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Thermal Propulsion Systems Technology Indicators and Drivers
Technology indicators for light duty and heavy duty applications
Technology indicators that industry is likely to achieve in a mass-market competitive environment.
Brake Thermal Efficiency (BTE)
@ 2020 2025 2020 2025 2035
Light Duty 42% 48% 47% 55% 60%
Notes:
» BTE refers to Peak Brake Thermal Efficiency.
» BTE is a common indicator for engine efficiency. The values listed are best-in-class figures.
« Although single point peak BTE values are shown, these are not accurate indicators of real world vehicle
efficiency which will vary across propulsion technologies and product applications.
Green House Gas and Air Quality Regulation Drivers E Defined driver Predicted driver
COze Emission \ 95 g/km (NEDC) \ \ -15% (WLTP) \ \ PC -37.5% and Van -31% (WLTP) \ Towards net-zero COze and LCA compliance
Light Duty :
Egggﬂ‘r’gea"d ‘ Euro 6d / EPA Tier 3 ‘ Euro 7 / EPA Tier 3 Holistic environmental impact legislation (VOC, resource use, land use) and LCA compliance
COze Emission ‘ COz2: VECTO Uptake ‘ ‘ CO2: -15% Towards net-zero CO2e and LCA compliance
Pollution and Euro VI/ EPA 2015 Euro VII / EPA 2015 Euro VIl +/ EPA 2015 MY27 Holistic environmental impact legislation
Resource NRE Stage V NRE Stage V+ NRE Stage V++ (VOC, resource use, land use) and LCA compliance
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Thermal Propulsion Systems Technology Roadmap 2020-2035 can be seen on page 1
This roadmap represents a snapshot-in-time view of the - Dark bar: .’ Transition: |77 >, Dotted line bar:
global automotive industry propulsion technology forecast Technology is in a mass market Transitions do not meana [l ~" Market Mature - technology has reached
for mass market adoption. Specific application-tailored application. Significant innovation phase out from market but maturity. Likely to remain in mass market
technologies will vary from region to region. is expected in this time frame a change of R&D emphasis until it fades out where it’s superseded

Down-sizing combustion engines and efficient dedicated hybrid engines (DHE)
P v crpenucombwiononooges 3
Combustion systems (tank, engine, injection) optimised for non-drop-in fuels

Flexible fuel injection systems e.g. rate shaping, multiple injection, dual fuels, nozzle geometry, advancing alternative fuels

Diesel after-treatments (DPF and Lean NOx Trap) and Gasoline after-treatments (Adv Catalysts, TWC, Electrically Heated Catalysts)

Light duty
oriented

Thermal
Efficiency

Heavy duty
oriented

Fuel systems and
after-treatment

Wide spectrum after-treatment e.g. pre-turbine, low temp, elec. assisted, alt. fuel suited
Controlled air supply supporting high efficiency combustion and integrated design e.g. e-boost, multi device
Predictive control via V2X and increasing geo-fencing

Systems  Engine systems
Efficiency  and control

Drivetrain
systems

Design for disassembly, recycle, remanufacture and LCA LCA focussed value chain and re-purposing existing facilities to manufacture future net-zero ICE
Reduced-energy ICE and DHE manufacturing Highly decarbonised ICE and DHE manufacturing Net-zero CO2 production systems

Life Cycle

Drop-in Fuels: Higher blending levels meeting EN228 or EN590 from sustainable sources e.g. waste, bio (2nd gen +), synthetic/e-fuels

Sustainable Fuels Non Drop-in Fuels: Bio-fuels, DME, CNG, LNG, synthetic, e-fuels (PTL and PTG), H2, ammonia

Future Fuels: New zero-carbon fuels
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