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U.S.-China Bilateral Agreement ENERGY | Sreroy Effciency &

Renewable Energy

Presidents Barack Obama and Hu Jintao announced the launch
of a U.S.-China Electric Vehicles Initiative — November 17, 2009

« Shared interest in accelerating the deployment of electric vehicles to
— Reduce oil dependence
— Cut greenhouse gas emissions
— Promote economic growth

e Activities under the initiative
will include:

— Joint standards development

— Joint demonstrations

— Joint technical roadmap

— Public awareness and engagement

eere.energy.gov



U.S.-China Bilateral R&D Initiative ENERGY | Crewoy Effctency &

Renewable Energy

US-China Electric Vehicle and Battery
Technology Workshops

« Sponsored by:
— U.S. Department of Energy

— China’s Ministry of Science and
Technology

 Three focus areas
— Battery Technology Road-mapping
— Battery Test Procedures

— Vehicle Demonstrations and
Infrastructure

 Previous Workshops
— August 2010: Argonne National Lab.
— March 2011: Beijing
— August 2011: Argonne National Lab.
— April 2012: Hangzhou

5" China-U.S.

Electric Vehicle and Battery Technology Workshop
: ks e

16/17 April 2012
Hangzhou

3 eere.energy.gov




6th US-China Electric Vehicle and Battery
Technology Workshop ENERGY Renewable Energy

U.S. DEPARTMENT OF Energy Efficiency &

Workshop Sessions

Ballroom A Ballroom B

1 (Plenary)
Thursday, 2A (Beyond Li-lon) 2B (Demonstrations & Standards)
August 23 3A (Beyond Li-lon) 3B (Demonstrations & Standards)
4A (Testing & Safety) 4B (Demonstrations & Standards)

Special Dinner Event (Univ. of Massachusetts Club)

Friday, 5A (Testing & Safety) 5B (Demonstrations & Standards)

August 24 6 (Group Discussion & Next Steps)

eere.energy.gov



EEEEEEEEEEE Energy Eff|C|ency &

EV Everywhere Grand Challenge  ENERGY |renowais tneray

A DOE Clean Energy Grand

Challenge with the goal of - i ey
enabling U.S. companies to "ol AN /
produce electric vehicles that : O o R e
are as affordable and . F A ‘ d
convenient for the average ﬁ b SR
American family as today’s s ‘;\“’

gas-powered vehicles within
the next 10 years (by 2022).

President Obama announced the EV
Everywhere Challenge on March 7,
2012

eere.energy.gov



Energy Efficiency &

Renewable Energy

Benchmark: 5-passenger vehicle suitable
for an average American family

Majority of vehicle-miles-traveled powered
by electricity under standard drive cycles

5-year simple payback vs. equivalent
gasoline powered vehicle

Vehicle range-Charging infrastructure
scenarios must support the adoption of the
EV as a primary vehicle

No reduction in grid reliability

eere.energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

What EV range should Daily Light-duty Vehicle Miles Traveled (VMT)

DOE target for the 100% _
Grand Challenge 89Y%
. o 0% 98% |
1. PHEV40 with limited 3 e a
fast-charge g 68%
infrastructure? P ;2;’ a
2. AEV100 with = 500 |/ N
significant intra-city g |
and inter-city fast 5 40% f |
charge 2 30% u
infrastructure? 20% /
3. AEV300 with 10% / I [
significant inter-city 0% ‘ ‘ ‘ . . ‘ ‘
fast charge 0 40 80 120 160 200 240 280 320
infrastructure? Range (miles) Source: SAE J2841 Utity Factors

Vehicle-level analysis provides a starting point for setting EV Everywhere

technical targets for these vehicles.

eere.energy.gov



EV Everywhere Battery Targets ENERGY |5 Eficiency &

Renewable Energy

Battery affordability and performance are critical advances that are needed in
order to achieve the EV Everywhere Grand Challenge

Chev VoIt Nissan Leaf Tesla

~40 mile electric range * ~75 mile electric range » ~ 250 mile electric range

« HEV: 32 mpg /300 miles « =224 kWh /80 kW battery « 285 kWh / 270 kW battery
« 16 kWh / 120 kW battery « Battery Cost: ~$12,000 « Battery Cost: ~$35,000

Battery Cost: ~$8,000

EV Everywhere Target Analysis Current PHEV40 AEV100 AEV300
Status
Battery Cost $/kWh (usable) <600 190 300 110
Pack Specific Energy Wh/kg 80-100 150 180 225
Pack Energy Density Wh/L 200 250 300 425
SOC Window % 50 80 90 90

eere.energy.gov



PHEV Cost Estimates, $/kWh

U.S. DEPARTMENT OF

Energy Efficiency &

EN ERGY Renewable Energy

$350
$300
$250
$200
$150
$100

$50

S0

PHEV40

—

.

EREV40

¥ Thermal management

M Pack integration (BMS &
disconnects)

“ Manufacturing

B Purchased items

B Materials

Estimates from ANL’s
BatPaC model.

Based on 2020
production year & annual
production of 100k packs

Chemistry

« graphite anode

* NMC441 cathode

+ EC-EMC-LiPF4
electrolyte

Liquid cooling

Manufacturing
 electrode processing,
+ cell assembly
» formation,

* module & pack
assembly

Purchased items

» cell terminals

* packaging

* module and pack
jackets

eere.energy.gov



EV Cost Estimates, $/kWh ENERGY | 5roro) Effciency &

Renewable Energy

» Estimates from ANL’s

$350 BatPaC model.
« Based on 2020
$3DU ¥ Thermal management production year & annual
production of 100k packs
$250 . Chemistry
W Pack integration (BMS & * graphite anode
di ct ] * NMC441 cathode
$200 Sconnects « EC-EMC-LiPF,
electrolyte
“ Manufacturing
$150 * Liquid cooling
, * Manufacturing
$100 ¥ Purchased items « electrode processing,
+ cell assembly
» formation,
550 B Materials * module & pack
assembly
S0 * Purchased items

+ cell terminals

EV100 EV300 « packaging

* module and pack
jackets

eere.energy.gov



Cost of Key Materials, $/kWh ENEREY | Eneroy Effcency &

Renewable Energy

180.00 180.00
K Carbon and Binders
160.00 160.00 ,
I Positive Current Collector
140.00 140.00 B Neg. Current Collector
120.00 - 120.00 [ | E|ectr0|yte
100.00 - 100.00 i Separators
80.00 - 30.00 B Negative Active Material
B Positive Active Material
60.00 - 60.00
40.00 - 40.00
20.00 - 20.00
PHEV40 EREV40 EV100 EV300

Non-active materials costs are higher for higher power systems. Material
costs for other systems are similar, non-active material costs decrease on a
relative basis with increasing AER.

eere.energy.gov



U.S. DEPARTMENT OF Energy Efﬁciency &

Path Forward for Lithium-Based Batteries ENERGY |Rrenewable Energy

T

T T T T T
450 | - —e— | MO-NMC / Gr -

Battery Cost Model Calculations = I —o— NMC441 / Gr
(BatPaC v1.0) for a 100 mile < 40or Ay
. . > . )
range Electric Vehicle (EV100) S 350 - —e—Li,MXO, / GrSi -
Lz - —o— UKHVHC / GrSi A
2 300+ | —A— UKHVHC / Li -~
« Battery Specs: 30 kWh, 80 kW, 3 i
oD 250 - -
360V 5 '
= 200 - 1 L -
 Total cost to OEM includes Lc'j 150 |- 0 I I_
L 1
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management system, and liquid < n - n - 1 - 1 - 1
thermal management (w/o 600 - ' ' ' =
. = ® Volumetric energy density
eleCtnC COmpreSSOr). 5 500 L o Gravimetric energy density I ]
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 If high-risk research is § 200 :
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may lead to a 60% reduction in £ 300 v * T -
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. Larger batteries (EV200+) will g top  f -
have higher energy densities = L
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Source: Argonne National Laboratory

eere.energy.gov



Current & Future Technologies

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

(Battery Pack level)

Attributes of Battery Technologies

Lithi r Meets
thium-ion 50-80 | 100-150 | 500-1000 | >3,000 SAE
(current status) J2929
ST 150-200 | 250+ 2,000 | >3,000 | MestSAE
(future generations) J2929
Hithium metal 450,200 | 250-300 | 500 | ~1000 | ++++s
polymer
Lithium metal /| 520 400 | 180-250 | 750 ~100 | Concem
Sulfur
Lithium metal / Air | 400-800 | 180-250 | Poor ~10 Concern

eere.energy.gov




Current Status — Eneray Effic
U.S. DEPARTMENT OF gy Eﬁlc'ency &
ENERGY

Renewable Energy

Charge Times* Versus Method

Plug-in Prius Volt Leaf

Residential
AC L1, AC L2 AC Level 1
RESIDENTIAL
5 mithour @ 1.7 kW 2.6 hrs 10.5 hrs 20 hrs

AC Level 2
RESIDENTIAL

10 mi‘hour @ 3.3 kW 1.3 hrs 4.25 hrs 10 hrs
COMMERCIAL

20 mi/hour @ 6.6 kW

Commercial
AC L2,DC L2 .

DC Level 2
(Fast Charging)

Not applicable Not applicable 36 min

COMMERCIAL
165 mi/hour @ 50 kW

* Approximations using the charge rate (mi/hour) and nominal electric range (13, 40 and 100 mi, respectively);
The AC Level 1 charge time for the Volt (10 hrs) is the GM estimate based on the 120v 1.2 kW charger provided as standard equipment with the vehicle
14

1/9/2013



U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

5 workshops this summer
* Framing document
« Draft: Facilitate discussion among participants
* Recruit the best and brightest American scientists,
engineers, and businesses to tackle this electric
vehicle challenge
« Re-evaluate and refine the existing technical goals
for increasing performance and cutting costs

S N T

Kick-Off Framing Workshop June 21 Dearborn, Ml
Electric Drive Components July 24-25 Chicago, IL
Advanced Batteries July 26 Chicago, IL
Consumer Behavior and Charging Infrastructure  July 31 — Aug 1 Los Angeles, CA
Vehicle Design and Lightweight Structures Sep 13 Washington DC

eere.energy.gov
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