses during transmission and distribution of the purchased electricity. [This approach should be carefully applied as risk of double counting of inventories and impacts can happen.]	Comment by JPN: Where is “]” ?
	For some geographical region of interest already prescribing official guidelines for such modelling, practitioners shall rely on such specific regulations, or data from governmental bodies, e.g. EU RED, most recent U.S. EPA Power Sector Reference Case. Furthermore, temporal and geographical consistency should be ensured.
Further development of electricity emission factors can be based on ISO 14067:2018 and can include upstream processes and production of electricity generation infrastructure for the electricity supply system (e.g. mining of fuels, transport of fuels to power plants, growing and processing of biomass fuel feedstock, and production of equipment generating renewable energy, such as photovoltaic installations).
[bookmark: _Toc202861662][bookmark: _Toc203063671][bookmark: _Toc203569330][bookmark: _Toc203577583][bookmark: _Toc203578939][bookmark: _Toc203637651][bookmark: _Toc203639003][bookmark: _Toc203657247][bookmark: _Toc203661199][bookmark: _Ref202459931]5.5.1.2.1.	Electricity from the grid via a contractual instrument 
Electricity data from electricity certificates for a specific generator site or supplier documented by energy certificates may be used in the calculation of emission factors for electricity supplied from the grid if it can be ensured that all the following conditions are met. [The contractual arrangement should:	Comment by JPN: Where is “]” ?
(a)	convey the information associated with the unit of electricity delivered;
(b)	assure with a unique claim, to avoid double counting of GHG emissions and GHG removals within the boundary of the subject;
(c)	be tracked and redeemed, retired or cancelled by, or on behalf of, the reporting entity. 
(d)	be produced within a year during which electricity was produced within the country, or within the market boundaries where consumption occurs and to which the grid is interconnected.
(e)	be produced within the country, or within the market boundaries where consumption occurs if the grid is interconnected.
(f)	[The environmental value of electricity certificates must not be biased and should come from a generation plant in the same market boundaries as where the consumption takes place]; 
Information about the electricity certificate should be clearly stated in the LCA report: 
(i) Name and location of the generating facility;
(ii) Method of generation;
(iii) Amount of electricity generated and amount of electricity certificates issued;
(iv) If available, tracking number assigned by the electricity certificate system.
Detailed conditions shall be based on ISO 14068 -1:2023.
In ISO 14067:2018, there are examples of certificates that can be used by contractual instruments, such as European Guarantee of Origin (GOs)  and US Renewable Energy Certificates (RECs) which meet the above conditions. Electricity certificates that do not guarantee compliance with the above conditions shall not be used. Contractual instruments may include utility tariffs, power purchase agreements (PPAs) or energy attribute certificates (EACs) themselves.
If processes within the subject are located in Small Island Developing States (SIDS)[3)], the carbon footprint may additionally be quantified using contractual instruments for such processes, irrespective of grid interconnectivity.
Notes on handling power certificates
[bookmark: _Toc203657249][bookmark: _Toc203661201][bookmark: _Toc202861666][bookmark: _Toc203063675][bookmark: _Toc203569334][bookmark: _Toc203577587][bookmark: _Toc203578943][bookmark: _Toc203637655][bookmark: _Toc203639007][bookmark: _Toc203657251][bookmark: _Toc203661203]5.5.1.2.3.	[Electricity from on-site generation
On-site electricity production can only be accounted for under the following conditions:
(a)	The production asset is owned by the same entity as the factory, or the asset has a direct connection to the factory and is not connected to the grid.
(b)	Only the fraction of electricity that is used on-site and not sourced from the grid shall be accounted for.
(c)	No credits can be claimed for electricity produced in excess and sent to the grid.
(d)	For electricity that is claimed to be auto consumed, no contractual instruments have been sold to a third party]
Any deviation, along with detailed explanations of the calculation methods or models used to revise emission factors, must be reported in the LCA report]
[bookmark: _Toc202861668][bookmark: _Toc203063677][bookmark: _Toc203569336][bookmark: _Toc203577589][bookmark: _Toc203578945][bookmark: _Toc203637657][bookmark: _Toc203639009][bookmark: _Toc203657253][bookmark: _Toc203661205][bookmark: _Ref202459970]5.5.1.2.4.	[Electricity from the grid without contractual instrument
The emission factors of average consumption electricity grid mix shall be calculated based on:
(a)	The consumption per country of the different electricity sources (coal, natural gas, nuclear, hydropower, wind, solar PV) [Imports should be modelled as the average production mix of the country from which the electricity is imported. The consumption mix and the exported mix are the same.]
(b)	The emission factors per country of each primary electricity source (coal, natural gaz, nuclear, hydropower, wind, solar PV), provided by a same database (EcoInvent, Sphera ..). These emissions factors should include 
(i) Upstream processes referring to the extraction of raw materials, 
(ii) Processes and direct emission during electricity production
(iii) Transportation, distribution, and losses
(Refer to Section 5.3.1 Infrastructure and Capital Goods.)]
[bookmark: _Toc202861670][bookmark: _Toc203063679][bookmark: _Toc203569338][bookmark: _Toc203577591][bookmark: _Toc203578947][bookmark: _Toc203637659][bookmark: _Toc203639011][bookmark: _Toc203657255][bookmark: _Toc203661207]5.6.2.	Production Stage GHG emission  
5.6.2.1.	Definition of LCA Group – Production stage
The LCA group definition shall be determined in a conservative manner, based on specific parameters as detailed below and in a way that accurately reflects the characteristics and impacts of the entire LCA group. These parameters will be monitored during the testing phase and refined as necessary to ensure accuracy and alignment with evolving data. The main factors that greatly impact the production carbon footprint of a vehicle are the body structure, powertrain, energy storage system (only in case this is present in the drivetrain system), refer to Ricardo[footnoteRef:3] & CATARC[footnoteRef:4] study and production region.  [3: 		Ricardo study: Determining the environmental impacts of conventional and alternatively fuelled vehicles through LCA, Section A1.1.2.1 Figure A13]  [4: 		CATARC study: Exemplary research cases of the different levels and Hotspot analysis, LCA-SG3-04-03 ] 

Based on these factors, vehicles can be grouped into clusters (LCA group – production):   
(a)	Vehicle Structure Family: Means a cluster of vehicles of an automobile manufacturer’s vehicle fleet shall consist of vehicles that have the following features in common:
(i)	Mass variation (excluding the traction battery mass) among vehicles within the group should not be greater than [X %]
(ii)	Vehicle with similar material composition of ‘body in white’ (i.e., vehicle frame)
(iii)	Additional parameters will be declared by the OEMs (with justifications) if required to specify the definition of the LCA group (e.g. characteristics like vehicle type, model name, brand, marketing division, or roof line, number of doors, seats, windows or level of décor etc)
(b)	Powertrain (drive System) type: to reflect the impact of the energy storage system/traction system e.g. ICE, OVC-HEV, NOVC-HEV, PEV, FCEV and FCHV.
(c)	Region of final vehicle value chain:  The region shall be defined by the location of the production plant, refers to a single market area, such as the European Union, Japan, Korea, or the United States. The modelling of the supply chain should follow the level concept, since vehicle assembly is the final step in the supply chain, this regional definition shall link the RV to the production plant region. RV’s supply chain shall represent the supply chain of its LCA group, for example, vehicles assembled in Europe will typically reflect European consumption mixes and production processes. If vehicles are assembled in multiple regions, separate upstream LCA groups must be defined accordingly.
5.6.2.2.	Representative Vehicle selection during production stage 
A Representative vehicle characterizes all vehicles within a defined LGP, as specified in section 5.6.2.1. 
To ensure that the pars-pro-toto-approach[footnoteRef:5] of a RV does not deliver skewed results on GHG emissions of production within that LGP, vehicles that deviate from the standard series purpose of the LGP can be excluded from the selection with respective evidence. The RV during production stage is selected based on the highest technical mass, considering all series-available options and configurations. This mass-based approach ensures a consistent and conservative representation, independent of fluctuating customer preferences or market trends. If multiple vehicles exhibit the same maximum technical mass ±5%, any of these may be selected as the RV. [5: 		The phrase "pars pro toto" is a Latin expression meaning "a part (taken) for the whole." It refers to a figure where a specific part of something is used to represent the entire thing. ] 

Additionally, equipping the vehicle with options until the maximum vehicle weight is reached secures the usage of a technically clear and conservative vehicle setup. 
This approach ensures that the RV:
(a) Reflects the worst case  configuration in terms of environmental impact,
(b) Supports consistency and comparability across vehicle LCA studies,
(c) Aligns with the principles of transparency, technical clarity, and conservative estimation as outlined in the UNECE A-LCA methodology.
When a new vehicle development requires the creation of a new LGP comprising multiple vehicles, the representative vehicle is defined based on the vehicle with highest weight within that group. 
If a newly launched vehicle variant is subject to calculation after this LGP has been established, and this variant qualifies for inclusion within this existing LGP, the highest weight of the newly launched vehicle variant shall be less than that of the designated representative vehicle with a tolerance of [±5%].
Documentation for the choice and configuration of the representative vehicle shall be provided during the third-party certification (see verification chapter 8).
5.6.2.3.	Production stage: Estimated value for the declared vehicles
The production emissions factors within an LGP [broadly] correlate to the mass of the vehicle for a given LGP, due to similar production characteristics. The RV serves as the baseline for estimating the carbon footprint for the values of the other vehicles from the LGP, for which declaration is required.  
The Production Emission Factors (EFProd) (i.e. carbon emission per kilogram of vehicle weight) is calculated by the ratio between the production stage carbon emissions of the RV and its weight (excluding the weight of the traction battery and/or hydrogen storage vessels). 
5.6.3.	Use stage GHG Emission
[Carbon emissions related to use stage emissions of the declared vehicle should be calculated according to the method described in paragraph 6.3. These emissions are typically derived from certified fuel consumption and energy consumption data, which are included in official homologation documents and regulatory certifications.	Comment by JPN: Where is “]” ?
5.6.3.1.	Use stage GHG emission: Energy consumption 	
It is recommended to group vehicles and or powertrains in a manner consistent with emissions certification and/or type approval criteria of the region.. In case of WLTP it is defined in UN GTR 15 / UN Regulation No. 154. The vehicle ‘energy consumption value’ of the declared vehicle should be as described in the Certificate Of Conformity or equivalent document for that vehicle. 
5.6.3.2.	Use stage GHG emission: Maintenance and leakage 
The carbon footprint during the maintenance and leakage does not vary in each powertrain family and hence it is recommended to determine this value for the selected RV of the powertrain family.]
5.6.4.	EoL stage GHG Emission  
Due to the large number of equipment variants for vehicles it is impractical to quantify EoL emissions for each vehicle individually. Alternatively, a ‘LCA group - EoL’ (LGE) approach is followed. From this LGE a representative vehicle (RV) is chosen, for which the GHG-emissions are quantified following the methodology defined in paragraph 6.4.  
To report on a specific vehicle variant that is member of the LGE (declared vehicle) the GHG-emissions for EoL of that vehicle are calculated by a mass-based extrapolation described in paragraph 5.6.4.3.
The procedure to identify the RV from the LGE is described in paragraph 5.6.4.2.
The criteria that define the LGE are detailed in paragraph 5.6.4.1.
5.6.4.1.	Definition of LCA group EoL stage
The main factors that greatly impact the end-of-life carbon footprint of a vehicle is same as that of the production stage except the region of recycling. Based on these factors, vehicles can be grouped into clusters (LCA group – EoL) according to their common traits such as: 
(a)	All criteria defined for production stage emission except the region of production (see paragraph 5.6.2.1)
(b)	Expected region of vehicle end-of-life: the region refers to a single market area, such as European Union, Japan, Korea, or the united states, if the vehicle is produced in the same region as the expected region of EoL, then both “LCA group – Production” and “LCA group – EoL” are the same.
5.6.4.2.	Representative Vehicle selection during EoL selection    
Refer to 5.6.2.2 for EoL stage representative vehicle selection.
5.6.4.3.	EOL stage: Estimated value for the declared vehicles
The EoL emissions factors within an LGE [broadly] correlate to the mass of the vehicle for a given LGE, due to similar EoL characteristics. The RV serves as the baseline for estimating the carbon footprint for the values of the other vehicles from the LGE, for which declaration is required.  
The EoL Emission Factors (EFProd) (i.e. carbon emission per kilogram of vehicle weight) is calculated by the ratio between the EoL stage carbon emissions of the RV and its weight (excluding the weight of the traction battery or hydrogen storage vessels). 
[bookmark: _Ref195693287]6.	Methodology per life cycle stages
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[Figure 14 
[bookmark: _Ref200994448]A system boundary of Lithium-Ion Battery material production stage
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]
6.1.4.	Energy Modelling 
		For general rules refer to paragraph 5.5.1. 6.1.4.1.	Energy Mix
Practitioners shall account for the fuel or electricity production pathways associated with the production locations of each material. (detailed methodology shall be considered)
The energy mix shall be based on the latest dataset associated with the location or region of production in question. 
The methods described in paragraph [3.2.8.] shall guide the modelling of fuel and electricity for these regions.
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Table 7
[Average age of end-of-life vehicles reported in a selection of countries]
	Region / Country
	Year of publication
	Duration
(Years)
	Source

	
	
	
	

	EU27
	2024
	20
	Multiple sources as in the Annex 1 to this Resolution

	United Kingdom
	2022
	18
	Centre for Economic Performance (Nguyen-Tien et al., 2025)[footnoteRef:6] [6: 		Data for the UK from the Centre for Economic Performance (Nguyen-Tien et al. (2025) does not reflect a full vehicle lifetime, but instead estimates the average period that vehicles are used on UK roads.] 


	Japan
	2024
	17
	Ministry of Economy, Trade and Industry, 2025 - Status of the Enforcement of the Automobile Recycling Law

	[bookmark: _Ref213948617]USA[footnoteRef:7] [7: 	 	Annual vehicle distance travelled and vehicle scrappage are functions through an analytical end date (e.g.,2050 for AEO 2025) and vary by vehicle type and by location (U.S. state)] 

	2025
	varies 
	[bookmark: _Ref215730510]MOtor Vehicle Emission Simulator (MOVES)[footnoteRef:8] [8: 		U.S. EPA (2024). Population and Activity of Onroad Vehicles in MOVES5. EPA-420-R-24-019. https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P101CUN7.pdf.] 


	Brazil
	2020
	22
	Ministry of Science, Technology and Innovations of Brazil, 2020



[bookmark: _Toc188519210]6.3.3.	Use stage consumption 
[For vehicles with powertrains with two modes of operation the in-use energy consumption shall be defined separately for each mode of operation, so that overall in-use energy consumption may be defined. An additional formula shall be used to account also for changes to the share of operation in Mode 1 and Mode 2 that may result from accounting for the discrepancy and deterioration factors for each mode of operation.
In the specific case of OVC-HEVs, also called plug-in hybrid vehicles (PHEVs), including range-extended electric vehicles (REEVs), the two main modes of operation are the vehicle battery charge-depleting (CD) mode and the charge-sustaining (CS) mode. In some OVC-HEV architectures (e.g., REEVs), this may be 100% operation on electricity. In other OVC-HEV architectures, depending also on factors like power demand and temperature, the CD mode also includes a contribution of the combustion engine. Therefore, the energy consumption in the CD mode need to account for both electricity and fuel consumption. In the CS mode, the on-board battery is not being depleted, and the vehicle is essentially operating as a non-plug-in hybrid vehicle mode. In this case there is only fuel consumption and no net consumption of electricity. The share of operation in CD mode is typically expressed by the utility factor (UF), which is estimated as a function of the vehicle’s range in CD mode.
Based on the mode of operation, both the in-use fuel and electricity consumption should be calculated as follows:

    (27)

                             (28)

Where;
	means the weighted in-use fuel consumption of driving in CD and CS mode combined [L/100 km].
	means the weighted in-use electricity consumption of driving in CD and CS mode combined [MJ/km].
	means the in-use fuel consumption of driving in CD mode [L/100 km].
	means the in-use electricity consumption of driving in CD mode [MJ/km].
	means the in-use fuel consumption of driving in CS mode [L/100 km].
	means the in-use utility factor representing the share of operation in CD mode.

And,
	Mode 1 
(e.g., CD mode)
	



	Mode 2
(e.g., CS mode)
	

	
	


Where;
	means the certification  fuel consumption of driving in CD mode [L/100 km].
	means the real-world discrepancy factor for fuel consumption in each (i) mode. One for CD and one for CS mode shall be derived [-].
	means the real-world deterioration factor for fuel consumption in each (i) mode. One for CD and one for CS mode shall be derived [-].
	means the certification electric-only energy consumption in CD mode [Mj/km];
	means the real-world discrepancy factor for electricity consumption in CD mode [-].
	means the real-world deterioration factor for electricity consumption in CD mode [-].
	means the certification fuel consumption of driving in CS mode [L/100 km].
In many certification procedures, the UF of OVC-HEVs initially has been estimated under the assumption that the vehicle’s battery is fully charged once per driving day and the vehicle drives in the CD mode until the battery is depleted and continues driving in the CS mode for the remainder of the day. In real-world operation, however, it is observed that OVC-HEVs on average are charged less frequent than once per driving day, resulting in a lower share of driving in CD mode and thereby higher fuel consumption than the values considered in certification values.
In reaction to the large-scale evidence on the difference in observed in-use and certified fuel consumption values for OVC-HEVs, the governments in some major markets including China, the EU and the US have updated the official UF assumptions and will gradually introduce these for the certification of new vehicles. For vehicles in markets with such updated certification UF assumptions, such as the European Union[footnoteRef:9], the United States[footnoteRef:10] and China[footnoteRef:11], the in-use distribution between of CD and CS mode operation shall be based on the in-use CD mode range and the most recent certification UF curve throughout the vehicle’s lifetime. If new UF values are anticipated and officially released for future years, these values should be adopted and replace the previous UF figures in the lifetime assessment. [9: 		https://eur-lex.europa.eu/eli/reg/2023/443/oj/eng]  [10: 		https://www.epa.gov/regulations-emissions-vehicles-and-engines/final-rule-multi-pollutant-emissions-standards-model]  [11: 		http://zxd.catarc.org.cn/zxd/portal/detail/zqyj/622] 

For vehicles in markets where the official certification UF has not yet been updated based on the large-scale evidence of the average real-world operation of OVC-HEVs, the same UF as in markets with such updated certification UF shall be used. This is justified by the finding that the updated certification UF in China, the EU, and US reflect a similar OVC-HEV usage across these regions. Also for other markets, the updated UF curves from these regions are thus likely to be more representative than earlier UF curves that are not based on large-scale evidence.
The in-use UF shall consider such updated certification UF and be based on the in-use instead of the certification electricity consumption in Mode 1 (e.g., CD mode). As the range of OVC-HEVs in Mode 1 (e.g., CD mode) is determined by the electricity depleted from the battery, only the electricity consumption in that mode needs to be reflected. The in-use range in Mode 1 shall be determined according to the following equation:
	(29)
Where;
 means the certified range in CD Mode, e.g. Mode 1, as defined in the regional certification procedure. In some procedures, this may be defined as the full or equivalent all-electric range. In other regions, such as the EU WLTP, the CD mode range may include also some use of the combustion engine in mixed operation, which is included in the certified charge-depleting cycle range (RCDC). 
Note that in WLTP, the equivalent all electric range (EAER) is the proportion of the RCDC where the combustion engine is not running. Although the EAER typically is included in public disclosures, it is the RCDC that is used for the weighting of the CD and CS drive modes in WLTP.

Alternatively, in situations where Contracting Parties require the exclusive use of real-world data, such as OBFCM for the EU, to determine the UF, this guideline shall be adhered to. Practitioners shall utilize official certification values and, if these are unavailable for specific calculations, OEM-specific data. The entire process must be thoroughly documented, as stipulated by the Contracting Parties.]
[bookmark: _Ref196328102]
Table 10
Energy consumption and GHG certification protocols for main regions
	Region 
	Powertrain 
	Protocol 

	
	
	

	EU27 
	ICE, HEV, OVC-HEV, FCHV, PEV
	WLTP (WLTC 4 phases)[footnoteRef:12]  [12: 	 	COMMISSION REGULATION (EU) 2017/1151] 


	United Kingdom
	ICE, HEV, OVC-HEV, [FCHV], PEV
	WLTP (WLTC 4 phases)[footnoteRef:13]  [13: 	 	The Passenger Car (Fuel Consumption and CO2 Emissions Information) Regulations 2001] 


	Japan
	ICE, HEV, OVC-HEV, FCHV, PEV
	WLTP (WLTC 3 phases)[footnoteRef:14]  [14: 		 JPN to be checked] 


	China
	ICE, HEV, OVC-HEV
	WLTP (WLTC 4 phases)[footnoteRef:15] [15: 		 China to be checked] 


	
	FCHV, PEV (Pass. Car)
	CLTC-P

	
	FCHV, PEV (Vans/LCV)
	CLTC-C

	Korea
	ICE, HEV, OVC-HEV, FCHV, PEV
	Combined (FTP-75 and HWFET weighted average)[footnoteRef:16] [16: 		KR Notification on Test Methods for Energy Consumption Efficiency and GHG Emissions of Automobiles] 


	US 
	ICE, HEV, OVC-HEV, PEV, FCHV
	FTP and HFET combined-weighted-average [footnoteRef:17] [17: 	 	U.S. Title 40 CFR Part 600. Fuel Economy and Greenhouse Gas Exhaust Emissions of Motor Vehicles. https://www.ecfr.gov/current/title-40/chapter-I/subchapter-Q/part-600.  ] 


	Canada
	ICE, HEV, OVC-HEV, PEV, FCHV
	Combined (FTP-75+HWFET)[footnoteRef:18] [18: 		Passenger Automobile and Light Truck Greenhouse Gas Emission Regulations] 
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6.3.3.2.2.1.     [Fuel Cell Hybrid Electric Vehicles]	
[ For fuel cells, efficiency losses occur over the operational life of the vehicle. It is proposed to calculate the average loss of efficiency (used to calculate an amended lifetime average energy consumption in MJ/km) based on the fuel cell durability assumptions and operational lifetime km, as outlined below. Fuel cell durability is defined as the number operational hours to reach 10% degradation of the original fuel cell rated power (in kW). The following general methodological approach is therefore proposed to determine the average loss in efficiency over the service life of a vehicle using fuel cell based powertrain (i.e. an FCHV or FC-REEV powertrain). 
Potential for further development of knowledge in this area is expected. To adjust to this perspective, the recommended practices allow OEM or suppliers to propose an alternative owned methodology to define operational fuel cell efficiency loss, as long as it is validated by an independent third party expert on fuel cells.
For operation on hydrogen for FCHV – amended to account for fuel cell degradation, the efficiency loss should be to a maximum of 5% degradation over the life of the vehicle, i.e. in the case where FC [lifetime energy] >FC [max energy], where a fuel cell replacement will be required in any case. The following formula is proposed to calculate the average efficiency reduction in the intermediate cases up to this point:
		(30)
Where;
EnCon [AvLife] 	means the average input hydrogen energy consumption in MJ/km over the entire lifetime of the vehicle.
EnCon [Start] 	means the input hydrogen energy consumption in MJ/km at the start of the vehicle life (i.e. before any FC degradation), as defined in vehicle certification (i.e. before any real-world adjustments being applied).
FCHV [lifetime energy] 	means the lifetime vehicle operational electrical energy requirement (i.e. fuel cell output, kWh) based on the input hydrogen energy consumption (in kWh/km), the lifetime activity (in km) and the average fuel cell efficiency (%).
FC [max energy] 	means the maximum energy delivered by the fuel cell (in kWh) over the defined service life (in hours) at the average fuel cell running power (in kW). As per the formula given below.
NB: Fuel cell durability/service life is defined as based on the number of operational hours to 90% of original peak power rating, hence an efficiency loss of 10% over the life of the fuel cell, equal to an average reduction in overall efficiency of 10% divided by 2.
The (i) maximum lifetime energy that can be delivered by the fuel cell before reaching 10% degradation (FC [max energy]), and (ii) fuel cell electric vehicle lifetime energy requirements (FCHV [lifetime energy]) is proposed be calculated as follows:
(i) Fuel cell lifetime maximum electrical energy output (FC [max energy]):

	(31)
Where;
Fuel cell average running power (kW) 	means the maximum rated fuel cell power (kW) * average operation % of rated fuel cell power. See paragraph underneath to define assumptions and values.
(ii) Fuel cell electric vehicle lifetime electrical energy requirement (i.e. energy output from fuel cell) 
(= FCHV [lifetime energy]):
         (32)
Where;
EnCon [Start] 	means the input hydrogen energy consumption in MJ/km at the start of the vehicle life (i.e. before any FC degradation), as defined in vehicle certification (i.e. before any real-world adjustments being applied).
EnConConversion 	means the conversion factor for converting MJ to kWh = 3,6 MJ/kWh
Prioritisation for fuel cell durability assumptions:
The following recommended prioritisation is proposed for the underlying assumptions of fuel cell life and average operational efficiency, with the choice of which option is most appropriate or feasible left to the practitioner (i.e. depending on the availability of data and objective of the study).
The different options are listed in ascending order of accuracy and preference. The first option is proposed as a default approach, where sufficient information is not available for the other options.
Table 12
Prioritisation for fuel cell durability assumptions
	 Priority
	Fuel Cell Deterioration Factor

	
	

	1
	If OEM/ supplier-specific data is not available, assume an operational life of 6000/24000 hours (for LDVs/HDVs)(a), an efficiency of 55%/52% (at the start of the fuel cell life for LDVs/HDVs)(b), with efficiency loss of 10% over the life of the fuel cell, and running at an average of 25%(c)/25%(d) (for LDVs/HDVs) of the peak power rating

	2
	Optional, depending on availability
OEM-specific / supplier-specific data on fuel cell life (to 10% loss in power) and average operational power level (as % of the peak power of the fuel cell, according to regulatory testing cycles)

	3
	Optional, depending on availability
OEM-specific / supplier-specific methodological approach to define operational fuel cell efficiency loss, if validated by an independent third party expert on fuel cells.


Notes: (a) based on 2025 targets from FCH2JU KPIs FCH 2 JU - MAWP Key Performance Indicators (KPIs) - European Commission (europa.eu); (b) based on Ricardo review of typical fuel cell efficiency for LDV and HDV applications; (c) based on Fuel Cell Electric Vehicle Durability and Fuel Cell Performance (nrel.gov), (d) average approximation based on Ricardo analysis of VECTO simulation results for different HDVs and cycles.
]
6.3.3.2.2.2.	[Off-Vehicle Charging Hybrid Electric Vehicles (OVC-HEV)]
[For OVC-HEVs (i.e. including plug-in hybrid electric vehicles – OVC-HEVs - and range-extended electric vehicles – REEVs), the proposed methodology should account for the effect of the change in the battery energy (i.e. State Certified Energy as defined in UN GTR 22) over the lifetime of the vehicle and its impact on electric range and via the Utility Factor (UF) on the share of operation in charge-sustaining and charge-depleting modes, which ultimately affects the combined fuel consumption and CO2 emissions]
[The average lifetime in-use electric range for vehicles operating in dual-mode shall be calculated according to the following formula, accounting for the average loss in energy capacity (i.e. as defined by the battery SOCE State Of Certified Energy): 
                   (33)
Where;
 	means the certified electric range (i.e. in charge-depleting mode of operation) in km or miles.
 	means the in-use electric range (i.e. in charge-depleting mode of operation) in km or miles, i.e. including accounting for the discrepancy and deterioration factors.
 	means the net usable battery energy (in kWh) available at the start of the vehicle lifetime, defined as UBEcertified in UN GTR 22.
 	means the average net usable battery energy(in kWh) available over the lifetime of the vehicle, which may be defined as the average of the energy available at the start of the vehicle lifetime, and the capacity left at the end-of-life of the vehicle (i.e. according to the State Of Certified Energy SOCE), i.e. according to the following equation:
 = 	(34)
And Where;
 	means the average net usable battery energy (in kWh) available at the end of the vehicle lifetime.
 	means the average battery State Of Certified Energy(SOCE) in % of the original energy at the end-of-life of the vehicle (or battery, whichever comes first).
(* UN GTR 22 defines the “State Of Certified Energy” - SOCE to provide a precise definition of battery state of health based on energy, and should be used as the primary definition/basis where available[footnoteRef:19]). [19: 		https://unece.org/sites/default/files/2023-01/ECE_TRANS_180a22e.pdf ] 

The average available battery energy at end-of-life of the vehicle (or ) may be defined according to alternative methodologies, as outlined below.  Where OEM-specific / supplier-specific calculated value for end-of-life available battery energy or  is not available, the following formula shall be used to estimate the , which assumes as an approximation a linear relationship for battery degradation based on the number of full charge/discharge cycles:
 )	(35)
Where;
 	means the operational cycle lifetime (i.e. number of full charge/discharge cycles) of the battery to reach 80% SOCE. (Note: depending on the definition of, for example minimum battery durability requirements, in different regions for different vehicle types, the equation may be adjusted to account for the defined minimum SOCE for end-of-life use in a vehicle).
 	means the average number of full battery charge/discharge cycles over the use stage vehicle lifetime, which may be estimated according to the following formula:

  	(36)
Where;
Service Life 	means the number of km driven over the use stage lifetime.  
Charging Losses 	means the charging losses included within the certified or in-use vehicle electricity consumption in charge-depleting mode of operation.
Other parameters are defined as earlier.
Prioritisation for average battery SOCE assumptions:
The following recommended prioritisation is proposed for the underlying assumptions of average battery SOCE, with the choice of which option is most appropriate or feasible left to the practitioner (i.e. depending on the availability of data and objective of the study).
The different options are listed in ascending order of accuracy and preference. The first option is proposed as a default approach, where sufficient information is not available for the other options.
Table 13
Prioritisation for average battery SOCE reduction assumptions
	Priority
	Traction Battery Deterioration Factor

	
	

	 1
	If OEM / supplier-specific data is not available, assume an operational cycle life of 2000 charge/discharge cycles hours  to calculated the average SOCE according to the defined formula.

	 2
	Optional, depending on availability
OEM-specific / supplier-specific data on battery cycle life (i.e. to 80% loss in energy capacity*), according to regulatory durability testing requirements.


Notes: * Depending on the definition of battery end-of-life in a vehicle in different regions for example via minimum battery durability requirements for different vehicle types, the SOCE cycle life definition may be adjusted. [For jurisdictions with standards defining a minimum SOCE at specific points of vehicle life,  the SOCEvehicle EoL shall be consistent with the SOCE standards in that particular jurisdiction.  For example, the U.S. has standards requiring minimum SOCE of 80% @ 5 years or 62,000 miles and 70% @ 8 years or 100,000 miles. For that jurisdiction, vehicle scrappage at or below 5 years or 62,000 miles would require a minimum SOCE of 80%; and vehicle scrappage at more than 5 years or 62,000 miles and less than 100,000 miles would require a minimum SOCE of 70%.]
6.3.5.1.	Maintenance scope
[bookmark: _Toc202862002][bookmark: _Toc203064012][bookmark: _Toc203569671][bookmark: _Toc203577948][bookmark: _Toc203579304][bookmark: _Toc203638016][bookmark: _Toc203639368][bookmark: _Toc203657646]6.3.5.2.4.	Maintenance Data not available[Reserved]  (Reserved)
6.3.6.	[Methodology for potential replacement(s) of the major powertrain component   such as internal combustion engine, traction battery and fuel cell system.
This Resolution mandates, as a default assumption, that the major powertrain components such as internal combustion engine, traction battery and fuel cell will not be replaced during the vehicle’s lifetime since they are generally designed to last for the entire lifetime of the vehicle without the need for replacement. However, in instances where the practitioner provides a detailed explanation for why it is included, their significant impact on life cycle assessments necessitates their inclusion in the analysis. This inclusion should be grounded in empirical data from field studies and/or official statements from manufacturers concerning replacement practices. This applies to situations such as niche applications, small battery capacities, low-durability chemistries, low mechanical components or other conditions identified by the practitioner. Such replacement should not be included in a manner that conflicts with minimum performance standards within jurisdictions having such requirements as a condition of granting vehicle certificate of conformity.
This Resolution provides the prioritised methodology approach for the replacement of traction battery/fuel cell system in Table 15. Other major powertrain components may refer to this approach.

Table 15
Options for traction battery/ fuel cell system replacement/major powertrain components (if duly justified and declared by the practitioner as an exception to the default assumption)
	Option
	Traction Battery / fuel cell system Replacement 

	
	

	1
	Based on the justification provided by the practitioner including, but not limited to, a detailed explanation, their significant impact, empirical data from field studies, manufacturers official statements. 


	
	

	2
	General methodology defined in paragraph 6.3.6.1. and 6.3.6.2. for traction battery and fuel cell system


	3
	OEM-specific / supplier-specific methodological/modelling approach to define the need for a major components battery/fuel cell replacement over the operational life of the vehicle. An explanation/justification for the result should be provided.


]
6.3.6.1.	General Methodology for calculating the number of traction battery replacement (s)
For vehicle traction batteries, the following approach for accounting for the frequency of energy storage replacement, which is based on a combination of parameters including the anticipated battery cycle life (i.e. number full charge/discharge cycles)[footnoteRef:20].  This methodology also provides a dynamic link to the vehicle battery capacity and the lifetime activity/service life (as defined in the study Goal & Scope), which can be used in product LCA, prospective LCA or other more generic studies.  [20: 		As also previously implemented in (Ricardo et al., 2020) based on consultation with stakeholders.] 

The methodology for determining the number of traction battery replacements is as follows (i.e. where a value of N > 1 means at least one replacement is likely to be needed):
				(40)
Where;
N 	means the total number of traction batteries needed over the vehicle lifetime
C [Battery usable] 	means the usable (i.e. ‘net’) traction battery energy in kWh
CL [Battery] 	means the average battery cycle life – number of full charge/discharge cycles (within the usable capacity)
A [Lifetime] 	means the vehicle lifetime activity (in km). Note: As a sensitivity it is recommended to also explore the potential number of replacements needed based on the warrantied number of km for the battery (where this is present).
E [Average] 	means the vehicle average electrical energy consumption, in kWh per km
In the absence of OEM-specific data on the battery cycle life (parameter ‘CL’ above), then it is proposed to use a value of 2000 charge/discharge cycles, which is representative of a typical value for current technology.  Should the battery come with an expected calendar lifetime lower than the defined vehicle lifetime in the Goal & Scope of the LCA study, then a replacement will also be foreseen.]	Comment by JPN: Where is “[“ ?
[bookmark: _Toc202862010][bookmark: _Toc203064020][bookmark: _Toc203569679]6.3.6.2.	[General Methodology for calculating the number of fuel cell system replacement(s)]
[For fuel cell systems, the following approach is proposed to determine the need for one or more fuel cell replacements over the service lifetime of a vehicle, consistent with the similar methodology proposed for fuel cell efficiency degradation (see earlier paragraph 6.3.3.2.2.1.)).
Fuel cell durability(/life) is defined as the number operational hours to reach 10% degradation of the original fuel cell rated power (in kW)[footnoteRef:21].  [21: 		FCH 2 JU - MAWP Key Performance Indicators (KPIs) - European Commission (europa.eu)] 

[bookmark: _Toc202862012][bookmark: _Toc203064022][bookmark: _Toc203569681]Fuel cell lifetime max energy output (= FC [max energy]):
				(41)
Where;
Fuel cell average running power (kW) 	means the maximum rated fuel cell power (kW) * average operation % of rated fuel cell power
Fuel cell vehicle lifetime energy requirement (energy output from fuel cell) (= FC [lifetime energy]):

	(42)
Where;
MJ/km 	means the hydrogen energy input to the vehicle, i.e. hydrogen energy consumption.
The number of fuel cells needed (and therefore the number replacements) is defined by the ratio of the vehicle’s lifetime energy requirements and the maximum fuel cell lifetime energy delivered:

(43)
]
[bookmark: _Toc202862037][bookmark: _Toc203064047][bookmark: _Toc203569706][bookmark: _Toc203577971][bookmark: _Toc203579327][bookmark: _Toc203638039][bookmark: _Toc203639391][bookmark: _Toc203657669][bookmark: _Toc203661609]7.	Reporting 
Table 20 
Required information in the summary report 
	General information
	

	
	practitioner
	Name, affiliation, qualifications

	
	date of report
	DD-MM-YYYY

	Goal of the study:
	

	
	purpose of the study;
	Reporting/strategy

	
	
	

	
	target audiences;
	

	Applicable Methodology Level
	1/2/3/4

	Applicable Chain of Custody model
	if applicable

	
	MassBalance
	✓/lifestage or no-use

	
	Book&Claim
	✓/lifestage or no-use

	
	tbd
	

	Vehicle configuration (Level 3&4)
	

	
	Declared vehicle configuration
	Model name and version, vehicle type, powertrain type, specific features or variants considered

	
	Mass without traction battery
	

	
	Battery configuration, if applicable
	Model identifier, battery capacity (kWh), battery chemistry, number of cells or modules, battery weight (kg or lb)

	
	LCA group ID
	

	Geographic considerations
	

	
	Location of the vehicle production factory(ies)
	

	
	Use-stage regions considered  
	

	
	Geographical considerations for end-of-life   
	

	Results (t CO2eq/veh. or g CO2eq/p-km)
	123456.7

	
	Material & parts & vehicle production stage
	1.234

	
	Material production stage
	if available

	
	Parts and vehicle production stage
	if available

	
	Use stage
	
	derived from

	
	
	Fuel consumption, if applicable
	
	type approval

	
	
	Electric consumption, if applicable
	
	type approval

	
	
	Discrepancy factor
	
	

	
	
	Deterioration factor
	
	

	
	
	Service life (km)
	
	

	
	
	Vehicle lifetime (years)
	
	

	
	
	Carbon intensity factor (fuel), if applicable
	

	
	
	
	Modelling
	Statistic/dynamic/dispatch

	
	
	
	
	

	
	
	Total leakages from the vehicle 
	

	
	
	Maintenance and consumables
	

	
	End-of-Life stage (Traction battery excluded, MBBM included)
	-0.4

	
	
	RCM based EoL result *1
	0.4

	
	
	MBBM result *2
	Material; -0.6      Energy;-0.2

	
	Traction batteries
	

	
	
	Material & production stage
	

	
	
	Material production stage
	if available

	
	
	Production stage
	if available

	
	
	End of Life stage (MBBM included)
	

	
	
	RCM based EoL result *1
	

	
	
	MBBM result *2
	Material; Energy; Repurposing;

	Representative vehicle 
	

	
	Configuration
	Model name and version, model identifier, vehicle type, powertrain type, specific features or variants considered

	
	Mass without traction battery
	

	
	LCA Group ID
	

	
	
	group criteria (a) ß up to RV discussion
	

	
	
	group criteria (b) ß up to RV discussion
	

	
	
	group criteria (c) ß up to RV discussion
	

	
	
	group criteria (e) ß up to RV discussion
	

	Results of RV without traction battery
	

	[appi]
	Material production and assembly stage: 
	1.234

	
	
	Material production stage
	if available

	
	
	Parts & vehicle production stage
	if available

	
	
	Applied energy modelling
	

	
	
	Applied secondary data base or set name
	(if single source applied)

	
	
	Primary data share 
	

	
	Detailed information is available on the background report and verified by reviewers / verifiers

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	End-of-Life stage
	-0.4

	
	
	RCM based EoL result *1
	0.4

	
	
	MBBM result *2
	Material;-0.6      Energy;-0.2

	
	
	Applicable recycling modelling
	RCM or CFF

	
	
	In case of CFF application, CFF applied material type according to paragraph 5.5.2.1
	Steel, Aluminum, Cupper

	
	
	Applicable material type sent to incineration with energy recovery to paragraph 5.5.2.2
	PP, ABS, Rubber

	
	
	Applied energy modelling
	

	
	
	Applied secondary data base or set name
	(if single source applied)

	
	

	Reviewers/ Verifiers
	

	Signature of Reviewers / Verifiers
	


*1 Impacts of the ELV treatment according to RCM basis system boundaries as defined in Figure 21, corresponding to C_(EoL,RCM) specified in paragraph 6.4.7.
*2 Burdens and Benefits of the ELV treatment and material recycling according to MBBM method system boundaries as defined in Figure 21 corresponding to C_(EoL,MBBM) specified in paragraph 6.4.7.
As outlined in ISO 14044, data quality considerations and uncertainty shall be documented in the study summary report and assessed using a suitable methodology such as those described by ILCD[footnoteRef:22], ecoinvent, and U.S. EPA[footnoteRef:23] [footnoteRef:24]. [22: 		European Commission. (2010). ILCD handbook: General guide for Life cycle Assessment - Detailed guidance. Italy: European Union.]  [23: 		U.S. EPA. (2016). Guidance on Data Quality Assessment for Life Cycle Inventory Data. EPA Document No. EPA/600/R-16/096. https://nepis.epa.gov/Exe/ZyPDF.cgi/P100R8JX.PDF?Dockey=P100R8JX.PDF]  [24: 		U.S. EPA. (2024). Data Quality Assessment Method to Support the Label Program for Low Embodied Carbon Construction Materials (Version 1). https://www.epa.gov/system/files/documents/2024-08/dqa-method_v2_final.pdf ] 



Annex 2 
		[Formulas per uses cases (level, powertrain and EoL modelling method)]

[The following table, summarizes the formulas and equations to use, depending on level, powertrain and method of EoL modelling. A specific tool (excel format) has been developed in the framework of this Resolution and can be found here: [put link]. This tool selects automatically the equations and formulas to apply depending on use cases (level, powertrain and EoL modelling method).]
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