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Electric -Drive Vehic les (EDVS)

Battery Electric Vehicle (BEV)

Use on on-board electricity
Recharged from electrical grid

Hybrid Electric Vehicle (HEV)
Electric drive system complement
combustion engine

Parallel or series drivetrain
Conventional or plug-in

I .
s s Fuel Cell Electric Vehicle (FCEV)
— Fuel cell generates electricity from hydrogen to

power and electric motor drive system
Hydrogen generated off-board or on-board

(via hydrocarbon reformation)
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Electric Transportation Resea rch at EPRI

25 Years of Electric Transportation Researc h

e Current Activities

— Non-road ET: fast charging, electric material handling, airport GSE,
truckstop electrfication, and emissions analyses.

— Plug in HEVs: transit buses and heavy duty vehicles, paratransit,
delivery vans, and passenger vehicles
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Motivation

Three Primary Motivations

 Energy Security: Moderate consumption of petroleum-based
transportation fuels

e Global Warming:  Reduce CO, emissions

 Environment: Attain air quality targetsin critical areas.
Reduce well-to-wheels criteria emissions

Transportation Sustainability — Four Options (for the Vehicle)
 Energy Efficiency

« Biofuels

« Electricity (Renewable or near-zero emitting)

 Hydrogen (Also renewable or near-zero emitting)
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EPRI Plug-in HEV Development

Phase 1. Multi-client study of benefits and impacts
of HEV technology, cost, market

Phase 2: Detailed feasibility of PHEV application
to production platforms

Phase 3: Develop and demonstrate prototypes
with vehicle OEM and customers.

Phase 4: Fleet demonstration

Phase 5: Commercialization
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What is a P lug-in Hybrid Electric Vehicle?

Plug-in HEV Attributes

e Combine function of EVs and HEVs

— “Electric range” equivalent to 10-
60 miles of driving

* 60 miles is a long-term outlier
— Overnight recharge
— Continuous driving possible W\ p 0
without recharge f /I 2% N Motor Housing

* Plug-in HEVs use electricity while
battery charge is high

— Switches to hybrid mode when: ,
) Engine Clutch
o Battery charge is low Engine Shaft
» Higher vehicles speeds Elociric Motor
« Driver requires full power CEERECIENY SEngs

e Plug-in HEVs have the potential for
further petroleum reduction by
substitution of grid electricity
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HEV mode triggers include:
— Vehicle speed
— Battery SOC

— Driver accel request
(optional)

— Driving location
— System temperature

Battery SOC

0.8 1 1.2 1.4

Vehicle Distance Travelled/ZEV Rang

0 0.2 0.4 0.6
1.2
[ = ZEV Mode
Greenzone Strategy
0 0.2 0.4 0.6 0.8 1 Jlb E
Copyright © 2003 Electric Power Research Institute, Inc. Al rights reserved. Vehicle Distance Travelled/ZEV R; l

1

Need to balance operation
with low operating costs
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Battery SOC
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Vehicles should operate
indefinitely at minimum SOC
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Greenhouse Gas Emissi ons

Fuel Cycle CO2 Emissions (g/km)
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@ Plug-in Hybrid, 32 km EV range

B Plug-in Hybrid, 96 km EV range

Midsize SUV

Midsize Sedan

Compact Sedan
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Annual Gasoli ne Consumption

Annual Gasoline Consumption (liters)
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A Second Way of Looking at Fuel
Consumption
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Increasing Energy Hybridization
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Plug-In Hybrid Drive - Train

Vacuumpump

Transmiss®n cras bar ad
bearing

Cardan shaft

Automattc Transmissn)

Internal Conbustion

Engine PM Synchronous electrimota
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First Study: The Plug-1 n Hybrid Sprinter

Base vdicle Panel van 3.8&3550mm
ICE Diesel/Gastine
Transmissgon Automatc
W5A380
Weight 1960 kg (empty)
Dn-board charger Charge poat
J\ E-Motor
\ Torque (peak) 130-180 Nm (275
Nm) Power (pel) 70 kKW (90 kw)

Battery
Capady 14 kWh

Weight 350 kg NiMH / 160 kg Li-
ICE Transmission lon

Clutch and E-mota 70 kW
Fuel /CO, reduction

10%to 50 % dependingpn driving
cycle and habit 12
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DaimlerChrysler and EPRI-Project

y Electric Power Research Institute, Palo Alto, CA ( EPRI see, at www.epri .com)

Y Phase | — Technical and market feasibility study — currently under way
Yy Other key project partners
Yy Kansas City Area Transportation Authority (KCATA, see at www.kcata.org )
Yy Metropolitan Energy Center (see www.kcenergy.org )
Yy Southern California Edison (SCE, see www.sce.com )
Yy South Coast Air Quality Management District (AQMD, see www.agmd.govV)

Phase Il — Extension up to 30 more field evaluation vehicles in the US — planned after
completion of Phase | until end of 2006
Yy Customers (among others):

Yy Large Fleets

Yy Utility Companies

Yy Transit Authorities
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Technical and Market Feasibil ity Study
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OEM Partners hips

Public-Private or Collaborative Partnerships Can Work!

« Working with major OEMs
— Be realistic, respect their business models
— Provide technological input whenever possible
— Require and sustain the support of upper m  anagement!

o Safeguard your organization’s credibility
— Be careful, one major mistake can doom a program
— Don’t over-promise

« Advanced vehicle programs work best when they augment existing
products and businesses

 Be a good shepherd of public funds

» EXpect the unexpected—always have an escape route AND a back-up
plan
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