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I Plug-In Hybrid Electric Vehicles
Status 2006 — 2007

2006

 Pres. Bush endorses PHEV technology—DOE
initiates it first PHEV R&D Program

* First PHEV prototypes from major automaker
begin U.S. fleet testing (DCX PHEV Sprinter)

2007

 GM announces Chevy Volt, a PHEV
with ~40 miles of EV range

— GM has 2010 market intro goal

» Toyota announces significant internal
program for PHEV development

« DaimlerChrysler developing 2"
generation plug-in hybrid Sprinter Van

* Nissan & Ford announce PHEV
development programs

-Pvrr,

=PI | resehnc nsm
RESEARCH INSTITUTE

© 2007 Electric Power Research Institute, Inc. All rights reserved. 2



ST

Pre-Commercial Private/Public
Research Development & Demonstration

Electricity is a cheap, abundant
transportation fuel — can we take
advantage of this?

Re-emergence of Auto Manufacturer Interest
© 2007 Electric Power Research IhﬁtuEl@@t mr@ ragﬁlams po rta‘“ on

3

Higher fuel

economy

Altemative
fuel hybrid
18%

Higher power autput
&%

New Consumer Interest & Awareness

Source — Toyota %ﬁ@é d%i%?g{;/o”\?gb*?‘




I Plug-In Hybrids Significantly Reduce
Consumption of Motor Fuels

900 -

Fullsize SUV

800 ~

700

Midsize SUV

600

Midsize Sedan

500

400

300

200

100

Annual Gasoline Consumption
(gallons)

’l Conventional Vehicle [0 "No-Plug" Hybrid B Plug-in HEV, 20 mile EV range

© 2007 Electric Power Research Institute, Inc. All rights reserved.

Source: EPRI Report 1000349

=rFic

ELECTRIC POWER
RESEARCH INSTITUTE



Environmental Impact of Plug-In Hybrids

« Air Quality remains a concern
— Population growth
— Economic output
— Increasing per capita VMT

— Understanding future health

concerns
* Global Climate Change

— Increased probability of
carbon-constrained future

* Petroleum Consumption

— Some marginal new fuel
sources have increased
upstream emissions,
environmental impacts
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I PHEVs Likely to Cause Decrease In
Net Criteria Emissions

 Power plant emissions § 1001
essentially constrained in ¢ = -
magnitude, location. 30 -
« Emissions reduced at = I
ground level, thus a £
greater po'tentlal. to 2 ool
Improve air quality: %_250 — s
— Exposure efficiency. 2 Uneteam) (venio)  (Ursteam  (vehiciey
« Significant reductions Iin @SOx  MmNOx  OVOC

gas/diesel emissions: | _
o 2030 High PHEV Penetration
— Ta”plpe and upstream * Passenger to Class 5 Vehicles.

(e-g- reﬂnerY)- » ~ 20% of vehicle-miles traveled powered
by electricity.
« 5.9% PHEV-caused load growth at utilities.

CPE' ELECTRIC POWER
e
RESEARCH INSTITUTE

© 2007 Electric Power Research Institute, Inc. All rights reserved. 6



I A Cleaner Grid Reduces PHEV CO2 Emissions

Plug-In Hybrid Midsize Sedan, 20 Miles Electric Range (or Equivalent)
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I Plug-In Hybrid Adoption Reduces
CO, Emissions

* Present-day U.S. generation
mix Is lower in CO, intensity
than gasoline and diesel 500
fuels.

* CO, intensity of generation
mix declines over time as

Annual CO2 Reduction
(million tons)
w
o
o

new technologies are 200
Introduced. 100 ~
0 T T T T T T T
* Plug-in hybrid reduces CO, S §F §g & s E&ELLES
v v v v v v v v v v

significantly over existing
vehicle mix of conventional
and hybrid vehicles.
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Charging Infrastructure

[N N>
* Plug-in hybrids require relatively

l
low power charging ‘ \

* Wide availabllity of infrastructure .
— Initial focus on private chargers
 Array of options

— 120 VAC, 15 amp (~1.4 kW)
— 120 VAC, 20 amp (~2.0 kW)
— 208/240 VAC, 30 amp

(~6 kW) PHEV 20 Vehicle Z?;g Charger Circuit Chgg%/i)ngoTci:me
e 120 VAC Strong|y Compact Sedan | 5.1 kWh | 120 VAC/15A 3.9-5.4hrs
preferred due to cost, |MdsizeSedan |59kwh | 120 VAC/15A 44-59hrs
ava.llabl | Ity Mid-size SUV 7.7kWh | 120 VAC/15A 54-7.1hrs
Full-size SUV 9.3kWh | 120VAC/15A 6.3-8.2 hrs

1.2 — 1.4 KW power, 1 or 2 hours conditioning e e
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I Future Intelligent Infrastructure Enabling
PHEVs, Energy Efficiency, Consumer Choice

Interoperability and
Functionality are
Key Attributes

utility 4
Communications \Q\

Ve

Dynamic

Management
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I EPRI PHEV Technology Timeline

Ii EPRI/Utility PHEV 3
r Fleet Demonstrations Costs Decrease,

Most OEMs Have

First PHEVs: PHEV in Lineup :
7 to 20-mile EV 40-mile EV Range

Range Li lon Battery 30-mile EV range

/

2000 2005 2010 2015 2020
HEV Sales Initial PHEV PHEV Sales Widespread
Accelerate Market Intro / Accelerate PHEV Adoption
7 /

Li lon Batteries
Enter HEV Market

Customer Market Pull:
Increased EV Range
Greater EV Performance

Infrastructure™9 | plug-in Night Time Charie ‘ 24 Hr. Grid Access ‘ Auto-Dockini \
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I The Advanced Battery Challenge for
Plug-In HEVs

Consensus conclusion of May 4-5 DOE Meeting on PHEVs

» Key guestions are cycle life, and cost/availability of energy batteries
for PHEVs

» Current durabillity test data shows potential for current advanced
batteries to meet cycle and calendar life requirements

 Large body of knowledge on battery capabilities for EVs and power
assist hybrids (led by USABC)

 For PHEVSs:
— Need specific test data for PHEV requirements
— Must evaluate latest chemistries
— Continue to evaluate for cycle and calendar life durability, safety
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I PHEV Sprinter Overview

« Large commercial van platform—cargo or passenger
 PHEV with up to 20 miles EV range in urban driving
« High power, parallel hybrid system

All PHEV Components are
positioned under floor or in
the Engine Bay
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I Plug-In Hybrid System Schematic

Additional Radiator HV - Battery
HV - Harness

Plug-In Socket

Electric Fan

Electric Drive Motor

Clutch Actuator
El. Vacuum Pump

HV el. AC-Compressor
El. Steering Pump

Charger

Inverter

DC/DC Converter HV-PDU




I Battery Technologies

« VARTA NiMH Vehicle Battery
— 280 cells (70 — 4 cell modules)
— 40 Ah cell capacity
— 14.4 kWh
— 70 KW (peak power)
— 40-cell test pack (50 V nom.)
« SAFT Li-lon Vehicle Battery
— 102 cells (17 — 6 cell modules)
— 39 Ah per module
— 15.5 kWh
— 87 kKW (peak power)
— 18-cell test pack (65 V nom.)
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PHEV Test Profile Development

 Derived from a dynamic vehicle-level simulation

« Based on the final portion of the INRETS URB1 vehicle
test cycle

 Replicates the urban driving conditions likely to be the
most demanding to the battery (low speed, high
acceleration and charge-sustained HEV mode at low
battery SOC)

» Uses a combination of both HEV and EV driving modes to
represent greater than 50% of statistical daily trips
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PHEV Test Profile Overview

* Test profile composed of three main modes

— Charge depletion mode, simulating the EV
operation

— Charge sustained mode, simulating the hybrid
operation (HEV mode)

— Regular charge mode, simulating the vehicle
being recharged from an outlet

(Equivalent to a 2.6 hours / 50 miles drive)
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Simulating a Plug-In HEV Duty Cycle
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Charge Depletion Mode
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« 180 sec test cycle
* Run from 100% SOC down to approximately 25% SOC

* Mode ends when the battery voltage stays below a pre-defined
threshold for more than 10 sec
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Charge Sustained Mode
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« 180 sec test cycle
* Run at approximately 25% SOC

* Mode ends when the duration of the charge depletion mode plus
the duration of the charge sustained mode reaches 2.6 hours
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Regular Charge Mode
[

* A regular charge, following the manufacturer
recommendation, is applied to the battery

— Charge rate is C/1 for the VARTA NIMH
battery

— Charge rate is C/2 for the SAFT Li-lon battery
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Reference Performance Test
[

*RPTs are performed every 200 cycles
(approximately 50 days) and includes:

— A C/1 Capacity Test
— A C/3 Capacity Test
— A Peak Power Test (USABC Test Manual)

— An HPPC Test (Hybrid Pulse Power
Characterization — PNGV Test Manual)
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44

SAFT Lithium lon — Capacity Test Results
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SAFT — Peak Power Test Results
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I SAFT — HPPC Results
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