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PLUG-IN AVTA Participants and Goals

o 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 ATVA vehicle testing activities are
conducted with ECOtality North American
e The AVTA goal - Petroleum reduction and energy security
— Provide benchmark data to technology modelers,
research and development programs, vehicle
manufacturers, and target and goal setters
— Assist fleet managers in making informed vehicle and
Infrastructure purchase, deployment and operating
decisions via groups such as Clean Cities
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PLUG-IN 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

wleEs

Neighborhood electric vehicles: 24 models, 370 NEVSs,
200,000 test miles

Battery electric vehicles: 47 models, 1,900 BEVs, 5
million test miles (includes 500+ USPS BEVS)

Urban electric vehicles: 3 models, 460 UEVs, 1 million
CIIES




PLUG-IN \ehicle/EVSE Data Management
Process

HICEVs Data quality
reports

Individual vehicle
reports

Fleet summary
Reports - Public

Focused technical

analyses and
EVSE & Chargers /.-~ custom reports
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PLUGle Vehicle and Infrastructure Data
sources
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Vehicle
time-history data
(second-by-
second)

Vehicle event data
(key-on, key-off)

Charger
event and
15 min
time-history data

HEV: 12 vehicle models, 1 data logger
HICE: 1 vehicle model, 1 data logger
Conversion PHEVs: 8 vehicle models, 3 data loggers

Ford Escape PHEYV, Ford wireless logger
Chrysler Ram PHEV, Chrysler wireless logger
Nissan Leaf, Nissan telematics

Chevrolet Volt, OnStar telematics

ECOtality Blink networked level 2 EVSE, DC/fast
chargers

Coulomb ChargePoint networked level 2 EVSE




PLUG-IN |NL Data Management System -
’ PUSh (Nissan, GM, Chrysler, Coulomb)

Protected Data
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Access

restricted by EV Project

firewall rules g& " Team
| LY
| ‘ £ 3

INL pulls with
encrypted transmission

Internal data
quality reports

INL Protect Enclave - EV Project
member access only
L Internal firewall

INL DMZ Firewall — Public has access to AVT.INL.GOV

Fleet summary
reports - public
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PLUG-IN |NL Data Management System -
~ Pull (ecotality, Ford, conversion PHEVs, HEVs, HICES)

Protected Data

EV Project
K a@%

INL pulls with

e Internal data
encrypted transmission

quality reports

INL Protect Enclave - EV Project
member access only
INL Internal firewall

INL DMZ Firewall — Public has access to AVT.INL.GOV

Fleet summary
reports - public
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PLUG-IN 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 (CD) mode and 130
mpg in charge sustaining (CS) mode - 6,000 foot
mountain

— 60 hour trip - So quiet, does it shut itself off?

— <-10to >140 degrees F
— Firmware, software and component upgrades
— GPS and the advanced metal bucket technology

— |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




PLUG% Data Security and Protection
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o 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 (both electronic and printed) 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 can be shared by INL




PLUG-IN EV Project Locations (Largest Data
Collection Activity)
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The EV Project at a glance:

Saattla, WS

Portland, OR
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PLUG-IN FV Project Residential
Infrastructure

e Deploy 8,300 battery electric
vehicles
— 5,700 Nissan Leaf battery EVs
— 2,600 Chevrolet Volt extended
range EVs
 Install 8,300 level 2 residential

W oty (D ENERSY, 12




PLUG-IN EV Project Commercial
Infrastructure

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

e Deploy 200 Dual Port DC
Fast Chargers




T o T EV Project Data Collection &
Reporting
Vehicle Data e EVSE Data
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PLUG-IN 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, ll, fast charging) utilization
Public vs. private charging
At-home vs public charging
Micro versus macro grid issues / impacts




PLUG-IN FV Project — Eleven Infrastructure
Data Parameters Collected per

Charge Event
e Date/Time Stamp

e Unique ID for Charging Event
 Unique ID Identifying the EVSE — may not change
« Connect and Disconnect Times

o Start and End Charge Times

e Maximum Instantaneous Peak Power

 Average Power

e Total energy (kWh) per charging event

 Rolling 15 Minute Average Peak Power

 And other non-dynamic EVSE information (GPS, ID, type,
contact info, etc.)




PLUGA EV Project — Seven Vehicle Data
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Parameters Collected per

Start/Stop Event
e Date/Time Stamp
* Vehicle ID
 Event type (key on / key off)
« Odometer
o 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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EV Project Nissan Leaf Vehicle Summary Report

Region: All
Mumber of vehicles: 35

Reporting parniod: January 2011 through March 2011

Vehicle Usage

Hurbar of g 3354
Totsd Gastancs travedsd (mi 21,708
Hyg Vip destance (i) 58
#yg distance traveied per day when the vahiclo was drivan (mi) 125
Awg numbser of ips Betassn charging svents 33
A ArERACR ITinefied] Dl CRADY Sventy (mi) 5
Avg numbsad of changeng evends par day 'whan the vehicle was driven LE-!
Home charging Aweay romm-hama
Charging Location and Type incation charging locations
AL AL oc Non-EV
e 2 lewnd 2 faesrn Projeci
hargng chargng  charging  chaging’
Totad rumbe of chargng avants. (. [en] o o 208
Parcant of all changang events TN 0% % 21%
Tiotad el phugged-a (hij LAF] 1] (] -
Percent of il tme pluged-n at
EV Propsct chafiang units 100%. 0% 0% -
Total electricsty comnmumed (AL NWh) 528 o ] -
Parcard of il slecinety coniumed fom
EV Proect charging units 100 0% % —
Home charging Awary droam-home
Charging Complatenass Iatin m.-.- i bt
AL AC bc Hon-EV
el 2 |l 3 fast Progsscy
nagny chargng  chamging  charging”
Humibsr of compisis changng swents’ L 1] ] k2
Parcand of charging events of the same
Byl BN e LR % i TN
Humber of partial chanrg events® ko 1] o 154
Parcand of charging svaes of fe Seme
e and ocaton 5% % % T

| Crarging ewel, frre plugoed-n, Brd seciricty consurad ane not svaletie fom NordEY Prosct
chargeng ursts. Chargeng lewsi oukd be AL laved 1, AL level 2. or DC fasd chargng

¥ Comgpiese Chargng Bvartl end with hatery wisle of charge I 50 o 100% (lor charping seenia wih

S0 regnmd)

U Partal chargeng svents end wilh batiery state of chanpe Delow B0 Oor charging ever with S0C

FRporied)

O @ity INL

© 2011 ECOusfity

|
E
8
i
£

Purtwi ol Charging Evertn

A Project

Frosquency of Charging by
Charging Locatkn and Typs
¥l hoaton.
0% B s et )
3%
By e
B o vt 71
.
L]
By e b
ey —
Raitery Stain of Chargs (S00)
af the Stan of Charging Events
-
naw
sy
e

FERFEFCEEE
LEE-FF

Changng Evern Sateyg BOC (%

Battery Stale of Charge [S00)
a1 the End of Charging Evenis

By

s

Ehargng Event Encing S0 (%]

SEI011 AT 13 PW
INLMIS-11-21004

EV Project —
Nissan Leaf Usage

Report

« 3 EV Project report
types produced to date

 All available via the
AVTA www site

e See next slides for

detalls

 Initially, all reports
produced quarterly




PLUG-IN EV Project — Nissan Leaf Usage
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Report - cont’d
* Vehicle Usage — 1st 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 35 Leafs and
EVSE data




PLUG-IN EV Project — Nissan Leaf Usage
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Report - cont’'d
e Charging Location and Type Level 2 Home Location
— Total number of charging events 300
— Total time plugged in 8,126 hr
— Total electricity consumed 5.25 AC MWh
e Charging Completeness
— Number of complete charging
events (SOC reported) 199
— Number of partial charging events
(SOC reported) 268

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




PLUG-IN EV Project — Nissan Leaf Usage
Report - cont’d

[72]
——
c
]
=
L
()]
£
[=)]
=
@©
=
O
[T
]
I=
O]
&)
i
]
o

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

N
Jk 7>
&

(

QO

Charging Event Starting SOC (%)

Percent of Charging Events

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

&
7 /4

QO

S &S S S
& M W ©

Charging Event Ending SOC (%)

W it (0 ENERGY

21




AR AR R Energy Efficiency &

ENERGY | renowabie Energy  VEHICLE TECHNOLOGES PROGRAM

EV Project —
Overview Report
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EV Project Electric Vehicle Charging Infrastructure Summary Report v Project

Raport penod: January 2011 through March 2011
Number of EV Project vehicles in region: 35

Privale Publicly Publchy
N Rmciantial Bonrescenbal Noinilable LT
Charging Unit Usage Level 2 Leved 2 Lervel 2 D Fas Teial
—
Rumber of changing unila' a5 a [} a ]
Humber of charging aversa® eyl o [ o B
Elmciicily consumd (A0 MWh) 528 000 0.00 000 5.5
Percend of lime with a vehicle connected io charping unil kY [ o= e 35
Percent of Time with a vehicle drawing power from chargeng unil ™ o 0% o ™
Number of Chargs Events Eleciricity Consumed Charging Unit Utdization
LT L LY § ]
[
B
™
. . tl L]
0% 0%
L
P L T P s e P s =
e e | e e s il gy Doy 08
I Pty At | o Ptrey Saadenn | [ [ P
Prbiuty Avmmaion K 1 i Py Bacaibom 15 ¢ amt W e i 8 Thagey e

e Dy Bots Boms Dy Lt

Charging Availability: Range of Percent of Charging Units with a Vehicle Connected versus Time of Day?
Weshidnys Wieskend days

e L B N paaicaiags ol chaigiad
r unils conreched soas B days
F - i 4 M peroerbsg of chamgng
‘;% e ey *.'"" unde conrechesd aces. sl dapy
g - Perrestags of changey] inks
é ] % : ' o 0 i v vt o el el
& | | \ 4 ! . dtorp waith pesain ehesci rcaty
el ! R 15% w | e
1 30 L
o ] il % N |
13- 1] 4 00 200 1200 SO0 2000 {i§= 1] 400 &DE 1200 FEDD 200D

Time of Day Tima of Day

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

Wiehdays Werkend days
nca nos
W ety deesad acnies

o] o5 S ol doyn
& oo Il ass — Wi eaacticty dermssrd acims
:= H ull ey
EE nas o Eecticsy damand cn single
i i ke daty wih Tighstal peal
4 oo : ot PR ~

033 400 &0 1200 AA00 2000 O30 400 &DD 200 REOD 2000
Time: of Dy Tima of Doy

" Iinchoaters all chuiting niy ol v in sour bry e end of he repafing peiced
¥ & changieg event is dalned o the perod when 8 veticle s connocied [ @ chargeng und, duaieg whech penod BHme power iy sl
¥ Commitiors B comnecion glatus of ol chargg wlls svery msuls

¥ Baned on 15 s sling mesrage powses culayl s el chagng units

. S0 AT 48 P
G :‘)ta.]ity Hl INLLTDM 122087

Tol2

£ 2011 ECOtaily

EV Project -
Charging
Infrastructure
Summary Report

 Charging unit usage

 Percent charging units
with a vehicle

connected by time of
day

 Range of aggregate
electricity demand
versus time of day

e See next 2 slides




Weekdays EV Project -
Charging
Infrastructure
Summary Report -

)
cont’'d
8:00 12:00 16:00 20:00

Time of Day « Power demand range
for any time during
reporting quarter

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

Both graphs in AC MW

Based on 15 minute
rolling average MW

0.00 -
0:00 400 800 12:00 16:00 20:00 demand

Time of Day

Electricity Demand
(AC MW)

Weekend days
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Weekdays
82% -

66%

49% -

;-
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33%
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EV Project -
Charging
Infrastructure
Summary Report -

cont’d

 Range of charging
units with a vehicle

connected (but not
necessarily charging)

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)

EV Project -
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Graphs on next page
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Distribution of Electricity Consumed per

Charging Event EV Project -
o Charging
o Infrastructure
Summary Report -

cont’d

Flectnicity consumed per charging event
(AC kWh)

Percent of
charging events

Distribution of Length of Time with a

Vehicle Connected per Charging Event
30%
25%
20%
15%
10%
5%
20% 0% -

Distribution of Length of Time with a
Vehicle Drawing Power per Charging Event
50% Bl WE
40% Em WD
30%

Percent of
charging events

Parcant of
charging events

s PP>PRP
o ~ o o ¥ 6 © A per charging event (hr)
Length of time with vehicle drawing power

per charging event (hr)

W ot (&) ENERGY | 27




201 1

PLUG-IN EV Project — Number of Units

Number of Leafs
Number of Blink EVSE
Total number of units providing data

Number of Leafs
Number of Blink EVSE (2 commercial)

Total number of units providing data

1,398 Leaf VINs & 1,966 Blink ID’s (7 commercial)
received to date (3,364 total)
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Ford Escape Advanced Research Fleet

MNumber of vehicles; 21 Dale range of data received: 11/01/2009 1o 053172011

Reporing period Nowv 09 - May 11 Number of vehicle days driven; 5,731
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Ford Escape PHEV
3-Page Report

21 Ford Escape PHEVs

319,000 test miles and
25,000 trips

All trips, 38 mpg, 100 AC
Wh/mi & 66 DC Wh/mi

Charge Depleting (CD),
53 mpg & 170 DC Wh/mi

Charge Sustaining (CS),
32 mpg

25% of miles in CD trips

31% of miles in CS trips
44% of miles in CD/CS trips
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VEHICLE TECHNCLOGIES PROGRAM

Trips in Chamge Depleting (CD) mode City Highway

Gasofing funl econcey (mpg) &k 48
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Plug-in charging

Ayerage number of charging everts per wehicle per month when ditvan L]

A e e . 3-Paage Report
Average distance driven between changing events (mij 179

Average numiber of rips beh charging events 1.4

MAyerage time plugged in per charging event (hr) B2

i 7 46 charge events per
Awerage enargy per charging event (AC K\Wh) 18 t h h d A

D w0 montn wnhen driven

Total rumbs of charging events 17,760

RN N i 3.1 charge events per
G Tp—y day when driven

Efmmmmﬁ 17.9 miles per charge

2 -

: event
a‘»';a_;ffﬁfﬂf 3‘?#;3@3&3?3

1.4 trips per charge
s event

6.2 hours plugged in per
FEETTETIIEIED charge event

1.3 hours charging per
R —— charge event

1.8 kWh per charge
°$ R F NI event

#######

83 AC kWh per month
per vehicle
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: : shicle Technologies Progra
MNorth American PHEV Demonstration Vehicla Tech HOg 85 Pr Jgram
Fleet Summary Report: Hymation Prius (V2Grean data logger) Date range of dota recedved:
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Hymotion Prius
PHEV Conversion

184 Hymotion PHEV
Prius conversions

2.7 million miles and
287,000 trips

CD 62 mpg and 142 DC
Wh/mi

CS 43 mpg

20% trip miles in CD
60% trip miles in CS
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Effect Of Driving Aggressiveness on Fuel Economy This Year
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Trip Fuel Economy Distribution By Trip Type
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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

CD trips 37% miles with
engine off

CS trips 30% miles with
engine off
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201 1

* Five USPS electric long life vehicle (ELLV) conversions

— ELLVs required five customized onboard data loggers

— Testing to USPS and AVTA test procedures and cycles,
Including track and dynamometer testing, and
Washington DC area delivery routes with data loggers

City Trips Energy (kWh)

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

Highway Trips Energy (kWh)

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

Stop & Go Trips Energy (kWh)

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

35 )
30} - 5 R0
USPS eLLV Ene Consumption 2 25
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Daily Start SOC and Daily End Driving SOC (%)
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— cont’'d

e 150 Chevy Volts data collection (July reporting)

140 Ram PHEV pickups — same report format as Ford
Escape PHEVs (August reporting)

e 20 Lithium PHEV Escape Quantum conversions
(SCAQMD) — same format as Ford (August reporting)

* Federal fleet vehicle use profiles (~600 vehicles with data

loggers and DOD Micro Climate studies)
e Development of vehicle-based battery test-bed mule for
testing emerging battery technologies




PLUGA Other INL Data Collection Projects
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— cont’'d

* Nissan Leaf fast charge study
— Comparison of Fast versus Level 2 charging impacts
on battery life in fleets and laboratory
« Coulomb EVSE data collection will be same parameters as
the EV Project, but no vehicle data will be collected.
Coulomb reports 525 EVSE installed to date

e Developing other EVSE data collection activities that also
support Clean Cities funded demonstrations with:
— Aerovironment
— Eaton
— Shorepower
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e Electric drive vehicles can provide significant vehicle-
based petroleum-use reductions
— BEVs = 100% vehicle-based petroleum reduction
— PHEVs demonstrated 84% mpg improvements in some
operating cycles when comparing CD to CS trips
« PHEV mpg improvements are highly dependant on
— Missions (type [city vs. highway] and distance)
— Operators charging or not charging the PHEVs (Duh!)
— Ambient conditions
¢ 178% increase in Hymotion Prius CD mpg at 20-30°C
ambient conditions compared to <-20°C (engine off
26% of time versus engine never off)
e 35% improvement in Ford Escape PHEV CD mpg
during May 2011 versus December 2010 operations
(temperature extremes not nearly as high as

Hymotion Prius) - . )
Juohemibriy  (2) ENERGY
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 Th!nk cities demonstration project

— 76% of private households driving Ford Th!nk cities
had two to more than five other household vehicles

— 86% of households driving cities had household
Income greater than $100,000 (2004 dollars)

— Most Thlnks were charged only using public
Infrastructure “free electricity” at train stations during
weekday commutes

 Ongoing INL/DOE data collection activities will provide

100 million miles of vehicle operations and charger use

— Private versus public charging?

— Level 2 versus fast charging?

— Demonstrate different revenue models?

— Important to wait for data results before drawing
conclusions!!!
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