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VTA Background and Goal

The AVTA is part of the U.S. Department of
Energy’s Office of Vehicle Technologies

The AVTA is conducted by the INL and Electric
Transportation Applications (ETA - Phoenix, AZ),
with Argonne National Laboratory performing
dynamometer testing

AVTA Goal

» Provide benchmark data to technology modelers,
R&D programs, and target setters

» Assist fleet managers in making informed vehicle
purchase, deployment and operating decisions
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION
AVTA Testing History
Hydrogen internal combustion engine vehicles

» 6 models, 400,000 test miles
Full-size electric vehicles

» 40 EV models, 5+ million test miles
Neighborhood electric vehicles

» 15 models, 200,000 test miles
Urban electric vehicles

» 3 models, 1 million test miles
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Baseline Performance Testing
Closed track testing

» Coastdown (dynamometer coefficients), charging,
acceleration, top speed, and durability tests

Depending on vehicle technology, a two- to five-
day dynamometer testing regime is used:

» Urban Dynamometer Driving Schedule (UDDS) and
Highway Fuel Economy Test (HWFET) primary
dynamometer tests

» Charge depleting and sustaining test cycles

» Includes air conditioning (AC) off and on cycles

» Hot and cold starts

» PHEV testing includes at least 26 drive cycle tests

Stoctsic Tramsportintivn Agblications mlduho Nafional Laborafory (.




Onroad Fleet and Accelerated Testing
HEVs are tested for 160,000 miles and three years
In high mileage fleets

PHEVs are initially onroad tested in defined 10-mile
city and highway loops for 5,440 miles, and placed
In fleets

Mission selection based on vehicle performance
characteristics, fuel use, and technology
subsystems
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

Hybrid Electric Vehicle (HEV)
Testing
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Miles per Gallon

\BILITY: THE FUTURE OF rt‘”’kNQF’{JH

12 HEV models basellne tested to date
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Percent MPG Decrease

SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

HEV Percentage mpg decrease - A/C on
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SUSTAINABILITY: THE FUTURE OF rt“"ﬁ.NQ”{JH
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION
HEV Normallzed Capacity

Normalized Capacity Discharge During SAE J1634
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION
HEVs in Onroad Testing
2001 Honda Insight 6 Completed
2002 Gen | Toyota Prius 6 Completed
2003 Gen | Honda Civic 4 Completed
2004 Chevrolet Silverado (2- & 4-WD) 2 Ongoing
2004 Gen Il Toyota Prius 2 Completing
2005 Ford Escape (front & 4-WD) 2 Completing
2005 Honda Accord 2 Ongoing
2006 Lexus RX 400h (front & 2 AWD) 3 Ongoing
2006 Toyota Highlander (AWD) 2 Ongoing
2006 Gen Il Honda Civic 2 Ongoing
2007 Saturn Vue 2 Ongoing
2007 Toyota Camry 2 Ongoing
200X Nissan Altima 2 Ongoing
200X GM 2-mode vehicles ? Not Started
Total test or in testing 37 to date
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IABILITY: THE FUTURE OF TRANSPORTATION

3.2 Million HEV Onroad Test Miles

All HEVs - Miles Driven Monthly & Cumulative
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

Onroad Test miles per HEV model

Total HEV Fleet / Accelerated Reliability Test Miles - By HEV Model
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Yellow bar = testing complete
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Onroad Miles per gallon by HEV mode

HEV Fleet / Accelerated Reliability Testing MPG - By HEV Model
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RANSPORTATION
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HEV Monthly miles per gallon
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HEV Monthly Miles per Gallon

Accord

e RX400h

e (Gen | Civic
e (Gen |l Prius
—Camry
—Vue

o

<

©

=

Gen | Prius
Escape
Gen Il Civic

N

o

<

=)

=

=== Highlander

e |nsight
e Silverado

0 o [To) o
< < (9] (3p}

uojes Jad sa|I

25
20



Miles per Gallon

]
- 7 !:':'l"\. F [
i W i T o .
i ) = il " i
: 4 L T i -
i F Ll 1 171 - - | - .._1 __' = K - _--\'-
=11 Y Hi =Snuvi=l [ )= TANSF ’f._a LT TON

Onroad HEV t'esting' énd 'E-PA MPG

HEV Fleet Testing MPG

il AVTA Fleet @ EPA New Combined O EPA Old Combined

Gen | Civic Insight Gen | Prius 4WD 2WD AccordsGen Il Prius 4WD 2WD AWD 2WD AWD  Camry Gen Il Civic Vue
Silverado Silverado Escape Escape RX400h RX400h Highlander
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION
Onroad HEV testing and EPA MPG

Percent EPA MPG > or < AVTA Fleet MPG
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

HEV Maintenance and Repairs

FREEDOMOCAR & VEHICLIE FECHNOLOGTES PROGRAM

HEV Fleet Testing
Advanced Vehicle Testing Activities
Maintenance Sheet for 2006 — Highlander
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

Plug-in Hybrid Electric Vehicle
(PHEV) Testing
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

EnergyCS Prius — UDDS
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EnergyCS Prius — HWFE

SUSTAINABILITY: THE FUTURE OF TRANSPORTATION
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

Hymotion Prius — UDDS

Hymotion PHEV Prius MPG & kWh - UDDS Testing

170 mEmmm MPG per UDDS Test s Cumulative AC kWh s Cumulative MPG 8.5

7 16 22 30 37 45 62 60 67 75 82 90 97 105 112 119 127 134 142

Each Bar - 1 USSD Test Cycle, Labeled by Cumulative Miles
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

Hymotion Prius — HWFET
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Accelerated PHEV Onroad Testing

Uses dedicated drivers

Predetermined and repeatable drive cycles
Combinations of urban and highway loops
5,440 total onroad test miles per PHEV model

162 drive and charging cycles that include 1,344
hours of charging - can not economically be
performed on a dynamometer

Not as controlled as dynamometer, but
compliments controlled dynamometer testing by
allowing a broader view of fuel use over many
more miles and charging events
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION
Accelerated PHEV Onroad Testing
Cycle Urban Highway | Charge | Reps Total Reps Miles
(mi) (10 mi) (10 mi) (hr) (N) (mi) (%) (%)
10 1 0 4 60 600 37% 11%
20 1 1 8 30 600 19% 11%
40 4 0 12 15 600 9% 11%
40 2 2 12 15 600 9% 11%
40 0 4 12 15 600 9% 11%
60 2 4 12 10 600 6% 11%
80 2 6 12 8 640 5% 12%
100 2 8 12 6 600 4% 11%
200 2 18 12 3 600 2% 11%
Total 2,340 3,100 1,344 162 5,440
Average 43% S57% 8.3 18
27
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EnergyCS Prius — Accelerated
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ycle | Urban | Highway | Charge | Reps | Total | Electricity Gasoline
(mi) { (20mi) | (10 mi) (hr) | (N)| (mi) kWh| Gals| MPG
10 1 0 4 60 600 115.58 478 | 125.6
20 1 1 8 30 600 86.21 7.95 77.9
40 4 0 12 200* 17.37 1.61| 1264
40 2 2 12 200* 29.00 1.42| 145.1
40 0 4 12 5| 200* 30.00 2.43 85.5
60 2 4 12 10 600 65.00 590| 103.7
80 2 6 12 8 640 39.04 | 10.09 65.8
100 2 8 12 6 600 22.67 8.81 70.8
200 2 18 12 3 600 12.98 | 10.46 57.8
otal 1740 2500 984 | 132 | 4240 Weighted Ave 88.4
* Being rerun to 600 miles 28




ycle | Urban | Highway | Charge | Reps | Total | Electricity Gasoline
(mi) { (20mi) | (10 mi) (hr) | (N)| (mi) kWh| Gals| MPG
10 1 0 4 60 600

20 1 1 8 30 600 122.02 537 | 1159
40 4 0 12 200* 29.84 1.87| 108.9
40 2 2 12 600

40 0 4 12 5 600

60 2 4 12 10 600

80 2 6 12 8 640

100 2 8 12 6 600 35.98 8.43| 73.23
200 2 18 12 3 600

otal 1740 2500 084 | 132 | 4240 Weighted Ave

* Being rerun to 600 miles
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Fuel Cost per Mile - Hymotion, EnergyCS (UDDS & HWFET) & Other Vehicles

$0.17

ECS UDDS Combined $$ PER MILE

$0.15 HYM UDDS Combined $$ PER MILE
$0.14 HYM HWY Combined $$ PER MILE
@ $0.12 = =|CE Gas 30 MPG
= = = |CE Gas 20 MPG
S $O'11 I I I I I I I I I I I I I I — . .
= ECS Prius Accelerated Testing
~ $0.10
w
o
O $0.09 -
S $0.08
$0.07
$0.06 -
$0.05 ,¥‘>
/
$0.04 ~— — =

$0.03

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Each Data Point Labeled by HWFET and UDDS Tests, Uneven Miles. Gas $3.25 gallon & kWh - $0.10

15 16 17 18 19 20
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Renault Kangoo Series hybrid

A/C kWh per
Test Cycle Mile Miles per Gallon
Battery Only - UDDS 0.268
Battery Only - HWFET 0.155
Battery Only @ Constant 45 mpg 0.271
Battery & Gas Cold UDDS 0.144 42.3
Battery & Gas Hot UDDS 0.110 394
Battery & Gas Hot HWFET 0.042
60 Battery Only 10-mile
Accelerated Cycles 0.481
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THE FUTURE OF TRANSPORTATION

Hymotion Charger Profile

Hymotion - Pack Charge Profile
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

—— Voltage (V) Hymotion - Pack Charge Profile
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Voltage VDC
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A\BILITY: THE FUTURE OF TRANSP GHiAiIGH

Hymotion Charger Profile — Per Cell

Hymotion - Per Cell Charge Profile
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Voltage - VDC

SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

EnergyCS Charger Profile

EnergyCS - Pack Charge Profile
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Voltage - VDC

EnergyCS Charger Proflle

EnergyCS - Pack Charge Profile
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Voltage - VDC

SUSTAINABILITY: THE FUTURE OF H"*‘*AHH”{JRnAHGM

EnergyCS Charger Profile — Per Cell

EnergyCS - Cell Charge Profile
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NYSERDA

The AVTA is testing New York State Energy
Research and Development Agency’s PHEVs

Model Baseline Accelerated Delivery Status
EnergyCS Prius Completed | Near completion Delivered
Hymotion Prius Completed ongoing Delivered
Hymotion Civic Not yet delivered
Hymotion Escape Delivered Albany, NY
Electovaya Escape Starting After baseline 4 deliveries required

HybridsPlus Escape

Delivered once, sent back
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Seattle-Area Demonstration
13 Hymotion Prius PHEV demonstration with:
» The City of Seattle (4)
» King County (4)
» Port of Seattle (2)
» Puget Sound Clean Air Agency (3)

Testing will include charging and driving profiles
as well as charging infrastructure analysis

Start late 1st quarter CY2008
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City of 'é'com'a'

The City of Tacoma has obtained 1 lead acid
battery Prius PHEV from the Green Car Company
with 1 more on order, and 1 Hymotion Prius is on
order

Tacoma and the AVTA to conduct cooperative
testing of vehicles and charging infrastructure

» Tacoma is following the NEC for PHEV charging
» Each branch circuit is metered

Testing will include charging and driving profiles
as well as charging infrastructure analysis

Started 4t quarter CY2007

Stectoic “Trasiportiation R ication mlduho Nafianal Laboratory m 40




......

NRECA

Developing PHEV data collection effort with
National Rural Electric Cooperative Association

Total of 7 Prius and Escape PHEVs from Hymotion,
EnergyCS, and HybridsPlus will be operated by
rural electric coop utilities in Florida, Georqgia,
Indiana, Minnesota, North Carolina, Oregon, and
South Carolina

The AVTA will collection and process onboard data
from the fleets, and provide individual vehicle and
fleet operations data

Testing will include charging and driving profiles
as well as charging infrastructure analysis

41
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SUSTAINABILITY: THE FUTURE OF TRANSPORTATION
Hymotion

Data loggers installed on most of 50 PHEVsS in 25

North America locations, with plans to actively
collect data on 100 vehicles during 2008

New battery version available in 15t quarter 2008, is
In crash testing and will have SULEYV certification

Testing will include charging and driving profiles
as well as charging infrastructure analysis

The AVTA signed agreement with Hymotion and is
Initiating Hymotion fleet testing support

|




SUSTAINABILITY: THE FUTURE OF TEEAﬂS{JﬁTIH
EnergyCS

The AVTA and EnergyCS have signed and initiated
a data collection, dissemination and reporting
agreement

EnergyCS has provided historical PHEV operations
onboard data for 7 vehicles operating in fleets in
Canada, Arizona, and California
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RPM, Ah In and Ah Oout

SUSTAINABILITY: THE FUTURE OF TRANSPORTATION

EnergyCS Onboard Data

5000

EnergyCS Prius - 678 Miles of Drives and Charging Events
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