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Extended-Range Electric Vehicle

kilometers range in extended-range mode

= Powerful battery to provide peak power in extended range mode

= Recharge in less than 3 hours at standard 230V wall outlet
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Opel Ampera
Extended-Range Electric Vehicles

- = Production to beg
= Battery development is key challenge

= Opel Ampera will have same battery
system as Chevrolet Volt




Requirements for Automotive Battery Systems
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= [ntegration with thermal managéme-
system to comply with environmental
influences and power level

= Service aspects

=>» Automotive battery systems differ fundamenta
from common consumer applications
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Requirements for E-REV batteries

cycles

(charge depletion mode)

Temperature: power needed at temperatures below 0°C to
allow EV mode

E-REV batteries need power like HEV and energy like EV




Battery Specification for Opel Ampera

Max. discharge power (2 s) 115 kW |
Max. discharge power (10 s) 110 kW |
Max. regen power (10 s) 60 kW |
Usable energy (end of life) > 8 kWh |
Max. discharge current 400 A I
Nominal voltage 360 V

Round trip efficiency (reference cycle) > 90%

Calendar life > 10 years

Cycle life (EV cycles) > 4,700

Max. system weight 180 kg

Unigque power requirement — 2.5 times USABC




Li-lon Battery System for Opel Ampera

power: > 111 kW

= Nominal voltage: 360 V
= Chargingtime: 3h@230V, 16 A

= Life: 10 years / 240,000 km
= System weight: 180 kg




VOLTec Battery System for Opel Ampera

= GM des'igned and developed the batte'ry system':

= Novel thermal integration concept to ensure optimum battery temperature as much as
possible

» Integrated into vehicle structure

= GM developed sophisticated controls system:
= Battery algorithms
= Power management
= Thermal management

= GM will produce battery packs in Michigan




Brownstown Battery Plant

= Battery pack main line




T-shaped Battery Pack for Opel Ampera

-Do not reduce trunk space '
*Find safe location for battery
pack -




Battery Package for Opel Ampera

Engine Generator Lithium-lon Battery

Electric Drive Unit Charge Port

Battery is packaged in tunnel and under rear seat




Operation Modes of the Opel Ampera




Operation Modes of the Opel Ampera




Operation Modes of the Opel Ampera
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Battery Testing on Bench

- Abuse tolerance (overcharge, short

circuit, crush, over temperature, etc.)
" Tests on pack level

Power

Energy

Efficiency

Thermal system

Controls

Cycle life
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Opel Ampera battery packs are tested in life cycle tests 24/7




Battery Validation

salt, water
= Electric: e.g. EMC
= Customer use life cycle




Recent VOLTec Battery Milestones

= Milestone 3

> 300,000 miles of customer use lab testing up to
date

= Milestone 4
> 20 pack channels in Battery Systems Lab fully
dedicated to VOLTec battery




Battery Testing in Vehicle

= Several hundred thousand kilometers
driven with the development fleet




Future Outlook
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Summary

~ = Unchanged trunk capacity
= Qutstanding performance (0 — 100 km/h in 9 s)
= Start of production in 2011 on schedule







