WY automotive

Initial assessment of categories & duty cycles provides

four main commercial/off-highway vehicle classifications:

W council
VYUK

Duty Cycle and classifications are a function of application rather than vehicle or product

Typical

However, typical applications and characteristics are listed below:

Light duty venhicle,
up to and including
3.5t GVW

Up to ~120 kW

1.5 - 3 litres

Engine

Disp.

Sample Off-Highway Applications

Light duty
delivery

Skid Steer
Loaders/Excavators

Fork lifts &
Telehandlers

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

From ~ 90-200 kW

4 -7 litres

g

Medium duty
truck

Compact Wheel
Loaders

Bus/Coach — Heavy
Duty engine but
lighter duty cycle

From ~ 180+ kW

4 — 12 litres

NEEE||REENEE ||\

oy

Tractors — Utility
& 4WD

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

From ~ 180+ kW

7 — 16 litres

o =

Heavy duty truck

i
&
Crawler
Excavators

Wheel / Track
Bulldozers



Low carbon Commercial Vehicle & Off-highway roadmap- automotive

has parallel technology streams depending on duty cycle “ﬁ;%unc'l

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

Objective and outcome will be 2050 CO, reduction target as

that tailpipe emissions will have defined by Climate Change Act —
“zero” impact on air quality Commercial/Off-Highway sectors

emissions by 2030-2050 will need to play their part

CO, reductions limited by ~ “Zero” Air Air Quality
air quality regulations ~ N Quality Impact Improvements
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LD Van CO Fossible HD/MD UK CO .
> Regulation2 CO, Regulation > ﬁg/eti} C?éclaSc(',jtigrl;IG gr';;house
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Low carbon Commercial Vehicle & Off-highway roadmap ° automotive

has parallel technology streams depending on duty cycle “ﬁ;%unc’l

Technologies in this area apply
to Light Duty Cycles only

Technologies in this Recognition that technical
area apply to Medium solutions will be
& Light Duty Cycles application specific — at

least 3 main categories
and possibly more
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Core technologies in ) > S
this area apply to all > 5 ‘i
Duty Cycles a a 5
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CO, reductions limited by ~ “Zero” Air Air Quality
% air quality regulations ~ N Quality Impact Improvements
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reduction e
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has parallel technology streams depending on duty cycle “ﬁ;%unc'l

e A

_ On-highway vehicles gain

L_____ Intelligent Trans.po.rt. _________________ significant benefit from I 7\
Systems o.ffer S|gn|f|cant improved aerodynamics —

cost effective benefits for some regulations will need to

both on and off highway change to enable more

applications — reducing aerodynamic HD

costs and CO, tractor/trailers

/\ 0
o O 7
O > 9
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o > 5*
2|3 |5
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Intelligent vehicles logistics — operational efficienc y (On & Off-highway) ;. 3 -
- . . T T Ee) <
Advanced highway vehicle aerodynamics/selective lightweighting 8 () ko)
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CO, reductions limited by ~ “Zero” Air Air Quality
% air quality regulations ~ N Quality Impact Improvements
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Low carbon Commercial Vehicle & Off-highway roadmap automotive

has parallel technology streams depending on duty cycle “ﬁ;%unc'l

5 Focus on total “System” efficiency — Engine/Driveline/Actuation

Lower carbon liquid & gaseous Core technologies for all Focus on total powertrain

fuels are a key enabler in all ||sectors will be IC engine efficiency including transmission/
commercial/off-highway sectors |||improvements — This includes | |driveline & actuator systems to

— should “long haul” applications | | |friction reduction, downsizing, optimise use of energy — use of
take priority over passenger car | ||advanced boost/ combustion/ variable ancillary drives including

use? emission control systems etc. electrification.
\ /
; T 3 )
IC Engine efficiency improvements 4\ [
[ ) 7
© Y °
> (&) o
Biofuels Sustainable liquid/gaseous fuels & > 5*
: SFELTTIFE > =
Powertrain efficiency improvements/ancillary electrification 5 =) P
m) £ =
Intelligent vehicles logistics — operational efficiency (On & Off-highway) ;. 3 e
- . . T AT Ee) <
Advanced highway vehicle aerodynamics/selective lightweighting S ) o
I = -l
CO, reductions limited by ~ “Zero” Air Air Quality
» air quality regulations " N Quality Impact Improvements
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Low carbon Commercial Vehicle & Off-highway roadmap automotive

has parallel technology streams depending on duty cycle “ﬁ;%unc'l

Technologies to improve End game likely to be more /\
thermal efficiency focused on sophisticated integrated

using waste exhaust and cycles (70+% Eff.) — next step

coolant heat — particularly after combined cycle engines

relevant to higher duty cycles and waste heat recovery

ICE efficiency improvements 4\ 3

Waste heat recove Advanced thermodynamic cycles § :>;~ %

Biofuels Sustainable liquid/gaseous fuels & > 5*

Powertrain efficiency improvements/ancillary electrification "? 8 ,,E

Intelligent vehicles logistics — operational efficiency (On & Off-highway) ; S e

Advanced highway vehicle aerodynamics/selective lightweighting S 8 '51
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Low carbon Commercial Vehicle & Off-highway roadmap ° automotive

has parallel technology streams depending on duty cycle & council
Breakthrough in energy storage ‘ UK

7 |Cost effective energy storage | Some plug-in B /\
critical for commercial applications possible
__.applications — breakthrough __|butdependsonduty—|______ _______________
required for mass market Utility and mixed duty /\
k< penetration cycle looks most likely
Plug in hybrid
Full hybrid

\ Micro/Mild hybrid

N

o
—— . $ | |g ||
Hybridisation for medium duty S 3 3
applications where stop/start accel/decel o > 5*
predominates for both on and off-highway 2 3 -
— Penetration dependent on infrastructure 8 £ 5
: o
and battery technology and lags light duty > 3 -
introduction © ° 5
T = -
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» air quality regulations "\ Quality Impact Improvements
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has parallel technology streams depending on duty cycle & council
Breakthrough in energy storage ‘ UK

4 Requires viable H, infrastructure as pre- /\
requisite to grow beyond niche market

H, infrastructure Fuel cell vehicles /\
“< Fuel Cell APUs

Plug in hybrid
Fu
\_ Micro/Mild hybrid

T e N SO SOme fuel Ce” Vehlcle ...............
. . . /\ N
: : _ applications possible that » @
fuel cell technology may HEV type solutions — > © o
“body” power sources if H, breakthroughs 5 a ?
storage and green supply 2. (S a
possible S = +
m ©
@ @ L=l
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CO, reductions limited by ~ “Zero” Air Air Quality
» air quality regulations "~ N Quality Impact Improvements
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has parallel technology streams depending on duty cycle & council
Breakthrough in energy storage ‘ UK
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Commercial/Off-Highway EV’s

“< Inner City/Light duty applications
similar to passenger car technology
rollout (but generally lagging in
timing) — lower energy storage
\ requirement enables more rapid -
rate of electrification — dependent /\ »
on breakthrough and/or technology | | 4 % *
progression E 5* %
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has parallel technology streams depending on duty cycle & council
Breakthrough in energy storage ‘ UK

H, infrastructure Fuel cell vehicles /\
% Fuel Cell APUs
Plug in hybrid
Full hybrid
\_ Micro/Mild hybrid
IC Engine efficiency improvements /w\ 3
Waste heat recovery Advanced thermodynamic cycles § :>;~ %
Biofuels Sustainable liquid/gaseous fuels & > 5*
Powertrain efficiency improvements/ancillary electrification "? 8 ,,E
Intelligent vehicles logistics — operational efficiency (On & Off-highway) ; S e
Advanced highway vehicle aerodynamics/selective lightweighting 8 8 '51
I = -
>CO2 reductions limited by ~ “Zero” Air Air Quality
% air quality regulations "\ Quality Impact Improvements
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gas
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Commercial Vehicle & Off-Highway share a similar future automotive
roadmap - CO, reductions require efficient combustion W council
engines, low carbon liquid fuels & intelligent logistics VYUK

Key Points related to the low carbon Commercial & Off-Highway Vehicle roadmap

Whilst there are many common technologies shared between on and off-highway
vehicles with similar technical and commercial barriers, the relevance to specific products
will be based on many other factors such as:

Specific duty cycle & overall power requirements
Re-fuelling & range requirements — particularly for higher power & heavy duty cycles
Total cost of ownership

Reducing CO, emissions for long haul vehicles & high power products in the foreseeable
future will be dependent on improvements in conventional powertrains & transmissions

A key requirement will be affordable & sustainable low carbon liquid fuels
The shift to alternative powertrains and transmissions such as electrification will be

limited to light duty products and short range/endurance products but will benefit from
technologies developed for the passenger car market

Centrally re-fuelled vehicles and products may offer opportunities for the introduction of
low carbon fuels or electrification where this can be cost effective

There are clear opportunities & benefits available from an integrated approach and the
introduction of “Intelligent Logistics” for both on-highway & off-highway vehicles
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