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AVTA Background
• Idaho National Laboratory 

– 890 square mile site with 3,600 staff, multi-program 
DOE laboratory

• The AVTA is conducted by the INL and Electric 
Transportation Applications (ETA), with Argonne 
National Laboratory providing testing support

• AVTA Goal
– Provide vehicle and fueling infrastructure 

benchmark data to technology modelers, research 
and development programs, and target and goal 
setters 

– Assist fleet managers in making informed vehicle 
purchase, deployment and operating decisions
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Vehicle Testing Objectives
• Benchmark and reduce operational uncertainties of 

emerging vehicle technologies
– Perform independent vehicle testing in track, 

laboratory and on-road/fleet environments
– Document battery life, charging patterns and 

demand profiles, vehicle operations, and fuel use
– Document fueling infrastructure requirements and 

costs in real-world environments (both electricity 
and gasoline, when applicable)

– Document life-cycle costs
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AVTA Testing History
• Plug-in hybrid electric vehicles

– 6 models, ~75 vehicles in fleets
• Hybrid electric vehicles

– 14 models, 3.7 million test miles
• Hydrogen ICE (internal combustion engine) vehicles

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

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

– 16 models, 200,000 test miles
• Urban electric vehicles

– 3 models, 1 million test miles
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Hybrid Electric Vehicles (HEVs) in Testing

Ongoing22008 GM 2-mode Tahoes

Ongoing22006 Gen II Honda Civic

Ongoing22007 Saturn Vue

Ongoing22007 Toyota Camry

39 to dateTotal

Ongoing22008 Nissan Altima

Ongoing22006 Toyota Highlander (AWD)

Ongoing32006 Lexus RX 400h (front & 2 AWD)

Completed22005 Honda Accord

Completed22005 Ford Escape (front & 4-WD)

Completed22004 Gen II Toyota Prius

Ongoing22004 Chevrolet Silverado (2- & 4-WD)

Completed42003 Gen I Honda Civic

Completed62002 Gen I Toyota Prius

Completed62001 Honda Insight
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HEVs Baseline Performance Tested
Baseline Performance MPG (J1634 With & W/O Air)
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Percent HEV MPG Decrease - A/C on
Percent MPG Difference (J1634 With & W/O Air)
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3.7 Million HEV Onroad Test Miles
All HEVs - Miles Driven Monthly & Cumulative
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Onroad Test miles per HEV model

Total HEV Fleet / Accelerated Reliability Test Miles - By HEV Model

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

400,000

450,000

500,000

Civic

Ins
igh

t
Gen

 I P
riu

s
Silv

era
do

Acc
ord

s
Gen

 II 
Priu

s
Esc

ap
es

Le
xu

s
High

lan
de

r

Cam
ry

Gen
 II 

Civic
Satu

rn 
Vue

Atim
a

Tah
oe

M
ile

s

Yellow bar = testing complete

• Minimum 320,000 test miles per HEV model in 36 months



10

Onroad Miles per gallon by HEV model
HEV Fleet / Accelerated Reliability Testing MPG - By HEV Model
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HEV Maintenance and Repairs
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HEV Life-Cycle Costs per Mile
HEV Cost per Mile
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NEVAmerica Testing
• CARB requires all Neighborhood 

Electric Vehicles (NEVs) be 
tested by the AVTA

• 5 NEVs completing testing:
– 2 Miles Automotive: sedan & 

pickup
– 1 Zen sedan
– 2 GEMs: 6 passenger sedan & 

extended range pickup
• 14 NEVs previously tested:

– 8 Gems (Global Electric 
Motors)

– 2 Th!nk Neighbors
– 2 Frazier Nashes
– 2 ParCars
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eGSEAmerica Testing
• Developed economic payback 

software model for electric 
Ground Support Equipment 
(eGSE)
– For baggage tractors, belt 

loaders, and pushback 
tractors propelled by electric 
motors or petroleum engines 
(diesel and gasoline)

– Includes fueling infrastructure
– Based on operations of two 

airlines at four airports
– Partners: EPRI, SCE, SMUD, 

Georgia Power, Southwest and 
Delta Airlines
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PHEV Testing (Plug-in Hybrid Electric 
Vehicle) 
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EnergyCS Prius – UDDS Fuel Use
• 9 kWh Valence lithium pack – AC kWh

EnergyCS PHEV Prius MPG & kWh - UDDS Testing
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EnergyCS Prius – HWFET Fuel Use
• 9 kWh Valence lithium pack – AC kWh

EnergyCS PHEV Prius MPG & kWh - HWFET Testing

0

10
20

30
40

50

60
70

80
90

100

110
120

130

140
150

160
170

180

10 21 31 41 51 62 72 82 92 103 113 123 133 144 154

Each Bar = 1 HWFET Test Cycle. Labeled by Cumulative Miles

M
P

G

0

0.5
1

1.5
2

2.5

3
3.5

4
4.5

5

5.5
6

6.5

7
7.5

8
8.5

9

kW
h

Drive Cycle MPG Cumulative AC kWh Cumulative MPG



18

Hymotion Prius – UDDS Fuel Use
• 5 kWh A123 lithium & Prius packs – AC kWh

Hymotion PHEV Prius MPG & kWh - UDDS Testing

0
10
20

30
40
50
60

70
80
90

100
110

120
130
140
150

160
170
180

7 15 22 30 37 45 52 60 67 75 82 90 97 105 112 119 127 134 142

M
PG

0.0
0.5
1.0

1.5
2.0
2.5
3.0

3.5
4.0
4.5
5.0
5.5

6.0
6.5
7.0
7.5

8.0
8.5
9.0

Each Bar - 1 UDDS Test Cycle, Labeled by Cumulative Miles

kW
h

MPG per UDDS Test Cumulative AC kWh Cumulative MPG



19

Hymotion Prius – HWFET Fuel Use
• 5 kWh A123 lithium & Prius packs – AC kWh

Hymotion PHEV Prius MPG & kWh - HWFET Testing
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Hymotion Escape – UDDS Fuel Use
• 8.5 kWh A123 lithium & Escape packs – AC kWh

Hymotion PHEV Escape MPG & kWh - UDDS Testing
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Hymotion Escape – HWFET Fuel Use
• 8.5 kWh A123 lithium & Escape packs – AC kWh

Hymotion PHEV Escape MPG & kWh - HWFET Testing
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Electrovaya Escape – UDDS Fuel Use
• 12 kWh Electrovaya lithium & Prius packs – A/C kWh

Electrovaya PHEV Escape MPG & kWh - UDDS Testing
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Electrovaya Escape – HWFET Fuel Use
• 12 kWh Electrovaya lithium & Prius packs – A/C kWh

Electrovaya PHEV Escape MPG & kWh - HWFET Testing
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• 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 a minimum 

of 1,344 hours of charging 
• Test PHEV batteries at completion of accelerated 

testing and at 25k, 50k and ? miles

Accelerated Onroad Testing
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PHEV Accelerated Testing

188.357%43%Average
5,4401621,3443,1002,340Total

11%2%600312182200
11%4%60061282100
12%5%6408126280
11%6%60010124260
11%9%60015124040
11%9%60015122240
11%9%60015120440
11%19%6003081120
11%37%6006040110
(%)(%)(mi)(N)(hr)(10 mi)(10 mi)(mi)

MilesRepsTotalRepsChargeHighwayUrbanCycle

• Accelerated testing in Phoenix over 5,440 miles
• GPS units track distance, average & maximum speeds 
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EnergyCS Prius – Accelerated Testing

54.111.3126.48600**15120440

128.14.78115.586006040110

84.5 Weighted Average484014798425002340Total
57.810.4612.98600312182200
70.88.8122.6760061282100
65.810.0939.046408126280

103.75.9065.0060010124260
85.52.4330.00200*5124040

145.11.4229.00200*5122240

126.41.6117.37200*5120440
77.9 7.95 86.216003081120

MPGGalskWh(mi)(N)(hr)(10 mi)(10 mi)(mi)

GasolineElectricityTotalRepsChargeHighwayUrbanCycle

* Rerun to 600 miles  **Software updated and cells replaced. May be rerun. 
Each total distance slightly greater than 600 miles. HEV version = 44 mpg
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Hymotion Prius – Accelerated Testing

101.1 6.0584.1060015120440

127.24.81

86.4 Weighted Average5,440167140431002540Total
54.811.0215.0600312182200
73.28.4335.9860061282100
58.311.3643.996408126280
68.98.9855.3360010124260
73.18.5479.8260015124040

106.95.7887.2260015122240

115.9 5.37122.026003081120
136.336006040110

MPGGalskWh(mi)(N)(hr)(10 mi)(10 mi)(mi)

GasolineElectricityTotalRepsChargeHighwayUrbanCycle

Each total distance slightly greater than 600 
and 640 miles. HEV version = 44 mpg
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Hymotion Escape – Accelerated Testing

45.3

60015120440

Weighted Average5440162134431002340Total
600312182200
60061282100

41.316.0577.696408126280
13.7097.1860010124260

60015124040
60015122240

6003081120
6006040110

MPGGalskWh(mi)(N)(hr)(10 mi)(10 mi)(mi)

GasolineElectricityTotalRepsChargeHighwayUrbanCycle

Each total distance slightly greater than 600 
miles. HEV version = 27 mpg
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HybridsPlus Escape – Accelerated Testing

60015120440

In progress

Weighted Average5440162134431002340Total
600312182200
60061282100
6408126280
60010124260
60015124040
60015122240

6003081120
6006040110

MPGGalskWh(mi)(N)(hr)(10 mi)(10 mi)(mi)

GasolineElectricityTotalRepsChargeHighwayUrbanCycle

Each total distance slightly greater than 
600 miles. HEV version = 27 mpg
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PHEV Fuel Costs per Mile
2 Hymotions, EnergyCS, & Electrovaya PHEVs (UDDS & HWFEDS) & Other Vehicles
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PHEV On-road Demonstration Partners and 
Fleet Data Collection Activities
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Hymotion Joint Data Collection
• Kvaser data loggers installed 50 PHEVs in US & Canada 
• Onboard data includes vehicle performance, fuel use, 

and charging and driving profiles
• Participates include electric utilities, water agencies, 

universities, county and provincial governments:
– Northeast: Vermont, New Hampshire, New York 
– East / South East: Toronto, Virginia, South Carolina, 

North Carolina, Kentucky, Florida 
– North / Central: Wisconsin, North Dakota, Indiana, 

Manitoba
– Southwest: Arizona, Texas
– West Coast: California, Oregon

• Started 2007
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EnergyCS Joint Data Collection
• EnergyCS provided onboard data for vehicles 

operating in North America fleets 
• EnergyCS changing battery manufacturers
• 36 vehicles deployed (16 North America and 20 Europe)
• Modifying data collection to allow EnergyCS & INL 

server-to-server interface and wireless communication 
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NYSERDA
• AVTA is testing New York State Energy Research and 

Development Agency’s PHEV conversions, started 2007
• Fleet testing of ~20 PHEVs later CY08

3 deliveries requiredOngoingWaitingHybridsPlus Escape

4 deliveries requiredWaitingCompleted - ProblemsElectovaya Escape

1 deliveryOngoingCompletedHymotion Escape

1 deliveryCompletedCompletedHymotion Prius

1 deliveryNear completedCompletedEnergyCS Prius

Delivery StatusAccelerated TestingBaseline TestingModel
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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)

• 1 Green Car Company lead acid Prius at King County
• Using V2Green cellular data loggers and GPS units
• Time-of-day charge demand study
• Started April 2008
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Tacoma Power
• Two lead acid battery Prius PHEVs from the Green Car 

Company
• Two Hymotion Prius on order 
• Testing includes charging and driving profiles as well 

as charging infrastructure analysis
• Using V2Green cellular data loggers and GPS units
• Started 1st quarter CY08
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University of California Davis
• UCDavis will use 13 Hymotion Prius for public fleet 

demonstration
• Demonstration will include up to 70 drivers  that are 

identified by AAA of California
• Each public driver will operate a vehicle for ~2 months
• Using V2Green cellular data loggers and GPS units 
• AVTA provides data collection, handling, analysis and 

dissemination support
• AVTA, UCDavis and AAA partnering to capture first 

study of public use of PHEVs, including charging 
practices and locations

• Started April 2008
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Washington State PHEV Demonstration
• Demonstrate 14 Hymotion Prius in coastal, desert, and 

island areas 
• Testing partners include:

– Port of Chelan (lead)
– State of Washington
– Five utilities and three colleges
– Port agencies, cities and counties
– Private company

• Will include daily solar (photovoltaic array) charging
• Electricity costs as low as 2.5 cents/kWh (hydropower)
• Using V2Green cellular data loggers and GPS units
• Started April of 2008
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National Rural Electric Cooperative 
Association (NRECA)  
• Total of ten Prius and Escape PHEVs from Hymotion,  

EnergyCS, and HybridsPlus will be / are  operated by 
rural electric coops (6 delivered) in 10 states

• Collect and process onboard data from the fleets, and 
provide individual vehicle and fleet operations data to 
NRECA and fleets

• Started spring 2008
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Hawaii PHEV Demonstration
• Demonstrate six Hymotion Prius on Maui and Oahu 
• Testing partners:

– State of Hawaii
– University of Hawaii
– Hawaiian Electric Company
– Maui Electric Company
– Maui County
– U.S. Air Force

• Will use V2Green cellular data loggers and GPS units 
• Start late summer 2008
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Hymotion Prius Charging Profiles
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Hymotion Prius Charging Profiles

Plug-in battery SOC after charging
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Hymotion Prius MPG Vs. Average Trip Speed
• 3 months, 2212 miles, 35 charges (single PHEV)

Fuel Economy vs. Average Vehicle Speed
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Hymotion Prius MPG Vs. Trip Distance
• 3 months, 2212 miles, 35 charges (single PHEV)

CD – charge depleting, S - sustaining

Fuel Economy vs. Distance
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Charging Infrastructure
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Charging Infrastructure
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