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The growth of both regulation and targets for Clean Low
Carbon Vehicles sets a major challenge in all sectors

California

truck)

CARB 10

Federal CO, emissions standards

Euro Ill Euro IV EuroV

Agricult] Commercial vehicles | Motorcycles
ural & | (medium & heavy duty | & personal

Federal CO; emissions standards

Pass Car 95 a/km

2025/

54.5 mpg Fleet (Combined Cars & LCVs)

54.5 mpg Fleet (Combined Cars & LCVs)

56 mpg Fleet Average

57/63 mpg Gasoline/Diesel

WMTC likely to be adopted with new emission limits

WMTC likely to be adopted with new emission limits

Euro VII

2010 2015 2020
[Euro5
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3 Possible Tier 3
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Europe
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US (49 States)

China Fuel economy standards under development
Japan Post New Long Term (decreasing NOx limits in stages)
Top Runner System 12% reduction 2002-2015
T Europe
5 Us
T China
= Japan S.I. / Diesel Standards New Standards Similar to Euro |1I1B
EU & Russia
T Us
o India Planning adoption of US Tier 2 regulations
Australia Not yet regulated

B Air Quality Regulations

CO, or Fuel Economy Regulations
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There are many technical options to reduce fuel consumption & |R
CO, emissions — all have challenges — no clear winners

Low carbon vehicles achieved through improved efficiency and/or low carbon fuels:

arbon in Fuel
Low Carbon

Vehicle

Conventional

| improved venic

e Energy Efficiency

Low Loss
Transmissions
& Actuators

ightweighting

Next Gen
ICE + Heat
Recovery

Combustion
Engine/
Hybrid

2nd & 3rd Automated Downsized
Generation Intelligent Combystion
Biofuels Control Engines
Battery Electric
Foel Call {tectricity)
(Low Carbon H,) Plug-in Hybrid Natural SEIE)

(Low Carbon

Electricity) Gas/Biogas
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Be wary of jumping from one “favoured” technology to the | = <
next — there are no silver bullets, just hard work & persistence!

Technology & “Fashion”

H Cycl
Synthetic Fuels (Oil Crisis) Gartner Hype Cycle

Peak of Inflated Expectations

“Adiabatic” Insulated Engines

Methanol

Electricity (CARB & EV1?) Plateau of Productivity

Hydrogen & Fuel Cells Slope of Enlightenment

HCCI & “Alternative” Combustion

Trough of Disillusionment
N

Technology Trigge? = = = Valley of Death

Biofuels & Ethanol
EV’s & Plug-in Hybrids

What’s next?

Where are they now?
Policy makers often look for a “§imple” Biofuels
solution that makes good headlines Plug-in Hybrids & EV's

Auto Industry sometimes too eager to

promote promising “Green” techs for PR HCCI / Alternative Combustion
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Long haul / heavy duty applications will require low carbon |R
liquid fuels — light duty applications more suited to batteries

12 Gasoline, Diesel,
Kerosene,

Biomass to
10 Liquids

FAME

8 : :
LNG including
tank
Coal?

6 HVO, Ethanol
etc.

4
CNG (250 bar)

5 including tank
H, (700 bar)
including tank

0 Li-ion Batteries

(kW.hr/kg)

State of the Art Li-ion
battery for 500 mile
range 40 ton HGV
would weigh 23 tons*

<

0L

Long Distance/Heavy Duty Short Distance/Light Duty

Low Carbon Liquid Liquid Fuel / : Battery

Fuels Battery Hybrid Electric

Long distance/ heavy  Use of both liquid fuel = EV'’s suited to short
duty vehicles need and grid re-charged distance/light duty
space/weight efficient = battery offers more applications to
energy storage flexibility and utility minimise cost
Technology/Cost Jechnology/Cost
& Availability Innovations
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Electrification is a major trend for the forseeable future but this | [
comes in degrees and is a “continuim” from micro hybrid to EV

CO, TtW reduction potential Challenges Outlook
Micro Hybrid (12V) Best applications: Larger Diesels Will be ubiquitous in
— Stop/Go, Smart -6% Urban delivery vans, harder, less benefit regulated markets
Charge Gasoline city cars by 2015
Micro Hybrid (24-48V) Best applications: Cost of batt Major growth area
— Stop/Go, Smart -10% Urban delivery vans, ~°5'° ta ery OF  after stop/start smart
Charge/Assist Gasoline city cars energy store charge
_ _ Best applications: High cost v ICE Possible mainstream
Mild Hybrid _ - 15% Family cars with down improvements solution 2015-20 in
— Torque Assistance sized turbo engines EU & US
Full Hybrid Best applications: Very high cost v  Image & niche
— Flexible power - 30% Large/prem vehicles, ICE improvements products to 2015;
unit delivery vans & trucks growth thru 2020
Plug-lr) Hybrid Best.appl/catlgns: | Cost and life of Affluent early adopter
— Flexible fuel - 60% Family cars with mixed enlarged battery :
: niche 2015-20
source journey usage pack
Electric Vehicle Best applications: Battery cost / size Limited to city cars
— Farewell ICE? - 100% Vehicles with limited, versus range; and vans until battery

Or not... predictable daily use fast charge limits breakthrough
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SHORT TERM: ~2015

Boosting & downsizing
Turbocharging
Supercharging

Low speed torque

enhancements

Friction reduction

Advanced thermal
systems

Stop/Start & low cost
Micro Hybrid technology
Niche Hybrid, PHEV’s &
Electric \enicles

Weight reduction (5-10%)

Advanced combustion engines & electrification of the
powertrain are key to the future of light duty vehicles

MEDIUM TERM: ~2025

Extreme downsizing with
2 & 3 cylinder engines

Combined turbo/
supercharging systems

Advance 48 vait micro
hybrid-systems dominate

PHEV’s in premium &
performance siroducts
EV’s for city vehicles
Significant weight
reduction

High Efficiency Lean
Stratified Gasoline

Advanced low carbon
fuel formulations

LONG TERM: ~2050

Plug-in/Hybrid electric
systems-dominate

Very high specific
power ICE’s
50% lower/weight
Rkange of application
specific low carbon fuels

Exhaust & Coolant
energy recovery

Advanced
thermodynamic Cycles

Split Cycle?
Heat Pumps?

Increasing Importance

of Electrification
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Many technology pathways for improved pass car powertrains —
Example: downsizing/electrification/heat recovery combinations

140

NEDC Drive Cycle CO, (g/km)
A @ ® O N
©O O© O o o

N
()

0

Boosted Engine

Variable Geometry Turbo
12 Volt Elec System
Stop/Start

5% Bio fuel mix

Downsized 40% v Today
Turbo/Supercharged

48 Volt Motor/Generator
Low Cost Energy Store
10% biofuel mix

Downsized 70% v Today
Dual Stage Boost
Integrated Electric Machine
Thermoelectric Generator
25% biofuel mix

Extreme Downsizing
Advanced Cycle/Heat Rec.
Integrated Systems
Advanced Thermoelectrics
Synthetic fuel mix

] Vehicle Weight Reduction: P : 3 Increasing City/Low Speed Electric Drive Capability
| Base -9% -21% -34% -41% -45% -48%
2005 2010 2015 2020 2025 2030 2035 2040 2045

|IC Engine/System efficiency improvements & low carbon fuels could deliver ~ 30g/km CO, by 2040
|IC based systems competitive with EV’s on life cycle carbon basis

Source: Ricardo Analysis
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Heavy duty/high power applications offer opportunities for a IR
range of efficiency enhancements

Analysis of Vehicle Energy Flows (Loaded Heavy Duty Truck Example)
From the total amount of fuel used (at 100km/h), the energy flows are as follows:

Combustion Ancillaries Transmission Loss Roll Resistance Aero Drag

Fuel Ene'rgy
Loss

5% 10%

(Under body ~ 1/3)

Exhaust Heat
Recovery?
Split Cycle?

Automated
Manual
Transmissions?

Electric &
Variable
Ancillaries?

Aero Packs?
“Teardrop” Trailers
Platooning?

Low Resistance
& Single Wide
Tyres?
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ICE Thermal Efficiency has considerable scope to improve & |R
could reach over 60% in future products

704 -—-—-—--------------------4 Advanced cycles include:
Split cycle/recuperation
Combined Stirling/Brayton/Otto

Adv Cycles +

50| - 1st Gen includes: ___USDoE Target__ _Heat Recovery
turbocompound — elec or mech including use of -
Initial Rankine Cycles waste heat

Sl Efficiencies \ I + 2nd Gen Ex
50 [ converge towards |~ HeatRecovery /~ 755 2
Sl levels "+ 1st Gen Ex | Target for
4/\ Combustion

Heat Recovery

40 . —4. 2nd Gen includes:
F_ngge Optimised Rankine cycles
Heat to power systems
Thermo-electric systems

Peak Shaft Thermal Efficiency (. %)

o £

bptirﬁlsatlon lmproves e

i o i
= —————

Time / Product Generations
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SARTRE - Cooperative control of automated platoon 'SART;l;:

vehicles improves safety and fuel economy Sate Road Trains fox
Five vehicle road train of mixed types Interactions with non-platoon traffic
Control system performance is enhanced Tested on test tracks and public roads
using real-time V2V data Demonstrator system - not a
Based on existing technologies with some production implementation
software enhancements, combined with Fuel consumption results
advanced control software 16% for following vehicles
Up to 90 km/h and 4m gaps 8% for lead vehicle
90 km/h is truck speed limit
Fuel saving - Full platoon —— %/ Truck
! ! ! ! ! ! ! | —— FV Truck
1 I NGO T SO S A A N A et 2
S S AN 0| Rvean2
= ; —+— P Car 3
B ol NN T
NI W N -
o ; : : :
0 ] i i i | i | | | | |
5 B 7 o =) 10 11 12 15
— Gap (M) o
IHRR Applus® sP|
e IDIADA )
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There are three interlinked phases of change required to |R
current heavy duty powertrain technology and strategy

SHORT TERM: ~2015 MEDIUM TERM: ~2025 LONG TERM: ~2050
ICE optimisation for |CE optimisation for Dedicated low carbon
improved air quality reduced CO, liguid fuels far long
SCR/EGR/DPF High Efficiency Advanced| distance transport
Integration Fuel Inj. & Combustion: Advanced

Ancillary system Low temperature low _thermodynamic Cycles
control/electrification NGx combustion Split Cycle?
Friction reduction Low Carbon Fuels & Heat Pumps?
Waste heat recovery{e.g. ngica_ted PNG/. LNG & Exhaust & Coolant
mechanical & eiectrical biomethane engines energy recovery
turbocomipound) Minimised Aftertreatment Embedded thermo-
Alternative fuel Advanced waste heat electric materials
combustion tecnnology recovery

(NG, LNG) Advanced electrical

ancillaries Increasing Importance
Of Low Carbon Fuels
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Tel +44 1273 455611
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Thank you for listening!
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