Future Low Carbon
Intelligent Vehicles

Italian Cultural Institute

Prof Neville Jackson
Group Technology Director, Ricardo plc

www.ricardo.com



Contents

Current & Future Challenges

Future Low Carbon Technologies
Intelligent Low Carbon Vehicle Systems
Research Examples/Initiatives

Conclusions: Opportunities & Barriers



Contents

[ Current & Future Challenges




Current & Future Challenges

Most Countries adopting low carbon targets for road
emphasis on energy security and climate change

Source: Passenger Vehicle Greenhouse Gas and Fuel Economy Standards: A Global Update - ICCT

transport,

Europe was leading the world with
an average 1.6% per year
improvement over the last decade

California, Canada, Australia, China
and Japan all have legislation or
agreements relating to vehicle fuel
economy or CO

Generally set at 3% per year

US EPA to initiate a regulatory
process for improved fuel economy
through the Clean Air Act by 2008

Senate vote for 35 mpg by
2020

This represents over 4% per
year reduction in fuel
consumption

In Europe, the commission have now proposed that legislation will be introduced requiring

fleet average CO, to be reduced to 130 g/km by 2012-15

This represents a major economic challenge for the entire automotive sector

Japan has also set targets for fuel economy in 2010 and have been the first to introduce
fuel economy legislation for heavy duty vehicles (15% reduction from 2002 by 2015)



Current & Future Challenges

Consumer surveys suggest that we all believe conges tion is caused
by everyone else and the Government should solve th e problem....



Current & Future Challenges
Congestion is not just an inconvenience — it is esti mated to cost
£10’s of billions each year — Doing nothingisnota  n option

Within the UK there is clear evidence of the growin g level of congestion

The number of registered vehicles on the road
has increased from 26 million (1996) to 33
million (2005)

The total distance driven each year has
increased from 440 billion km in 1996 to 500
billion km in 2006 (an increase of over 14%)

If left unchecked, congestion is predicted to cost
the economy around an extra £22 billion every
year by 2025

Even with current Government plans and over
£140 billion of planned central Government
investment over 10 years to 2015, congestion is
forecast to grow 25% by 2015

In the UK three key mechanisms are being explored to reduce the
level of congestion

Providing more road space
Improving the way roads are managed
Promoting smarter journey choices(?

However resistance to building new roads means more focus on
improving the use of existing systems

1) Source: http://www.dft.gov.uk/pgr/statistics/datatablespublications/tsgb/# 2) Source: http://www.dft.gov.uk/pgr/roads/roadpricing/debate/congestionchallenge#
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Future Low Carbon Technologies

Powertrain technology most cost effective way of imp roving vehicle
fuel efficiency in the short / medium term, supplem ented by 2 @
generation bio-fuel (utilising waste products) into the fossil supply

Reducing petroleum usage and CO , emissions:
Vehicle Down-sizing: Persuading the market to buy smaller vehicles
But passenger car markets tend to want larger vehicles as they develop
In commercial markets, vehicle down-sizing is not an option
Restricting Vehicle Use: High taxation or legal restrictions
Tend to be unpopular with private users and industry if use is widespread
Improved vehicle Weight, Aerodynamics and Friction

Can be effective, but cost of major improvements often 2-3x higher than equivalent
powertrain improvement: Suits certain niches in the market but not panacea

Alternative Fuels
Many require infrastructure investment and tax breaks to be attractive
Biofuels blended into petroleum fuels but current processes show little GHG benefit

-

Improved Powertrain (Engine & Gearbox) Efficiency of  fers the most
promising option for short to medium term increment al gains



Future Low Carbon Technologies

Further improvements in road car engine efficiency delivered
through friction/combustion/energy recovery

System Efficiency Future powertrain efficiency
Engine Transmission & Braking delivered through system
Efficiency Driveline Energy engineering & appropriate
Efficiency Recovery technology combinations
Optimised System Level Control

Hybrid systems best suited to stop/start or frequent
acceleration/deceleration driving conditions — Little direct
benefit for sustained high speed operation

Energy recovery (hybrid)

TR s Improv_e_d mechanical efficiency delivered t_hrc_>ugh _

J Y downsizing and lower mechanical losses/friction — Highly
rated turbocharged gasoline engines can lose combustion
efficiency at high power conditions through
detonation/durability control measures

Higher combustion efficiency Higher efficiency can obtained through use of Lean rather
than enriched fuel/air ratio to control detonation & exhaust
temperatures — However, presents emissions challenge
through need for lean catalysis on road cars



Future Low Carbon Technologies

Conventional powertrain technology can continue to o ffer improved
efficiencies for at least the next 20 years -

Clean Diesel engines offer 20%+ fuel economy
improvement over a conventional Gasoline; down-
sizing via advanced turbocharging technology offers
perhaps 10-20% more improvement

New Gasoline engine technologies  will compete
with Diesel, and cost less to make - Ricardo’s Lean
Boost system & 4-stroke/2-stroke switching offers
near-Diesel economy at 80% of the unit engine cost

Efficient automated transmissions  can offer up to
5% benefit over a Manual, enabling down-sized
engines to be more driveable, and are attractive to
customers on our more congested roads

Advanced control technology  allows the vehicle to
operate as an integrated whole, and ultimately be
more efficient by knowing what lies ahead -via GPS /
map or telematics information

Hybrid Powertrains are the next major step, offering
up to 50% reduction on today's fuel consumption, and
providing a stepping stone to Fuel Cell & Plug-in
systems

Electric Vehicles will not be able to provide the utility
of current vehicles but may be practical for city use



Future Low Carbon Technologies

Plug-in hybrids show large potential though high ba ttery costs are
currently limiting their financial feasibly

Plug-in hybrids are any type of Hybrid which can
be re-charged from grid

Plug-in hybrids offer reduced CO2 when
operated on low carbon electricity (e.g. coal with
carbon sequestration, renewable or nuclear)

Significant plug-in interest in the US _
Current Battery Cost Estimate (000s UZ%IZl))

Potential to reduce dependence on imported

oil/petroleum products ¥ 500 $/kWh
. . 800 $/kWh 13.2 132
Electricity supply from domestic fuel sources 8.3
5.3
Batteries charged using off-peak electricity 2.1 33 5; I
. . l_- T T T 1
Battery .S|z.ed for range of 10-40 mlles (15-60 10 Mile. 10 Mile, 40 Mile. 40 Mile,
km) — Liquid HC fuel for longer distances 80% DOD 50% DOD 80% DOD 50% DOD

Key hurdle is is energy storage technology Note: battery cost is a contentious

Cost: Currently up to ~$20k US for battery subject, driven by differing views on
L . materials costs, rate of technical
Size: Limited package space in pass cars improvement, permissible depth of

Durability: Replacement cost major issue discharge (DOD), range, etc.
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Intelligent Low Carbon Vehicle Systems

A new generation of electronic technology is emergi ng from R&D to
address safety, efficiency & congestion challenges

Recent advances in Electronics technology are
: poised to provide significant impact:
Improving Road

Safety GPS / Map systems for navigation, Long and
Short range radar, RDS/TMC Traffic info,
Telematics information...

These systems can be used to improve
Environmental Performance:

Reduction of Fuel Consumption, CO, emissions
and Pollutant emissions via better powertrain
control

The more complex the future powertrain, the
bigger the gain..

They can also provide information for improved
Safety...

Warnings for Proximity, Lane Departure, Adverse
Reducing Conditions, Approaching Hazard; Inputs to
Congestion Stability Control / Active Chassis programs

Possible future source of information for Safe
Driving Enforcement and Automated Accident
Avoidance

Cutting Emissions/
Pollution




Intelligent Low Carbon Vehicle Systems

The Intelligent Vehicle roadmap shows roll-out of e guipment with
Increasing levels of integration between vehicle sy stems leading
perhaps to co-operation between vehicles and autono my

Smart Airbag Deployment

Smart Cruise Control
Lane Departure Warning ¥
Driver Information and Assistance Key Requirement: Safety-
Critical Design Processes

Intervention EPAS - Lane Following, Skid Contr
Mechanical Active Steer
Steer by Wire - with Intervention

Advanced Traffic Modelling
Sensor Fusion - Full System Intelligence
> High-Resolution Satellite Navigation

Standardised Communication Protocols and Infrastructure
Electronic Horizon for P/T & Safety
Cooperative Vehicle-Vehicle Comms
Integrated Intervention Systems

Developing: Sensor Fusion Platooning / Road Train
and location aware control Partial Self Driving

2005 2010 2015 2020 2025



Intelligent Low Carbon Vehicle Systems
Future vehicle specifications will include an incre ased array of
powertrain, chassis electronics & information syste ms

Future Vehicle Specification Options

Powertrain Options Information Options
- : Pattern
Diesel Gasoline Alt-Fuel Recognition
Engine Engine Engine
Driver supplied
Manual Auto T/m @XIT  Trfm
Non Hybrid || Mild Hybrid Strong Satellite / Map
Hybrid Navigation
Electric Drive Fuel Cell Fuel Cell Statistical & Real
APU Engine Time Traffic
— Chassis Options Onboard Sensors
PAS Active Steer Steer by Tl
Brake by Wire Information
Wire ABS ESP
Std Active SUSP | o = = = = —
Suspens'n

Intelligent vehicles will require a high degree of platform flexibility to enable integration
with a wide range of technologies and approaches
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Research Examples/Initiatives
The Sentience programme uses electronic horizon inf ormation to
Improve the efficiency of vehicle systems

Future Vehicle Specification Options

Powertrain Options Information Options
; . _ Pattern
Diesel Gasoline Alt-Fuel [ ”, Recognition
Engine Engine Engine ~
[ Driver supplied
Manual Auto T/m CVT Timf o - 7
Non Hybrid | [ Mild Hybrid _ Satellite / Map
Flexible Platform for Navigation
Intelligent Vehicle Control
Electric Drive Fuel Cell Fuel Cell |- - Statistical & Real
APU Engine Time Traffic
N
— Chassis Options ~
p , 4 Onboard Sensors I—
, VA Y S
PAS Active Steer Stee_r by | P A N Telematics
Wire y / .
Brake by , / Information
Wire ABS ESP /
Std Active SUSP| oo = = = = _/
Suspens'n

This technology combination implemented on a hybrid Ford Escape



Research Examples/Initiatives
Sentience uses Electronic Horizon Information to op timise vehicle
speed control, energy storage whilst minimising HVA C load

The team selected a Ford Hybrid Escape as the
target vehicle for the prototype system

The first step was to create and validate a model of
the vehicle to assess baseline vehicle performance

The potential impact of “look ahead” was assessed

during the simulation phase Initial results indicated Hills,
speed variance, wind and
A combination of simulation and dynamic additional engine load were
programming was used to shortlist functions for areas worthy of investigation
implementation
The Sentience Architecture Incorporates Vehicle to vaste Low CO2
Infrastructure Communications integrated with the Tetio | Rowe
Vehicle/Powertrain control system { Sopervisory
Traffic . : Control Strategies
operator: *
imise . Y " N
3 new control systems were added: onduse | b ¢ @ * [spen”
Enhanced Hybrid system efficiency b ‘_.'
Enhanced air condltl.onlng | s . h!ical _
Enhanced Acceleration / Deceleration (EAD) il ] Intertace
Topology User display
Information




Research Examples/Initiatives
Sentience uses Electronic Horizon Information to op timise vehicle
speed control, energy storage whilst minimising HVA C load

EE Ordnance

Survey”

Managing the hybrid drive-line
Optimised Engine more efficiently based on

Load advanced knowledge of
recharge opportunities

M0d|fy|ng air Conditioning Sentience EAC illustration
: Engine Stop Engine  Engine
Enhanced Air- temperature SGt-pOlnt 205 Prediction Stop | Start

prior to temporary stops o z-

Conditioning Control ) 2 195 -
to enable engine stop-

19
> 185 |

ree

S 184 — Ambient
o
start 1715 | — User AC Setpoint
() q . .
F 165 Time (mins) — Sentience Setpoint
0 1 2 3 4 — Cabin Temperature

Enhanced Acceleration /
Enhanced Deceleration (EAD) is a

Acceleration/ form of adaptive cruise
Deceleration control




Research Examples/Initiatives
A Nokia N95 mobile phone was used to provide there  mote

communications and HMI interface

Mobile phone (Nokia N95) is the comms link providing enhanced route data for the system

A Universal Mobile Telecommunications System (UMTS) connection to the remote
server system using IP Multimedia Subsystem (IMS)

An external GPS receiver connected to the phone provides vehicle location
Includes simple HMI to provide appropriate feedback and input configuration to the driver
A telecoms protocol was defined and implemented by Ricardo and Orange for
communication between phone and rCube prototype controller
Traffic data

Historical traffic data was provided through the OS-collected data

The architecture supports the future use of real-time traffic data

bopUbS

Cruise control box CAN data logger
EAD : active o

rCube : disconnected @

L 37m a10%

rCube
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Initial track & road testing results show significa nt savings, through
Improved adaptive speed control & improved energy m anagement

Oord
_OlSE-Ae

Simulations predicted savings of 4-9%

Optimised Engine Initial track test measurements show savings of
Load ~2%

Further analysis and testing being undertaken

Testing is focussed on track and Wireless router
Enhanced Air- road tests rather than climate
Conditioning chamber testing
Control UK weather has limited the ability Modified HVAC

to test EAC

rCube

Simulations predicted up to 7% savings

Enhanced in fuel on Urban routes, one higher
Acceleration/ speed test showed a 37% improvement
Deceleration Initial measurements show savings of

5% to 30% in track testing - real-world
conditions may realise less benefits



Research Examples/Initiatives
2 | 4 Stroke Switching improves efficiency through

Two stroke operation provides enhanced low speed to
Collaborative research to produce a 2 litre V6

switching 4-2 stroke gasoline engine
Why 2 and 4 stroke operation ?

2 stroke operation at high load enables higher
specific torque output than possible for 4 stroke

engines — allows aggressive downsizing for
improved economy/CO,

4 stroke operation at part load for low fuel
consumption and emissions

Univarsity of Brighte

Drive Cycle Simulation

Published Data Simulation
Baseline Baseline | 2/4 Sight | Delta %
ECE fuel  |I/100km 15.5 15.8 10.3 -34.7
EUDC fuel |l/100km 8.3 8.2 6.6 -19.3
NEDC fuel |I/100km 11.0 11.0 8.0 -27.4
NEDC CO2 |g/km 260 257 187 -27.4

downsizing —

rque
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Research Examples/Initiatives
Constant torque 4S to 2S mode switching under autom atic control

at 1500 rpm showed robust switch with minimum devel opment

Fired mode switching
under automatic control

1500 rpm with
dynamometer in constant
speed mode

Boost strategies critical
for seamless 2/4 stroke
switching — Significant IP

developed
Throttle position 4 stroke 2 stroke Seconds
controlled by prototype -
controller 20
Valve, fuel and ignition T 16 4 stroke 2 stroke
parameters varied during SR T O Y | R
switching 0. 12 ‘ Cvi1 IMEP
Good lambda control i 8 g% :MEE‘
No misfires < 4 . NIMEP (4S equiva‘Ient)l

0 Secgonds | { { { | {
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Conclusions: Opportunities & Barriers

Roadmap to lower carbon transport will feature venhi cle
segmentation & powertrain technology changes, but pa
governed by real world economics...

ce will be

Vehicle segmentation
changes

v

New fuel efficiency
technologies

v

Technology
development costs/
investment

v

Consumer incentives /
taxes

v

Low Carbon Fleet

Segmentation change impact is market specific — Realistic
scenario analyses quantifying benefits of downsizing from high
performance to smaller vehicles show very modest benefits

Ricardo analysis shows that significant carbon reductions are
achievable but the rate of technology implementation will
present major challenges to OEM'’s

Introduction of new technologies takes up to 5 years and
existing techs require 2-3 years — Initial analysis suggest there
may be insufficient engineering resource for fleet wide
application and renewal in the next 5-10 years

EU analysis suggests that a 20 g/km fleet average reduction
will cost around €54 billion — Average vehicle costs likely to
rise by €2-4000 as a result of this

Current rate of EU CO2 reduction is 1.6%/year — EU target is
~3% and possibly ~4% in USA - Annual reduction rate may
be the limiting factor based on real world economics



Conclusions: Opportunities & Barriers

Making progress in Intelligent Vehicles and Infrast ructure will
require an unprecedented level of co-operation betw  een industry &
Government

To be successful, co-operative systems require

common protocols and standards to ensure
universal applicability

Avoid “VHS/Betamax” or “Blu-ray/HD-DVD”

conflict Telecoms
Development of competitive, non-compatible
systems undesirable
Danger that development of multiple systems and
protocols ensures limited communication and only
local connectivity Infrastructure
Government needs to either invest in intelligent (Government)
infrastructure or enable financial structure to
support commercial development
Friction between Government and Industry may
lead to non added-value positions
Why should the Auto-industry always have to Progress will require co-
pay for solutions? operation between
Lack of progress forces Government to mandate Government and a range
technology that may not be optimum: of Industry Sectors

l.e. road user charging



And finally... Future shape changing materials may sol ve our
congestion/parking problems in ways we have not tho ught of today..



