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AVTA Participants and Goals

e Participants

— The Advanced Vehicle Testing Activity (AVTA) Is part
of DOE’s Vehicle Technologies Program (EERE)

— The Idaho National Laboratory (INL) conducts the
AVTA per DOE guidance

— 100+ fleets and organizations as testing partners

— Some of these testing activities are also conducted
with ECOtality North American

« The AVTA goal - Petroleum reduction and energy security

— Provide benchmark data to technology modelers,
research and development programs, vehicle
manufacturers (via VSATT), and target and goal setters

— Assist fleet managers in making informed vehicle and
Infrastructure purchase, deployment and operating
decisions




Vehicle Testing Experience

 Plug-in hybrid electric vehicles: 14 models, 430 PHEVS, 5
million test miles

« Extended Range Electric Vehicles: 1 model, 150 EREVS,
400,000 test miles

* Hybrid electric vehicles: 19 models, 50 HEVs, 6 million
test miles

« Micro hybrid vehicles: 3 models, 7 MHVs, 200,000 test
miles

« Neighborhood electric vehicles: 24 models, 372 NEVSs,
200,000 test miles

« Battery electric vehicles: 47 models, 1,300 BEVs, 5
million test miles (includes 500+ USPS BEVS)

e Urban electric vehicles: 3 models, 460 UEVs, 1 million
test miles

* 18 million test miles accumulated on 2,300 electric drive
vehicles representing 110 models




INL Vehicle Data Management Process

Process Affected by Disclosure Agreements ®
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Vehicle and Infrastructure Data Sources

HEV: 12 vehicle models, 1 data logger

Vehicle HICE: 1 vehicle model, 1 data logger
time-history data  conversion PHEVs: 8 vehicle models, 3 data loggers
(second-by- ~TTTTTTTTTTTTT T
second) Ford Escape PHEYV, Ford wireless logger

Chrysler Ram PHEV, Chrysler wireless logger

Vehicle event data Nissan Leaf, Nissan telematics
(key-on, key-off)
Chevrolet Volt, OnStar telematics

Charger ECOtality Blink networked level 2 EVSE, DC/fast
event and chargers
15 min

time-history data  coyjomb ChargePoint networked level 2 EVSE

Managing 26 different data models e




INL Data Management System - Push
(Nissan, GM, Chrysler, Coulomb)
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INL Data Management System - Pull
(ECOtality, Ford, conversion PHEVs, HEVs, HICES)
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Data Collection: Harder Than You’'d Think.....

 Field data collection and processing is deceivingly
complex due to remoteness and the many technical,
environmental and human variables

— 60 mpg PHEV in charge depleting mode and 130 mpg
In charge sustaining mode - 6,000 foot mountain

— 84 hour trips - So quiet, does it shut itself off?
— <-10to >140 degrees F

— Internet companies don’t trust the internet for data
transfers

— Firmware, software and component upgrades
— GPS and the advanced metal bucket technology
— Work rules and the girlfriend factor (110 mph)

— Is a Key-On event for rolling up a window or moving a
vehicle ten feet considered a trip event?

e 53-foot rule, 40% reduction result and 0.1% impact




Data Collection: Harder Than You’'d Think.....

* All companies have data collection launch issues,
regardless of company size. Examples:

— Data from a conversion company in 2007: time stamps
go backwards occasionally

— Data from partner in 2011: time stamps go backwards
occasionally

— Start-up conversation company in 2008: “1 wish we had
more QA resources’

— Partner in 2011: “We allocated resources for sending
the data, but not for looking at the data

10



Quality Control Accomplishments

* INL has identified and/or assisted with root cause
analysis of numerous vehicle data issues, including:

— Control software version differences cause
unexpected differences in vehicle operation

— Logger resets during driving or charging, resulting in
missing data or split events

— Split or missing driving and charging events due to
bugs In logger trigger programming or post-
processing algorithms

— Missing records to indicate Key On, Key Off, Start of
Charge, or End of Charge

— Odometer and cumulative fuel consumed rolls
backward or resets to zero

— Number of parameters logged and other data
formatting changes from month to month as vehicle
software updates are made
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INL Data Security Accomplishments

Internal servers “Franc” and “Fort” in protected
enclave are fully operational

External server “AVT-EXT” is fully operational,
loaded with software for multiple secure file transfer
and encryption protocols

Instituted security and export control policies per
lab-wide procedures

— Project data and information considered Official
Use Only / Proprietary or CRADA-Protected

— Guidelines documented specific to each project
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Data Security and Protection

 All raw vehicle and EVSE data, and personal information
protected by NDAs (Non Disclosure Agreements) or a
CRADA (Cooperative Research And Development
Agreement), resulting in:

— Limitations on how the proprietary data can be
distributed, stored, and used
— No raw data can or will be distributed by INL

— Raw data, in both electronic and printed formats,
cannot be shared with DOE in order to avoid exposure
to FOIA

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

e |INL can bin data results into usable information formats

for analysis in research partnerships (electric utilities and
DOE labs?)

 No raw data will be shared by INL
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INL ARRA / TADA Data Collection Support

 INL tasked with data collection, analysis and reporting for
charging infrastructure and light-duty vehicle ARRA and
other DOE funded demonstrations:

— EV Project: 8,300 Leaf EVs and Volt EREVs, and 14,000
ECOtality / Blink Level 2 EVSE and fast chargers. Data
logging (DL) on all 23,000 pieces of equipment

— 140 Chrysler Ram Pickup and minivan PHEVs with DL

— 150 General Motors EREV Volts with DL

— 21 Ford Escape PHEV SUVs with DL

— 4,000 Level 2 EVSE deployed by Coulomb with DL
 INL, and OEM and EVSE partners collecting real-time data
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The EV Project

e $230 million project

— $115 million ARRA grant
from DOE

— $115 million match

 Purpose: To plan, build,
study, and evaluate mature
electric vehicle charging
Infrastructure in six states
plus the District of Columbia

e Product: Lessons learned

e Largest data collection
effort
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The EV Project Locations

The EV Project at a glance:
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EV Project Micro-Climate Plan

Structured program to make regions “plug-in ready”

1) Community Planning
 Deployment Guidelines & Stakeholder Organization
 Long Range Plan (10 years)
 Micro-Climate Plan (1-3 years)

2) Road Mapping
« 1-3year action plan
e Systematic GIS mapping

3) Infrastructure Implementation
 Deployment of EV charge stations
 Targets scalable national accounts
 Implement sustainable business models

Potential Locations
Publicly Avallabls
Level 2 EV Chargers

Cuamer Mile Buffer

EV Micro-Climates®
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EV Project Residential Infrastructure
 Deploy 8,300 battery electric
vehicles
— 5,700 Nissan Leaf battery EVs

— 2,600 Chevrolet Volt
extended range EVs

 |[nstall 8,300 level 2 residential
EVSE




EV Project Commercial Infrastructure

e Install ~5,300 level 2 EVSE
— Retall locations
— Municipal locations
— Employer locations

 Deploy 200 Dual Port DC
Fast Chargers
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EV Project Data Collection & Reporting

Vehicle Data | _ - EVSE Data
EV & EREV EVSE
Nissan GDC l

ECOtality Data
GM OnStar 'ty

Center
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EV Project Participant ] ? Non EV Project EVSE
[

EV Project Participant ﬁ EV Project EVSE

Non EV Project Participant ? ] EV Project EVSE
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EV Project & Overall Data Collection Rational

« Document electric drive vehicle technology’s ability to
reduce petroleum use by collecting data on:

— Vehicle performance
— Operational profiles and ambient conditions
— Charging profiles
« Document fueling infrastructure technology, including:
— Sitting
— Use
— Time-of-day pricing
— Charging level (I, I, fast charging) utilization
— Public vs. private charging
— At-home vs public charging
— Micro versus macro grid issues / impacts
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EV Project & Overall Data Rational — cont’'d
 Quantified testing results that avoid subjective reporting
results
— No “best” or “worst” results

— Only “highest” or “lowest”, or “longest” or “shortest”
achieved by reporting testing numbers

— Minimize subjective and maximize quantitative
measurements

22



EV Project — Eleven Infrastructure Data
Parameters Collected per Charge Event

« Date/Time Stamp

 Unique ID for Charging Event

 Unique ID Identifying the EVSE — may not change
« Connect and Disconnect Times

o Start and End Charge Times

« Maximum Instantaneous Peak Power

 Average Power

« Total energy (kWh) per charging event

 Rolling 15 Minute Average Peak Power

« And other non-dynamic EVSE information (GPS, ID, type,
contact info, etc.)
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EV Project — Seven Vehicle Data Parameters
Collected per Start/Stop Event

« Date/Time Stamp

 Vehicle ID

« Eventtype (key on / key off)

« Odometer

 Battery state of charge

« GPS (longitude and latitude)

 Fuel consumption (some vehicles)

« Recorded for each key-on and key-off event
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ENERGY |Rrenewable Energy  VEHICLE TECHNOLOGIES PROGRAM EV P r Oj e C t

EV Project Nissan Leaf Vehicle Summary Report e

. WPt Nissan Leaf Usage
Reporting period: January 2011 through March 2011 R e p O r t

Vehicle Usage

Frw of Chargng by
Mumber of trips 3,364 Charging Location and Type
Total distance traveled (mi) 21,706 s Home locatian
B « 1 of 3report types
Avg distance traveled per day when the vehicle was driven (mi) 325 Awary from home:
Avg number of trips between charging events 33 Pt 2}
i eV RO S . produce o date
Avg number of charging events per day when the vehicle was driven 1.5 (O Fanl)
Away from home "
. " Home charging Away-from-home (pan-EV Project) .
Charging Location and Type location charging locations
AC AC oc Non-EV )
level 2 level2  fast  Project Battery State of Charge (SOC) d et al I S
charging charging charging charging® at the Start of Charging Events
Total number of charging events 800 0 (1] 208 5%
3 Hame
Percent of all charging events 79% 0% 0% 21% 2 o oAt
z 2 2 20%
e wotv T =« Initially, all reports
Percent of all time plugged-in at 5 15% home
EV Project charging units 100% 0% 0% o E
o
Total electricity consumed (AC MWh) 5.25 0 0 - ® " p r O u C e q u a r e r y
Percent of all electricity consumed from E 5%
EV Project charging units 100% 0% 0% - E
0%
) o
FEPFPESERSE
CEFEIFEFELS
; Home charging Away-from-home
Charging Completeness location charging locations Charging Event Starting SOC (%)
AC AC oc Non-EV
level 2 level 2 fast Project
i 3 < : Battery State of Charge (SOC
charging charging charging charging’ at men d of Chargil?g évems’
Mumber of complete charging events® 199 0 1] 54
50%
Percant of charging events of the same @ - ome
type and location 43% 0% 0% 26% 2 son
Mumber of partial charging events® 268 0 0 154 “g‘. Aoy
Percent of charging events of the same E‘ 30% hited
type and location 57% 0% 0% T4% 5 _
B
T
3 10%
' Charging level, time plugged-in, and electricity consumed are not available from Non-EV Project &
charging units. Charging level could be AC level 1, AC level 2, or DC fast charging. 0% el |
2 Complete charging events end with battery state of charge at 80% to 100% (for charging events with ;‘Q ,':? C? ‘!9 § .‘,‘? .’,@ § ,& J&
SOC reported) SeHESRSELF T
1 Paitial charging events end with battery state of charge below 90% (for charging events with SOC
reponed) Charging Event Ending SOC (%)

T 5(19/2011 3:47:13 PM
e g‘tality \EH_L INUMIS-11-21904

NORTH AMERIC
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EV Project — Nissan Leaf Usage Report
 Vehicle Usage — 18t quarter 2011

— Number of Trips 3,364
— Total distance traveled (miles) 21,706 mi
— Ave trip distance 5.8 mi
— Ave distance per day when driven 32.5 mi
— Ave # trips between charging events 3.3
— Ave distance traveled between charging

events 21.5 mi
— Ave # charging events per day when a

vehicle was driven 1.5

This report requires matching Leaf and
charging data
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EV Project — Nissan Leaf Usage cont’'d

« Charging Location and Type Level 2 Home Location
— Total number of charging events 800
— Total time plugged In 8,126 hr

— Percent of all time plugged in at EV
Project units

100%
— Total electricity consumed 5.25 AC MWh
« Charging Completeness
— Number of complete charging 199
events (SOC reported)
— Number of partial charging events 268
(SOC reported)

 This report will also include Away-from-home charging
locations: EV Project Level 2 and DC fast charging as
well as non-EV Project charging
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EV Project — Nissan Leaf Usage — cont’d

Percent of Charging Events

Battery State of Charge (SOC)
at the Start of Charging Events

25% - Home
. location
20% - Away
from
15% - home
10% -
5% -
0% -
O 0 O 0,0 O,0 O O O
PYPrPRPRPPR
TEFSLSELSS

Charging Event Starting SOC (%)

Percent of Charging Events

Battery State of Charge (SOC)
at the End of Charging Events

50% - Home
. location
o/, |
40% Away
from
30% - home
20% -
10% -
0% ‘ .
O 0 O 0,0 O,0 O O O
PYPrPRPRPPR
SEFSESELS

Charging Event Ending SOC (%)
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U.S. DEPARTMENT OF
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Renewable Energy  VEHICLE TECHNOLOGIES PROGRAM

ENERGY

EV Project Overview Report

Project to Date through March 2011

A% Project

EV Project —
Overview Report

Charging Infrastructure Mumber of EV Praject Mumiber of Electricity Charging Unit Installation to Date by Region
Charging Units Charging Events Congumed
Region" Installed To Date Performed (AC M) a5 ) 2 O f 3 r e p O rt ty p eS
Phoenix, AZ Metropolitan Area 12 143 0.74 -
Tucson, AZ Metropoltan Area = 40 0.28
Los Angeles, CA Metropolitan Area 15 249 161 i rO d u C ed to d at e
San Diego, CA Metropolitan Area a2 483 323 20
San Francisco, CA Metropolitan Area 12 85 055 15
Washinglon, D.C. Metropolitan Area 0 0 0.00 & 3 Plomme | ° C h ar g i n g i n f r aS t r u Ct u re
Oregon 1 210 128
Chattanooga, TN Metropolitan Area o a 0.00 5 EE PRG-I
Knoxville, TN Metropolitan Area 1 [l L]
Memphis, TN Metropolitan Area 0 0 0.00 & - g 1;‘-5' — # u n I tS I n S t aI I ed
Mashyille, TN Metropolitan Area 4 44 0.36 & “&v h.g‘ & $§ d,pi‘ *‘9‘» géa é?
Dallas/F1. Worth, TX Metropalitan Area 0 0 0.00 v FF O dg & .
Houston, TX Metropolitan Area 0 0 0.00 £ &£ # h t
Washington State 18 322 2,02 - C ar g I n g eV e n S
Total 107 1,582 1013
Vehicles EV Project EV Project Vehicle Enroliment to Date By Region A C M W h C O n S u m e d
Missan Leals Chevrolet Volls  Nymberof  Distance
m‘ Enrolled to Date®  Enrolled 1o Data? Tﬁg Drivm 20 N Leaf NN Vol =
Phoenix, AZ Metropolitan Area (] — 929 5,689 o Ve h I C I eS
Tucson, AZ Metropolitan Area o — o o .
Los Angeles, CA Metropolitan Area 8 1] 656 6,018
San Diego, CA Metropalitan Area 15 0 2,095 15,349 34 —_ # e n ro I I ed
San Francisco, CA Metropolitan Area 5 - 246 2,702
Washinglon, D.C. Metropolitan Area — o o o
Oregon 4 - 662 3,368 % -
Chattancoga, TN Metropoltan Area 4] — 0 [+] I . — # t r I p S
Knoxville, TH Metropolitan Area 0 — o +] 9 § ) 3 é) i }? ce s S
Memphis, TN Metropolitan Area 0 0 0 & j & féﬁfg £ _,}.é;gg‘»“ & . .
s e R — Distance driven
DallasF1. Worth, TX Metropoli#an Area — +] 1] 0 i 5}995 9 (‘S‘? &Q_é'
Houston, TX Metropolitan Area — o (1] o
Washinglon State 1" — 1517 9528 .
e * Results provided by

Mote: EV Project charging units may be usad by vehicles thal are not part of the EV Project. Likewise, EV Project vehicles may connect to non-EV Project charging units. Therefore
vehicle and charging infrastructure usage shown on this repor are not directly comparable.

"Regions:  Oregon region includes the Greater Corvallis, Eugene, Portland, and Salem Matropalitan Areas
Washington region includes the Greater Seallle and Olympla Metropolitan Areas

* Vehicle enroliment numbers refer lo the EV Project only. Numbers do not reflect total regional or national vehicles sales or production,
* Enrmliment of EV Project Chevrolet Volis is expected o begin in the second quarter of 2011,

e] @ta!ity

MORTH AMERICA

© 2011 ECOtality

5/19/2011 4:57:25 PM
INL/IMIS-11-21898

EV Project region
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U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY | Renewable Ener VEHICLE TECHNOLOGIES PROGRAM .
—— EV Project — EV

EV Project Electric Vehicle Charging Infrastructure Summary Report .
AV Project

L}
Region: All h r I n
Report period: January 2011 through March 2011

Number of EV Project vehicles in region: 35

Private Publicly Publicly
s Residential Nonresidential Availabl Availabl
Charging Unit Usage Level 2 Level 2 Level 2 DC Fast Total n r aS r l I ' l I r e
| —Cr A —
Number of charging units’ 35 0 0 0 35
Number of charging events® 800 0 0 0 800
Electricity consumed (AC MWh) 525 0.00 0.00 0.00 525 S | | I I l | I I a r R e O r t
Percent of time with a vehicle connected to charging unit 36% 0% 0% 0% 36%
Percent of time with a vehicle drawing power from charging unit 7% 0% 0% 0% 7%
Number of Charge Events Electricity Consumed Charging Unit Utilization ° 3 f 3 r r t t
of 3 report types
& 0%
E 20%
1 roaucea to aate
0% 0% i
&
0%
I Residential Level B Residential Lavel 2 Reymertal Privi Publichy Putibcly
[ Private Nonresidersal Level 2 B Private Norwesidential Level 2 Level 2 Ncr::l dertal .lL\':;:aoc Availabie DC

T Pl Hode e Funs R Pty Ao 2 s A Vs Comected vo Chargi Lt ) h t
= & Charging unit usage
Charging Availability: Range of Percent of Charging Units with a Vehicle Connected versus Time of Day?®

oy e w0 . Percent charging units

x units connected across all days

" . .
2 B5% 66% s ud Min percentage of charging
o oo i, with a vehicle
g - -~ Percentage of charging units
n_; B ¥ connected on single calendar
]

- Oy o S EEsS connected by time of

0% 0%
000 400 800 1200 1600 20:00 0:00 4:00 8:00 1200 16:00 20:00

Time of Day Time of Day d ay

Charging Demand: Range of Aggregate Electricity Demand versus Time of Day*

iy e _ ... * Range of aggregate

E 0049 | 0.04 all days
E Z 003 \ 0.03 s— Min abectricity demand across . :
5 electricCl eman
£g 002 002 1‘1 Electricity demand on single
lendar day with highi k
E 0.01 0.01 2 A n cRlenCiar ey W Ingheel pea =
~
0.00 0.00 L
000 400 800 1200 1600 20:00 000 400 800 1200 1600 20:00
Time of Day Time of Day

e See next 2 slides

2a charging event is defined as the period when a vehicle is connected to a charging unil, during which period some power is transferred
3 Considers the connection status of all charging units every minute

4 Based on 15 minute rofing average power oufput from all charging units

S 5/19/2011 5:37:48 PM
@ a‘tality M INLILTD-11-22097
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0.05 Weekdays EV PrOj ect —EV

R Charging
8% 0031 . Infrastructure
gg 002 W Summary Report —
CRS Y - . cont'd
0'O%:oo 400 800 12:00 16:00 20:00  Power d_emand range
Time of Day for any time during
reporting quarter
 Yellow line is daily
0.05- weekend days profile for the day with
0.04 - guarterly peak demand
003 « Both graphs in AC MW
0.02 | '™ « Based on 15 minute
001 I ARLEE | rolling average MW
oloo b | demand
| 0:_00 4:00 8:00 12:.00 16:00 20:00
Time of Day
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82% ~
66% -

Percent of
ChargingUnits

16%

82% -

66% -

49%

33% -

16% -

49% -
33%

00/0 M

Weekdays

8:00 12:00 16:00 20:00
Time of Day

0:00 4:00

Weekend days

i r'l-l'r

0% -

0:00

|| e

4:00 8:00 12:.00 16:00 20:00
Time of Day

EV Project — EV
Charging
Infrastructure
Summary Report —

cont’d

 Range of charging
units with a vehicle
connected

 Yellow line is for day
with peak power
demand

« Both graphs percent of
charging units
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Residential Level 2 Electric Vehicle Supply Equipment (EVSE)

EVSE Usage Weekday  Weekend Overall
Mumber of charging events 583 207 800
Electricity consumed (AC MWh) 4.01 1.24 525
Percent of time with a vehicle connected to EVSE 36% 38% 36%
Percent of time with a vehicle drawing power from EVSE 7% 7% %
Average number of charging events started per EVSE per day 08 08 0.9
Average number of distinct vehicles charged per EVSE per day (EV Project vehicles only) 1.0 1.0 1.0
Vehicles Charged Nissan Leaf Chevrolet Volt Non-EV Project vehicles
Percent of charging events 100% 0% 0%
Percent of electricity consumed 100% 0% 0%

. i o Weekday Weekend
Individual Charging Event Statistics (WD) (WE) Overall
Average length of time with vehicle connected per charging event (hr) 98 1.1 10.2
Average length of time with vehicle drawing power per charging event (hr) 18 18 19
Average electricity consumed per charging event (AC kWh) 6.8 6.0 6.6

Distribution of Length of Time with a

..... le C perC Event
30%
I WE
25%
£ WD
?.% 20% |
g2 1%
25 10%
5 %
%
prrppprRrEpy
SVt sars oy
Length of time connected
\per chasging event (hr)
D of Electricity C d per
Charging Event
oo . WE
B . WD
B
EE 3%
g2
ge 20%
£ 1%
o%
PEEPRrERFEF
Sy Ve s
Eleciricity consumed per chasging event
IAC KWh)

© Orality

@ 2011 ECOtality

Paccant of

charging events

Distribution of Length of Time with a

Vehicle Drawing Power per Charging Event

. WE
. WD

rhrprepbep

R N

Length of time with vehicle drawing power
|par chasging event (hr)

5/M19/2011 5:37:48 PM
INL/LTD-11-22087
20f2

EV Project — EV
Charging
Infrastructure
Summary Report —
cont’d

Page 2 of 1 of 3 report
types produced to
date

To be produced for
each “charger” type

Detailed charging
event breakdowns

Graphs on next page

Data shown for
residential Level 2
EVSE
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Distribution of Electricity Consumed per
Charging Event
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EV Project — EV
Charging
Infrastructure
Summary Report —
cont’d

Distribution of Length of Time with a
Vehicle Connected per Charging Event
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Length of time connected
per charging event (hr)
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EV Project — Number of Units

15t Quarter 2011 Report Leaf and EVSE Units

Number of Leafs 50
Number of Blink EVSE 107

June 7, 2011 Leaf and EVSE Units with Data
Number of Leafs 761
Number of Blink EVSE 784
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Future EV Project Activities - Infrastructure
Usage Report

117 metrics and plots, including: s
— Charging unit utilization 5%

— Aggregate charging demand
vs. time of day and day of the s
week 17%

— Individual charging event
metrics

« How often, how long, how
empty, how full
— Reporting by various
subgroups

Aggregate Electricity Demand

mand (AC MkW)
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EV Project Data Collection Summary

o Utilize a systematic process for planning and installing
charging infrastructure

— Document travel patterns
— Document charging patterns
 Provide feedback on infrastructure deployment decisions

o Successful grid-connected electric drive vehicle
deployment is dependent on successful infrastructure
deployment

 Future charging infrastructure deployments must be
based on real-world travel and charging patters
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ENERGY E:ﬁf;‘ai’,?;;:gf VEHICLE TECHNOLOGIES PROGRAM FO rd ES C ap e P H EV
Ford Escape Advanced Research Fleet 3_Pag e RepO rt

Number of vehicles: 21 Date range of data received: 11/01/2009 to 04/30/2011
Reporting period: Nov 09 - Apr 11 Number of vehicle days driven: 5425
 Reports 300,000 test
All Trips Combined . .
Overall gasoline fuel economy (mpg) 38 Gasoline Fusl Economy By Trip Type I I l I I eS an d 24 y OOO t r I p S

Overall AC electrical energy consumption (AC Whimi)’ 101 = = g.D
Overall DC electrical energy consumption (DC Whimi)? 66 = . CD/CS R t b h d ]
2 cs [ J I I l
Total number of trips 23,548 Ex e p O r y C ar g e O e .
Total distance traveled (mi) 299,980 E .
| Ch depleting (CD)
W g —
Trips in Charge Depleting (CD) mode? E ar g e e p e I n g
Gasoline fuel economy (mpg) 52

ok syt 0w m — Charge sustaining
Number of trips 13,205

Percent of trips city | highway 84% | 16% ( C S )

Distance traveled (mi) 75,997

= — Mixed (CD/CS)

Trips in both Charge Depleting & Charge Sustaining (CD/CS) modes®
Ips | g pleting ge Sustaining ( ) . By Trip Type

Gasoline fuel economy (mpg) 37 -
e ..« Alltrips, 38 mpg, 101 AC
DC electrical energy consumption (DC Whimi)® = cDics r I S y y

55
250,000 fmmmmmmsi  memme—— N CD

e T e ] e Wh/mi & 66 DC Wh/mi

2
£

Distance traveled (mi) 131,484 E-E- 150,000

e e e CD,52mpg & 170DC
e 1

Trips in Charge Sustaining (CS) mode? 50,000 Wh/ .

Gasoline fuel economy (mpg) 32 l I I I

Number of trips 5,831

ey e CD/CS, 37 mpg & 55 DC
Percent of total distance traveled 3% Wh/ml

Motes: 1-7. Please see hitpJ/iaviini pdf for an ion of all PHEV Fleet Testing Report notes.

Since these vehicles are llex-fuel capable, some driving evenls are conducted with E-85, which may decrease fuel economy resulls
"The Ford Escape Ad d Fleel was ig| asa ion of duty cyches related to plug-in electric vehicles. The vehicles used in this demonstration . I I I
b

 Plugging-in =63%

- - Improvement in MPG
m 5/9/2011 1_31_215:fM3 . _ 38




VEHICLE TECHNOLOGIES PROGRAM

Trips in Charge Depleting (CD) mode City Highway
Gasoline fuel economy (mpg) 48 57
DC electrical energy ion {DC Wh/mi) 171 169
Percent of miles with internal combustion engine off 3% 13%
Average trip driving intensity (VWh/mi) 265 305
Average trip distance (mi) 3 17
Trips in Charge Depleting and Charge Sustaining (CD/CS) mode

Gasoline fuel economy (mpg) 43 38
DC electrical energy ion (DC Whimi) 79 52
Percent of miles with internal combustion engine off 30% 5%
Average trip driving intensity (Wh/mi) 277 325
Average trip distance (mi) 9 #
Trips in Charge Sustaining (CS) mode

Gasoline fuel economy (mpg) 30 32
Percent of miles with internal combustion engine off 23% 4%
Average trip driving intensity (Wh/mi) 266 32
Average trip distance (mi) 4 38

Driving Intensity (Wh/mi)

Percant of total miles in trip type

Effect Of Driving Intensity (Wheel Energy) on Fuel Economy This Month

Trip Fuel Economy (mpg)

- | . : E ming  avg | max e
400 i -
| | | | | | | | 2
300 i 3
] | i ] 1
i =
200 —— §
1o | | | ‘
{
] 400 500
Trip Fuel Economy (mpg)
Trip Fuel Economy Distribution By Trip Type
80
80
40
20
o |
0-<20 20-<40 40-<60 G0-<B0 BO-<100 100-<120 120-<140 >=140

W cD
B CDICS

5/9/2011 1:31:25 PM
20f3

Ford Escape PHEV
3-Page Report

Report fuel use by
highway/city cycles and
driver style

CD city, 48 mpg, 171 DC
Wh/mi

CD highway, 57 mpg, 169
DC Wh/mi

CS city, 30 mpg

CS highway, 32 mpg
Plugging-in = 60%
Improvement in city MPG

and 78% improvement in
highway MPG
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VEHICLE TECHNOLOGIES PROGRAM

Plug-in charging

Average number of charging events per vehicle per month when driven 47
Average number of charging events per vehicle per day when driven 32
Average distance driven between charging events (mi) 175
Average number of trips between charging events. 1.4
Average time plugged in per charging event (hr) 6.2
Average time charging per charging event (hr) 1.3
Average energy per charging event (AC kWh) 18
Average charging energy per vehicle per month (AC kWh) 829
Total number of charging events 7,110
Total charging energy (AC kWh) 30,276

,,,,,,
aaaaaaaaa
S 2

Time of Day When Charging

‘6‘ % O T

&
3 '694.1‘, ]
AUy

&
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mmmmmmmm
e 2

5/9/2011 1:31:25 PM
30f3

Ford Escape PHEV
3-Page Report

Report charging stats,
time of day driving, and
charging profiles

30,276 AC kWh used
17,110 charging events

Ave 3.2 charging events
per day when driven

17.5 miles between
charge events

1.4 trips between charge
events

1.3 hours per charge

6.2 hours time plugged
In per charge

1.8 AC kWh per charge
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Other INL Data Collection Projects

 Five USPS electric long life vehicle (ELLV) conversions
— ELLVs required five customized onboard data loggers
— Testing to USPS and AVTA test procedures and cycles
— All five subjected to baseline performance (track and
dynamometer testing)

— All five in Washington DC area delivery routes with
data loggers e Highway Trips Energy ()

& Net Batt. Energy In (Regen)
I Net Batt. Energy Out

I Net Batt. Energy In (Regen)
Il Net Batt. Energy Out

Stop & Go Trips Energy (kWh)

I Net Batt. Energy In (Regen)
I Net Batt. Energy Out
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Other INL Data Collection Projects — cont’d

« 140 Ram PHEV pickups — same report format as Ford
Escape PHEVs

 Federal fleet vehicle use profiles
« Mass change impacts on ICEV, HEV, and BEV fuel use
« Development of vehicle-based battery test-bed mule

— Street legal, includes real world impacts of power
electronics, and motor energy and power demands,
ambient and mission impacts

— First lithium battery pack being installed

= ———
mj . : B
o - _
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Other INL Data Collection Projects — cont’d

« Coulomb EVSE data collection will be same parameters
as the EV Project, but no vehicle data will be collected

e Coulomb reports 525 EVSE installed to date
 Nissan Leaf fast charge study

— Comparison of fast versus Level 2 charging impacts
on battery life

e 20 Lithium PHEV Escape Quantum conversions
(SCAQMD) — same report format as Ford Escape PHEVs
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