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HybriDrive® Solutions Overview

CUTTING-EDGE HYBRID TECHNOLOGY COMMITMENT TO MARKET
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aircraft technology

Series — Bus
i —

DELIVERING RESULTS
Systems deployed on over 11,000

vehicles worldwide Balanced Portfolio

HybriDrive Solutions
Supplying Leading OEMs 2013 Sales

ALEXANDER NOovaBus
DENNIS

IVECO GILLIG o

Europe

= DAIMLER Military

FTA
- :

K s e v 1 roue e g

Market Leader

Hybrid Transit Bus Propulsion
Providers
North America and Europe

I BAE

Systems

I others

ETLAMER A VI POwEE




9/20/2013

Electric Drive Products & Vehicle Integration Capabilities
Supporting Full Electrification

S LR,

AC Traction Motor Energy Storage System (ESS)
(ACTM)

Integration & Test Labs

155 Engineers
Propulsion Control System (PCS) Auxiliary Power Systems (APS) 50i(1)0n2;[c‘>rﬁdgffn§§"3

Fully Qualified Production Hardware supports ZBus CCIIID [
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Natural Progression to More Electric / Full Electric

Electric Accessories
Electric Modes (Series-E)
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Products and Programs Supporting Full Electric
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Flexible / Scalable Electric Accessory Power System

Enabling Technologies

A Lithium Next Generation Battery System I@
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Pipeline of Mature and Next Generation Products is Strong
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Performance — Fulfilling the Operational Need

Parameter Value Comments

Gradeability 40mph/2.5%; 7mph/16% consistent with whitebook

Acceleration 30 mph' 18 sec consistent with whitebook

Top Speed 55 to 65 mph dependent on gearing

Passengers 37 + Driver, 19 standees Greater pax with weight reductions

Range 260 miles Typical urban route driving

Fuel Economy 7+ mi/gge Demonstrated in typical urban
route driving (with accessories)

Availability Capable of >95% >85% demonstrated on prototype
with clear pathway to >95%

Durability (hybrid and 52,000 Hours, 12 Year Batteries midlife refresh at 6 years

power components)

The Technology is proving out!

Performance and Reliability on Track to Achieve DOE Targets for FC Bus
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Current Delivery Structures (North America)

Procurement e FTA fﬂﬂ!ﬁ‘?f? E=c"TRAHS’T

Authority

Contract Sﬁﬂf{{l‘ﬂ E mg BALLARD
Prime CALSTRAT

Propulsion Provider Chassis Provider
Fuel Cell .
Power Systems & ) and Final Stage
Provider
Integrator

BAE SYSTEMS BALLARD
Lation:

Integrated Product Team (IPT)

Pre-Production:
Typical Timeframe

from Contract to
Bus Delivery is
approx.18

The IPT delivers the fully integrated and finished bus
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Future Technology and Performance Enhancements

« Next Generation ESS — Larger Capacity — opportunity for smaller fuel cells
without significant performance impact

« Flexible / Scalable Accessory Power
« More efficient operation of electric accessories P

e Commercialized subcomponents and sized optimally D EIE 50 kW
for application (lower cost) e

< Potential for high voltage gateway D D

« Robust Power Electronics — Continued Development

< “Balance of Platform Components — continued
development by Market Leading Suppliers
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Game Changers

» Continued Government and Private Investment funds in order to mature
enabling technologies, reduce capital cost and optimize systems / platforms.

» Lower Cost, Higher Capacity Hybrid Batteries
* Lower Cost Fuel Cells

» Lower Cost “balance of platform” systems
(e.g. Hydrogen Storage)

* Vehicle OEMs or Rebuilders Must Emerge
as Primes

» H2 Infrastructure/Supply — Lower cost H2
» Continuation of ZEB focus through funding, regulation, initiatives & Incentives
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Bob Devine
robert.w.devine@baesystems.com
607-770-3276
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