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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

— 100+ fleet and organization test partners allows for
leveraged demonstration activities

— 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
Infrastructure purchase, deployment and operating
decisions




Vehicle / Infrastructure 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 (stop/start) vehicles: 3 models, 7 MHVs,
200,000 test miles

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

« Battery electric vehicles: 47 models, 4,000 BEVs, 10
million test miles

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

« 3,000 EVSE and first hydrogen generation/dispensing
station in United States

e 23 million test miles accumulated on 5,500 electrlc drive
vehicles representing 111 models ggummi. (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)
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EV Project Residential Infrastructure
 Deploy 8,300 battery electric
vehicles with data loggers
— 5,700 Nissan Leaf battery EVs

— 2,600 Chevrolet Volt
extended range EVs

 |[nstall 8,300 level 2 residential
EVSE with data loggers




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




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

e Start and End Charge Times

« Maximum Instantaneous Peak Power

e 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)

e 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 Ener VEHICLE TECHNOLOGIES PROGRAM .
— EV Project —

EV Project Overview Report

AiPoject  Overview Report

Charging Infrastructure Mumber of EV Praject Mumiber of Electricity Charging Unit Installation to Date by Region - -
0 by o S ik ° Ve h IC I es an d C h ar g N g
Region' Installed To Date Performed (AT Muh) as0
Phoenix, AZ Metropolitan Area 11 3821 25.07 - .
Tucson, AZ Metropoltan Area 28 1,134 6.90
i S Infrastructure deployed
San Diego, CA Metropolitan Area 332 11,150 8767 200
San Francisco, CA Metropalitan Area 239 6,352 44.12 to d at e J u n e 2 O 1 1
Washington, D.C. Metropolitan Area 1] 0 0.00 L
Oragon 160 4727 32.76 100
Chattanooga, TN Metropolitan Area 8 253 1.77 50 . C h . .
Knoxville, TN Metropalitan Area 17 508 360 a,r g I n g I n raS t r u Ct u re
Memphis, TH Metropolitan Area 4 a7 0.73 o &858 S s > ;g,‘? P
Nashville, TN Metropolitan Area 35 1,083 7.83 dﬁ“ﬁ “"Qﬁi&‘é? ng: gé;}r C‘&gﬁ;‘oﬁ . .
Dallas/F1. Worth, TX Metropolitan Area 2 21 006 SF SELFS —_— 1 338 u n ItS InStaIIed
Houston, TX Metropolitan Area 0 0 0.00 o ¢ )
Washinglon State 271 8,837 5757

.
- - 42,128 chargin
] g g
Vehicles EV Project EV Project Vehicle Enroliment to Date By Region eV e n t S
Missan Leafs Chevrolet Vot Number of  Distance

Rﬁm\‘ Enrolled to Date®  Enrolied to Date?® Trigz Driven (mi) 300 N Leaf [ Volt

Phoenix, AZ Metropolitan Area 89 - 15,436 124,044

Tucson, AZ Metropolitan Area 26 > 4,296 33,827 2601 — 2 9 7 A C M W h
Los Angeles, CA Metropolitan Area 139 1] 20,326 150,416 2004

San Diego, CA Melropoldan Area 273 ) 51,898 3|2z 150 .

San Francisco, CA Metropolitan Area 287 - 38,307 321,080

Washington, D.C. Metropolitan Area - o 0 o 1004 ® Ve h I C I e S

Oregon 121 - 19,255 133,861 =0

Chattancoga, TN Metropolan Area 7 — 889 813 i l e l

Knoxville, TN Metropoltan Area 14 = 2243 19,101 g —_— 1 1 6 2 L e afs e n r O I I ed
Memphis, TN Metropolitan Area 1 - é‘é‘g”d@&éﬁ? é" Qéég 5? éési;ﬁ? a;_é;?;:? )

Nashville, TN Metropolitan Area 28 - 5293 37,635 q “o.,," F & ‘?-9 £ f FF £

Dallas/FL. Worth, TX Metropoltan Area = o 0 o v F 9 :

Houstan, TX Metropolitan Area — [V} o [V} — 1 8 9 58 2 t r I p S
‘Washington State 177 0 30,520 230,635 !

Total 1,162 0 189,582 1,450,314

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

] ] .
— 1.45 million miles
(]
vehicle and charging infrastructure usage shown on this repor are not directly comparabla.

-
"Regions:  Oregon region includes the Greater Corvallis, Eugene, Portland, and Salem Matropalitan Areas [ )
Washington region includes the Greater Sealtle and Olympla Metropolitan Areas

# Vehicle enroliment numbaers refer lo the EV Project only. Numbers do not reflect total regional or national vehicles sales or production, - -
- 8/10/2011 2:11:57 PM J g
e E)ta!ity \H-NL INUMIS-11-21898

MORTH AMERICA
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Energy Efficiency &

Eﬁ”Em.REEFY Renewable Energy VEHICLE TECHNOLOGIES PROGRAM EV P r - t _
EV Project Nissan Leaf Vehicle Summary Report ﬁ\' ‘ P i t . O J e C
roject N | f U
j Issan Leaf Usage
:::obr:;gofp‘;i:lézlf:;)r3526011 through June 2011 R e p O r t

Vehicle Usage

. e April —June 2011 only

Total distance traveled (mi) 1,077,931

Avg trip distance (mi) 8.7 Charging Location and Type . .

Avg distance traveled per day when the vehicle was driven (mi) 31.2 I Home location . See fo I I OWI n g S I I d es
Avg number of trips between charging events 45 21%

Avg distance traveled between charging events (mi) 30.4

Avg number of charging events per day when the vehicle was driven 1.0 W foway Norn burne

" 1 page nationally

Unknown Charge
B | ocation

- s PR s  Plus 1 additional page
e for each region with

Percent of all charging events 78% 21% 1% .
Battery State of Charge (SOC) Battery State of Charge (SOC) m O r e t h an 10 V e h I C I eS
at the Start of Charging Events at the End of Charging Events

f - == " =iz, e Subset of 956

- vehicles as this report

S o T 0% . .

i~ 4 requires matching
FELEELFEE T FELSPESESLF L f d ch :
CLLLiiil €alr and charging

data

— 8/10/2011 1:34:23 PM
] g‘tality m INL/MIS-11-21904

Page 1 of 10
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EV Project — Nissan Leaf Usage Report
 Vehicle Usage — 28t quarter 2011

— Number of Trips 160,588
— Total distance traveled (miles) 1,077,931 mi
— Ave trip distance 6.7 mi
— Ave distance per day when driven 31.2 mi
— Ave # trips between charging events 4.5
— Ave distance traveled between charging

events 30.4 mi
— Ave # charging events per day when a

vehicle was driven 1

— Petroleum used 0 gallons
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EV Project — Nissan Leaf Usage — cont’d

Percent of Charging Events
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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}
Charqgin
Report period: April 2011 through June 2011

Number of EV Project vehicles in region: 956

Private Publicly Publicly

s Residential Monresidential Availabl Availabl

Charging Unit Usage Level 2 Level 2 Level 2 DC Fast Total n r aS r l I ' l I r e
| — T ——

Number of charging units’ a55 0 11 0 966
Number of charging events® 35,134 0 56 0 35,190
Electricity consumed (AC MWh) 24896 0.00 0.25 0.00 249.22 S | | I I l I I I ar R e O r t
Percent of time with a vehicle connected to charging unit 30% 0% 5% 0% 30%
Percent of time with a vehicle drawing power from charging unit 6% 0% 1% 0% 6%

Percent ef Time

100 % 100 %
25%
% 0%
Level2

20%
= [l
B Residential Level 2 I Residential Level 2
B Publicly Avagable Level 2 [ Publcly Avaitabie Level 2 W wected to Charging Unkt
v wwing Powsr From Charging Lt

15% - [ ]
2  Percent charging units
Chargﬁ:zg Availabilily:wiak:ii of Percent of Chaﬁ:gn;:ng Units wiwefk:‘(jlilse Connected \fus Tin;i(::z::r;mmgiw C O n n eC t e d b y t i m e O f

e mrs « Charging unit usage
35%
Pubicly Avaslable Fesidenbal
Lavel 2
units connected across all days

_2 1% o1% Min percentage of charging d a
_: i LLU 38% units connecled across all days
] En Percaniage of charging units
5 % 26% connected on single calendar

it day with peak electricity

© 1 13% demand )

R
0% 0%
0:00 400 8:00 12:00 16:00 20:00 000 400 B:00 12:00 1600 20:00

electricity demand

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

versus time of day

Max electricity demand across

o
E
5

g 0758 0758 T all days
DE g 0.568 0.568 s— Min electricity demand across :
55 > e ages nationa
£g 0378 0.378 io Electricity damand on single
g 4 calendar day with highest peak
T 0.188 \u-h_r-‘ = 0.188 ' | n— e~ u -
0.000 e 0.000 — P
000 400 800 12:00 1600 20:00 000 400 800 12:00 1800 20:00
Time of Day Time of Day

for each region with

2p charging event is defined as the period when a vehicle is connecled to a charging unil, during which period some power is transfarred

e e more than 10 vehicles

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

—e 8/10/2011 1:13:31 PM
@ a‘tal ity M INLILTD-11-22097

Page 1 of 20
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Residential Level 2 Electric Vehicle Supply Equipment (EVSE)

Region: ALL -
Report period: April 2011 through June 2011 r OJ e ' : t —

EVSE Usage Weekday  Weekend Overall U
Number of charging events 25,222 9812 35,134 ‘ h a r I n
Electricity consumed (AC MWh) 186.67 62.30 24896
Percent of time with a vehicle connected to EVSE 30% 32% 30%
Percent of time with a vehicle drawing power from EVSE 6% 6% 6% I f t t
Average number of charging events started per EVSE per day 0.78 079 078 n r aS r u C u r e
Average number of distinct vehicles charged per EVSE per day (EV Project vehicles only) 1.0 10 1.0
Summary Report —
Vehicles Charged Nissan Leaf Chevrolet Volt Non-EV Project vehicles
Percent of charging events 100% 0% 0%
Percent of electricity consumed 100% 0% 0% C O n t ] d
r 3 % Weekday Weekend
Individual Charging Event Statistics (WD) (WE) Overall
Average length of time with vehicle connected per charging event (hr) 85 9.2 9.4 : :
Average length of time with vehicle drawing power per charging event (hr) 21 1.8 20 . D et al I e d C h ar g I n g
Average electricity consumed per charging event (AC kWh) 7.4 6.3 71
Distribution of Length of Time with a Distribution of Length of Time with a event b reakd OWnS
Vehicle Connected per Charging Event Vehicle Drawing Power per Charging Event
30%
2% - o

” =%  Graphs on next page
A B  Data shown for

bR s A S 7 FpoyeRLEpR

g om s e residential Level 2
EVSE

Parcent of
charging svents
Parcent of

charging svents

D of El c d per
Charging Event

. WD

. WE

Farcent of
charging svents
g ¥ 8 F G

S 8/10/2011 1:13:31 PM
@ a‘tal ity M INLILTD-11-22097

TH AMERICA Page 2 of 20
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Electricity Demand
(AC MW)

Weekdays

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

Weekend days

o,

\ »
;-\“_“’:_.—m-m

4.00 800 12:00 16:00 20:00

Time of Day

EV Project — EV
Charging
Infrastructure
Summary Report —

cont’d

« 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

e Based on 15 minute
rolling average MW
demand
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64% - Weekdays EV PrOj ect —EV

51% - Charging
38% | Infrastructure
26%/_/\’\/ Summary Report _

Percent of
ChargingUnits

1% cont'd

0% - :
000 400 800 1200 1600 2000 ° Range of charging
Time of Day units with a vehicle
connected
Weekend days  Yellow line is for day

64%

‘ with peak power
51% - demand
38% ~ e+ Both graphs percent of
26%/\ / charging units

13%

0% -
0:00 400 800 12:00 16:00 20:00

Time of Day
20




Distribution of Length of Time with a
Vehicle Connected per Charging Event

EV Project — EV

30%
—pw Chargi
25%
£ B WE ar g | n g
G e 20%
=
B 15% Infrastructure
22 10%
5 % Summary Report —
or
" cont’d
Length of time connected Distribution of Electricity Consumed per
per charging event (hr) Charging Event
40% Bl WD
..6% 30% . WE
et >
Distribution of Length of Time with a S o 20%
Vehicle Drawing Power per Charging Event § §,
o
- — £ 10%
o Il WE 0% -
58 pEPALRE Y
g_ézo% Qo’@@’dﬁ”&”q’?"'
L _g 10% Electricity consumed per charging event
G (AC kWh)
0% -
s P2y PP PP 4:‘}’
o N a4 o v 6 © A
Length of time with vehicle drawing power
per charging event (hr)
T TR —— 21




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

e Infrastructure Usage — 25t quarter 2011

— Average time vehicle connected 9.4 hours
— Average time vehicle drawing power 2.0 hours
— Average energy per charge event 7.1 KWh
— Percent time with vehicle connected 30%
— Percent time energy transfer 6%

— Average charging events per day 0.78 per day
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U.S. DEPARTMENT OF Energy Efﬁcienc’y &

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 Nor idential 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%

5%

Percent ef Time

‘l::rberol’charge Events me‘mscny Consumed - Charging Unit Utilization b y e a C h u t i I i ty S e rV i C e
25%
20%
Q. Q. ; area
SR s =R = “‘:.u;‘ e Produced b Y
Charging A\.railabilily:wllak:i(: of Percent of Charging Units wiweeak:(jzzlse Connected versus Time of Day? O V e r I ay I n g G I S

69% 69% — Max percentage of charging
units connected across all days -

5 —  Emmim service area data
23 a1% 41% units connecled across all days
E E Percaniage of charging units o a
TF 8% 28% connected on single calendar
t5 day with peak electricity

14% 14% demand

0% — 0%

0:00 4:00 B:00 12:00 16:00 20:00 0:00 4:00 8:00 12:00 16:00 20:00
Time of Day Time of Day a a
Charging Demand: Range of Aggregate Electricity Demand versus Time of Day*

e e e Various billing

Max electricity demand across

E 0.331 ! 0.331 all days

fs ol — e support reports
bg 1 all days

£2 onies 0.188 Electricity damand on single

g calendar day with highest peak

w

000 400 800 12:00 1600 20:00 000 400 800 12:00 1600 20:00

e o~ R « Shown - San Diego

Infrastructure report

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 powser oulpul from all charging units

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

Page 9 of 20
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Data to date

ing

Number of EV Project EVSE Providing Charging Data

t — # EVSE Report

jec

+ 09/18/11
+ 09/11/11
+ 09/04/11
+ 08/28/11
+ 08/21/11
-+ 08/14/11
+ 08/07/11
+ 07/31/11
+ 07/24/11
+ 07/17/11
+ 07/10/11
+ 07/03/11
+ 06/26/11
+ 06/19/11
06/12/11
06/05/11
05/29/11
05/22/11
05/15/11
05/08/11
05/01/11
04/24/11
04/17/11
04/10/11
04/03/11
03/27/11
03/20/11
03/13/11
03/06/11
02/27/11
02/20/11
02/13/11
02/06/11

2750
2500
2250
2000
1750
1500
1250

1000
750
500
250

EV Pro



Events to date

ing

t —# EVSE Charg

jec

EV Pro

Number of EV Project EVSE Charging Events

130,000
120,000
110,000
100,000
90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

09/18/11
09/11/11
09/04/11
08/28/11
08/21/11
08/14/11
08/07/11
07/31/11
07/24/11
07/17/11
07/10/11
07/03/11
06/26/11
06/19/11
06/12/11
06/05/11
05/29/11
05/22/11
05/15/11
05/08/11
05/01/11
04/24/11
04/17/11
04/10/11
04/03/11
03/27/11
03/20/11
03/13/11
03/06/11
02/27/11
02/20/11
02/13/11
02/06/11

L0
(Q\
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Total Charging Energy Consumed (AC MWAh) by Leafs

t — Leaf AC MWh Consumed to date

jec

09/18/11
09/11/11
09/04/11
08/28/11
08/21/11
08/14/11
08/07/11
07/31/11
07/24/11
07/17/11
07/10/11
07/03/11
06/26/11
06/19/11
06/12/11
06/05/11
05/29/11
05/22/11
05/15/11
05/08/11
05/01/11
04/24/11
04/17/11
04/10/11
04/03/11
03/27/11
03/20/11
03/13/11
03/06/11
02/27/11
02/20/11
02/13/11
02/06/11

1,000
900

800
700
600
500
400
300
200
100

0

EV Pro
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to date

ing

Number of Leafs Providing Driving Data

t — Number Leafs Report

jec

+ 09/18/11
+ 09/11/11
-+ 09/04/11
-+ 08/28/11
+ 08/21/11
- 08/14/11
-+ 08/07/11
+ 07/31/11
-+ 07/24/11
+ 07/17/11
07/10/11
07/03/11
06/26/11
06/19/11
06/12/11
06/05/11
05/29/11
05/22/11
05/15/11
05/08/11
05/01/11
04/24/11
04/17/11
04/10/11
04/03/11
03/27/11
03/20/11
03/13/11
03/06/11
02/27/11
02/20/11
02/13/11

3,000
2,750
2,500
2,250
2,000
1,750

02/06/11

1,500
1,250
1,000
750
500
250

EV Pro
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to date

lven

EV Project Leaf Miles Driven to Date

t — Leaf Miles Dr

jec

+ 09/18/11
+ 09/11/11
+ 09/04/11
-+ 08/28/11
+ 08/21/11
08/14/11
08/07/11
07/31/11
07/24/11
07/17/11
07/10/11
07/03/11
06/26/11
06/19/11
06/12/11
06/05/11
05/29/11
05/22/11
05/15/11
05/08/11
05/01/11
04/24/11
04/17/11
04/10/11
04/03/11
03/27/11
03/20/11
03/13/11
03/06/11
02/27/11
02/20/11
02/13/11

5,500,000
5,000,000
4,500,000
4,000,000

02/06/11

3,500,000
3,000,000
2,500,000
2,000,000
1,500,000
1,000,000

500,000

EV Pro



to date

Leaf Trips Driven

EV Project Nissan Leaf Trips Driven to Date

ject — Nissan

EV Pro
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07/10/11
07/03/11
06/26/11
06/19/11
06/12/11
06/05/11
05/29/11
05/22/11
05/15/11
05/08/11
05/01/11
04/24/11
04/17/11
04/10/11
04/03/11
03/27/11
03/20/11
03/13/11
03/06/11
02/27/11
02/20/11
02/13/11
02/06/11
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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 30




U.S. DEPARTMENT OF Energy Efﬁciency & HI H P
ENERGY | Renewable Energy ~ VEHICLE TECHNOLOGIES PROGRAM

Ford Escape Advanced Research Fleet e 21 Ford Escape PHEVS

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 PY 300 : OOO test m i I eS an d
All Trips Combined Gasoline Fuel Economy By Trip Type 24,000 t” pS

Overall gasoline fuel economy (mpg) 38
Overall AC electrical energy consumption (AC Whimi)’ 101 = = g.D .
Overall DC electrical energy consumption (DC Whimi)? 66 B - gsm L4 A I I tr I p S y 38 I I l p g y 10 1 A C
Total number of trips 23,548 E - =
Total distance traveled (mi) 299,980 g Wh/l I l I & 66 DC Wh/l I I I

i

5 20
Trips in Charge Depleting (CD) mode? I C h D I = C D
Gasoline fuel economy (mpg) 52 o ar g e e p etl n g ( ) ]

0

T — 52 mpg & 170 DC Wh/mi

Percent of trips city | highway 84% | 16%

Distance traveled (mi) 75,997 h S C S
Percent of total distance traveled 25% . C arg e u Stal n I n g ( ]
Trips in both Charge Depleting & Charge Sustaining (CD/CS) modes5 3 2 I I l p g

Distance Traveled By Trip Type

Gasoline fuel economy (mpg) 37 D00 i cs - . 0
DC electrical ption (DC Whimi)® oS PI - 63 /
S A - y ugging in = 0
Pe f trips city | hi 38% | 62% 2
e rrel Increase in overall MPG
Percent of total distance traveled 44% -

: when comparing CD to
Trips in Charge Sustaining (CS) mode? .
Gasoline fuel economy (mpg) 32 CS t r I p S
Number of trips 5,831
e  56% of miles in CD trips
Percent of total distance traveled 3%

e s s e e o 25% of miles in CS trips

Since these vehicles are llex-fuel capable, some driving evenls are conducted with E-85, which may decrease fuel economy resulls

“The Ford Escape Fleal was i 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.®

5/9/2011 1:31:25 PM
10f3
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VEHICLE TECHNOLOGIES PROGRAM

Trips in Charge Depleting (CD) mode City Highway

Gasoline fuel economy (mpg) 48 57

DC electrical energy ption (DC Whimi) 171 169 ° I I 1 h d g t I
Percent of miles with internal combustion engine off 3% 13% I g Way an C I y Cy C e
Average trip driving intensity (VWh/mi) 265 305

Average trip distance (mi) 3 17 I I I l p aCtS

Trips in Charge Depleting and Charge Sustaining (CD/CS) mode

- « CD city, 48 mpg, 171 DC

DC electrical energy ion (DC Whimi) 79 52

Percent of miles with internal combustion engine off 30% 5% W h /m I
277

Average trip driving intensity (VWh/mi) 325
Average trip distance (mi) 9 41

Trips.inChargeSustaining(CS)mode L4 CD highway, 57 mpg, 169
g = DC Whimi
Average trip distance (mi) Bl 38 ° CS Clty, 30 mpg

 CS highway, 32 mpg
Plugging in = 60%
Increase in city MPG and

o 78% increase in highway
RS MPG (compare CD to CS)

B cD

o e During CD trips, 50% of
miles with engine off

e During CS trips, 27% of
miles with engine off

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

Mild — Aggressive
[ J

Driving Intensity (Wh/mi)
8 & 8 B

8

0-<20 20- =40 40 - =60 60-=B0 B0-<100 100-<120 120-<140 >=140
Trip Fuel Economy (mpg)

5/9/2011 1:31:25 PM
20f3
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Eﬁ”érﬁ&ﬂf EZ?E:EE[)EC?::%? VEHICLE TECHNOLOGIES PROGRAM C h ryS I er Ram
CryserRAM PHEV Fet | PHEV Pickups

Number of vehicles: 37 Date range of data received: 7/1/12011 to 8/31/2011
Reporting period: July 11 - Aug 11 Number of vehicle days driven: 615
e 66 Chrysler Ram PHEV

All Trips Combined Gasoline Fuel Economy By Trip Type r S er a
Overall gasoline fuel economy (mpg) 16 25 [ E'l 1 k
Cverall AC electrical energy consumption (AC Whimi)! 162 20 = ; p I C u p S
Overall DC electrical energy consumption (DC Whimi)? a4 ? o .

=15
v s oy e o g bk CUNY) 55§ e 32,000 test miles and
Total number of trips 3,443 |§ 10 o
Tm.al di.s|anoe traveled (mi) . CLE I 6 : 400 tr I p S
Trips in Charge Depleting (CD) mode?

Gasoline fuel economy (mpg) 20 -
DC electrical energy consumption (DC Wh/mi)* 282 Distance Traveled By Trip Type L4 AI I trl pS ] 18 I I l pg ] 151 AC

Mumber of trips 1,310 14,000 o5 . -
Aiepia— o m nm — Wh/mi & 87 DC Wh/mi
Distance traveled (mi) 3,779 3 10,000

Percent of total distance traveled 27% : -

B - « Charge Depleting (CD)
Trips in both Charge Depleting & Charge Sustaining (CD/CS) modes? 27 s00 ]
Gasaline fuel economy (mpg) 20 E 4,000 2 2 m & 2 6 9 D ‘ W h /m
DC electrical energy consumption (DG Whimi)® 121 2,000 p g I
Number of trips 175

ol o s B oy o  Charge Sustaining (CS),
15 mpg

Percent of total distance traveled CD | CS 9% | 10%

Trips in Charge Sustaining (CS) mode?

T — = * Plugging in =47%
o - increase in overall MPG
e when comparing CD to
CS trips
| | | * 26% of miles in CD trips
e« 53% of miles in CStrips

91972011 10:22.:01 AM
\E.HL H cHRYSLER 10f3
doba ko INL/MIS-11-22875
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Driving Aggressiveness

Chrysler Ram PHEV Pickups

Percent of Drive Time by Operating Mode e 45% of Ram PHEV driVing and
stopped time, the gas engine is
stopped Time of Day When Charging

500
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g 300
Q 200
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0
é‘éé‘é‘d?d?-&%é‘é@é‘
¥ ¥ ¥ Q T & N ¥ F ¥
B LIRSS
PP S P O B O D D
T O oy ™ 9 A B N m
L2519
[ Vehicle Stopped Engine Idling Thme of Day'Wiheis Fioaaeg in
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I Vehicle Driving Engine Stopped :f g
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= = = & P - Lo
Effect of Driving Aggressiveness on Fuel Economy® 35 !gv g%? @43 ‘g?' gq 5 «‘; ‘g’d? _«?T 48-3— &q—
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U5, DEPARTMENT OF EﬂEFQ}" Efﬁciency &

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  5/31/2011
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 Wn/mi) * 38 g 60
Total number of trips 287,310 = [ cDics
E 40 . cD
Total distance traveled (mi) 2,691,319 g cs
i . Al
Trips in Charge Depleting (CD) mode * T 2
Gasoline fuel economy (mpg) 62 s
DC electrical energy consumption (DC Wh/mi) # 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% 3 2500000
Trips in both Charge Depleting and Charge Sustaining (CD/CS) modes © ?u 2000000 s
Gasoline fuel economy (mpg) 55 E £ 1500000 = cDiCS
DC electrical energy consumption (DC Whimi) & 49 % 1000000 . CD
4 o
Mumber of trips 20,745 500000
Percent of trips city / highway 47% | 53% i
Distance traveled (mi) 541,385
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 § 109000+
e S 50000 {--
Percent of trips city / highway T7% | 23% ®
w 60000 -
Distance traveled (mi) 1,619,084 i
5 400001
Percent of total distance traveled 60% 8
Q20000
Mumber of trips when the plug-in battery pack 12479 1]
was turned off by the vehicle operator &
Distance traveled with plug-in battery pack 274,084

turned off by the vehicle operator (mi) ®

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

« CD 62 mpg and 142 DC
Wh/mi

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

when comparing CD to
CS trips

e Only 20% miles in CD
trips
« 60% miles in CS trips

e Total to date — 3.3
million miles
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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) 53 573
DC electrical energy consumption (DC Wh/mi) 78 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) 8.7 415
Trips in Charge Sustaining (CS) mode

Gasoline fuel economy (mpg) 38 46
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

e104 1N | | 5 i

«5-| I I

Driving Aggressiveness

| e

24 [

o2 I I |

- | ~

min  avg max

0 100 200 300
Trip Fuel Economy (mpg)

400

500

Mild —s Agaressive

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

higher the trip aggressiveness.

Trip Fuel Economy Distribution By Trip Type

=
£
= 60
£
£
E 40-¢
E cs
- I CD
S 204 B CDICS
€ gl
0-20 40-60 80-100 120-140
20-40 60-80 100-120 140+
Trip Fuel Economy (mpg)
MonthlyReportAll Hymotion Prius (V2Green data logger) 2 6/13/2011 1:43:38 PM

Hymotion Prius
PHEV Conversion

o 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 CC
to CStrips

e CDtrips 37% miles with
engine off

o« CStrips 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

150 Chevy Volts data collection

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

Developing Nissan Leaf fast charge study

— Comparison of Fast versus Level 2 charging impacts
on battery life in fleets and laboratory

37



Ongoing INL Data Collection Projects — cont’d

e Coulomb EVSE data collection will be same EVSE

parameters as the EV Project, but no vehicle data is being
will be collected

— Coulomb reports 900 DOE funded EVSE installed to
date

* Initiated wireless and conductive charging infrastructure
testing projects

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

N
= e
XD
T
iR




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

39



Summary

« Ongoing INL/DOE data collection activities will provide
100+ million miles of vehicle operations and charger use

— Demonstrate charging infrastructure use

— Demonstration vehicle technology petroleum
reduction capabilities

— Demonstrate vehicle operator use patterns

— Private versus public charging patterns

— Level 2 versus fast charging patterns

— Demonstrate different revenue models

— Seasonal driving and charging variations

— Demonstrate SOC recharging level changes over time

— Document variations in vehicle and charging behavior
by time, regions and electric utility service areas

40
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