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• The AVTA is an ongoing, 
annually funded DOE activity, 
designed to test and validate 
emerging technologies in 
whole-vehicle systems

• Barriers addressed
– Document HEV battery performance at 

end of life
– Document real-world HEV fuel use
– Document HEV life cycle costs
– Document HICE and NEV performances

• FY09 project funding
– $1,300k DOE share
– $1,600K Partners’ share 

• Funding for FY10
– $1,500k DOE share

Timeline

Budget

Barriers

• Idaho National Laboratory - lead
• eTec conducts the AVTA with INL
• NETL, ORNL, ANL, NREL, EPA 

(Federal)
• OEMs via USABC/VSATT and 

other Technical Teams
• U.S. and Canadian governments, 

and private fleets 

Partners

Overview
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AVTA Description
• Advanced Vehicle Testing Activity (AVTA) is part of    

DOE’s Vehicle Technologies Program. Conducted by:
– Idaho National Laboratory (INL)

• Program execution per DOE direction (Lee 
Slezak), engineering, data analysis, and 
reporting / presentations

– Electric Transportation Engineering Corporation (eTec)
• Private company in Phoenix, AZ. Vehicle 

operations and testing, engineering, access to 
numerous testing facilities / test tracks in 
Arizona. Flexibility / cost share

– National Energy Technology Laboratory (NETL)
• Executes eTec contract

– Argonne National Laboratory
• Provide AVTA dynamometer testing support
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AVTA Description – cont’d
• AVTA tests light-duty whole vehicle systems and fueling 

infrastructures that employ / support: 
– 100% Electric and dual-fuel electric drive systems
– Advanced energy storage systems
– Some ICE 100% Hydrogen and HCNG blended fuels
– Advanced control systems (i.e., start/stop HEVs)

• Provide benchmarked vehicle data to R&D programs, 
modelers, OEMs, battery manufacturers, and target/goal 
setters (DOE)

• Assist early adaptor fleet managers and the general 
public in making informed vehicle purchase, deployment 
and operating decisions. Presentations to industry 
groups, including via DOE’s Clean Cities Coalitions

• DOE’s only light-duty vehicle testing activity of new 
technologies deployed in whole-vehicle systems 
operated in real-world fleet environments
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AVTA Testing by Technology 
• Plug-in hybrid electric vehicles (PHEVs)

– 12 models, 259 vehicles, 1.5 million test miles
• Hybrid electric vehicles (HEVs)

– 18 models, 47 vehicles, 5 million test miles
• Neighborhood electric vehicles (NEVs)

– 23 models, 200,000 test miles 
• Hydrogen internal combustion engine (ICE) vehicles

– 7 models, 500,000 test miles
• Full-size battery electric vehicles (BEVs)

– 41 EV models, 5+ million test miles
• Urban electric vehicles (UEVs)

– 3 models, 1 million test miles
• 13 million test miles have been accumulated on 1,600 

electric drive vehicles representing 97 different electric 
drive models
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AVTA Vehicle Testing Approach
• Depending on vehicle technology and capabilities, 

vehicles are tested via:
– Closed test tracks: highly repeatable
– Dynamometer testing: highly repeatable
– Laboratory testing (batteries): highly repeatable
– Accelerated testing, using dedicated drivers and other 

methods to accumulate miles and cycles
– Fleet testing, uses unstructured vehicle utilization
– Different testing methods are used  to balance testing 

control/repeatability, sample size, costs, and cost-
share opportunities

• Publish testing results in relevant ways to accurately 
– Document real-world petroleum reduction potentials
– Document fuel and infrastructure use
– Document life-cycle risks and costs
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FY09 HEV Testing Accomplishments
• Completed baseline performance testing on 18 HEV 

models to date (4 tested during FY09)
• HEV accelerated testing places 320,000 total test miles on 

a minimum of 2 HEVs per model in <3 years
– During FY09, 557,000 accelerated test miles were 

accumulated on 8 models and 16 HEVs 
– At end of FY09, 4.7 million accelerated test miles have 

been accumulated on 18 models and 47 HEVs 
– Fleet testing includes documenting miles driven, 

gasoline use, maintenance, and repairs
– Above plus registration, insurance, and depreciation 

costs captured to determine life-cycle costs
– Non-DOE fleets provide drivers and fuel at no cost to 

DOE – $700k FY09 savings to DOE
– Fleet gets free vehicle and maintenance paid in 

exchange
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AVTA HEV Testing  
• 18 HEV models and 47 HEVs tested to date: 

Year / Model # Vehicles Testing Status
2001 Honda Insight 6 Completed
2002 Gen I Toyota Prius 6 Completed
2003 Gen I Honda Civic 4 Completed
2004 Chevrolet Silverado (2- & 4-WD) 2 Completed
2004 Gen II Toyota Prius 2 Completed
2005 Ford Escape (front & 4-WD) 2 Completed
2005 Honda Accord 2 Completed
2006 Lexus RX 400h (front & 2 AWD) 3 Completed
2006 Toyota Highlander (AWD) 2 Completed
2006 Gen II Honda Civic 2 Completed
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AVTA HEV Testing  
• 18 HEV models and 47 HEVs tested to date (cont’d): 

• Used HEVs are sold at 160,000 miles to the EPA, other 
DOE laboratories, and the public in the attempt to 
establish market rates for life cycle analysis

• In the future, HEVs may be sold to universities

Year / Model # Vehicles Testing Status
2007 Saturn Vue 2 Completed (FY10)
2007 Toyota Camry 2 Completed
2008 Nissan Altima 2 Completed
2008 GM 2-mode Tahoes 2 Ongoing
2010 Ford Fusion 2 Ongoing
2010 Gen III Toyota Prius 2 Ongoing
2010 Gen II Honda Insight 2 Ongoing
2010 Mercedes Benz S400 2 Ongoing
Total tested or in testing 47 to date



10

AVTA HEV Testing
• Baseline performance testing includes test track and 

dynamometer testing with air conditioning on and off
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AVTA HEV Testing
• Air conditioning use impacts during dynamometer testing
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AVTA HEV Testing – Maintenance Fact Sheet
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HEV Fleet Testing 
Operating Cost 
Fact Sheets
• Total ownership cost 

in $ per mile includes:
– Purchase cost
– Final sale price or 

Kelly blue book if 
still in operations

– Maintenance costs
– Operating costs 

(fuel, registration, 
insurance, etc.)

• Includes description 
of use and any major 
M&O events 
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Final HEV Fleet 
Testing Results 
Fact Sheets
• Total miles
• Average trip distance
• Engine idling time
• City / highway trip 

type
• Cumulative and 

monthly mpg



15

Final HEV Fleet 
Testing Results  
Fact Sheets –
cont’d
• Average mpg at 

various speeds
• Percent of drive time 

in operating modes
• Distribution of vehicle 

speed by trip time and 
miles

• Distribution of trip 
distances

• Distribution of engine 
speed when driving
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AVTA HEV Battery Testing  
• Published 9 HEV battery testing reports during FY09, with 

24 published to date
• Conducted 15 HEV battery pack tests during FY09
• Original 10 HEV models’ batteries only tested at 160,000 

miles
• Eight newest HEV models’ batteries tested when new and 

at 160,000 miles
• Ten newest HEV models have been or will also be 

reaccelerated tested and their batteries documented 
when new and at 160,000 miles

• Test results document energy and power performance to 
DOE targets, and any degradation when the batteries are 
new and at 160,000 miles
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AVTA HEV Battery Testing - Altima  
• Power versus Time during acceleration tests when new 

(656 miles) and at 161,000 miles



18

AVTA HEV Battery Testing – Altima cont’d  
• Voltage versus Time during acceleration tests when new 

(656 miles) and at 161,000 miles
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AVTA HEV Battery Testing – Altima cont’d  
• Current versus Time during acceleration tests when new 

(656 miles) and at 161,000 miles
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AVTA HEV Battery Testing – Altima cont’d   
• Usable Energy testing results compared to DOE Usable 

Energy and  Power targets during HPPC test when new 
(656 miles) and at 161,000 miles
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AVTA HEV Battery Reports
• Characterize test vehicle battery performance by using

– On-road testing by ETEC
– Vehicle dynamometer testing at ANL
– Lab testing by ETEC at Beginning (BOT) and End of accelerated Testing 

(EOT)
• Benchmark the battery’s energy and power capabilities

during
– Normal driving conditions
– Wide-open throttle conditions
– Controlled-environment capacity and hybrid pulse power testing 

• Side-by-side analyses of vehicle and battery performance
enables
– Determination of battery capabilities vs. vehicle demands
– Confirmation of laboratory data vs. field data and vehicle performance
– Confirmation of manufacturer’s specs
– Confirmation of U.S. DOE Electrochemical Energy Storage (ECES) 

technical targets, procedures and results
– Value added vehicle systems analysis and ECES technical support

All testing was done in accordance with FreedomCAR Battery Test Manual 
for Power-Assist Hybrid Electric Vehicles and AVTA procedures.



22

Hydrogen ICE 
Fact Sheet
• Twelve 2005 Chevrolet 

Silverado 1500HD 
pickups

• Operating in Canada 
and the U.S. 

• 10.5 GGE ~100% H2 
onboard storage

• Onboard data logger 
generated results
– 13.2 MPGGE on H2
– 6.0 mile average 

trip distance
– 16% average idle 

time
– 8.5% A/C run time
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Hydrogen ICE 
Fact Sheet –
cont’d 
• Onboard data logger:

– Average speed 
distribution

– Average trip length 
distribution

• Very low cost data 
monitoring activity

• DOE only paid for data 
loggers

• Partners paid FY09 all 
vehicle and operating 
costs, of ~$900k
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AVTA NEV Testing 
NEV Maximum Speed and Range Test Results
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AVTA NEV Testing – cont’d
Charging Efficiency - AC Wh per Mile
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AVTA NEV Testing – cont’d
NEVs & 25 MPG Gasoline Car Fuel Costs per Mile
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AVTA NEV Testing – cont’d
• Three NEVs tested in FY09

– Vantage Pickup EVX1000
– Vantage Van EVC1000
– Roush Pickup Truck

• 22 NEVs tested to date, including: 10 GEMs, 2 Miles, 1 
Zenn, 2 Th!nk, 2 Frazer Nash, and 2 ParCar NEVs

• California Air Resource Board requires all NEVs to be 
successfully tested by the AVTA in order to be eligible for 
– CARB incremental funding
– Partial ZEV credits
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AVTA BEV Testing
• During FY09, AVTA 

initiated testing of the 
first BEV from an OEM 
in 10 years

• Additional FY10 BEVs: 
Tesla and THINK

• Also FY10 test 5 USPS 
LLV conversions

• FY11 will include: 
Leaf, iMiEV, Transit, 
Focus, THINK, BMW, 
BYD E6

• FY11 will also include 
EREV Volt and PHEV 
Toyota Prius 

vt2010amr
Sticky Note
This cannot be used without written permission from ETA
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eTec/Nissan/INL BEV Infrastructure Project
• Awarded FY09, deployment later CY10
• INL is a principle participant with eTec in the deployment 

of 4,700 battery electric Nissan Leaf vehicles in 5 states:
– Oregon, Washington, California, Arizona and 

Tennessee
• Charging and vehicle data will be collected via data 

streams from eTec charging infrastructure and Nissan
• INL will analyze and report on:

– Charging infrastructure utilization for ~11,000 Level II 
EVSE units, ~260 Level III chargers, and 4,700 Leafs

– Driver / vehicle charging patterns and trends
• Please see eTec’s Electric Drive Vehicle Demonstration 

and Vehicle Infrastructure Evaluation poster for 
additional information
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eTec/Nissan/INL BEV Infrastructure Project

INL

Nashville 
Chattanooga 

Knoxville 
ORNL

Seattle

Portland, 
Eugene, 

Corvallis,             
Salem

San Diego
Phoenix, 
Tucson

Battery – 24+ kWh Li-ion,  
Projected 100 Mile Range

11K+ Level II & III Chargers
4700 Nissan EV’s

UCD OSU

Data Analysis and 
Reporting

eTec/Nissan/Regional Partners

eTec
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Fleet Data Collection \ Reporting Processes 
• Maintaining / enhancing automated data warehousing, 

analysis, and reporting process for fleet data
• Accommodates 4 different data transfer methods from a 

multitude of vehicle / data logger combinations:
– 9 PHEV, 8 HEV and 1 HICE models
– 4 data logger manufacturers \ designs (3 PHEVs) 

• Reporting formats include 71 metrics describing energy 
use, driving patterns, and charging patterns

• Developed quality assurance \ exploratory analysis tools 
both for raw data and reports 

• Created flexible automated report generation processes 
for individual and multiple vehicle reports
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FY09 Milestones
• Completed baseline performance testing on 18 HEV 

models to date (4 tested during FY09)
• During FY09, 557,000 accelerated test miles were 

accumulated on 8 models and 16 HEVs 
• At end of FY09, 4.7 million accelerated test miles have 

been accumulated on 18 models and 47 HEVs 
• Published 12 HEV battery testing reports during FY09, 

with 24 published to date
• Conducted 15 HEV battery pack tests during FY09
• Initiated testing of first BEV recently available from an 

OEM
• Awarded eTec/Nissan/INL BEV infrastructure project
• Tested 3 new NEVs in support of CARB 
• Automated HICE data logger reporting process and 

reported on results
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Future Testing Activities
• Continue to focus on testing electric drive vehicle 

technologies and sub-systems that: 
– Incorporate advanced electric drive systems and 

electric storage (battery) technologies 
– Support DOE’s goal of ensuring the continued supply 

of secure energy sources
– Can be tested in a lower-cost manner that accurately 

portrays real world performance 
– Can be tested in a manner that leverages non-DOE 

cost share 
• Continue to supply testing results to modelers at other 

DOE laboratories and OEMs
• Continue to build data analysis and dissemination tools
• In CRADA and NDA negotiations with several OEMs for 

additional data collection
• Continue role as DOE’s sole independent tester of light-

duty whole-vehicle technologies in field applications
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Summary 
• Before a vehicle testing regime or demonstration is 

initiated, the AVTA identifies and determines the 
technical and economic values of testing partnerships to 
ensure that the maximum value to DOE and taxpayers are 
achieved

• AVTA is a very low-cost project for the number of test 
miles and data accumulated, and the number of reports 
published, as all funding is highly leveraged via testing 
partnerships to provide maximum benefits to DOE and 
taxpayers

• Every testing regime has at least 20% cost share, and 
most testing cost-share is much higher

• Taxpayers receive independent information on emerging 
technologies and the associated amounts of petroleum 
used or avoided
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Summary – cont’d 
• The AVTA will continue to coordinate vehicle selection, 

testing and publishing activities with other DOE labs and 
OEMs, including:
– ANL
– ORNL
– NERL
– Several OEMs and battery manufacturers via VSATT 

and other DOE / USCAR technical teams such as the 
Electrochemical Energy Storage Tech Team

• Continue to explore additional electric drive vehicle data 
collection and demonstration projects that:
– Provide access to new vehicles and technologies
– Provide operating environment diversity
– Provide high value to DOE



36

AVTA Summary – WWW Visitors
INL WWW Visitors & Gasoline Costs (all formulations, areas, and grades)
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Energy’s Vehicle Technologies Program:

Pat Davis, Lee Slezak, Dave Howell

And my personal thanks to the great AVTA Staff at INL, 
eTec, and NETL

http://avt.inl.gov 
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