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Team now up and running with several meetings held and good [ = <
exchange of information

Team:
Pilots: Jane Whewell (BIS), Neville Jackson (Ricardo)

Crew: Steve Faulkner, Dave Heaton, Robert M. McDavid (CAT) , Nick Fell (TATA),

Chris Walsh (Cenex), Jon Maytom (BIS), Denis Culloty (Leyland Trucks) + Allan
McKenzie (SMMT)

Proposed Output:
Create Commercial Vehicle and Off Road Low Carbon Road Map

Promote the Test Bed UK concept and publish material to support UK Automotive
R&D, Supply Chain and Manufacturing capability

Update Passenger Car Low Carbon Vehicle Road Map

Approach:
Based on TQM with 7 step process

Progress:

Initial scoping meeting between pilots held on 23rd March

Team meeting (conference call) held 16" April to clarify objectives

Team meeting to address categories & roadmap 16" June in Leamington
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Good progress made in developing Commercial & Off-road vehicle [ = <
roadmap — Initial team view prepared & under review

Technology Roadmaps:

Objectives:

To extend the idea of an industry consensus road map beyond passenger car towards
commercial and off-road vehicles

To establish a process on how these consensus road maps are created, how we can
keep them relevant and how to make them widely available

Scope of Work/Approach

A Define objectives & process

A Research/Collect existing material & views

A Define categories & on-off road overlap

We have got to
this point! — A Develop simplified team vision & review

Arrange wider consultation with key UK stakeholders

Submit to Auto Council for review/adoption
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Initial view of Commercial & Off-road vehicle rollout plan now [ = <
prepared and under review before exposure to wider range of
stakeholders

Focus on route to low carbon rather than other features/commercial aspects

Immediately clear that Commercial Vehicle/Off Road rollout plan more complex than
passenger car

Much more short term information available than medium/long term with clear focus on
emissions rather than CO,

Have tried to learn as much as possible from all other work in this area
Objective to keep it simple:

“If we can’t summarise in one page in graphical terms it is too complicated for our
wider audience”

2050 CO, reduction needs to be consistent with overall UK target

Appreciation that in the short to medium term, trade-off between tailpipe emissions and
CO, reductions will limit rate of progress in reducing CO,

Initial rollout plan presented in following slides:
Developed in stages with annotations to provide rationale and structure

Relatively complex but contains key technologies, timing & breakthrough
requirements

Has similar structure to Passenger car rollout plan
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Initial assessment of categories and duty cycles provides four main

commercial/off road vehicle classifications:

Typical Applications

Light duty vehicle,
up to and including
3.5t GVW

Up to ~120 kW

1.5 - 3 litres

Light duty
delivery

Skid Steer Loaders/
Excavators

r::;
Fork lifts &
Telehandlers

Medium duty vehicle,
From 3.5 — 26t GVW
Rigid & drawbar

From ~ 90-200 kW

4 — 7 litres

L

Medium duty
truck

Compact Wheel
Loaders

Bus/Coach — Heavy
Duty engine but
lighter duty cycle

From ~ 180+ kW

4 — 12 litres

RERE|[RRREEE ||\

M —

Tractors — Utility
& 4WD

Heavy duty vehicle,
From ~ 26 — 44t GVW
Rigid & drawbar

From ~ 180+ kW

7 — 16 litres

o )

Heavy duty truck

Crawler
Excavators

Wheel / Track
Bulldozers
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Long term low carbon Commercial Vehicle & Off-Road roadmap
features parallel technology streams depending on duty cycle

-

Inner City/light Duty <120kww E

/

-

/

Recognition that technical
solutions will be
application specific — at
least 3 main categories
and possibly more

Intercity/Med N\
Duty (90-200kW)| ‘=

Long Haul/ Heavy
Duty (180+kW)

)
4
f

2010

2020

2030 2040

2050
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Long term low carbon Commercial Vehicle & Off-Road roadmap
features parallel technology streams depending on duty cycle

4 Inner City/light Duty <120kww E

4 Intercity/Med )
Duty (90-200kw)| ‘2

Recognition that CO, regulation
likely in next decade and will
trade-off with emissions

regulation
Objective and outcome will ILong HauIIIHeavy
effectively be “zero” tailpipe 2050 CO, reduction Duty (180+kW)
emissions by 2030-2050 target as defined by

)

Climate Change Act —
Commercial/Off-Road will
need to play its part

N \_

CO, reductions limited by \/ “Zero” S Emissions
emissions regulation Emissions reduction
. CO,and GHG  GHo-

HD/MD CO,
reduction greenhouse gas
2010 2020 2030 2040 2050

v

Regulation
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Long term low carbon Commercial Vehicle & Off-Road roadmap
features parallel technology streams depending on duty cycle

-

—

ITS offers significant cost
effective benefits for both
on and off highway
applications — reducing
costs and CO,

Inner City/light Duty <120kww E

On-highway vehicles
gain significant benefit
from improved
aerodynamics — some
regulations will need to
change to enable more
aerodynamic HD tractor/
trailers

Intelligent vehicles/logistics (On & Off-Road)

Advanced Highway Vehicle Aerodynamics

Intercity/Med N\
Duty (90-200kW)

. I
Long Haul/ Heavy
Duty (180+kW)

N\

CO, reductions limited by

emissions regulation

2010

HD/MD CO,

Regulation
2020

2040

Emissions
reduction

CO, and GHG
reduction

GHG -
greenhouse gas
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Long term low carbon Commercial Vehicle & Off-Road roadmap [ = <
features parallel technology streams depending on duty cycle

4 Inner City/light Duty <120kW E ﬁ'
Core technologies for all

sectors will be IC engine Lower carbon liquid &
/" limprovements and intelligent gaseous fuels are a key Intercity/Med )
ancillaries — This includes enabler in all commercial/off | pyty (90-200kW)

friction reduction, downsizing, road sectors — should use in
advanced boost/ combustion/ these applications take priority

.. ?
emission control systems etc. OVer passenger car use:

Long Haul/ Heavy
Biofuels Sustainable liquid/gaseous fuels Duty (180+kW)

)

Powertrain efficiency improvements/ancillary electrification

Intelligent vehicles/logistics (On & Off-Road)

Advanced Highway Vehicle Aerodynamics

N\

CO, reductions limited by _ “Zero” Emissions
emissions regulatlon " iSsi reduction
HRDélg\;ALRa%c% CO, and GHG  GHG-
reduction greenhouse gas

2010 2020 2030 2040 2050
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Long term low carbon Commercial Vehicle & Off-Road roadmap [ = <
features parallel technology streams depending on duty cycle

4 Inner City/light Duty <120kww E ﬁ'
1 Technologies to improve End game likely to be more
i Int ty/Med

thermal efficiency focused on sophisticated integrated cycles [;‘u(tarc(lgl(l)-ZOOkV?)
using waste exhaust and (70+% Eff.) — next step after y
coolant heat — particularly combined cycle engines and
relevant to higher duty cycles waste heat recovery

Waste heat recove Advanced thermodynamic cycles ILong Haul/ Heavy

Biofuels Sustainable liquid/gaseous fuels Duty (180+kW)
Powertrain efficiency improvements/ancillary electrification |
Intelligent vehicles/logistics (On & Off-Road)
Advanced Highway Vehicle Aerodynamics

N\

CO, reductions limited by Emissions
emissions regulation reduction
HD/MD CO,
n H GHG -
Regulatlon C?-Zegugtgnc‘ greenhouse gas

2010 2020 2030 2040 2050
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Long term low carbon Commercial Vehicle & Off-Road roadmap
features parallel technology streams depending on duty cycle

/" Breakthrough in energy storage Inner City/light Duty <120kww ﬁ ﬁ

( Charging infrastructure

l Interci_tyIMed )
Duty (90-200kW)

RICARDO

}Jm

Some plug-in
applications possible but

Hybridisation for medium duty depends on duty — Utility
and mixed duty cycle

applications where stop/start ; y
! looks most likel Long Haul/ Heavy
accel/decel predominates for y Duty (180+kW)

both on and off-road — |

Penetration dependent on
infrastructure and battery
technology

\\.

CO, reductions limited by . “Zero” Emissions
emissions regulation g Emissions reduction
HD/MD CO, »<l80%> CO, and GHG GHG -
Regulatlon reduction greenhouse gas

2010 2020 2030 2040 2050
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Long term low carbon Commercial Vehicle & Off-Road roadmap |R
features parallel technology streams depending on duty cycle RICARDO

/" Breakthrough in energy storage Inner City/light Duty <120kww ﬁ ﬁ
[

Charging infrastructure

([ A tereity/ed
v Duty (90-200kW)| ‘£
. Ruiyid .
~ Micro/Mild hybrid

L H, infrastructure

— f Long Haul/ Heavy

Continued improvements in Some fuel cell vehicle Duty (180+kW)
fuel cell technology may appllcatlon§ possible that |
provide initial introduction as offer benefit over plug-in
“body” power sources if H, HEV type solutions — /
storage and green supply again dependent on
\ E possible breakthroughs
CO, reductions limited by Emissions
emissions regulation reduction
HD/MD CO, CO. and GHG GHG -
Regulatlon rzeduction greenhouse gas
2010 2020 2030 2040 2050

Source: Ricardo Analysis, Climate change act 2008, Department for energy and climate change
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Long term low carbon Commercial Vehicle & Off-Road roadmap
features parallel technology streams depending on duty cycle

(" Breakthrough in energy storage Inner City/light Duty <120kww E

Electrification (as passenger car)

( Charging infrastructure
l Intercity/Med )
Duty (90-200kW)| '=

Inner City/Light duty applications
similar to passenger car technology
rollout — lower energy storage
requirement enables more rapid rate of ' |
electrification — dependent on Long Haul/ Heavy
breakthrough and/or technology Duty (180+kW)
progression |

N

CO, reductions limited by . “Zero” Emissions
emissions regulation g Emissions reduction
HD/MD CO, »<l80%> CO, and GHG GHG -
Regulation reduction greenhouse gas

2010 2020 2030 2040 2050
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Long term low carbon Commercial Vehicle & Off-Road roadmap
features parallel technology streams depending on duty cycle RICARDO

(" Breakthrough in energy storage Inner City/Delivery <120kW

[ Increasing Electrification (as passenger car)
Charging infrastructure

© Fulhypid
~ Micro/Mild hybrid

. Hpinfrastructure ) T Fuel cell vehicles -

Waste heat recovery Advanced thermodynamic cycles ILong Haul/ Heavy
Biofuels Sustainable liquid/gaseous fuels Duty (180+kW)

)

Powertrain efficiency improvements/ancillary electrification

Intelligent vehicles (On & Off-Road)

Advanced Highway Vehicle Aerodynamics

N\

CO, reductions limited by R “Zero” Emissions
emissions regulation " Emissions reduction
HD/MD CO, »<l80%> CO, and GHG GHG -
Regulatlon reduction greenhouse gas

2010 2020 2030 2040 2050

Source: Ricardo Analysis, Climate change act 2008, Department for energy and climate change
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Progress with TestBed UK less advanced - initial definition and [ = <
interactions under discussion
Objectives:
Define in simple terms what “Testbed UK” means
Define & produce well structured material to promote Testbed UK
make this widely available
Research & collate information on activities planned/underway internationally

Testbed UK has a wide range of interpretations:

“Co-ordinated demonstration of UK capability in new automotive technologies and
services to define market/consumer feasibility & attract investment”

UK Low CO,
Vehicle Agenda

TestBed UK

Supporting World Leading
infratructure Research

UK generic
business
benefits

Green Policy
Climate

Source: J. Maytom - BIS
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