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Section 1 - EV and Alternative Powertrain Technologies

Summary

Battery-electric powertrains

e EVs’ energy efficiency potential

EV- ICE vehicle energy efficiency comparisons

‘Fuel economy’ EV-ICE vehicle comparisons

CO2 emissions comparisons between EVs & ICE cars

Fuels’ CO2 potential

Plug-in hybrids (PHEVs)

Review of research/development stage powertrain technologies
e Mild and micro-hybrids and full hybrids

e On-board vehicle carbon capture

e Biofuels

Fuel cell electric vehicles

Fuel cell plug-in hybrids
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Section 1 - EV and Alternative Powertrain Technologies (cont/..)

Compressed air as an energy carrier in vehicles
Optimising electric traction motor technology
Optimising internal combustion engines

Conclusions

Section 2 - Battery Technologies

Summary
Lithium-ion battery costs, performance and durability

Alternative battery technologies

e Nickel-metal hydride (NiMH) batteries

e Alternative lithium-ion cathode chemistries
e Solid-state electrolyte thin-film lithium-ion batteries
e Competitors to lithium-ion

e Lithium-ion polymer

e Lithium iron phosphate

e Lithium iron sulphide

e Lithium-sulphur

e Ultracapacitors

e Quensor

e Lithium ion capacitors

Overview of energy storage R&D activity

e USAB

e UK Technology Strategy Board-funded battery research
e Collaborative research in Germany

e Nanotechnology for accelerating charge absorption

e Viruses to build cathodes

e (Cost reduction and safety

e The vehicle structure as energy storage

e Redox flow batteries

e Battery management innovation

e Silicon anodes for lithium-ion batteries
e Zinc-air and lithium-air batteries

e ZEBRA batteries
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Section 2 - Battery technologies (cont/..)

EV battery industry forecasts
e Lithium-ion battery resource impacts

Conclusion

Section 3 - Electric Vehicles and Power Generation

Summary

How much could EVs add to rising electricity demand?

° Impact assessments

e UK requirements

Growing demand will drive power price increases
e Global electricity demand trends

Moving from fossil to renewable energy sources

e Micro-generation
e The EV as a mobile power station

e Micro-generation and hydrogen fuel cell-electric cars

The potential energy demand impact of fuel cell-electric cars

EVs and grid balancing

Section 4 - Recharging Infrastructure

Summary
Electric cars’ infrastructure demands
e ‘V2G': Could energy flow two ways through recharging stations?
e Access to recharging facilities
Electricity network capacity and upgrade costs: The UK example
Public recharging station costs
Fast charging developments and suppliers
e Fast charger costs
e Fast charging and battery cycle life
Induction loop charging

Who will sell power through recharging stations?

e ‘“Interoperable, pan-European system”
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Section 4 - Recharging Infrastructure (cont/..)

Battery exchange
How many public charging points are needed per EV?

How much infrastructure investment is needed?

e Time and space: recharge rates and recharge station occupancy

e Scaling recharging investment to national coverage
EVs and car clubs
With new infrastructure come new players and new business models
The hydrogen fuel cell alternative

e Hydrogen highways

e Home hydrogen production and micro-generation

The development of standards for charging equipment

Section 5 - Critical Resource Forecasts

Summary
Oil and car dependency
Lithium

e Lithium recycling
Zinc
Rare earth metals
Biofuels
Hydrogen
Water

Conclusion

Section 6 - Review of EV Market Penetration Forecasts

Summary

20-year lead-in time for new automotive technologies
Installed EV production capacity

16 million hydrogen-fuelled cars at €3.75 million each?

What EV capacity would be required to electrify the global car
market in 40 years?

Conclusion
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Section 7 - Funding the Transition from Oil: Fiscal Policies and

Electrification

Summary

A multi-billion dollar problem

The case for subsidising early adopters
Manufacturing subsidies

Purchase incentives

Holding costs

Infrastructure support

Transition from oil to mobility taxes

Charging for infrastructure

Conclusions

EV-friendly fiscal policies in operation

Section 8 - Business Models and Strategic Issues for Electric
Mobility Providers

Summary

China

The European Union
Ireland

France

Germany

Japan

The Netherlands
Spain

The UK

USA

International

The pre-vehicle assembly value chain

The post-assembly automotive value chain

Over capacity

Automotive value chain relationships

Crucial aftersales margins ...

EVs' reduced aftersales revenue potential
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