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Power electronics roadmap VYUK
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WY automotive

Traction motors & generators roadmap (<40kW) ‘vﬁ;%”m"

Traction Motors

New Architecture &
Systems Integration
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WY automotive

Traction motor & generator roadmap (100kW +) ‘vﬁﬁ”m”
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WY automotive

Power train (ICE) technology roadmap ‘“‘jﬁ”""’”

High efficiency low NOx combustion concepts
Reduced combustion heat losses

, Mech. turbocompound
' ‘ Electrical turbocompound
| Organic rankine cycles
' Split/recuperated cycle
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WY automotive

W council
Passenger car low carbon technology roadmap YUK
S :
11l
H, Infrastructure Fuel Cell & H, Supply/Storage Breakthrough
‘ Mass Market EV Technology l l l l
Charging Infrastructure Energy Storage Breakthrough
Plug-Iln Hybrid
Energy Storage Breakthrough
Full Hybrid

Micro/Mild Hybrid
IC Engine and Transmission innovations (gasoline/diesel/gas/renewabl

Vehicle Weight and Drag Reduction

2000 2010 2020 2030 2040



WY automotive

. W council
Commercial and off-road technology roadmap YUK

Breakthrough IN energy storage

H, infrastructure ﬂ Fuel cell vehlcles /\
Fuel Cell APUs

Jhicro/Mild hybrid

IC Enaine efficiency im rovements

Waste heat recove Advanced thermodynamic cycles

Biofuels Sustalnable Ilqmdlgaseous fuels

Dowertrain efficiency img rovementslancﬂla electrlflcatlon

Intellig

Ad

O2 reductions Ilmlted b 5 “Zero” Air

a|r quality regulatlons Quality Impac
LD Van CO, Possible HD/MD \. | UK CO,
Regulation CO, Regulation / g Target
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Source: Automotive Council Technology Group 2012
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WY automotive
& council

Lightweight vehicle and power train roadmap VYUK

Mass Reduction
(on 2012 mass)

Mass Reduction
(on 2012 mass)

Mass Reduction
(on 2012 mass)
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CO, Targets (g/km)

2010

130

-------------------------------- 70k [ e L 425k oA

s Bt 120kg [~ -200kg |-~

------------------------------- 200k L__________________-435kg |-~

VW ETES T structural (castings)
H brld materlals 1|

B Wetal matrix composites ||
B WMagnesum (shee) ||
B Tonum |

LW transmission & driveline
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. Lightweightroofsystems |l

Lightweiaht seat systems

Sheet moulding compound panel .
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WY automotive

W council

Energy storage Echem lTech roadmap VYUK

Lithium mixed metal phosphate

Lithium nickel cobalt manganese oxide | Adyv lithium nickel cobalt manganese oxide

Lithium iro phosphate ' ‘ Adyv lithium iron phosphate

Lithium mlxed metaI phosphate

Adyv lithium nickel cobalt manganese oxide
Adv I|th|um Iron phosphate

Lithium manganese oxide spinel
Lithium nickel cobalt manganese oxide

Lithium iron phosphate

Adyv lithium iron phosphate

Lithium sulphur/ Rechargeable L|th|um-A|r
High energy (overlithiated) lithium nickel cobalt

Lithium titanate

= Lithium nickel cobalt manganese oxide

I Lithium |ron phosphate .

Lithium mixed metal phosphate

Lithium titaate Adv lithium titanate
Lithium iron hshate

Adyv lithium iron phosphate

Advanced Lead Acid Cell eg Lead-carbon/asymmetric capacity

2010 2015 2020 2025 2030

anganese oxide v Silicon based composite electrodes

Adyv lithium nickel cobalt manganese oxide

manganese oxide v Silicon based composite electrodes

Adv I|th|um nickel cobalt manganese oxide |||

Micro Hybrid

(12V)

Battery ‘pure’ EV (250-500v)
Plug in hybrid (200-400V)
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WY automotive

Intelligent mobility technology roadmap e

Autonomous vehicles

_ Safetycriticalsystems ||

Multi modal 'ourne vlanning & otimisation S stems |||

Congestlon & I d bilit Intelllgent mobility
poIIutlon reduction ncreased mobility objectlves delivered

V2V communications

Cost reductions _
Safety improvements

2l communications

Communication . . .
&Entertainment Business & Commercial Benefit
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Connected travellers
Connected vehicles
Intelligent mobility

acquisition &
processing

Data

— 2010 2015 2020 2025 2030

Source: Automotive Council Technology Group 2013



- The motorsport technology roadmap focuses on chasing integrated |n
s performance efficiently with cost-effective CO, reduction

Formula “E”

High Level Technology Roadmap for Motorsport

New F1 engine regulations

New LMP regulations

-
—————————————————————————————————————————————————————————————————————————————————————————————————————————

——————————————————————————————————————————————————————————————————————————————————————————————

Drivers Market engagement - spectators, customers (especially ageing demographic), the show, service industry

Performance: reduce CO, and increase kW/I (engine) and Nm/kg (transmission) for efficiency and “green” image

Safety

tha and down-speeding, friction reduction

: : Fuel systems: Direct injection, alternative fuels, fuel flow limi -
2 Propulsion - : :‘Jém. Nes
8 Advanced boosting systems
D recovery/split cycle/fuel cells
g Low friction design and lubrication
- Transmission/ Cost effective fast-shifting semi-autos
S driveline Materials, structures and manufacturing processes
T Integrated hybrid systems
S Moveable aerodynamics
= Lightweight structures
3 Vehi Enclosed cockpits, covered wheels
2 ehicle _ :

g Thermal management, efficient power electronics

g Brake electrification (linked to energy storage)

0 Tyres

53 Energy Kinetic energy recovery

05 Energy storage (on-board/remote batteries, flywheels, ultra-caps, hydraulic ... )

§= | management Waste heat recove

-2 infrastructure —

5~ attery/system charging/safety/management at venue
§§ ITS © Telemetry, data/information feed direct to consumers

2005 2010 2015 2020 2025

Confidential 31 July 2013 Version 10 © Ricardo plc 2013 1



VP
Bus technology roadmap LOWC __a -

Low Carbon Vehicle Partnership RICARDO

Breakthrough in energy storage

e

H, infrastructure Fuel cell vehlcles
K< Plug in hybrid

Mild/mild hybrid
\ :ﬂ_

IC Engine efﬁaency improvements

Powertrain

Waste heat recovery Advanced thermodynamic cycles
= Biofuels = Sustainable liquid/gaseous fuels *

Powertrain efficiency improvements/ancillary electrification

CO, reductions limited by ‘ ~ “Zero” Air Quality -
emissions regulation Impact

LD Van CO, ~ Possible HD/MD UK €O, GHG = greenhouse
Regulation CO, Regulation Target gas
Now 2020 2030 5040 50




