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HEV & EV Testing Presentation Outline

e Testing partners

 Hybrid electric vehicles

— Performance

— Fuel economy

— Maintenance & repairs

— Life-cycle costs

— MPG in fleets, controlled testing & EPA results
Neighborhood electric vehicles

Urban electric vehicles

Airport Ground Support Equipment testing
WWW location



Current AVTA Testing Partners

« U.S. Department of Energy’s ldaho National
Laboratory

 Qualified Vehicle Testers (50/50 cost share)
— Electric Transportation Applications (lead)

— Arizona Public Service, Bank One of Arizona &
Red Cross

— Ford Motor Company
— Luke AFB & Camp Pendleton

— New York Power Authority, Southern California
Edison & Salt River Project

— Cites of Palm Springs, Palm Valley, Phoenix,
Vacaville & San Diego, & UC Irvine



HEV Testing Methods

« Baseline performance testing (dynamometer & closed
track testing)

— Acceleration, max speed, braking, handling, & two
fuel economy tests (SAE J1634 drive cycle - air
conditioning on & off)

 Fleet & accelerated reliability (AR) testing

— Fuel use, maintenance & operations (M&O), miles,
mission, & life-cycle costs

— Two of each HEV model accumulate 160,000 miles
 End of life (160,000 miles) testing

— Rerun two SAE J1634 tests, & conduct battery
capacity (Hybrid Pulse Power Characterization) &
power testing (Static Capacity)




HEV Baseline Performance Testing
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HEV Acceleration (O to 50 & 0 to 60 MPH)
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HEV Maximum Speed in ¥ Mile

Max Speed in 1/4 mile
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HEV Maximum Speed @ 6% Grade
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HEV Braking
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HEV Fuel Economy (SAE J1634)

Baseline Performance MPG (J1634 With & W/O Air)
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HEV - MPG Difference (Air on/off SAE J1634)

Percent MPG Difference (J1634 With & W/O Air)
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HEV MPG New Vs. MPG @ End-of-Life
(~160,000 miles) SAE J1634
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28 HEVs - Fleet Testing Status

6 - 2001 Honda Insights: Aug/01 - March/05

6 - 2002 Gen | Toyota Prius: Nov/01 - April/05

4 - 2003 Honda Civics: May/02 - April/05

2 - 2004 Gen Il Toyota Prius: Nov/03 - ongoing

2 - 2004 Chevrolet Silverado: Sept/04 - ongoing
2 - 2005 Honda Accord: Jan/05 - ongoing

2 - 2005 Ford Escape: April/05 — ongoing

2 - 2005 Lexus RX400h SUVs: May/05 — ongoing
2 - 2006 Toyota Highlander SUVs: Oct/05 start




HEV 1.4 Million Fleet Testing Miles

All HEVs - Miles Driven
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1.4 Million Testing Miles By HEV Model

HEV Total Fleet / AR Test Miles
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HEV Fleet Testing Fact Sheets
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processing center located in Phoenix on
city streets and urban freeways as well in
intrastate courier routes, with typical high-
spead round trips of 100 to 300 miles.

Major Operations & Maintenance Events:
Rear hub and bearing replaced @ 40,000
Miles Cost: $321

Features: Regenerative Braking
CVT Transmission
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Fact Sheet for more infarmation.

VI JTZRRIUSI00ENTE

Operating Cost: " -
Purchase Cost: $21,655 (2102
MADA Used Vehicle Price: §12,190 (4/04) - o
Sale Price: In operation -
Maintenance Cost: $0.02/mile bt
Operating Cost: $0.07/mile E"‘ o |
Total Ownership Cost: $0.16/mile =

o
Operating Performance: g
Total miles driven; 106,895 =
Cumulative MPG: 40.36 N i 5
o AIIESSLISAENINMNIITEN
2
:;.‘a U5 Departrmed of Exergy

ey
W and Renewable

L L

w, U3 Deparirund of gy

s Renewsbe sy




HEV Fleet Testing Average MPG

Miles Per Gallon
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Insight Fleet Testing Monthly MPG

Honda Insights - Monthly Fuel Economy
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HEV Fleet Testing Monthly MPG

Miles per Gallon
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HEV Monthly Fuel Economy
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HEV Fleet Testing MPG Hot & Cool Months

HEV MPG - Hot Vs. Cool 3 Months
(Cool - Dec, Jan, Feb & Hot - June, July, Aug)
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HEV MPG — Fleet SAE J1634, & EPA
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65

60 |
55 -

50

45 -
40 -
35 -
30 -
25 -
20 1
15 |
10 |

Drive Cycle, Feet/AR & EPA Miles Per Gallon

O Fleet/AR Testing @ J1634 - Air On m J1634 - Air Off @ EPA City m EPA Highw ay

Civic

Insight

Gen | Prius  Gen Il Prius Accord Silverado

Escape

Lexus




HEV Maintenance & Repairs Fact Sheets

 All events - date, mileage, description & cost/warranty

HEY Fleet Testing - Maintenance Sheet

2003 — Honda Civic Hybrid

VIN #IHMES96663500386%
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HEV Maintenance & Repairs Summary

e Civic & Insight - 6 continuously variable transmission
(CVT) failures in 4 vehicles @ 97k, 99k, 89k & 77k
miles. Again @ 157k & 146k miles

e Insight battery control module & traction battery
replaced @ 72k

* Insight & Civic - 7 software upgrades & 2 catalytic
converters replaced

e Gen | Prius -rack & pinion replacements 1stPrius @
106k, & 2" Prius @ 25k & 32k miles

 Gen Il Prius — oil changes, tires, normal service @ 42k
& 27k miles

 Other HEVs — normal maintenance @ low mileages



HEV Life-Cycle Costs (high mileage HEVS)

Cents per Miles

High Mileage HEV Life Cycle Costs 0 Ow nership

@ Main/Repair
B Registration

| Gas ($2.50/gal)

@ Insurance

20 8.2 11.4

8.5

7.0

7.2

Civic 161.5k miles  Civic 161k miles Insight 160k miles  Insight 111k miles ~ Gen | Prius 165k Gen | Prius 160k Average 21.6
22.0 cents/mi 23.9 cents/mi 21.4 cents/mi 25.9 cents/mi miles 17.7 cents/mi  miles 18.7 cents/mi cents/mi

(Al 36 months of testing except 111k miles Insight - 29 months)




HEV Life-Cycle Costs (low mileage HEVS)

Cents per Miles

Low Mileage HEV Life Cycle Costs

Toal - 1313 ot
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Additional Near-term HEV Testing

« HEV Hydrogen Prius (Quantum)
 Plug-in HEV Dodge Sprinter (lithium)
 Plug-in HEV Escape conversion (lithium)
e Other OEM HEVs?



Neighborhood Electric Vehicle (NEV) Testing

o Street legal ~40 states on ~35 mph speed limit streets

« 14 NEVs with lead acid batteries completed baseline
performance testing (max speed, acceleration, range,
braking, charging)

— 8 GEM (DaimlerChrysler) - Deka gel & Trojan flooded
— 2 ParCar - Trojan flooded

— 2 THINK (Ford) - East Penn Gel

— 2 Frazier Nash - Electrosource Glass Mat




NEV Range & Energy Efficiency Testing

Efficiency - Miles per Kilowatt-hour
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Katech Invita Lithium Polymer Testing

« Onboard charger failed on arrival & several cells failed
 Constant speed range test (94 miles Kokam test)

— Start at 80% SOC (offboard charger)
— 47.9 miles, 91.3 AH, 6.19 kWh, 4.25t0 3.0V

— 2 cells at 3.0 V (3.6 norm end-of-test)
« Two Kokum characterization tests (discharge to 2.7 V)

— one cell falled each time @ 0.5 & 0.2V
—102.21, 94.34, & 96.05 AH
— 08.34 & 98.11 AH




NEVs Fleet Testing

e 90 NEVs in fleet testing (including fast charging)
— San Diego Police Department
— Luke Air Force Base
— Palm Valley
— Palm Springs
 Future NEV testing candidates
— Ford Courier class NEV pickup from Roush
— NEV(s) from Marsh Automotive




Urban Electric Vehicle (UEV) Testing

* Internet-based data collection of 100 Th!nk city UEVs
In New York. Total & vehicle miles & missions, trip
profiles, emissions, & gasoline avoidance collected.
Partnered with New York Power Authority.

e In partnership with Ford Motor Company, tracked 276
additional Th!nk cities in CA, Ml, GA, Canada, &
Bermuda, including shared-car programs.




Urban Electric Vehicle (UEV) Testing

Think city UEVs used home to train stations & local
errands — 180 to 230 miles per month

Replaced 95% of gasoline vehicle trips

Range 30 to 65 miles per 7 hour charge — participants
wanted more range

Zero to 30 mph 7.8 seconds & 50 mph in ¥a mile

Continue fleet testing of 11 Nissan Hyperminis & 3
Toyota eComs




Airport Ground Support Equipment Testing

 Developed electric GSE (eGSE) specifications for
pushback tractors, bag tractors & bag loaders

 Developing eGSE test procedures for same 3 vehicle
classes

e Test (including fast charging) an FMC battery electric
pushback tractor for 757-sized aircraft (fall 2005)




http://avt.inl.gov
AVTA Questions?
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