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Idaho National Laboratory (INL)
• Eastern Idaho based U S Department of Energy (DOE)• Eastern Idaho based U.S. Department of Energy (DOE) 

Federal laboratory 
• 890 square mile site with 4,000 staff

S t DOE’ t t i l

Bio-mass

• Support DOE’s strategic goal:
– Increase U.S. energy security and reduce the 

nation’s dependence on foreign oil Wind

• Multi-program DOE laboratory
– Nuclear Energy
– Energy Critical Infrastructure Protection– Energy Critical Infrastructure Protection
– Homeland Security and Cyber Security
– Advanced Vehicles and Battery Development
– Fossil, Biomass, Wind, Geothermal and 

Hydropower Energy
Nuclear

3Hydropower

Geothermal



AVTA Participants and Goals
INL th k f d i t f DOE’• INL manages the work performed in support of DOE’s 
Advanced Vehicle Testing Activity (AVTA)
– The AVTA is part of DOE’s Vehicle Technologies 

Program within EEREProgram within EERE
– ECOtality provides testing support via NETL

• ECOtality is the EV Project lead, with Nissan and 
GM/O St i ifi t tGM/OnStar as significant partners

• EV Project and AVTA test partners often include electric 
utilities, Federal, state and local government agencies, 
private companies and individual vehicle ownersprivate companies, and individual vehicle owners

• The AVTA goal: Petroleum reduction and energy security
– Provide benchmark data to DOE, technology modelers, 

h d d l t hi lresearch and development programs, vehicle 
manufacturers (via VSATT), and target and goal setters 

– Assist fleet managers, via Clean Cities, FEMP and 
industry gatherings in making informed vehicle and
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industry gatherings, in making informed vehicle and 
infrastructure purchase, deployment and operating 
decisions



Vehicle / Infrastructure Testing Experience
• 45 million test miles accumulated on 8,000 electric drive 

vehicles representing 100+ models
• EV Project: 4,191 Leafs (5/27) and 428 Volts (4/1), 27.6 j ( ) ( )

million test miles (partial data 5/27)
• PHEVs: 14 models, 430 PHEVs, 4 million test miles
• EREVs: 1 model 150 EREVs 878 000 test milesEREVs: 1 model, 150 EREVs, 878,000 test miles
• HEVs: 19 models, 50 HEVs, 6 million test miles 
• Micro hybrid (stop/start) vehicles: 3 models, 7 MHVs, 

300 000 test miles300,000 test miles 
• NEVs: 24 models, 372 NEVs, 200,000 test miles 
• BEVs: 47 models, 2,000 BEVs, 5 million test miles 
• UEVs: 3 models, 460 UEVs, 1 million test miles
• 6,000+ EVSE with data loggers
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INL Vehicle/EVSE Data Management Process

File serverFile server
SQL Server data warehouseSQL Server data warehouse

File server
SQL Server data warehouse

HICEVs

Parameters range checkParameters range check

Lame data checkLame data check

Missing/empty parameter checkMissing/empty parameter check

Conservation of energy checkConservation of energy check

SOC continuitySOC continuity

Parameters range check

Lame data check

Missing/empty parameter check

Conservation of energy check

SOC continuity

Data quality
reports

Process Affected by Disclosure Agreements 

INL Database

SQL Server data warehouseSQL Server data warehouse

Report  generatorReport  generator

SQL Server data warehouse

Report  generator

HEVs

INL V hi l D t

Transfer completionTransfer completionTransfer completion

Individual vehicle 
reports

PHEVs
INL Vehicle Data 
Management 
System

reports

Fleet summary

BEVs & EREVs Reports - Public

Focused technical
analyses and

EVSE & Chargers
analyses and 
custom reports
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Data Security, Protection and Use
All hi l l t i hi l l i t (EVSE) d• All vehicle, electric vehicle supply equipment (EVSE), and 
personal information raw data protected by NDAs (Non 
Disclosure Agreements), resulting in:

Li it ti h i t d t b di t ib t d– Limitations on how proprietary data can be distributed, 
stored, and used

– No raw data can or will be distributed by INL
R d t i b th l t i d i t d f t i t– Raw data, in both electronic and printed formats, is not 
shared with DOE in order to avoid exposure to FOIA 

• EV Project reporting requires INL to blend three distinct 
d t t b d GPS d ti /d t t ddata streams based on GPS and time/date stamps, and 
provide independent reports to DOE, ECOtality, project 
participants, industry, and the general public

• Vehicle and EVSE data collection would not occur unless 
the above limitations are strictly adhered by INL 

• INL has used data loggers on vehicles and EVSE since

7

INL has used data loggers on vehicles and EVSE since 
1994 to benchmark vehicle and charging equipment 
profiles



EV Project Locations (Largest in the World 
Vehicle and EVSE Data Collection Activity)Vehicle and EVSE Data Collection Activity)

• Purpose: Build and study mature charging infrastructures 
and take the lessons learned to support the future 
streamlined deployment of grid-connected electric drive

8

streamlined deployment of grid-connected electric drive 
vehicles



EV Project – EVSE Data Parameters Collected
per Charge Eventper Charge Event 
• Unique ID for Charging Event 
• Unique ID Identifying the EVSEUnique ID Identifying the EVSE 
• Date/Time Stamp 
• Connect and Disconnect Times

St t d E d Ch Ti• Start and End Charge Times
• Maximum Instantaneous Peak Power
• Average Powerg
• Total energy (kWh) per charging event
• Rolling 15 Minute Average Peak Power

A d th d i EVSE i f ti (GPS ID t• And other non-dynamic EVSE information (GPS, ID, type, 
contact info, etc.)
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EV Project – Vehicle Data Parameters 
Collected per Start/Stop EventCollected per Start/Stop Event
• Vehicle ID
• Event type (key on / key off)Event type (key on / key off) 
• Odometer
• Battery state of charge 

D t /Ti St• Date/Time Stamp 
• GPS (longitude and latitude)
• Recorded for each key-on and key-off eventy y
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EV Project – Vehicle Deployments / Miles
• 4,191 Leafs (5/27) and 

428 Volts (4/01) 
reporting data
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EV Project – EVSE Deployment and Use
• 4 606 Res EVSEResidential andNon Residential EVSEProvidingData • 4,606 Res. EVSE
• 1,588 non-Res EVSE
• 6,194 total EVSE 
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• 864,000 charge events
• Non-Residential 

includes DCFC500
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INL reports vehicle

0

• INL reports vehicle 
and EVSE data 
differently than 
ECOtality as INL is500 000
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EV Project – Total Charge Energy (MWh)
6 660 total MWhResidential andNon ResidentialMWhReported • 6,660 total MWh 
charged via EV 
Project EVSE and 
DCFC (4/29/12)4,500

5,000
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7,000
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Total EV  Project MWh
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• Vehicle efficiency cannot be accurately calculated using 
total vehicle miles and total energy

• Non-EV Project vehicles sometimes charge at EV ProjectNon EV Project vehicles sometimes charge at EV Project 
EVSE

• EV Project vehicles may charge at 110V or other 240V 
non-EV Project EVSE
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non-EV Project EVSE  



EV Project – Overview Report 1st Quarter
Vehicles and charging infrastructure deployed to date 1st• Vehicles and charging infrastructure deployed to date 1st

quarter 2012 and data received by INL
• Charging infrastructure • Vehicles

– 5,432 units installed
– 665,968 charging events
– 5 069 AC MWh

– 4,066 Leafs
– 427 Volts 
– 22.6 million miles5,069 AC MWh 22.6 million miles
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EV Project – Vehicle Usage Report

• Number of vehicles
Leafs
2 987

Volts
317

Vehicle Usage – 1st quarter 2012

• Number of vehicles
• Number of Trips
• Distance (thousands)

2,987
773,602

5,558 mi

317
76,425
610 mi

• Average (Ave) trip distance
• Ave distance per day
• Ave number (#) trips between

7.2 mi
30.2 mi

3 8

8.0 mi
36.4 mi

3 0Ave number (#) trips between 
charging events

• Ave distance between       
charging events

3.8

27.4 mi

3.0

24.1 mi
charging events

• Ave # charging events per day 1.1 1.5

Note that per day data is only for days a vehicle is driven

15

Note that per day data is only for days a vehicle is driven



EV Project – Leaf Usage Report (1st ¼ 2012)  
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EV Project – Leaf Usage Report (1st ¼ 2012)  
Percentage Charging Locations
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EV Project – Leaf Usage Report (1st ¼ 2012)  
40

EV Project Leafs: Average Miles Per Day and Miles Per Charge
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EV Project – Leaf Usage Report 5 Quarters 
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Nissan Leaf Driver's Behavior
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EV Project – Volt Usage Report (1st ¼ 2012)  
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EV Project – Volt Usage Report (1st ¼ 2012)  
EV Project Volts: Average Miles Per Day and Miles Per Charge
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EV Project – EVSE Infra. Summary Report
• Charging Availabilityg g y
• National Data
• Range of Percent of 

Charging Units with aCharging Units with a 
Vehicle Connected vs. 
Time of Day

• 1st quarter 2012• 1st quarter 2012
• 3,324 residential and 

955 publicly available  
Le el 2 EVSELevel 2 EVSE

• 10 DC fast chargers
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EV Project – EVSE Infra. Summary Report
• Charging Demandg g
• National Data
• Range of Aggregate 

Electricity Demand vsElectricity Demand vs. 
Time of Day (AC MW)

• 1st quarter 2012
3 324 id ti l d• 3,324 residential and 
955 publicly available  
Level 2 EVSE

• 10 DC fast chargers 
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EV Project – EVSE Infra. Summary Report
• Residential Level 2 Weekday EVSE 1st Quarter 2012y Q

Washington StateSan Diego 

OregonSan Francisco OregonSan Francisco
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EV Project – EVSE Infra. Summary Report
• National Data – 1st quarter 2012• National Data – 1 quarter 2012

– Ave time vehicle connected R2 WD
– Ave time vehicle connected R2 WE 

11.4 hours
11.8 hours

– Ave time vehicle drawing power R2 WD
– Ave time vehicle drawing power R2 WE
– Ave energy per charge event R2 WD

2.4 hours
2.0 hours

8.7 AC kWhAve energy per charge event R2 WD
– Ave energy per charge event R2 WE
– Ave time vehicle connected P2 WD

8.7 AC kWh
7.3 AC kWh

6.3 hours
– Ave time vehicle connected P2 WE
– Ave time vehicle drawing power P2 WD
– Ave time vehicle drawing power P2 WE

4.1 hours
2.1 hours
1.9 hoursAve time vehicle drawing power P2 WE

– Ave energy per charge event P2 WD
– Ave energy per charge event P2 WE

1.9 hours
7.3 AC kWh
6.6 AC kWh

25
• R: residential, P: public, WD: weekday, WE: weekend, 

2: Level 2 EVSE



EV Project – EVSE Infra. Summary Report
• Cumulative number of residential and public EVSE p

deployed by reporting quarter

Number Residential and Public EVSE
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EV Project – EVSE Infra. Summary Report
• Percentage of residential and public EVSE deployed by g p p y y

reporting quarter

Percent Residental & Public EVSE of Total Number of EVSE
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EV Project – EVSE Infra. Summary Report
• Percent time EVSE has a vehicle connected by quartery q
• Percent time EVSE is charging a vehicle by quarter
• Data by residential (Res) and public (Pub) EVSE

35%
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25%
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Pub Connect
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EV Project – EVSE Infra. Summary Report
• Percent AC MWH used by residential and public EVSE y p
• Percent charge events occurring by residential and public

EVSE

90%
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EV Project – EVSE Infra. Summary Report
• Number of charging events each reporting quarter for g g p g q

residential and public EVSE. NOT cumulative data

Number of Charge Events Each Quarter
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The number of Leafs that can be charged at 5.538 kWh per 
day using a percentage of existing electricity generation

Total 2009 Generation 
kWh

Number of Nissan Leafs that can be 
charged at 5.538 kWh per day 

(2021.37 kWh per year)
2009 kWh 
generation 3,950,331,000,000
1% 2009 kWh 
generation 39,503,310,000 19,542,840
2% 2009 kWh 
generation 79,006,620,000 39,085,680g , , , , ,
3% 2009 kWh 
generation 118,509,930,000 58,628,519
4% 2009 kWh4% 2009 kWh 
generation 158,013,240,000 78,171,359
5% 2009 kWh 
generation 197 516 550 000 97 714 199
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generation 197,516,550,000 97,714,199
Generation Source: Electric Power Annual with data for 2009. November 23, 2010.  
http://205.254.135.24/cneaf/electricity/epa/epates.html



Chevrolet Volt DOE 
ARRA Project
• May ‘11 to March ‘12

• 878,000 total test 
il 150 V lt

j

miles, 150 Volts
• All trips, 70.6 mpg, 

177 AC Wh/mi
• EV mode, 362 AC 

Wh/mi. 48.9% miles
• Extended range g

mode, 36.1 mpg
• Average 68.8 mpg

• Jan to March 2012• Jan to March 2012
• 346,000 miles
• EV mode, 384 AC 

Wh/ i 46 8% il

32

Wh/mi. 46.8% miles



Chevrolet Volt DOE ARRA Project
• Non-public fleet drivers
• 150 Volts (May ‘11 – March ’12)

– Average charging events per month 16Average charging events per month
– Average # charging events per vehicle day
– Average miles per charging event

A t i b t h i t

16
1.2

42 miles
3 4– Average trips between charging events

– Average time connected per event
– Average energy per charge event

3.4
3.3 hours

7.2 AC kWhg gy p g
– Average charging energy per vehicle 

month
Average trip distance city driving

117 AC kWh

7 2 miles– Average trip distance city driving 
– Average trip distance highway driving
– Percent of miles in EREV (electric) mode

7.2 miles
44.1 miles

48.9%
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Ford Escape Adv. 
Research Vehicle
• 21 Ford Escape PHEVs
• Fleet drivers

498 000 t t il• 498,000 test miles 
• All trips, 38 mpg, 100 

AC & 68 DC Wh/mi
• Charge Depleting (CD), 

52 mpg & 164 DC 
Wh/mi. 28% of all miles

• Charge Sustaining 
(CS), 32 mpg. 29% of 
all miles

• Charging = 63% 
increase in overall 
mpg when comparing 

34
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CD to CS trips



Ford Escape Adv. 
Research Vehicle
• CD city, 48 mpg, 162 

DC Wh/mi
• CD highway 58 mpg• CD highway, 58 mpg, 

166 DC Wh/mi
• CS city, 30 mpg

CS hi h 32• CS highway, 32 mpg
• Charging = 60% 

increase in city mpg 
and 82% increase in 
highway mpg 
(compare CD to CS)

• City - 36% CD and 23% 
CS miles engine off

• Highway - 12% CD and 

35

g y
4% CS miles engine off



Chrysler Ram 
PHEV Project
• 108 Chrysler Ram 

PHEVs
J l 2011 t A il 2012

j

• July 2011 to April 2012 
• 693,000 test miles 
• All trips, 19 mpg, 101 p , pg,

AC & 69 DC Wh/mi. 46 
DC Wh/mi captured by 
regenerative braking

• CD, 23 mpg & 210 DC 
Wh/mi

• CS, 17 mpgCS, 17 mpg
• Charging = 35% 

increase in overall mpg 
when comparing CD to

36

when comparing CD to 
CS trips



• Rams in fleet applications
Chrysler Ram PHEV Pickups

pp
• 39% total time gas engine is stopped

• Vehicle driving 16% time engine stopped
V hi l t d 23% ti i t d• Vehicle stopped 23% time engine stopped

• 63.6 miles per charge event
• 7.1 trips per charge eventp p g
• 0.88 charge events per vehicle day
• 2.4 average hours per charge event

6 5 AC kWh average energy / charge• 6.5 AC kWh average energy / charge
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Other INL Data Collection Projects for DOE
• Fast charge study compares DC Fast vs Level 2 charging g y p g g

impacts on battery life in vehicles and laboratory tests
• Initiated first responders training program with the  

National Fire Presentation Association and NHTSANational Fire Presentation Association and NHTSA
• Seven conductive Level 2 EVSE recently benchmarked 
• Battery mule “Leaf” testing of Enerdel lithium battery

S ti DOE FOA ith i l h i t t j t• Supporting DOE FOA with a wireless charging test project

38



More INL Data Collection Projects for DOE
• Collecting 20 Lithium PHEV Escape conversions datag p
• DOD support, including JBLM and Andrews AFB
• Mass impacts on fuel efficiency of HEVs, ICEVs and BEVs 

Obt i d 1 R PHEV f ORNL d ANL d 1 f INL• Obtained 1 Ram PHEV for ORNL and ANL, and 1 for INL
• Tested 5 USPS electric LLV conversions
• Supporting Office of Electricity’s Smart EVSE FOA with pp g y

testing support
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Summary – Based on 1st Quarter 2012 Data
• EV Project benchmarking includes 104,000 vehicle miles j g ,

and 3,516 charge events per day
• Leaf regional miles per day range from 27.6 in 

Washington State to 33.4 in Phoenix (1st 2012)Washington State to 33.4 in Phoenix (1 2012)
• Leaf regional miles per trip range from 6.2 in Oregon to 

8.1 in Chattanooga (1st 2012)
• Leaf regional miles per charge range from 23 4 in Oregon• Leaf regional miles per charge range from 23.4 in Oregon 

to 29.5 in San Francisco
• Known Leaf regional at-home charging ranges from 68% 

in San Francisco to 89% in T csonin San Francisco to 89% in Tucson 
• Volts @36.4 miles, are driven farther per day than Leafs 

@30.2 miles
• Volts @1.5, are charged more often on days driven than 

Leafs @ 1.1
• Leafs @27.4 miles, are driven farther per charge event 

40
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EV Project Summary To Date
• EV Project vehicles connected much longer than needed j g

to recharge - opportunities to shift charging times
• Significant residential Level 2 EV Project charging occurs 

off-peak with charge-starts occurring at the midnightoff peak with charge starts occurring at the midnight 
starts of super off-peak kWh rates

• Significant opportunities to fully understand how the 
public uses public versus non-public infrastructurepublic uses public versus non public infrastructure 

• Leaf trip distances are increasing slightly but miles per 
day are slightly decreasing over five reporting quarters
Onl abo t 25% of EV Project data collected to date• Only about 25% of EV Project data collected to date

• “Normal” research project process requires:
– Design and execute the project, data collection g p j ,

completed, data analyzed, and finally, reports issued at 
completion of experiment

• INL/ECOtality needs to completely collect all data before 

41

y p y
definitively reporting seasonal trends and behaviors



Future EV Project Data Analysis Subjects
• Pricing elasticity – TOU rate influencesg y
• Regional and seasonal demographics and charging 

behaviors
• Density of residential and non-residential EVSE as input• Density of residential and non-residential EVSE as input 

to local distribution studies
• Charge control preferences - vehicle and Blink based, 

and scheduled versus randomand scheduled versus random
• Rich public versus non-rich EVSE charging behaviors
• Level 2 EVSE versus DCFC behaviors
• Travel corridor versus convenience charging
• Non-residential subcategories (public and work parking)
• Etc etc etc• Etc., etc., etc., 
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