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China’s Spectacular Growth in Automobile Sales
PEISFEHEMNIRAEK

Comparison of Historical and Projected Vehicle Sales

25 Spectacular growth in auto sales in China has
propelled it into first place in the global market.

'E‘ AT To a large extent, this was made possible by a
e 0 collapse in US auto sales in 2009. As the global
E economy recovers from the current recession,
- T North America should regain the lead in auto
%‘ 15 sales, but only temporarily. China should
: become the biggest market for automobiles,
] for good, by 2015.
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2 ~ IHS Global Insight
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0 Source: [HS Global Insight

2005 2010 2015 2020

Survey Question

» By 2020, electric-drive vehicles (HEVs, PHEVs, and BEVs) will be what percent of new light-duty vehicle SALES?
El2020 £, EBEHISZE (HEVs, PHEVs, and BEVs) G HIHR B EHEN B LLEZD?

China: <5% 5-10% 10 - 20% >20% TRAEH FFFITEHE as forecast by the Chinese

us: <5% 5-10% 10 -20% >20% as forecast by the Americans



FACT SHEET: U.S.-China Electric Vehicles Initiative

November 17, 2009

Today, President Barack Obama and President Hu Jintao announced the launch of a U.S.-China Electric
Vehicles Initiative. The two leaders emphasized their countries’ strong shared interest in accelerating the
deployment of electric vehicles in order to reduce oil dependence, cut greenhouse gas emissions and
promote economic growth. Activities under the initiative will include:

» Joint standards development. The two countries will explore development of joint product and testing standards for electric
vehicles. This will include common design standards for plugs to be used in electric vehicles, as well as common test protocols
for batteries and other devices. Each country currently has extensive literature and data on its own standards. Making this
information mutually available and working towards common standards can help facilitate rapid deployment of electric
vehicles in both countries.

» Joint demonstrations. The Initiative will link more than a dozen cities with electric vehicle demonstration programs in both
countries. Paired cities will collect and share data on charging patterns, driving experiences, grid integration, consumer
preferences and other topics. The demonstrations will help facilitate large-scale introduction of this technology.

» Joint technical roadmap. A U.S.-China task force will create a multi-year roadmap to identify R&D needs as well as issues
related to the manufacture, introduction and use of electric vehicles. The roadmap will be made widely available to assist not
just U.S. and Chinese developers, but also the global automotive industry. It will be updated regularly to reflect advances in
technology and the evolution of the marketplace.

» Public awareness and engagement. The United States and China will develop and disseminate materials to improve public
understanding of electric vehicle technologies. Building on the success of the first-even U.S.-China Electric Vehicles Forum in
September 2009, the United States and China will sponsor the event annually, alternating between the two countries. The
Forum will bring together key stakeholders in both countries to share information on best practices and identify new areas for
collaboration.
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Bus Schedule

A bus will circulate between the Argonne Guest House and the Building 240 Conference
during the listed hours.

» Monday, August 30
7:45to 9 a.m.
5to0 5:45 p.m.

» Tuesday, August 31
7:45to 9 a.m.
3to3:45p.m.

» Wednesday, September 1
7:45t0 9 a.m.
End of meeting for 45 minutes

SPECIAL EVENTS

» Tuesday, August 31
A bus will leave the Guest House at 4:30 p.m. take conference attendees to a special banquet at the
Museum of Science and Industry. The bus will leave the museum at 9:30 and return to the Guest
House.

» Wednesday, September 1
Buses will leave the Guest House at 2 p.m. for tours of Argonne’s transportation research facilities.
The bus will return to the Guest House at 4:30 p.m.
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Plenary Session &
August 30, 2010 (morning) | Building 240 | Room 1416
20105F8 A305 (LEF) | 2405H% | 1416RILE

1. Welcome and Orientation | 9:00 - 9:30 Xj'ti[l]ﬁﬂ fl\gjnj
a. Mark Peters, Deputy Laboratory Director — Welcome to Argonne
Mark Peters, F] 5 [E| 3R 5L 36 = 8l F4F - KD SR 2 [ 5
b. Larry Johnson, TTRDC Director — Orientation, Logistics, Workshop Format

Larry Johnson, ZBH AL P L EE - SWNEA, KHHMFITSER

2. Technology Policy | 9:30-10:15 ?i#ﬁi%
a. u.s. David Sandalow, USDOE Assistant Secretary for Policy and International Affairs
%£[E David Sandalow, ZE[E gEIRBPER N EFRE FHIEEIERIC
b. China DU Zhanyuan, Vice Minister, Ministry of Science and Technology

FE #ET FERREREIEC

3. Vehicle Technology and Demonstrations | 10:15-11:00 iiﬂﬂi‘iﬂﬁ*ﬂﬁﬂ?
a. u.s. Henry Kelly, USDOE EERE Principal Deputy Assistant Secretary
EE  Henry Kelly, EE REIRERAEIR RN 7] B £ g2 IR 2| B IR B ER <
b. China ZHANG Zhihong, Deputy Director General, Department of New and High Technology, MOST

FIE  ZHANG zhihong, SKiER, FERKEEH AR E T

4. Battery Technology | 11:00 - 11:45 EE.;’HI?&*
a. u.s. Dave Howell, USDOE Vehicle Technologies Program, Team Lead Hybrid Electric Systems
EE Dave Howell, XE BRI EBRRADLE, BENNBFREZIZ
b. China WU Feng, Beijing Institute of Technology, Chief Scientist of the National 973 Battery Project

hE Ri#E EFEEIKRFE BRI/CHBMBEEERFER
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Roundtable 1: Battery Technology Roadmapping

10

S 1

R AR & ALK

CO-LEADERS: UNITED STATES CHINA
SWER =E i

Dave Howell WU Feng
U.S. Department of Energy Beijing Institute of Technology

Dave Howell, EELE‘E;,:;"B 5'&%%, EF' :“_’,:?TEEIj(";"

Presentations:

&
uUs
EY)
us
EY]
uUs
Eys]
China
R

China

7

Advanced characterization techniques to understand failure (Frank McLarnon/LBNL)

ﬁi&ﬁl‘]ié//\liﬁ;§7k : XTFFM?F%E&")‘IM%IJ E"]ﬁﬁ';d‘?. (Frank McLarnon/{E%ﬂEU ?&9‘;3@5)

In situ techniques to characterize materials and electrodes (YANG Xiao-Qing/BNL)
RELZETR AR S FRIEMENAR (BRES/AEREBNERERE)

Developing modeling capability to predict life of batteries (Jeff Christopherson/INL)
Fr & Fouml B ith F A BIE AU BE JT (eff Christopherson/ Z 12 1rT [E] K SE 16 =)

Studies of Interfacial Processes of Lithium-lon Batteries by using In Situ MFTIRS and EQCM
(Shigang Sun/ Xiameng University )

MFIRS 5EQCMXTEE B FH i R EIiTENM R (FIMERI/BEITKE)

New Battery Materials (Xueping Gao/ Nankai Unviersity)

FEBBE (§FF/EAKE)



Notes &if

13



Roundtable 1: Battery Technology Roadmapping

Issues to be addressed

Battery materials and chemistries: Discuss the different battery chemistries that are suitable for
HEV, PHEV and EVs. Provide supporting data and discuss the potential problems in relation to cost,
safety, calendar life and performance.

Advanced characterization techniques to understand failure: Discuss the different characterization
tools using under the ABRT and BAAT. Presenter will collect data from all DOE labs and will explain
how the techniques works and what kind of result to expect using examples.

In situ techniques to characterize materials and electrodes: Discuss synchrotron based in situ and
ex situ soft x-ray absorption spectroscopy (XAS) techniques which allows for the distinguish ion of
the structural differences between surface and bulk of electrodes using both electron yield (EY) and
fluorescence yield (FY) detectors simultaneously.

Developing modeling capability to predict life of batteries: Discuss Technology Life Verification
Testing (TLVT) model that can help predict battery life capability with high statistical confidence and
minimal testing. Both a battery life model and error model are needed for accurate life prediction.
The life model should adequately cover the anticipated range of stress factors, and the error model
must account for both manufacturing variability and measurement error. Based on these models,

an estimate of life can be determined through Monte Carlo simulations and verified with actual test
data. A user-friendly software tool was developed for the analysis and simulation of battery test data
using statistically robust methods based on a default model. A description of the TLVT methodology
and the available software tool will be presented.



Roundtable 1: Battery Technology Roadmapping
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Roundtable 1: Battery Technology Roadmapping

=
n

W 1 Bt HR ZRAIX

Desired Workshop Outcomes

HHYSEAF A T LA EI R

» Agree on which battery chemistry is suitable for PHEV and EVs
Xt F &z iE F FPHEVFIEV B it i 431 40 &3k B £ iR

» |dentify the most promising and effective diagnostic tool that can be used to understand battery failure

e IR AR it R LB R A AN R

» Identify areas of collaboration in the diagnostic field including exchange of scientist and materials

MEZCHMARTBAEERE, SRARRMBNRZR

» ldentify areas of collaboration in situ techniques using advanced user facility in the US and China

MEERMZEMARTENEEAR, £EEXFRENLHIRE

» ldentify areas of collaboration on developing robust modeling capability to predict battery life

MEEF AELTERN A EFSIEHNSENS.
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Roundtable 2: Battery Test Procedures
BER&iN2: BitlRER

CO-LEADERS: UNITED STATES CHINA
SWERE ES a8
Jeff Chamberlain QIU Xinping
Argonne National Laboratory Tsinghua University

Jeff Chamberlain, FIIRKERLRE BRFTFE, BEKRZE
Presentations:
&
us U.S. Battery Performance and Durability Testing (Ira Bloom/ANL)
E£7H EEBMHERERTAMERENIX (irasloom/ 5 E KL =E)
us U.S. Battery Abuse and Safety Testing (Peter Roth/SNL)

x£7 ZERMRRFHNZEHERENIK (reter roth/FRIBIF EZRLIE)

China Test of Lithium-ion Batteries for Self Heating and Lifetime evaluation (HE Xiangming/Tsinghua University)

7 BN SRE ([WEA/FEXE)

China Testing standards and new methods for batteries (SHAN Zhonggiang/Tianjin University)

7 SARMENTESHTE (RER/REXE)
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Roundtable 2: Battery Test Procedures

Issues to be addressed

US Battery Performance and Durability Testing: Discuss testing methods and the meaning of the results. In the US, battery
performance and life testing is application-based. Here, challenging performance and durability targets and goals are developed
by the United States Advanced Battery Consortium for applications, such as pure electric, hybrid-electric and plug-in hybrid-
electric vehicles. The test procedures are derived from the goals. The test, itself, consists, of characterizing the battery, aging

it, and characterizing it again to gauge change. The tests last long enough to produce a reasonable amount of data without,
necessarily, exhausting the battery. During the test, the data are routinely analyzed for quality and are used to develop
degradation models for life predication. In certain cases, the tested batteries are subjected to post-test analyses to correlate the
performance change with physical/chemical changes within the battery.

Questions to be discussed at the roundtable

1. What approach to testing is used in China and in the US (general philosophy)?

2. What testing procedures are used in China and in the US? Are they standards or standard practices? May we obtain a
copy of them? How do they compare to those used in the US and in the US?

3. Do China and the US perform data analysis and modeling using test data? Do China and the US have any validated
models that are used for life estimation or other generic degradation models used? What approach is used for
accelerated testing and life prediction?

4, Do China and the US perform data quality analyses? Uncertainty analyses?

5. Do China and US validate the testing procedures against real-world results? How do the test results compare to vehicle
results?

6. Do China and US perform post-test analyses on batteries? Techniques used?



Roundtable 2: Battery Test Procedures
FiN2: BilRER

BEITSHINE

EE bR RMAENR: SHENXTEMBEEN .. £EEH, RiEEERNEGNIKZULAARRE. £
ESARMBKBRENAANBR, SIETIFEERKEMREERSTAEMIRATZENBR, MXLENAE
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ZHNK, REBRREERNERBAEL. XLEMXFTIAFLRKEE, KM~EEBRHEM A LERHE
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FEMEESERIENXIEFHESLME? 5SRENIERBLEBALRE?
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Roundtable 2: Battery Test Procedures

Issues to be addressed

US Battery Abuse and Safety Testing: Discuss testing methods and the meaning of the results. The growing market for electric
vehicles (EVs) and plug-in hybrid vehicles (PHEVs) is driven by performance, vehicle range (higher energy, higher capacity), and
battery pack life (cycle life). The near-term generations of these battery packs will be lithium-ion cell chemistries ranging from 5
to 50 kWh and the inherent safety issues and potential failure modes of these EV and PHEV batteries are of increasing concern.
Unlike aqueous-based NiMH or NiCd batteries, most conventional lithium-ion cells contain organic solvent-based electrolyte that
is highly flammable and use cathode materials that can undergo exothermic, autocatalytic thermal runaway. The failure of these
cells can be catastrophic and are well documented in the consumer electronics industry. The Battery Abuse Testing Laboratory at
Sandia National Laboratories is focused on determining failure mechanisms of lithium-ion cells, developing and evaluating abuse
tolerant materials for cells, batteries and packs, and thermal characterization of lithium-ion cell materials.

Questions to be discussed at the roundtable

1. What safety testing standards or protocols are in place for the lithium-ion battery market in China and the US
(vehicle or consumer electronics applications — what testing is required, who monitors and ensures testing, etc.)?

2. What research is being done and implemented to mitigate or address the safety hazards associated with lithium-ion
chemistries in China and US?

3. Are there currently any standards or certifications for HEV, EV or PHEV lithium-ion batteries in China and the US? If not,
are their plans to certify vehicle batteries?

4, What is being done to address issues related to lithium-ion battery field failures (new materials, manufacturing quality
assurance, etc.)?



Roundtable 2: Battery Test Procedures

ZW2: BilRER

EETHERIE

EERMRBRFENZEMER: THENKAENGRES Y. BAENTRRRXRESHNNRENTIHEKEURT
MEMME%,EWGEE%@E%E EERE) , UKRBMAFS (BREW) o fi—KEBERFIUAE
BFREMAEM, MSEISOFEA. %ﬂEﬂTﬁ%Tunﬂﬁniiﬁ@ﬁ¥%ﬂ@ﬁM§éﬂﬁﬂ}

ERHEENGEHEXE, T%*EM%ﬂiﬁ% , EEEETRBERASERESMIEILEFIR
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1. ZEEFRMTS, PENEERFARENSFESNKER (FHEEERINA - FEMHNIK,
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2, MEMEZEEMAIMTRRERERESFHRBHNTERE?

3. AREMXE, BEMRBREEMEARNNAE, BIESHBANREHNREES FRIBIRESIME?
WMRRE, EERITKMERFERRB?
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Roundtable 2: Battery Test Procedures

BlREM2:

Bt iRiE e

Desired Workshop Outcomes

HHYSEAF A T LA EI R

24

» Compare and contrast battery testing methods for both performance/durability and abuse/safety.

EEaRFART L AL it {4 BE /it A TEFNAR PR/ R =1 REAINIR 5% -

» ldentify areas for collaboration which may lead to a better understanding of the assumptions in
the methods used; to a better understanding of the results that are produced; and to, possibly, a

common, international testing framework.
mESESE, EHEFTEMEMNIRAE, WKER, UK, NRATEERN
W, — P ERERERRMIRIES.
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dtable 3: Vehicle Demonstrations and Infrastructure

R E Al iR

CO-LEADERS: UNITED STATES CHINA
SWEE EE H =]
Keith Hardy (ANL) WANG Hewu E’y’—'l\:ﬁt (Tsinghua University lﬁiﬁj('_%")

Steve Goguen (DOE)

Presentations:

4=

us Opportunities for Standardization/Harmonization in the VehicleGrid System (Keith Hardy, ANL)
ZiR-F N R SR ENE R & BB (Keith Hardy)

us Standards Update/Global Approaches to Vehicle-Grid Connectivity (Gery Kissel, GM)
EEH/ ER-RWERABAAE (Gery Kissel)

us Implementation in Electric Vehicle Supply Equipment (Ted Bohn, ANL)
REREMMIZERLZER A (Ted Bohn)

uUs Learning Demonstrations — Vehicles on the Road (Lee Slezak, DOE)
NERBZEI-MBEELH (Lee Slezak)
uUs Data Collection for the Vehicle Demonstration Programs (Jim Francfort, INL)

ZE i RRR I B RYEE UL S (Jim Francfort)
China Current Situation and Development of Electric Vehicle Standards in China (ZHOU Rong, CATARC)
HERIRERENIVRINZ R (BR, FERERAFR L)
China Drive and Control Technology of Electric Vehicles (WANG Lifang, Tsinghua University)
FWFE, BEIRENRNFEFFEAR (BEXE)
China The Impact of Electric Cars on the Grid (LAl Xiaokang, CATARC)
dNER, RENREXTRMEIRI (P ERADRFEHRBEE SRR



Roundtable 3: Vehicle Demonstrations and Infrastructure

R HE IR

Issues to be addressed

EETHE R

The following INFRASTRUCTURE questions will be discussed at the roundtable:

AT AT X T Bt i hERa)E:

» What are the key drivers/issues in setting vehicle-grid connectivity standards from the perspectives of the OEM, Supplier,
Utility and Consumer?

NHIER, HNE, BRAORFENEBRENAERRILEW-BMEERENEZ G-,

> What are the advantages and d|sadvantages of standardization/harmonization between Asia, Europe and the US?

T, BRI A0 SE E SEELAR A T B 7 B

» Is global standardization/harmonization necessary or desirable?

EFENARELENERRSF.

» Should governments be involved in the standardization process?

B =& NZE 52 ERRERES

» What should governments do to support the process? Can the standardization process be accelerated by government
involvement?

B MiZEHE XM RERERR. BRNS5REEMEXMRELHEE.

» Are there specific technological developments that would support global standardization (or make more desirable/palatable)?

= EAERHRAR L RERREETZIKINERER (BEREEEMERSIAN) -

» How will we share information with each other?

HNAMAEZER,

27
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Roundtable 3: Vehicle Demonstrations and Infrastructure

=L

R Bl %1

Issues to be addressed

BEMHERINE

The following VEHICLE questions will be discussed at the roundtable:

AT AT X TR o)

» How many vehicles are anticipated to participate in the
demonstration?

SIMETRMERHB
» Where will they be operated?

RRi7H

» What is the altitude at the demonstration sites?

RBripitayEE

» What are the high and low temperatures at the demonstration sites?
RRiat RS REMRKEE

» What are the anticipated driving cycle profiles of the vehicles?

Ut EWITELR

» What are the make and model of the vehicles?
SRERNHIER

» What type of electric drive train are the vehicles equipped with?
(HEV/PHEV/BEV)
SREWMNDNENRAELRE (RERMNRE/ATANER
AHRRE/HEBFE)

» What is the performance specification of the battery/drive train?

it/ R GERESH

» What options are the vehicles equipped with?

SREMPAIER RS

» Will the vehicles be operated by individuals or will they be fleet
vehicles?

SREMERNMMSITERREIET
» How will the vehicles be recharged? (type 1, 2, or 3)

SREWMMMFTHE (KB, 28&3)

» Will the vehicles be equipped with data loggers?
SREMEOREIERES



» If data loggers are used what data will they collect?

MRERAHERER, UTHMEREFTERE

- Date HEHf - Energy of charge FJLERE

- Time H]8] * Charge profile FTEE T

-Key on JEHL * GPS locator E{i£%

- Key off B FE * Fuel used and type of fuel AAHE F S F0AERIZE R
- Odometer Bi2FE = Ambient temperature INMERE

- Pedal position AR = Vehicle utility load (heat, air conditioning, wind shield

wipers, etc) ZEEFETT (M, =iF, W)

. o g . . ‘D I:ll
Identification of vehicle Z=4iR 5] » How will we share information with each other?

- Start of charge 7t FLFFIR BMNMTEZEE

* End of charge FEERZER
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Roundtable 3: Vehicle Demonstrations and Infrastructure

iR E IR

Desired Workshop Outcomes

EREINERZINAR

» Government perspective(s) on global standardization/harmonization

RFEHKATETRERI BT

» Government involvement in the standardization process

LR B S5

» Potential for government cooperation

KRBT EERIATRETE

» Next steps
T—%
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Transportation Electrification Demonstration Activities
Geographical Distribution

NAVIETAR'

Portland i"""—i

P
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‘ Eugene/Corvalis I ¥ | Detroit, MI
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-”%1 Elkhardt, IN

SMITH l \L .
Kansas City, MO : i elec

: ] Nashville/Knoxvillef
Phoenix/Tueson e h oxvil

g Chattanooga, TN
— — | Elizabethtown, KY
elec |

=1y —

Sacramento

= 0 B r—
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San Diego



Large-Scale Demonstration: “20 Cities — 1000 Vehicles”




34

Opportunities for Standardization/Harmonization in the
Plug-in Vehicle-Grid System

Electric Vehicle Supply Equipment (EVSE)
Streamlined residential permitting and installation process;
Consistent application of National Electrical Code (NEC)

Human Machine Interface (HMI)

/‘\ In-vehicle and remote communication; behavioral feedback
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Back Office Software
Comprehends vehicle roaming;
Integrates vehicles in smart grid;

Balances supply and demand -—

Grid Operator-Home-Vehicle Communication “
Protocols for 2-way secure communication

Charge Couplers
- Vehicle ID, location, charge requirements/preferences O Configuration; Functionality;
- Power available, price, charge time, recommendations Global interoperability

- Comprehends smart grid interoperability standards

Universal Communication Technologies
Wired (Power Line Communication—PLC);
Wireless (e.g., GPRS, Internet, Software Defined Radio—SDR)

Compact Metrology
Low cost revenue-grade
sub-metering

Test Procedures and Protocols
e Battery safety and condition (figure of merit and remaining life)

e Electric drive system power ratings (analogous to IC engines) Plug-In Vehicle and Infrastructure Workshop
e EVSE functional compatibility DOE Headquarters, Washington, DC July 22, 2010

Contacts: khardy@anl.gov, tbohn@anl.gov Argo n ne

NATIONAL LABORATORY

S, U.S. DEPARTMENT OF
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Plugging in Internationally

Standard/proposed charge couplers
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Public Opportunity Charging Public Fast Charging
~1 mile/minute of charge ~3-10 miles/minute of charge

Residential Charging
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(Re-confgured) EC 63196-2 Type 2

BY D excheriple
SAE J1772™ charging configurations and max ratings (Kissel, June 2010)

ACL1: 120V AC 10, 12-16A/1.44-1.92kW AC L2: 240V AC 10, 80A/19.2kwW AC L3: 240V AC 10, 400A (TBD 1@ or 3D7?)
AC L2: 240V AC 10, 80A/19.2kwW DC L1: 200-450V DC, 80A/19.2kwW DC L3: (TBD) 200-600V DC, <400A/<240kW
DC L2: 200-450V DC, 200A/90kW
. U.S. DEPARTMENT OF Plug-In Vehicle and Infrastructure Workshop

Argonne° ) ENERGY DOE Headquarters, Washington, DC July 22, 2010

NATIONAL LABORATORY Contacts: khardy@anl.gov, tbohn@anl.gov
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People’s Republic of China
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The 50 States in the USA

The “Lower 48" plus Alaska and Hawaii

(1) New Hampshire (1) 51 &R R
(2) Vermont (2) PRy
(3) Massachusetts  (3) S =g
(4) Rhode Island 4) F85
(5) Connecticut (5) BE2ILEE

(6) 3 FEA

(7) TlALLE

8) 3E=

{9) AFSELE
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With special thanks to our industry sponsors —
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Argonne National Laboratory is a U.S. Department of Energy
laboratory managed by UChicago Argonne, LLC.



