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Value of the UK Automotive Industry

UK AUTOMOTIVE AT A GLANCE

Major premium
and sports car
manufacturers

6 Design centres *7

UK AUTOMOTIVE SUPPLY CHAIN
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UK AUTOMOTIVE AFTERMARKET

Commercial
vehicle
manufacturers

. : Engine
‘ Bus and coach manufacturers
manufacturers
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£12.5 billion

contribution to UK econo

£21.6 billion

revenue of UK aftermarket

over 34.4 million

Cars currently on UK roads

347,000

jobs supported

Mainstream car £
manufacturers

1,722,698

Cars bullt In 2016
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| Suppliers Commercial vehicies built in 2016 |
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Engines built in 2016
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The Automotive Council was formed in 2009 and is a joint industry and
government collaboration to strengthen the UK automotive sector

Automotive Council UK

Approach:

The Automotive Council was formed in 2009. It aims to
strengthen and promote sustainable growth of the
automotive sector in the UK through enhanced dialogue
and co-operation between UK government and
automotive industry. Key objectives include:

* Define, enable & deliver the right technologies

e Optimise business environment for the UK automotive
sector

e Address skills challenges facing the sector
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THE ADVANCED PROPULSION CENTRE IS A 10 YEAR
CO-INVESTMENT PARTNERSHIP BETWEEN GOVERNMENT AND INDUSTRY
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TRENDS AND CHALLENGES

280 Deaths attributable to urban air pollution, 2004

World Economic Growth
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ROAD-MAPPING LOW CARBON TECHNOLOGY TRENDS

Thermal
Propulsion

Systems

Electric Energy
Machines Strategic Storage

:lndtpm”_’e' Technologies a"d:"frgy
ectronics for the UK gt.

Auto Industry,

Lightweight

Vehicle and
Powertrain
Structures

The roadmapsare intended to:

Provide a global view of the key technology trajectories in low carbon propulsion
and low emissions

Provide a common foundation for academia and industry to assess opportunities
and threats, and to engage with government on the need for investment and
supportto address these

Guide technology developers and provide confidence to their investors regarding
industry trajectory

The roadmaps are notintended to:

Assess the UK’'s capability to deliver on the identified technology streams

Map out skills, supply chain, financing or policy & regulation requirements. The
roadmaps can be used to identify specific needs in these areas separately

EU Fleet Average CO, 130 9 18D

Targets (g/km)
TIT

H, Infrastructure Fuel Cell & H‘Supplg/il‘_‘okv‘a:gzmw

O Mass Market EV Technology | | ] | |

Charging Infrastructure Energy Storage Breakthrough

Plug-In Hybrid
Energy Storage Breakthrough
Full Hybrid
Micro/Mild Hybrid
IC Engine and Transmission | { (gasoline/di /g bles/H,)
Vehicle Weight and Drag Reduction
2000 2010 2020 2030 2040

Interactions between roadmaps

All technology and
product roadmaps

interact

Each roadmap have their
strongestinteractions with
each other identified

The relevance of each
roadmap for different
vehicle applications are
also identified

Fuels
Power electronics
Electric machines
Thermal propulsion
|| Bl "l

Electrical energy storage

Energy storage  Energy conversion
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Lightweight structures

Energy
demand
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PRODUCT ROADMAP 2017: PASSENGER CAR

DRIVERS

Emission zones

EU tailpipe emissions

EU tailpipe CO2

Environmental

ZERO TAILPIPE EMISSION

ZERO TAILPIPE EMISSION
CAPABLE

LOW TAILPIPE EMISSION

TECHNOLOGY ENABLERS

/'/ Driver set /‘/ ¥ Driver predicted

Roadmap developed by the Automotive - automoﬁve ADVANCED
Council and the Advanced Propulsion Centre ‘OounCil PROPULSION
YUK CENTRE

Low emissions zones

Euro 6b Euro 6d Temp Euro 6d Beyond Euro 6

Ultra-low emission zones in cities Regionally regulated zero emission zones

130g/km 95g/km

Tailpipe emissions CO2 -> NOx -> PM Well to wheel Total life cycle impact
» Range extended fuel cell and fuel cell prime mover

Further regulation

Tailpipe emission legislation superceded by life cycle impact legislation

Infrastructure

required for : : : _—

mass market Battery electric vehicle (BEV) — general purpose
acceptance

Plug-in hybrid (PHEV) — modest range

) PHEV - full utility »
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Solid bar represents >1% global marked adoption and
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TECHNOLOGY ROADMAP 2017: ELECTRICAL ENERGY STORAGE o s e S Wl automotive | ADVANCED

Council and the Advanced Propulsion Centre ‘counc"’ ' PROPULSION
. CENTRE
DRIVERS xEV uptake, CO; limits, air quality regulation, ULEZs, charging access Very low CO2, zero emission zones, LCA, materials security, rapid/opportunity charging infrastructure

TARGETS* Current status 2025 targets 2035 targets
Cost ($/kWh) 280 S/kWh 150 $/kWh 100 $/kWh

Energy Density (Wh/|) 280 Wh/L 550 Wh/l 1000 Wh/L
Power Density (kW/kg) 3 kW/kg 7.5 kW/kg 12 kW/kg

v v
EVOLUTIONARY TECHNOLOGY Advanced lead battery and NiMh solutions »

Optimised liquid electrolytes for Li-ion (e.g. additives and high voltage) ) Liquid electrolytes for new chemistries (e.g. Na-ion, Mg-ion, Li-S)

CELLS

1 conductivity

Separators with r (I) Th e F arad ay C h a I Ie n g e .g. phase chnge, auxetic structures)

|
Binderless systems

xides, metallic anodes and novel additives)

Electrolytes, separators,
binders and solvents

Solvent replaceme

i ¢246m

Anodes and cathodes

5 (e.g. Na-ion, Mg-ion, Li-S)

Cells that eliminate thermal runaway
|

f cell formats

Formats and casings

Advanced pack de¢

Smart and connecte
Advanced t ‘ ‘
Pack designs that ¢

New cell-module-pack concepts
MODULES, PACKS AND

BATTERY MANAGEMENT
SYSTEMS

nabling individual cell monitoring

anagement (e.g. phase change materials)
exible applicability

|
ciency recycling processes

4

RECYCLING AND
LIFE CYCLE MANAGEMENT

Processes for

. 1
N Institute CR&D Scale-up - -
2015 2035 oxs

* All targets relate to battery packs. )’ 1 chevron = some uncertainty around timing of mass market adoption or phase out 2 chevrons = considerable uncertainty around timing of mass market adoption or phase out
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WHAT DOES THIS MEAN FOR MANUFACTURING?
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QUALITY COSTS
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SOLUTIONS STILL NEED TO BE AVAILBLE
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END OF LIFE RECYCLABILITY REQUIREMENTS FOR CARS
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SELLING HORSEPOWER OR POWER MANAGEMENT?
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FUTURE CONCEPT VEHICLES - AUTONOMY
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TRANSITIONING FROM MOBILITY TO SOLUTION PROVIDERS

Ride-sharing

Toyota Financial
Services
Corporation

Financing
function

Car-sharing

Smart Key Box Flexible Telematics Use of Probe Fleet car Other API
/Trans Log leasing insurance data/vehicle data management

Insurance

Rent-a-car

Ha:mo
Taxi Kirobo

Mobility Services Platform

Collaborate with various mobility services by opening API

Toyota Smart Center

Toyota Big

Over-The-Air Authentication Telematics SERVES Use of l?'g data Data Center
(map updates, agent service) (CRM, quality control)

Global Communications Platform

North

Europe
America 21,1 Mio.
- 2800.000 Members

%z Members

2100.000

W A

2015
Spain

2016

China

cities with most
members of
car2go (in 1000)

®
14.000

car2gos
in 30 locations worldwide

every
1,55 is one car2go being used

Government office,
Olympic &
Paralympic, etc.

Dealer

pweon__J

CUSTOMER

CORE
BUSINESS

CARS, UTILITIES,
TRUCKS, FINANCING,
PARTS & SERVICE

SHARE OUT WEST

ARING sunfleet

KAN MAN DELA PA EN BIL
SA KAN MAN DELA
PA ETT FESTIVALBAND

SHAREOUTWEST.COM

B MW ConnectedDrive
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TRANSPORTATION OF THE FUTURE;
CONVERGENCE OF PROPULSION, AUTONOMY AND ENERGY SYSTEMS ?
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Thank you

Jon Beasley
Director — Technology & Projects



