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ldaho National Laboratory

Eastern Idaho based U.S. Department of Energy (DOE)
Federal laboratory -

890 square mile site with 4,000 staff
Support DOE’s strategic goal:

— Increase U.S. energy security and reduce the
nation’s dependence on foreign oil

Multi-program DOE laboratory
— Nuclear Energy

— Fossil, Biomass, Wind, Geothermal and
Hydropower Energy

— Advanced Vehicles and Battery Development
— Energy Critical Infrastructure Protection
— Homeland Security and Cyber Security




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 light-
duty vehicle portion of the AVTA per DOE guidance

— Many of these testing activities are conducted with
ECOtality North American

— Support also provided to DOE Clean Cities and FEMP
« 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
iInfrastructure purchase, deployment and operating
decisions




Vehicle / Infrastructure Testing Experience

* 24 million test miles accumulated on 5,500 electric drive
vehicles representing 111 models

 Plug-in hybrid electric vehicles: 14 models, 430 PHEVS, 4
million test miles

« Extended Range Electric Vehicles: 1 model, 125 EREVs,
250,000 test miles

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

« Micro hybrid (stop/start) vehicles: 3 models, 7 MHVs,
300,000 test miles

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

 Battery electric vehicles: 47 models, 4,000 BEVs, 12
million test miles

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

« 4,000 EVSE and first hydrogen generatlon/dlsensmg
station in United States o




INL Vehicle Data Management Process

Process Affected by Disclosure Agreements ®
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Example: Vehicle/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- TTTTTTTTTTTTTTT T
second) Ford Escape PHEV, 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

gy eElE Coulomb ChargePoint networked level 2 EVSE

Managing 26 different data models

N (©) ENERGY




Data Security and Protection

 All raw vehicle and EVSE data, and personal information
protected by NDAs (Non Disclosure Agreements) or a

CRADAs (Cooperative Research And Development
Agreements), 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

 INL can bin data results into usable information formats
for analysis in research partnerships

 No raw data can be shared by INL




EV Project Locations (Largest World-Wide
PEV and EVSE Data Collection Activity)

The EV Projectata glance:
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EV Project Residential Infrastructure
 Deploy 8,300 battery electric
vehicles with data loggers
— 5,700 Nissan Leaf BEVs
— 2,600 Chevrolet Volt EREVs

 [nstall 8,300 level 2 residential
EVSE with data loggers
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EV Project Commercial Infrastructure
e Install ~5,000 level 2 EVSE
with data loggers
— Retall locations
— Municipal locations
— Employer locations

 Deploy 200+ Dual Port DC Fast
Chargers with data loggers
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EV Project — 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 — 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)

 Recorded for each key-on and key-off event
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U.S. DEPARTMENT OF Energy Eﬁ'lciency &

ENERGY | Renewable Energy  VEHICLE TECHNOLOGIES PROGRAM .
EV Project Overview Report :\" P . EV PrOJ eCt
Project to Date through September 2011 rOJeCt OV e rV I eW R e p O rt

Charging Infrastructure Mumber of EV Praject Mumiber of Electricity Charging Unit Installation to Date by Region - -
= Charging Units Charging Events Consumed o Ve h I C I eS an d C h ar g I n g
Region' Installed To Date Performed (AT Muh) 800
Phoenix, AZ Metropolitan Area 204 14,240 89.96 .
Tuson, AZ Melropatah Area 65 4,414 26.10 i I n f r ast r u C t u r e d e p I Oy ed
Los Angeles, CA Metropolitan Area 254 14,586 105.56
San Diego, CA Metropolitan Area 535 41,549 316.48 .
San Francisco, CA Metropolitan Area 695 33,442 255.84 400 t O d at e S e t 2 O 1 1
Washington, D.C. Metropolitan Area 1] 0 0.00 p
Oregon 328 19,452 13375 -
Chattanooga, TN Metropolitan Area 35 1,266 10.68 - -
S R S A&« Charging infrastructure
Memphis, TH Metropolitan Area 13 554 406 §§§fﬁﬁfg g éfg*é“@ gg};g § ‘;,6’ ;.’:3?
Mashyille, TN Metropolitan Area 223 9,204 6207 o a;? ‘;§ & ¢ {g & ‘»“? o o:‘? S?Q . .
Dallas/F1. Worth, TX Metropolitan Area 10 o7 0.41 v O F 6 £ —_— 2 990 u n I ts I n S t aI I ed
Houston, TX Metropolitan Area 5 29 0.10 & )
Washinglon State 545 35,609 243.33

- R 177,962 chargin
) g g
\Vehicles EV Project EV Project Vehicle Enroliment to Date By Region eV e n t S
Nissan Leafs Chevrolet Volts  Distance

Rg-a ' Enralied to Date®  Enrolled to Date®  Driven (mi) 800 . Leaf [ Volt
T ————— W
Pheoenix, AZ Metropolitan Area 170 - 451,536
Tucson, AZ Metropolitan Area 57 = 128,033 600 I 2 7 3 A ( M W h
Los Angeles, CA Metropolitan Area 292 o 592,152 3
San Diego, CA Melropoldan Area 504 15 1,365,134 400
San Francisco, CA Metropofitan Area 720 = 1,508,384 .
e = T— e Vehicles
200
Oregon 294 — 639,452
Chattancoga, TN Metropoltan Area 25 — 42,756 1 - I
.
Knoxville, TN Metropolitan Area 48 = 105,405 9 5 ;’S‘@é"“ 1 ew_sé:fg@ 2 8 2 2 I eafs & VOItE;
Memphis, TH Metropolitan Area 8 — 11,910 £ éi?d?’ Fd 6«.53&15? “f\?‘?ﬁ;_ & )
LN
Nashyille, TN Metropoiitan Area 184 = 269,630 TEFFE \3‘9 * fﬁ? & g
o7 o
DallasF1. Worth, TX Metropolitan Area — 1 oF 2 k3 e' I ro I I ed
Houston, TX Metropolitan Area — 5 302 &
Washinglon State 480 - 1,057 463

Total 2801 n 6.174051 - 6 . 2 m i I I i O n m i I eS

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 N
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 ‘ ! S u S r O V I ‘ E
Washington region includes the Greater Seallle and Olympla Metropolitan Areas
nationally & regionall
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EV Project — # EVSE & Vehicles 3/ Quarter
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EV Project Nissan Leaf Vehicle Summary Report

Region: ALL
Number of vehicles: 2394
Reporting period: July 2011 through September 2011

Vehicle Usage

VEHICLE TECHNOLOGIES PROGRAM

A Project

Number of trips 536,548
- : Frequency of Charging by
Total distance traveled (mi 3,718,272
pa— ) (m} Charging Location
Avg trip distance (mi) 69
Avg distance traveled per day when the vehicle was driven (mi) 308
Avg number of trips between charging events 43
Avg distance traveled between charging events (mi) 301
Avg number of charging events per day when the vehicle was driven 1.0
Away-from-
Home home Unknown
Charging Location and Type tions
Mumber of charging events 98,891 18,219 5,485
Percent of all charging events B0% 16% 4%
Battery State of Charge (SOC) Battery State of Charge (SOC)
at the Start of Charging Events at the End of Charging Events
25% o B0%
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Page 1 of 11

EV Project —
Nissan Leaf Usage
Report

July - Sept 2011 only
See following slides
1 page nationally

Plus 1 additional page
for each region with
more than 10 vehicles

Subset of 2,394
vehicles as this report
requires matching
Leaf and charging
data
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EV Project — Nissan Leaf Usage Report
 Vehicle Usage — 38t quarter 2011

— Number of Trips 536,548
— Total distance traveled (miles) 3,718,272 mi
— Ave trip distance 6.9 mi
— Ave distance per day when driven 30.8 mi
— Ave # trips between charging events 4.3
— Ave distance traveled between charging

events 30.1 mi
— Ave # charging events per day when a

vehicle was driven 1.0

— Vehicle petroleum used 0 gallons

17



EV Project — Nissan Leaf Usage
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EV Project Leafs: Average Miles/Trip, Trips/Charge, Charges/Day

M Ave Miles / Trip M Trips per Charge M Charges/ Day
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EV Project — Nissan Leaf Usage

EV Project Leafs: Average Miles Per Day and Miles Per Charge
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EV Project — Nissan Leaf Usage

Percentage Charging Locations
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EV

Project — Nissan Leaf Usage
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EV Project — Nissan Leaf Usage

PHX

Nationa

80%

60%

40%

Percent of Charging Events.

0%

r
>

80%

60%

Percent of Charging Evenls
(] o
o o
ES &

g

n
O

80% -

60%

40%

20%

Percent of Charging Events

20% -

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

H
-Iog:l:on
Away-from
-home
location
.:°~° :,5’ CFEErEPF
FSdsdes
Charging Event Ending SOC (%)
Battery State of Charge (SOC)
at the End of Charging Events
Homea
location
Away-from
-home
location
SPEFPPFESEPF
SEFSFFELF
Charging Event Ending SOC (%)
Battery State of Charge (SOC)
at the End of Charging Events
Home
location
Away-from
-home
location
FREFPPrFEP P
se&f S 9 e%‘-' s8¢

Charging Event Ending SOC (%)

80%

60%

40%

Percent of Charging Events.

0%

WA

60%

20%

Percent of Charging Evenls

O
Py

60%

40%

20%

Percent of Charging Events

20% -

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

Home

40% -

— location
Away-from
-home
location
SEEFPPLPFF
FSdsdes
Charging Event Ending SOC (%)
Battery State of Charge (SOC)
at the End of Charging Events
H
Ll Ioi'::on
Away-from
-home
location
SPEFPPFSEPF
SEFSFFELF
Charging Event Ending SOC (%)
Battery State of Charge (SOC)
at the End of Charging Events
Home
location
Away-from
-home
location
SEFSPFLPFF
SIFSES é.f &

Charging Event Ending SOC (%)

Tucson

Percent of Charging Events.

50%

40% -

30%

20% -

10% -

0%

KnoxTN

Percent of Charging Evenls

B0% -

60%

40%

20%

0%

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

NashTN

Percent of Charging Events

80% -

60%

40%

20%

0%

H
— Iog.:l:on
Away-from
-home
location
.:°~° 55’ FFEErEPFE
FSdsdes
Charging Event Ending SOC (%)
Battery State of Charge (SOC)
at the End of Charging Events
H
B ocation
Away-from
-home
location
FPPPEPFrPPF
IS SFsENS
Charging Event Ending SOC (%)
Battery State of Charge (SOC)
at the End of Charging Events
Home
location
Away-from
-home

location

fﬁf:‘? PErFFP
SIICEE R g SR

Charging Event Ending SOC (%)

T oo oy —=



U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY | renewable Energy ~ VEHICLE TECHNOLOGIES PROGRAM

EV Project Electric Vehicle Charging Infrastructure Summary Report .
Region: ALL A" Project
Report period: July 2011 through September 2011

Number of EV Project vehicles in region: 2394

Private Publicly Publicly
. - Residantial idential A vaiiabl Avatiabd
Charging Unit Usage Level 2 Level 2 Level 2 DC Fast Total
——
Number of charging units’ 2413 0 170 0 2,583
Number of charging events® 118,239 (1] 2,258 (] 120,497
Electricity consumed (AC MWh) 85217 0.00 1415 0.00 866.31
Percent of time with a vehicle connected to charging unit 29% 0% 7% 0% 28%
Percent of time with a vehicle drawing power from charging unit 6% 0% 2% 0% 6%
Number of Charge Events Electricity Consumed Charging Unit Utilization
0%
%% s0% g o
= a0%
2 15w
=
g 0%
2% % § 5%
%
Resadertial Level 2 N Residential Level 2
=1 MNonresidential Level 2 I Private Nonressdenrbal Lavel 2
B Publicly Avadabls Level 2 [ Publicly Available Lavel 2 N Vehicle Comnected 1o Charging Unt

Viehicia Drawing Powsr From Charging Unit

Charging Availability: Range of Percent of Charging Units with a Vehicle Connected versus Time of Day?®

549 Weekday 54% Weekend Max percentage of charging
units connecied across all days
2 43% 43% Min percentage of charging
S5 3% 329 units connected across all days
-1
E-‘E, Percentage of charging unils
E, s 2% 2% connected on single calendar
o day with peak electricity
1% 11% demand
0% 0%
0:00 400 800 1200 1600 20:00 000 400 200 1200 16:00 20:00
Time of Day Time of Day
Charging Demand: Range of Aggregate Electricity Demand versus Time of Day*
2285 Weekday 2285 Weekend
M lectricity d d
R~ 1.828 — s”a;;;:c oty vemend aere
§ s 13T 1.3M S Min electricity demand across
:-.E all days
E % 0.914 0.914 \ Electricity demand on single
2 oas \,_,_ 0.457 /-'\.__/JU\ calendar day with highest peak
n} \ R
0.000 0.000
0:00 400 800 12:00 16:00 20:00 0:00 400 800 12:00 16:00 20:00
Time of Day Time of Day

? Includes all charging units that were in use by the end of the reporting pericd
A charging event is defined as the period when a vehicle is connected to a charging unit, during which period some power is transfermed
* Considers the connection status of all charging units every minute

# Based on 15 minule rolling average power output from all charging units

—e 11/7/2011 5:22:14 PM
@ @tality M INLLTD-11-22087

ONTH AMERIC 1o0fa3

© 2011 ECOtality

EV Project — EVSE
Infra. Summary
Report

e Residential & Public
EVSE usage

 Percent EVSE with a
vehicle connected by
time of day

 Percent EVSE with
energy transferred by
time of day

 Range of aggregate
electricity demand
versus time of day

 National and regional
iInformation
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Electricity Demand

2285
1.828 |

1371 -

(AC MW)
©
2
S
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0:00

4:00

\__

4:00

Weekday

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

Weekend

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

EV Project — EVSE
Infra. Summary
Report

National data. All 2,413
R2 EVSE. July-Sept
2011

Power demand range
for any time during
reporting quarter

Yellow line is daily
profile for the day with
guarterly peak demand

Both graphs in AC MW

Based on 15 minute
rolling average MW
demand
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— Weekday

43% -

Percent of
ChargingUnits
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— Weekend
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EV Project — EVSE
Infra. Summary
Report

National data. All 2,413
R2 EVSE. July-Sept
2011

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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Electricity Demand
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EV Project — EVSE
Infra. Summary
Report

National data. All 170
P2 EVSE. July-Sept
2011

Power demand range
for any time during
reporting quarter

Yellow line is daily
profile for the day with
guarterly peak demand

Both graphs in AC MW

Based on 15 minute
rolling average MW
demand
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33% - Weekday EV PrOj ect — EVSE

s Infra. Summary
e Report
ez " - National data. All 170
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EV Project — EVSE Infra. Summary Report

Distribution of Length of Time with a
Vehicle Drawing Power per Charging Event
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EV Project — EVSE Infra. Summary Report

 National Data — 39 quarter 2011
— Ave time vehicle connected R2 WD 9.9 hours
— Ave time vehicle connected R2 WE 10.0 hours
— Ave time vehicle drawing power R2 WD 2.0 hours
— Ave time vehicle drawing power R2 WE 1.8 hours
— Ave energy per charge event R2 WD 7.5 AC KWh
— Ave energy per charge event R2 WE 6.5 AC kWh

— Ave time vehicle connected P2 All 6.8 hours
— Ave time vehicle drawing power P2 All 1.7 hours
— Ave energy per charge event P2 All 6.3 AC kKWh

 R: residential, P: public, WD: weekday, WE: weekend,
All: weekday/end combined
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EV Project — EVSE Infra. Summary Report
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EV Project — EVSE Infra. Summary Report
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EV Project — EVSE Infra. Summary Report

Average Number of Charging Events Started per EVSE per Day
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U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY | Renewable Energy  VEHICLE TECHNOLOGIES PROGRAM EV P r Oj eCt _ Ot h er

EV Project Electric Vehicle Charging Infrastructure Summary Report .
AV Project

Region: San Diego, CA Metropolitan Area R e O r t S t O d at e
Report period: April 2011 through June 2011

Number of EV Project vehicles in region: 240

Private Publicly Publicly L]
s Residential Monresidential Availabl Availabl
Charging Unit Usage Level 2 Level 2 Level 2 DC Fast Total I n ‘ l I e
| — T ——
Number of charging units’ 240 0 8 0 248
Number of charging events® 9,556 0 16 0 9,572
Electricity consumed (AC MWh) 76.28 0.00 0.08 0.00 76.35
Percent of time with a vehicle connected to charging unit 32% 0% 3% 0% 31% Y I n f r aS t r u Ct u r e r e O rtS
Percent of time with a vehicle drawing power from charging unit 7% 0% 1% 0% 7%

Percent ef Time

S S gy m— by each utility service
7 area are produced by

100 % 100 %
25%
% 0% 5%
Vihicie Craming Power Fram Charging Lt

20%
N Resgertal Level 2 N Residential Level 7 D“T::I-;I“I! N(L:::?;.I O V e r I ay I n g G I S
Charging Availability: Range of Percent of Charging Units with a Vehicle Connected versus Time of Day?® S e rV I C e ar e a, d a,t a W I t h

Weekdays Weekend days
9% 69% Max percentage of charging -
= B roject data
bl % — Min percentage of charging
41% 41% units connected across all days

Percaniage of charging units

28% connected on single calendar 7 1 1
day with peak electricity [ ) r I I I I I
14% " demand

0% — 0%
0:00 400 8:00 12:00 16:00 20:00 000 4:00 800 12:00 16:00 20:00
Time of Day Time of Day SUppOr repor S

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

| e « Shown - San Diego

Max electricity demand across

Percent of
ChargingUnits

T ooas] |, 0331 e all days D

55 oze| — S Infrastructure report

gg | all days

£2 onies 0.188 Electricity damand on single

g o083 oioia calendar day with highest peak

wo o conmeatll ' :
P T S =

0.000 \““"“ _— 0,000
000 400 800 1200 1600 20:00 000 400 800 12:00 1800 20:00
Time of Day Time of Day

" includes all charging units that were in use by the end of the reporting period
2 pch arging event is defined as the pariod when a vehicle is connecled to a charging unil, during which period some power is transfarred
3 Considers the connection status of all charging units every minute

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

—e 8/10/2011 1:18:57 PM
@ atality \EN_L INLILTD-11-22097

Page 9 of 20
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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

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 39,085,680
3% 2009 kWh

generation 118,509,930,000 58,628,519
4% 2009 kWh

generation 158,013,240,000 78,171,359
5% 2009 kWh

generation 197,516,550,000 97,714,199

Generation Source: Electric Powe_rAnnuaI with data for 2009. November 23, 2010.
http://205.254.135.24/cneaf/electricity/epa/epates.html . @ enexdy 34




U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Chrysler RAM PHEV Fleet

Number of vehicles: 37

Reporting period: J

All Trips Combined

uly 11 - Aug 11

VEHICLE TECHNOLOGIES PROGRAM

Date range of data received:

Number of vehicle days driven:

7/1/2011 to 8/31/2011
615

Gasoline Fuel Economy By Trip Type

Overall gasoline fuel economy (mpg) 16 25 [ E'l
Overall AC electrical energy consumption (AC Whimi)! 162 20 = ;
Overall DC electrical energy consumption (DC Whimi)? a4 é: o

=1
Overall DC energy cap from reg braking (DC Wh/mi) 53 E .
Total number of trips 3,443 u§1 10
Total distance traveled (mi) 13911 ]

w

5

Trips in Charge Depleting (CD) mode?
Gasoline fuel economy (mpg) 20 o
DC electrical energy consumption (DC Wh/mi)* 282 Distance Traveled By Trip Type
Number of trips 1,310 14,000 cs
Percent of trips city | highway 98% | 2% 12,000 . od
Distance traveled (mi) 3,779 3 10,000
Percent of total distance traveled 27% % 8,000

(== >

. . . _— E
Trips in both Charge Depleting & Charge Sustaining (CD/CS) modes? E“ 6,000
Gasoline fuel economy (mpg) 20 3 4,000
DC electrical energy consumption (DC Whimi)® 121 2,000
Number of trips 175
Percent of trips city | highway 86% | 14% of Drive Time by .
Percent e lme Opeldmg Mode
Distance traveled CD | CS (mi) 1232 | 1433
Percent of total distance traveled CD | CS 9% | 10%
Trips in Charge Sustaining (CS) mode?
Gasoline fuel economy (mpg) 13
Mumber of trips 1,958
Percent of trips city | highway 98% | 2%
Distance traveled (mi) 7,505
Percent of total distance traveled 53% T L, SO,
Viehscle Slgppeo I:w&q)me

duty cycles related to plug-in electric vehicles and may not

W Vehicke Oriving Engine Spinning
B Vehicke Driving Engine Stopped

MNotes: 1- 9. Please see hitp:/favLinl gov/pdi/p ¥ P pdf for an of all PHEV Fleel Testing Repor notes.
The Chrysler RAM PHEV Fleet was asa program of

fuel economy.

Vehicle fuel economy is based on cuslomer usage and may nol be ive of potential fuel

—e

W eHRYSLER

918/2011 10:22:01 AM
10f3
INLMIS-11-22875

Chevrolet Volt DOE
ARRA Project

July — Sept 2011
110 Chevy Volts
208,165 test miles

All trips, 74.8 mpg, 185
AC Wh/mi

EV mode, 369 AC
Wh/mi no gasoline,
50.3% all miles

Extended range mode,
37.2 mpg

Average trip distance
7.4 miles city and 45.6
miles highway driving

35




Chevrolet Volt DOE ARRA Project
« 110 Volt 3"d quarter report

— Average charging events per month 17
— Average # charging events per vehicle day 1.3
— Average miles per charging event 44 miles
— Average trips between charging events 3.3
— Average time connected per event 3.4 hours
— Average energy per charge event 7.1 AC KWh
— Average charging energy per vehicle 119 AC kWh
month

36



Percent Distance Traveled By

C h evro I et VO I t D O E ., Oerating Mode (EVEERM)
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Eﬁﬁﬁ'&y E:ﬁf;‘ai’,?;;:gf VEHICLE TECHNOLOGIES PROGRAM FO r d ES C ap e A d V_
Ford Escape Advanced Research Fleet ReS earch Veh|C|e

Number of vehicles: 21 Date range of data received: 11/01/2009 to 10/31/2011
Reporting period: Nov 09 - Oct 11 Number of vehicle days driven: 6,973
« 21 Ford Escape PHEVs

All Trips Combined Gasoline Fuel Economy By Trip Type .
Overall gasoline fuel economy (mpg) 38 60 . A . 3 9 5 O O O t t I I I I d
Overall AC electrical energy consumption (AC Whimi)’ 101 = ggms ] e S I e S a n
Overall DC electrical energy consumption (DC Whimi)? 66 ? a0 5 3 1 O O O t r i S
Total number of trips 31,451 E‘ ] p
Total distance traveled (mi) 394 564 2 .

5 20

= o Allt 38 m 101
Trips in Charge Depleting (CD) mode? 2 r I S y y

e AC Wh/mi & 66 DC
Dc ical energy ion (DC Whimi)* 165 I

Distance Traveled By Trip Type

Number of trips 18,056 C
Percent of trips city | highway 100% | 0% Wh /m I
Distance traveled (mi) 106,042
Percent of total distance traveled % % .

: « Charge Depleting (CD)
Trips in both Charge Depleting & Charge Sustaining (CD/CS) modes3 g !
Gasoline fuel economy (mpg) 37 a 5 3 m & 1 6 5 D C
DC electrical energy consumption (DC Whimi)® 54 p g
Number of trips 6,015 Wh/ =
Percent of trips city | highway 0% | 100% Fuel y By i ¥ m I
Distance traveled (mi) 172,376 g6 -y — A
Percent of total distance traveled 44% E = ggﬁ:s h e F

ol > —z= o (Charge Sustaining
Trips in Charge Sustaining (CS) mode? é %
Gasoline fuel economy (mpg) 32 é o (C S) 3 2 m p g
Numberollr.ips . - 737 P 5? ;'.{? 5, "? fv‘? E? 50 ﬁ) é? § 1
Percent of trips city | highway 100% | 0% o 5" @, ¢ 3" ‘?, @ ‘P, ‘?, o? £ . - _ O
Distance traveled (mi) 116,146 e Tamperntios i o P I u g g I n g I n — 6 6 /0
Percent of total distance traveled 29%

] ]
Motes: 1-7. Please see hitpJ/iaviini pdf for an ion of all PHEV Fleet Testing Report notes. I | I C r e aS e I I l O V e r aI I

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 Fleal was ig asa ion of duty cycles related to plug-in electric vehicles. The vehickes used in this demonstration
have nol been optimized to provide the maximum potential fuel economy.®

M 11/8/2011 12:53:44 PM
10f3 38




VEHICLE TECHNOLOGIES PROGRAM
EEEE

Trips in Charge Depleting (CD) mode

City Highway

Gasoline fuel economy (mpg) 49 58
DC electrical energy consumption (DC Wh/mi) 166 164
Percent of miles with internal combustion engine off 38% 12%
Average trip driving intensity (VWh/mi) 269 306
Average trip distance (mi) 4 18
Trips in Charge Depleting and Charge Sustaining (CD/CS) mode

asoline fuel economy (mpg) 43 36
DC electrical energy ion (DC Whimi) 51
Percent of miles with internal combustion engine off 30% 5%
Average trip driving intensity (Wh/mi) 326
Average trip distance (mi) 9 40
Trips in Charge Sustaining (CS) mode

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

Average trip dista

nce (mi}

Mild — Aggressive

Trip Fuel Economy (mpg)

) -
0-<20 20- =40 40 - =60 60-<B0 B0-<100 100-<120 120-<140

.,
>=140

11/8/2011 12:53:44 PM
20f3

Ford Escape Adv.

Research Vehicle

 CD city, 49 mpg, 166
DC Wh/mi

« CD highway, 58 mpg,
164 DC Wh/mi

e CScity, 30 mpg

 CS highway, 32 mpg

 Plugging in = 63%
Increase in city MPG
and 81% increase In
highway MPG
(compare CD to CS)

e City - 38% CD and 23%
CS miles engine off

« Highway - 12% CD and
4% CS miles engine off

39




% time

Ford Escape Advanced Research Vehicle

18.9 miles per charge event

1.5 trips per charge event

3.0 charge events per vehicle day

6.1 average hours plugged in per charge

1.4 average hours drawing power per charge event

1.9 kWh average energy per charge event

44 average charge events / vehicle / month when driven

Time of Day When Plugging In Time of Day When Charging
2500

Time of Day When Driving
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U.S. DEPARTMENT OF

Energy Efficiency &

Renewable Energy  VEMICLE TECHNOLOGIES PROGRAM

ENERGY

Chrysler Ram
PHEV Project

« 70 Chrysler Ram PHEVs

Chrysler RAM PHEV Fleet

Number of vehicles: 37
July 11 - Aug 11

Date range of data received: 7/1/2011 to 8/31/2011

Reporting period: Number of vehicle days driven: 615

All Trips Combined Gasoline Fuel Economy By Trip Type

Overall gasoline fuel economy (mpg) 16 25 [ E'l -
s et i SO “ =« 70,000 test miles and
Overall DC electrical energy consumption (DC Whimi)? a4 é: o )
Overall DC energy cap from reg braking (DC Wh/mi) 53 E 1 11 OOO t r i S
Total number of trips 3443 u§1 10 D) p
Total distance traveled (mi) 13911 E
5 .
* Alltrips, 18 mpg, 115
Gasoline fuel economy (mpg) 20 o ] ]
DG electrical energy cansumption (DG Whimiy* 282 Distance Traveled By Trip Type A C W h /m i & 6 9 D C
Number of trips 1,310 14,000 cs
N cdfcs.
Percent of trips city | highway 98% 2% 12,000 . od -
Distance traveled (mi) 3,779 3 10,000 Wh /I I I I
Percent of total distance traveled 27% % 8,000
(== >
i . . _— E
Trips in both Charge Depleting & Charge Sustaining (CD/CS) modes® E“ 6,000 ° C D 2 3 m & 248 D C
Gasoline fuel economy (mpg) 20 3 4,000 3 p g
DC electrical energy consumption (DC Whimi)® 121 2,000 -
Mumber of trips 175 W I I I I
Percent of trips city | highway 86% | 14%
Percent of Drive Ti Operating Mode
Distance traveled CD | CS (mi) 1232 | 1433 ® Time by
Percent of total distance traveled CD | CS 9% | 10% L y 17 I I I p g

Trips in Charge Sustaining (CS) mode?

| . = 35y
oot i 53 5  Plugging in =35%
e — Increase in overall MPG
Percent of total distance traveled 53% - ,,.‘..:3;.::.,.6 Engine iding

Veehicle Stopped Engine Slopped

W Vehicke Oriving Engine Spinning

Effect of Driving Aggressiveness on Fuel Economy® B Viohicle Driving Engine Slopped

when comparing CD to

1 1 ]
8 <10 - CS trl pS
o
: e
8 6-<8- ] ] 2
2 o
8 B
2 4261 il ?m..m
£ 249 1 | g [Hetendmaios
o
D=2 [=—I———
9/19/2011 10:22:01 AM
10f3
1] 10
- 0 . INL/MIS-11-22875 41

Trip Fuel Economy (mpg)




% time

-
o o o

Chrysler Ram PHEV Pickups

TR e 44% of Ram driving and stopped time,

i o gas engine is stopped
% o « 54.4 miles per charge event
A e 8.5trips per charge event
ool * 0.64 charge events per vehicle day

B Vehicle Driving Engine Stopped

« 1.9 average hours per charge event
6.3 kWh average energy / charge
240 L1 and 1,029 L2 charge events
14% at L1 & 86% at L2 total energy

FJILIIFFELFS o 298 hrsat L1 & 2.3 hrs at L2 to charge
from 20% to 100% SOC

Time of Day When Driving

Time of Day When Plugging in

Time of Day When Charging
12
600 10
8
o
= 400 £
E = 6
Q £ a4
< 200 2
0 | A T rr—
gg-&.&.&&é.&@ ?ggci?fd@:fd‘?ﬁ?gv@
- . SR . . . A S S S - S - G- S S 4
S £ & L8 L L L EL T EE N Y E® e SN ¥
A OF & 8 & e S REd o TES gy R
J\Qhahf\o,hth..!b = ~
~ ~
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ChargePoint America (Coulomb) Project

893 EVSE installed (May — August 2011)
39,000 charge events
237 AC MWh consumed
444 Residential, 37% of time a vehicle is connected
83 Private commercial, 15% of time a vehicle is
connected
365 Public, 4% of time a vehicle is connected
1 Not specified, 48% of time a vehicle is connected
ChargePoint Charging Units to Date by State Charging Unit Utilization
500 50%
& °$§3§ < g’ < é;? = §?’
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U5, DEPARTMENT OF Energ)r EfﬁCiEﬂC)" &

ENERGY Renewable Energy

North American PHEV Demonstration Vehicle Technologies Program

Fleet Summary Report: Hymotion Prius (V2Green data logger) Date range of data received:
Number of vehicles: 184 4/18/2008 to S/31/201
Reporting Period: Apr 08 - May 11 Number of days the vehicles were driven: 1132

All Trips Combined
e Gasoline Fuel Economy By Trip Type
Overall gasoline fuel economy (mpg) 47 a0
Overall AC electrical energy consumption (AC Whimi) 1 53
Overall DC electrical energy ion (DC Wh/mi) 2 38 ‘gf B0
Total number of trips 287,310 = [ cDics
E 40 N CD
Total distance traveled (mi) 2,691,319 § cs
3 i . Al
Trips in Charge Depleting (CD) mode T o
Gasoline fuel economy (mpg) 62 s
DC electrical energy consumption (DC Wh/mi) 4 142 0
Number of trips 116,236
Percent of trips city / highway 87% [ 13% Distance Traveled By Trip Type
Distance traveled (mi) 534,289 3000000
Percent of total distance traveled 20% . 2500000
o
Trips in both Charge Depleting and Charge Sustaining (CD/CS) modes 5 % 2000000 cs
s -
Gasoline fuel economy (mpg) 53 SE 1500000 I CDICS
- . CD
DC electrical energy consumption (DC Whimi) & 49 % 1000000
i o
Mumber of trips 20,745 500000
Percent of trips city / highway 47% | 53% i
Distance traveled (mi) 541,395
Percent of total distance traveled 20% Miles Logged by Month This Year
Trips in Charge Sustaining (CS) mode 7 140000
Gasoline fuel economy (mpg) 43 = 120000 ¢
Number of trips 150,320 § 1000007
N S 50000
Percent of trips city / highway T7% | 23% ®
- . ® 60000+
Distance traveled (mi) 1,619,064 §
_3 40000 1
Percent of total distance traveled 60% 8
S 200001
MNumber of trips when the plug-in battery pack 12479 0
was turned off by the vehicle operator © %
Distance traveled with plug-in battery pack 274,084 o
turned off by the vehicle operator (mi) ® g

Motes: 1 - 9. Please see http./favt.inl gov/pdf/phev/ReportNotes. pdf for an explanation of all PHEV Fleet Testing Report notes.

MonthlyReportAll Hymotion Prius (V2Green data logger) 1 6/13/2011 1:43:39 PM

Hymotion Prius
PHEV Conversion

3.3 million total test
miles

CD 62 mpg and 142 DC
Wh/mi

CS 43 mpg
Plugging in = 44%
Increase in overall MPG

when comparing CD to
CS trips

Only 20% miles in CD
trips
60% miles in CS trips
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Trips in Charge Depleting (CD) mode

City  Highway

Gasoline fuel economy (mpg) 60 66
DC electrical energy consumption (DC Wh/mi) 165 109
Percent of miles with internal combustion engine off 32% 15%
Average trip aggressiveness (on scale 0 - 10) 1.8 1.8
Average trip distance (mi) 30 15.1
Trips in both Charge Depleting and Charge Sustaining (CD/CS) modes

Gasoline fuel economy (mpg) 53 5-3
DC electrical energy consumption (DC Wh/mi) 79 44
Percent of miles with internal combustion engine off 26% 5%
Average trip aggressiveness (on scale 0- 10) 1.9 186
Average trip distance (mi) 87 415
Trips in Charge Sustaining (CS) mode

Gasoline fuel economy (mpg) 38 456
Percent of miles with intermal combustion engine off 22% 8%
Average trip aggressiveness (on scale 0 - 10) 20 1.7
Average trip distance (mi) 35 353

Effect Of Driving Aggressiveness on Fuel Economy This Year

| Jju——
S N TR O Ik 4
2 oo I
ool ||
o —
o e eem—
0 100 200 300 400 : 500

Trip Fuel Economy (mpg)

aressive

—s Ag

Mile

Aggressiveness factor is based on accelerator pedal position. The mare time spent during a trip at higher accelerator pedal position, the

higher the trip aggressiveness.

Trip Fuel Economy Distribution By Trip Type

[+:]
o

p -y
o

v
o

Percent of lotal miles in trip ty...

o

020 40-60 80-100 120-140
20-40 60-80 100-120 140+
Trip Fuel Economy (mpg)

ManthlyReportAll Hymotion Prius (V2Green data logger) 2

Ccs
. CD
I CD/CS

6/13/2011 1:43:39 PM

Hymotion Prius
PHEV Conversion

CD city, 60 mpg, 165
DC Wh/mi

CD highway, 66 mpg,
109 DC Wh/mi

CS city, 36 mpg

CS highway, 46 mpg
Plugging in = 67%
Increase in city mpg
and 44% increase In
highway mpg when
comparing CD to CS

CD trips 37% miles
with engine off

CS trips 30% miles
with engine off
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Ongoing INL Data Collection Projects

20 Lithium PHEV Escape Quantum conversions — same
format as Ford Escapes

Development of vehicle-based battery test-bed mule for
testing emerging battery technologies

Conducting mass impacts on fuel efficiency for HEV,
ICEV and BEV technologies

Developing fast charge study

— Comparison of Fast versus Level 2 charging impacts
on battery life in six-vehicle fleet and laboratory tests
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Ongoing INL Data Collection Projects

* Initiated wireless and conductive charging infrastructure
testing projects

— Wireless EVSE energy efficiencies will be benchmarked
— Cyber security testing of EVSE is being initiated

— Five conductive Level 2 EVSE recently benchmarked
and reports are being prepared

« EVSE AC W consumption pre, post, and during
charge

o Efficiency during steady state charge
e Unit specifications and features




Federal Fleet Data Collection Projects

 Five USPS electric long life vehicles (ELLV) conversions
track, dynamometer, and fleet testing (with data loggers)

— Stop & Go Trips (>5 stops/mile)
e 467 DC Wh/mi
0.2 mile average trip distance
« 5.3 mph average speed
« 32.2 average stops per mile
e 15% regenerative braking energy recovery

— All trips 1.43 AC / DC Wh/mi ratio = 668 AC Wh/mi for
above Stop & Go Trips

48



Summary — Based on Early Data

Leafs: 31 miles per day, 30 miles per charge, 1 charge per
vehicle day, 4.3 trips per charge, and 7.5 kWh per charge

Most residential L2 EV Project charging occurs off-peak

EV Project vehicles connected 5X’s longer than needed
to recharge - opportunities to shift charging times

San Diego: significant charge-starts occur at the
midnight start of super off-peak kWh rates

EV Project — accumulating ¥2 million test miles per week

1% of 2009 generation would charge 20 million PEVs
(U.S. Min/Max average daily demand delta is 44%)

Today’s grid-connected electric drive technologies result
In 35% to 100% reductions in petroleum use

EV Project plan did not include an earthquake, tsunami,
fires, or reductions in economic activity and vehicle sales

INL needs to collect data before reporting it
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