Life-Cycle Assessment of Different Powertrain
Technologies for Light- and Heavy-Duty Vehicles



AECC is now the Association for Emissions Control and Climate
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AECC works In partnership with EU policymakers to target

AECC member emission
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LCA and LDV/HDV CO, reviews are a key AECC activity
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AECC is member of EU road-vehicle industry working groups

« Working group on Monitoring Methodologies
(also known as ‘Stuttgart group’)

« Evaluates all mechanical and digital solutions
for monitoring the use of CO,-neutral fuels

* Published first report on 11 December 2024

» Network for Sustainable Mobility
* Informal group of EU associations

 Discussion of ad-hoc joint statements on topics
related to the use of sustainable renewable fuels
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Joint statement

Call for early technology-neutral review of the CO2 emission standards regulations and incentives
to stimulate uptake of clean vehicles by fleet owners

Brussels, 27.02.2025
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https://www.efuel-alliance.eu/fileadmin/Downloads/Final_Version_of_the_WGMM_report__10.12.24-_single_pages.pdf

AECC understanding of the EU CO, emissions review schedule

* LD CO, emissions

¢ Commission proposal amending Reg. (EU) 2017/1151

 Adding vehicle category running exclusively on CO,-neutral fuels

 Discussions in TCMV on Euro 6 stopped, expected to reconvene for Euro 7 following CO, review
* Regulation (EU) 2023/851

 Article 7a — life cycle assessment methodology by 31 December 2025

 Article 14a — Progress report by 31 December 2025

« Article 15 — Review of effectiveness and impact by Q2/2026

* HD CO, emissions

* Regulation (EU) 2024/1610 — Article 15
« Assessment of sustainable renewable fuels by 31 December 2025

* Review of effectiveness and impact by 31 December 2027, including
* Role of carbon correction factor
 Life cycle assessment methodology
» Methodology for registering vehicles running exclusively on CO,-neutral fuels
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Life-Cycle Assessment method development

» European Commission, DG-CLIMA

» Work supported by a consortium of Ricardo, Oko-Institut, TU Graz and IVL Sweden
 Build on existing EU legislative references and UNECE A-LCA IWG
* Scope
« All LDV vehicle technologies and powertrains in the EU according to cradle-to-grave method
« HDV in second step
« Initial goal: voluntary OEM reporting, feeding into the bi-annual EC progress report

* UNECE A-LCA
* Timeline for drafting until GRPE adoption (WP.29 adoption to follow)

25-28 Mar 2025 18-19Jun2025  : 22 July 2025 22-23 Sept 2025 15-17 Oct 2025 25-27 Mar 2026
92nd GRPE meeting IWG Meeting working document IWG Meeting 937 GRPE meeting 94t GRPE meeting
submitted for 937 GRPE
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AECC and IPA LCA study

* Objectives

» Extending the Well-to-Wheel CO, emissions of AECC-IPA LDV/HDV demonstrators on CO,-neutral fuels
» Understand impact of LCA methodology choices under consideration by UNECE and EU

» Conducted by Joanneum Research

J. Demuynck, et al.; Life Cycle Assessment (LCA) of Light- and Heavy-duty Vehicles, SIA Powertrain Conference 2025
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https://www.aecc.eu/aecc-demonstration-programmes/light-duty-diesel-vehicle/
https://www.aecc.eu/aecc-demonstration-programmes/heavy-duty-diesel-vehicle/
https://www.aecc.eu/aecc-demonstration-programmes/light-duty-gasoline-vehicle/
https://www.aecc.eu/wp-content/uploads/2025/06/SIA-paper-AECC.pdf
https://www.aecc.eu/wp-content/uploads/2025/06/SIA-paper-AECC.pdf
https://www.aecc.eu/wp-content/uploads/2025/06/SIA-paper-AECC.pdf
https://www.aecc.eu/wp-content/uploads/2025/06/SIA-paper-AECC.pdf
https://www.aecc.eu/wp-content/uploads/2025/06/SIA-paper-AECC.pdf
https://www.aecc.eu/wp-content/uploads/2025/06/SIA-paper-AECC.pdf
https://www.aecc.eu/wp-content/uploads/2025/06/SIA-paper-AECC.pdf
https://www.aecc.eu/wp-content/uploads/2025/06/SIA-paper-AECC.pdf

AECC and IPA LCA study

* Scope

* Level 1-2 LCA study
(levels under consideration at UNECE A-LCA IWG)

* Impact categories investigated

* Global Warming Potential (GWP — CO,eq/km)
¢ Including impact of CO,, CH, and N,O

* Primary Energy Demand (PED — kWh/km)

» Several additional impact categories possible
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«+ (Example) Level concept

Simplified LCA : Focus on fuel cycle, and for vehicle cycle, generic raw material classifications and parts/vehicle
' ¥ productions according to the curb weight of the vehicle type, e.g. powertrain and fuel combination

Targeted LCA : Focus on vehicle OEM's direct manageable scope and using globally standardized
secondary DB for raw materials and major automobile parts reflecting vehicle OEM's own efforts

Extended LCA : Expansion of supply chain evaluation and application of regional secondary DB

_ or primary data which can reflect the efforts made in supply chain management

Level #4 Full LCA : Evaluation of CFP for the entire value chains
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AECC and IPA LCA study

* Scope

* Vehicles
* Passenger cars, based on GreenNCAP vehicles representative for AECC demonstrators

» Trucks, based on IEA Task 46 vehicle representative for AECC demonstrator

* Powertrains Powertrain Energy sources Cars | Trucks
* Energy sources 100% Renewable
X X

* Variation in use phase only ICE B7 diesel HVO UCO (used cooking i)
E-diesel (wind and Direct Air Capture)

ICE Gasoline E-gasoline E10 X

E 10 (wind and Direct Air Capture)
PHEV Gasoline E-gasoline E10 X

E 10 (wind and Direct Air Capture)
BEV EU27 Wind X X
H, ICE - Wind electrolysis X
H, FCEV - Wind electrolysis X
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All LDV powertrains have similarly low GHG emissions

* When operated on renewable electricity/fuel

* ICE and BEV have similar emissions for production of vehicle body
* Emissions of battery production are additionally significant for BEV

* Remaining ICE emissions are mainly from fuel supply and combustion
» Combustion becomes net-zero in case of e-fuel or HYO (UCO)

* Remaining BEV emissions are from electricity supply
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Key assumptions
- GreenNCAP LCA methodology
- C-segment vehicle
- Production: 2024 global average
- Fuel/energy varied only
in use phase
- Lifetime: 240k km, 16 years
- E-gasoline from wind & DAC
- HVO from Used Cooking Oil
- COyeq incl. CO,, CH, and N,O
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Mixed picture for Primary Energy Demand

* Primary Energy Demand (PED) represents the amount of energy needed to drive a km

* BEV on wind and ICE on HVO (UCO) have the lowest PED from those powertrain options
that are relying on renewables sources

 |ICE on e-gasoline has higher PED
* Requiring a higher amount of renewable energy sources
» But fuel can be energy carrier of renewable energy sources elsewhere in the world
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All HDV powertrains have similarly low GHG emissions

* When operated on renewable electricity/ fuel

» ICE, FCEV and BEV have similar emissions for production of vehicle body

« Emissions of battery production or H, tank are additionally significant for ICE, FCEV and BEV

* Remaining ICE emissions are mainly from fuel supply and combustion
» Combustion becomes net-zero in case of e-fuel, H, or HYO (UCO)

* Remaining FCEV and BEV emissions are from H, or electricity supply
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Key assumptions
- GreenNCAP LCA methodology
- N3 truck IEA Task 46
- Production: 2024 global average
- Fuel/energy varied only
in use phase
- Lifetime: 1.2m km, 12 years
- E-diesel from wind & DAC
- HVO from Used Cooking Oil
- COyeq incl. CO,, CH, and N,O
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Mixed picture for Primary Energy Demand

* BEV on wind and ICE on HVO (UCQO) have the lowest PED from those powertrain options
that are relying on renewables sources

* H, ICE and FCEV have higher PED, requiring higher amount of renewable sources
 ICE on e-diesel has highest PED, requiring highest amount of renewable sources
* H, and e-diesel can be energy carriers for renewable energy sources elsewhere in the world
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Summary and outlook

» LCAresults

* Only 2 out of many impact categories investigated

* Results show no “Zero-GHG emissions” vehicle, but all powertrains show similarly low GHG emissions
when further developing technologies for biofuels, e-fuels, renewable electricity and hydrogen

* ICE on ‘HVO from UCO’ and BEV on ‘wind’ have lowest Primary Energy Demand
* ICE on H,/e-fuels and FCEV have higher Primary Energy Demand, but can be energy carriers for

renewable energy sources elsewhere in the world
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THANK YOU!

AECT
in| X & >

AECC EU @AECC_eu aecc.eu AECC eu

AECC AISBL
Rue Belliard 40 b24
B-1040 Brussels, Belgium



https://twitter.com/AECC_eu
https://be.linkedin.com/company/aecc-eu
https://www.aecc.eu/
https://www.youtube.com/channel/UCbPS9op5ztLqrv6zlMH_IcQ
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