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. N | automotive
Individual manufacturers will prioritise certain W council

technologies to fit with brand values, but OEMs sha re a YUK
common view of a high level Technology Roadmap

NAIGT Iinitiative revealed that UK Passenger Car OEM'’s and associated Stakeholders
have developed similar views on the potential rollout of low CO, technologies

Recognition that a commonly agreed “OEM Consensus Roadmap” may be of
assistance to the UK in prioritising its R&D investments in meeting CO,, challenges

Key Points related to the OEM Consensus Roadmap

OEMs share a common product technology roadmap and recognise the same
technical and commercial barriers.

Individual manufacturers will implement technologies which best address their own
brand values and market sectors.

In the near to medium term, improvement of conventional powertrains and
transmissions can have a significant impact on fleet average CO, by providing
moderate benefits for a large proportion of the fleet.

In the medium to longer term it is anticipated that a technology shift to alternative
powertrains and transmissions will be required to achieve the CO, reduction targets
from transport. Supported by alternative fuel delivery including grid electricity and
hydrogen.

Both electrification and fuel cell vehicle technologies rely on the concurrent
development of a “clean and sustainable” supply of energy
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. . o _ WY automotive
Vehicle weight and drag reduction will continue to evolve W council

within the constraints of the owners requirements f or YUK
functionality

EU Fleet Average CO ,

Targets (g/km) 130 95 TBD

» Possibility of change in vehicle
* Introduction of structural usage/owne_rs_hlp p atierns :
composites allows specialisation of vehicle
.
» Drag reduction from form design . . .
* Reduced mass steel BIW changes » Smaller lightweight vehicles for
* Increased use of (sustainable) . Active aerodynamics urban use
aluminium » Larger low drag vehicles for
« Weight reduction of seats, glazing trunking
and interior components
* Reduction of tyre rolling losses
» Drag reduction through fit and
finish, and styling details
Vehicle Weight and Drag Reduction
2000 2010 2020 2030 2040

Source: An Independent Report on the Future of the Automotive Industry in the UK — New Automotive Innovation & Growth Team (NAIGT)



. - . WY automotive
IC engines and transmissions will develop to become W council

lighter, more efficient and to meet the specific ne eds of YUK
hybrid and plug-in applications

EU Fleet Average CO ,
Targets (g/km) 130 95 TBD

_ _ « ? High blend bio / synthetic fuel
« Increasing bio-content, 2 « ? Novel thermodynamic cycles

generation N « ? Exhaust gas heat recovery
» Extreme downsizing

» Bespoke engines for HEV and

Engine downsizing PHEV _
Turbocharging « Advanced powertrain control
« ?HCCI/CAI

Direct injection

Variable Valve actuation
Automated transmissions
Friction Reduction

Vs

IC Engine and Transmission innovations (gasoline/di esel/gas/renewables/H )

« ? Exhaust gas heat recovery ?

Vehicle Weight and Drag Reduction

2000 2010 2020 2030 2040

Source: An Independent Report on the Future of the Automotive Industry in the UK — New Automotive Innovation & Growth Team (NAIGT)



Whilst battery and electric machine costs remain hi gh, \ | ggggg_}otlve

cost effective solutions for urban and semi-urban YUK
vehicles will be attractive

EU Fleet Average CO ,

Targets (g/km) 130 95 TBD

» Trend towards larger, crank
mounted electric machines offering
mild hybrid functionality

« Belt mounted and crank * Increased voltage (40-150V)
mounted starter generators e Li-lon battery with minimised cost
« 12V for smaller engines and weight
« 24-42V for larger engines  Sized to last life of vehicle
» Small Pba (+Li-lon ?)
batteries

—\/ « Replaced by full hybrid

. : . iffwhen battery costs
L e o reduce sufficiently

IC Engine and Transmissioggiass
* Requires smaller, cheaper

batteries — high power to hduction

asel/gas/renewables/H )

energy ratio
2000 2010 2020 2030 2040

Source: An Independent Report on the Future of the Automotive Industry in the UK — New Automotive Innovation & Growth Team (NAIGT)



— _— WY automotive
As battery costs and capabilities improve, migratio n W council

from niche market to mass market for full hybrids m ay YUK
become possible

TE;gﬂtese(tg'A/‘;(’;r)""ge CO > 130 95 TBD
* Replaced by PHEV or EV
» Full bespoke hybrid iffwhen:
powertrains if/when » Electric energy storage
* Introduction of “modular” component costs low sufficient
hybrids in larger vehicles enough to supply mass » ‘“pattery” cost and life
» Diesel as well as gasoline market acceptable
* NiMH and Li-lon batteries » Grid supply available
and greener than fuel
N supply
: p—
Full Hybrid

Gasoline hybrids in . _ . Battery cost aqd weight
production but not with UK ‘ reduction required to

OEMs * Reduced cost, high expand to mass market

Targetted primarily at US tend1perature,| motor§ B[ « Alternative energy storage
and power electronics (flywheels, capacitors etc)

imprpyg market sought to enable this
feasibility

and Japanese markets

2000 2010 2020 2030 2040

Source: An Independent Report on the Future of the Automotive Industry in the UK — New Automotive Innovation & Growth Team (NAIGT)



- . N WY automotive
Transition to Plug-In Hybrids requires significant W council

reduction in battery weight & cost to enable accept able YUK
range, needs charging infrastructure & green electr ICity

EU Fleet Average CO ,
Targets (g/km) 130 95 TBD
* Initial vehicles appear as: * If/when “battery” technology » Replaced in market only
* range extended EVs for improves sufficiently, move when energy storage
limited range application towards range extended EV technology becomes
compatible with range and

» or HEVs with extended EV with APU
range for long range recharging requirements
applications \/7 \/7

Plug- In Hybrid

Energy Storage Breakthrough
* High cost means that initial

products will require fiscal
intervention

* IC engine component  Significant improvement in
remains compatible with energy storage (low bs/H )
increasing bio / synthetic power/energy) and cost
fuel content required to address mass

IC Engine

market

2000 2010 2020 2030 2040

Source: An Independent Report on the Future of the Automotive Industry in the UK — New Automotive Innovation & Growth Team (NAIGT)



o . S WY automotive
Significant improvements in energy distribution & W council

Infrastructure required for substantial electrifica tion of YUK
transport whether battery or hydrogen fuel cell pow ered

EU Fleet Average CO , 130 95 TBD

Targets (g/km)
iRAR

H, Infrastructure FuelCell & H, Supplyésréoarﬁ%?ough

. "~ss Market EV Technology

Charging Infrastructure Rrgy Storage Breakthrough

Plug- In Hyb

Energy Stds Development of H2 supply
infrastructure requires substantial use

of renewable energy & unprecedented

» Charging infrastructure requires
substantial investment & “breakthrough”

technology for intelligent charge/discharge
& collaboration between industry, power
suppliers, local & national government

collaboration & investment by industry
and government

IC Engine and Transmission innovations (gasoline/di esel/gas/renewables/H )
Vehicle Weight and Drag Reduction

2000 2010 2020 2030 2040

Source: An Independent Report on the Future of the Automotive Industry in the UK — New Automotive Innovation & Growth Team (NAIGT)



o | . WY automotive
Slgnlflcant Improvement INn energy storage and cost of ‘CounCiI

batteries required for electrification of transport — Near YUK
term EVs will have a role in limited range commutin g

EU Fleet Average CO ,

Targets (g/km) 130 95 TBD

Charging Infra ure

In Hvbrid
» With significant
improvement in energy
storage, range of
applications could increase

* Niche “early adopter”
products available with
limited range or
performance

* Not cost competitive with
“conventional” vehicles

* Require affluent buyers or  [RENEEUEIAIS =N e NI ET(0) * Longer term CO2 reduction
fiscal incentives storage for initial mass is then dependent on

TC CIyYnie arna 1rars market introductions have greening of the electricity
limited range and/or limited supply

performance

2000 2010 2020 2030 2040

Source: An Independent Report on the Future of the Automotive Industry in the UK — New Automotive Innovation & Growth Team (NAIGT)



. . WY automotive
Long term future will depend on the relative W council

development rates of renewable H , vs. electricity, and YUK
fuel cells & hydrogen storage vs. “batteries”

EU Fleet Average CO ,

Targets (g/km) 130 95 TBD

Fuel Cell Vehicle BRRR

N Cell & H, Supply/Storage
Breakthrough

Major issues for introduction [— Mass N ket EV Tech
are:

Cost / kW for fuel cell prgy S
Cost and range for H2 storage » Cost/range / power /
Availability and distribution of refuelling time of H2 storage
clean hydrogen Energy S Bra beats that of “batteries”

Fuel cell wins over EV If:

Plug- In

* Initial introduction most likely
as evolution of range « Fuel cell only (not plug-in
extended EV plug-in hybrid hybrid fuel cell) becomes

possible only if cost/kW of fuel
cell significantly reduced

IC Engine and Transmission innovations (gasoli
Vehicle Weight and Drag Reduction

2000 2010 2020 2030 2040

Source: An Independent Report on the Future of the Automotive Industry in the UK — New Automotive Innovation & Growth Team (NAIGT)
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Source: An Independent Report on the Future of the Automotive Industry in the UK — New Automotive Innovation & Growth Team (NAIGT)



- R | WY automotive
Individual manufacturers will prioritise certain W council

technologies to fit with brand values, but OEMs sha re YUK
a common view of a high level Technology Roadmap

EU Fleet Average CO ,

Targets (g/km) 130 9 8D
Fuel Cell Vehicle BREB
H, Infrastructure Fuel Cell & H, Supplyé?éoarﬁ%?ough
B 7 Mass Market EV Technology l l . l
Charging Infrastructure Energy Storage Breakthrough
Plug- In Hybrid
Energy Storage Breakthrough
Full Hybrid
Micro/Mild Hybrid
IC Engine and Transmission innovations (gasoline/di esel/gas/renewables/H )
Vehicle Weight and Drag Reduction
2000 2010 2020 2030 2040

Source: An Independent Report on the Future of the Automotive Industry in the UK — New Automotive Innovation & Growth Team (NAIGT)
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All OEMS share a common product technology roadmap and recognise the same technical
and commercial barriers.

Conclusions

Individual manufacturers will implement technologie s which best address their own
brand values and market sectors.

In the near to medium term, improvement of conventional po wertrains and transmissions
can have a significant impact on fleet average CO  , by providing moderate benefits for a
large proportion of the fleet

Introduction of increasing levels of hybridisation / electrification is highly dependent on the
availability of battery, motor and power electronic s technology with high power density, high
energy density, and low cost

And the economic acceptability of this solution in the marketplace

Widespread uptake of electric vehicle technology is critically dependent on availability of
batteries with low cost and high energy density ,
along with the availability of an infrastructure to deliver clean electricity to point of use

Whether the long term future will be based around fuel cells or electric vehicles is entirely
dependent on the relative pace of progress  of

cost effectiveness, package size, weight and refuelling time of fuel cell + hydrogen storage
(+ battery ?) vs battery

Availability and distribution infrastructure for clean hydrogen vs clean electricity



