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Why Hybrid Powertrains — LD Mobillities
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1) EIA 2021: https://www.eia.gov/tools/fags/fag.php?id=74&t=11  2) Argonne National Laboratory, GREET Model  3) Dale & Hall, ICCT, January 2018 4) McKinsey & Co. Automotive & Assembly Practice, February 2023
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Hybrid Powertrains for Mobility
Why Hybrid Powertrains — MHD Off-road Applications
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Why Hybrid Powertrains — Alternative Fuel Enabler p .
owertrain

Low life-cycle carbon fuel engine is a viable pathway, but challenges exist:

Hardware development & Combustion system development
Euel Integration
Storage Toxicity Low load & Idle Full load Transient
: : NH, HoV N,O, NO, T
Ammonia | Pressurized N,O High Octane slip control f
L
MeOH HoV NO, z
Methanol Cooled Formaldehyde High Octane slip control
Extreme igniti
Hydrogen Pressurized - - Pre-ignition | NO, control
Engine speed

New/retrofit engines using a dual-fuel strategy is a potential pathway

B Require second fuel on board (diesel), increased operational and
maintenance complexity, decreased profitability

B Increased carbon footprint
Hybrid system can be alternative fuel enabler, reducing the dependency on second fuel and carbon footprint
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Opportunities for H, MHD engine development Powertrain
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Diesel Downsized System Hydrogen
& Hybrid Optimization

MJI® facilitates HD H, engine
operation with enhanced
power, stability, and efficiency
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MPT Electrification — MAHLE Modular Hybrid Powertrain (MHP)
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Fleet average CO, targets, with examples for 1400 kg compact
cross-over SUV with various powertrain technologies
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1) NZTT, U.S. DRIVE Net-Zero Carbon Fuels Technical
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Example: MAHLE MHP in a C-segment compact SUV

Powertrain

Medium / Urban

Low / City
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MPT Electrification — 48V High Power Hybrid Module
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Research & Development Opportunities
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Hybrid + Alternative Fuels Hybrid for Off-road Applications

Geely Tests Full Methanolull-!ybrid Sedan in -40C, 2023 Powertrain Electrification via EM
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https://zgh.com/media-center/news/2022-03-17/?lang=en

Alternative fuel engines development
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