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Power train options

Improving the combustion efficiency
Reducing engine friction losses
DI (homogeneous charge, stratified charge)
Downsizing with turbo charging (various degrees)
Cylinder deactivation
Variable valve timing/control
Variable compression ratio
Homogeneous charge compression ignition (HCCI)
Controlled auto ignition (CAl)

Improving the transmission efficiency
Optimized gearbox
Dual clutch

Improving the efficiency of peripherals
Optimized cooling
Heat recovery

Hybridization
Start-stop systems
Micro/mild/full hybrid



Weight reduction
— Construction
—  Materials
— Urban vs. highway use

Improved aerodynamics
—  Vehicle shape
— Vehicle surface
— Urban vs. highway use

Low friction losses
— TPMS
— LRRTs
— Low viscosity lubricants

Efficient auxiliaries/components
— Airco
— Power steering
— Lighting



- Smokers 2006
+  King 2008
« UK CCC 2008



« Short term options, without hybridization* (next 5-10 yrs)
— ~30% reduction possible

— Efficient energy conversion
Engine improvements
Transmission improvements

— Decrease in energy requirements
Weight
Aerodynamics

Resistance
— Rolling resistance
— Low viscosity lubricants
Other
— Efficient air conditioning
— Efficient power steering

*hybridization not yet widespread 5



Potential for reduction of CO , emissions

Medium term options (up to 2030)
50% reduction possible
Hybridization
Advanced engine improvements
Extra strong downsizing with turbocharging

HCCI, CAI...?
Other...?

Advanced weight reduction
Electric air conditioning
Electric power steering

Long term options (beyond 2050)
Other options for vehicles on conventional fuels...?
Further reduction depends on zero-emission (TTW) technologies (Paper 2)
Biofuels

Electrification
Hydrogen
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Cost curves for assessment of 2020 target (95 g/km) will be published soon
Detailed update of cost assessment of 2020 target foreseen by 2013
Hybridization is a relatively expensive option



Extra strong
downsizing with
turbocharging

[McKinsey 2009]

From TNO 2008:

— A full hybrid light passenger car offers 20% reduction potential for 2800 additional
manufacturer’s cost

An extra strong downsizing and turbo charging of a light passenger car offers 20% reduction
potential for 500 additional manufacturer’s cost



[BERR & DfT 2008]

- Electrification is limited by battery quality because of its effect on vehicle
performance.

«  Charge sustaining hybrids may become replaced by plug-ins from 2015 onward.
« Consumer attitudes may speed up or delay the electrification process.
« Hybridization is an enabler technology.



[CCC 2008]

«Marginal abatement cost curve for road transport in the UK in 2020 (social
perspective) for a central oil price scenario: oil price = 70 US$/bbl

- Options that do not require electrification are cost efficient but represent limited
potential.

10



[McKinsey 2009]

« Marginal abatement cost curve for road transport in Europe in 2030
(social perspective) 11



Passenger cars — general conclusions

Between 2015 and 2020 efficiency of Sl-engine (petrol) will
approach that of Cl-engine (diesel)

Potential of new combustion concepts (HCCI, CAl, etc.) is still
unclear

In medium/longer term engine- and vehicle-related reduction options
have negative GHG abatement costs

Hybrid propulsion has positive abatement costs but these may come
down to acceptable level

Cost effectiveness at consumer level generally better due to
relatively higher tax on fuels than on vehicles

Low ranking of fuel efficiency in purchase decisions and consumer myopia with
respect to future fuel cost savings nevertheless form barrier for introduction

Real world fuel saving potential is hard to gauge for consumers

12



Passenger cars — general conclusions

Initial vision was that large scale implementation of hybrid vehicles
would be necessary to reach target for 2020 and beyond, but
extreme down-sizing with twin turbo appears to develop into a cost-
effective alternative for hybridisation

Targets around 80 g/km come into view for vehicles running on
conventional fuel (ICE-based, incl. charge-sustaining HEV)

with engine down-rating (lower kW/ton) and vehicle down-sizing further
reductions are possible, but at expense of welfare loss

Technical options currently identified can be fully implemented
between 2015 and 2025

‘burden’ of prior investments may delay the introduction of new technologies

Only long term / uncertain option is advanced lightweight
construction
aluminium / fibre-reinforced composites / thermoplasts / etc.
requires change in vehicle design and manufacturing methods

13



Passenger cars — general conclusions

Potential of fuel efficient driving will decrease

Weight in an important factor

Autonomous weight increase

A weight based CO2 limit discourages weight reduction as means for emission
reduction

Implications for safety

Implications from legislation
Air quality
Weight increase
Fuel consumption

Purpose specific vehicles?
Hybridization
Aerodynamic improvements

Weight reduction
Vehicle elongation (HGV)
Structural strength requirements

14



Light commercial vehicles — general conclusions

Vans in Europe are 97% diesel

This reduces the overall reduction potential

Technical options similar to passenger cars, but costs, reduction
potential and level of applicability somewhat different

Cost curves to underpin further CO, legislation for vans in 2015 are

currently underway

2012-15 cost curves for LCVs [AEA/TNO 2008]
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Discussion Issues

Competition between hybridisation and extreme downsizing
Electrification is enabler for efficiency improving options
Extreme downsizing ‘disabler?

Potential for new engine concepts
possibly with designer fuel

Alternative reduction options beyond 2020/25
Potential and timing for applying advance lightweight construction
Potential for purpose specific vehicles?
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