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» 1st:Sept. 2009 in Beijing, China

» 2nd:Sept. 2010 in Chicago, USA
/{3rd:March 2011 in Beijing, China

» 4th:Aug. 2011 in Chicago, USA

» 5th:April 2012 in Hangzhou, China|

» 6th:Aug. 2012 in Boston, USA ‘

» Tth:April 2013 in Berkeley, USA

» 8th:Sept. 2013 in Chengdu, China

» 9th: Aug. 2014 in Seattle, USA

» 10th: March 2015 in Beljing, China

&11th May 2016 in Denver, usy
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Caihao Wang Ph.D. (UM) TA2  05/11-06/11
Xiankun Huang Ph.D. (THU) TA1  07/11-08/12
Xiaowu Zhang Ph.D. (UM) TA2  06/12-06/12

Xuerei Ma Ph.D. (SJTU) TA2  12/12-12/13
Mingxuan Zhang Ph.D. (THU) TA2  01/13-02/13
Cong Hou Ph.D. (THU) TA2  06/13-08/13
Yugong Luo Prof. (THU) TA5  08/13-08/14
Xuning Feng Ph.D. (THU) TA3  12/13-12/14
Tze-You Song Ph.D. (THU) TA1  12/13-12/14
Tanjin He Ph.D. (THU) TA2  01/14-06/14
Lin-Jun Song Prof. (BHU) TA6  06/13-06/14
Yong Xia Prof. (THU) TA4 06/14-12/14
Han Hao Prof. (THU) TA6 06/14-06/15
Xiaobin Zhang Ph.D. (THU) TA6 03/15-03/16




U.S.—CHINA CLEAN

ENERGY RESEARCH CENTER

1. Advanced ishtweich
Batteries 4. Lightweight
System Structures
/ EEE i = @E |
2. Clean Z» DENSO E:T'N c 5. Vehicle-Grid
Combustion and Bpjm = . Integration
Thermal Recovery -
;@; @
‘__ L) (6T (e— @ @/
O PoOtevik 6. Energy
Systems Analysis,
3. Vehicle y @ LISHEN Technology
Roadmaps

Electrification ¥/



U.S.—CHINA CLEAN
ENERGY RESEARCH CENTER

H 3% VR U R IR AT T

Argonne@ Research produced computational tools
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Important breakthrough in the
fundamental science of Lithium battery
performance degradation. Joint
publication in “Nature Communications”
in 2013.

O Denying electrochemical reduction mechanism
Mn2*+2e — Mn
O Raise other possibility: lon exchange model
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Mn(1l) deposition on anodes and its effects on
capacity fade in spinel lithium manganate-carbon
systems
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Researchers in both countries
performed different kinds of SOH
diagnosis. The applications of the SOH

l Batmj
Selection
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diagnosis have been performed on a
real BMS manufactured by Key-Power
for a battery electric logistic vehicle.

Incremental Capacity
F— 1““"_"\ Analysis

--------------------

SOH application in Key-Power’s battery module for EVs
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Joint publications

[1] W. Liu, X. F. Tang, C. Uher, et al., Journal of Materials Chemistry 22, 13653 (2012).

[2] W. Liu, X. J. Tan, X. F. Tang, C. Uher, et al., Physical Review Letters 108, 166601 (2012)
[3] X. J. Tan, W. Liu, H. J. Liu, X. F. Tang, C. Uher, et al., Physical Review B 85, 205212 (2012).
[4] W. Liu, X. F. Tang, C. Uher, et al., Journal of Solid State Chemistry 203, 333 (2013).
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Construct and test a prototype thermoelectric & ) |i|-| vinda OAK
. . . . et ) Laboratories € RIDGE
modaule, the highest energy efficiency is 25%  vicicix = Naionl Lsborsory
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:"Structure of the stack gas box
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B Compact structure. Improve the space . 7 . :
. P . . P . P B Low temperature Bi,Te; module: Conversion :
utilization and cooling efficiency. :

efficiency “5%
B Increase the temperature gradient. Improve

B 32 chips per layer. 4 layers. Total: 128 chips.
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Development of EVTT system for SUV and

THE OHI10 STATE
UNIVERSITY

passenger car

10 patents and 14 publications

Prototype | Optimization B X

A¥Ef
Rated power 20kw 20kw ;
Power density 1kw/kg 1.2kW/kg ICE
Volume 1 0.68 B /
ffici d TE
Efficiency @rated g5, 959, —Lr
power PER &t/  $EE

15kW/20kW DMPM for small sedan

15
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CVC industrial partner (Jingjin Electric)
developed a advanced motor system, with
100K units produced so far

THE OHIO STATE
UNIVERSITY

driving the next

150 -300kW 2000-3500Nm
High Power EV/PHEV High Torque eMotor

WA E T 2 e Traction Motor For Bus & Truck
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Simulation results for Ann Arbor M Argonneo
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NEV Market Database Development and Data Sharing

A “Chinese NEVs market data base” was built based

ANL’s E-drive car data base platform
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New energy vehicle development in China

f Argonne°

NATIONAL LABORATORY

——Passenger new energy cars
——~Commercial new energy vehicles
——>Special electric vehicles

——Total new energy vehicles

35284
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2014(Up to July) production, 56537
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GHG. PM. NOx emitted from the EV bus are lower

than diesel bus in both countries.

Fast charging and wireless charging have economic

_ Argon ne°
advantages in BEV bus over the PHEV Bus. Ny or
1200 1164 71,000
_ E— i i g N
5 k [ 53] = ar i
:‘;3, 1000 369kg H E 69,800 _ ug-in chargers
S i 895 ) Tos
=~ ]
~ 800 885kg B SOX 'E i @ Off-board wireless
g i mPM25 § $" 68,600 chargers (off-WCs)
% o~
Q 600 NOX | 8 B On-board wireless
g mCO E = 67,400 chargers (on-WCs)
mVOC &)
E 400 i 279 5 Batteries
2 200 I 66200
T
= - = - B Electricity
o o N W
Plug-in Charging  Wireless Charging
SemZEDiesel R PHEV SEragj) BEV System System
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Joint conferences, workshops and symposia organized
* 6 CERC-CVC-wide meetings, 11 EVI workshops
e ~100 meetings per year (mostly by individual TA)

e ~ 100 short-term visits, 30 long-term (> 30 days) visits planned
or executed

Journal and conference papers published
* >400 papers published or accepted, joint 30 papers

IP disclosures filed; US, China, and international patents
issued

71 in China, 28 in US (20 from Chinese side)

Highlights of achievements
e Significant collaboration results in all six thrust areas

N
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1. Advanced Batteries
system

J
( )
o & 3. Vehicle
x Electrification
\ J
( )

4. Lightweight Structures

and crash safety

J
4
5. Vehicle-Grid
Integration
y,
N

6. Energy Systems Analysis,
Technology Roadmaps

J/

Address safety
issues associated
with power
batteries
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Thermal runaway propagation

[ Initiation ]—,—»[ Propagation]

4 UNIVERSITY OF
MICHIGAN
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Polymer additive of safety: stabilizing electrolyte

1. Design of polymer structure for safety additive,
optimized synthesis, scale-up of preparation

2. Patented technology

3. Stabilizing interface, improving safety and life of
cell

- Scale up
4.1+ - 160 12 . : . ; . ; . r : 120
4.0 L 140 | [~Voltage(v) '
] A 101 —.— Temperature(C) - 100
3.94 —120_| . .
4 - D L]
— 3.8 L1003 81 206C-90in NMC333 ) 80 g
> 4 © < ] \ 3
< L o > L o]
% 3.7 80 o kot 6 ) 60 2
) ] B 1 o) 7 i 2
I - c & c
= 3.6- = = 1 [ =
S 2e] 60 % S 4] F40 2
. ‘ —.—Voltage(V) L 40 ~ | o OverCharge 9
3.4 —.— Temperature(C) - 2 - 20
| - 20 I
3.3+ I
T T T T r T . T 0 0 T T T T T T T T T 0
0 5000 10000 15000 20000 0 500 1000 1500 2000 2500
Time(s)

Time(s)

NCM/C cell safety tests
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Low shrinkage separator at high temperature

AN

1. High electrochemical performance
2. No shrinkage up to 150°C
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System specific energy density: 156Wh/kg
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N
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150°C heating test
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e AR R

1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

0 1
0 2000 4000 6000 8000 10000 12000 14000 16000

B ] C ms)
Safety testing at extreme conditions

c energy density of cell made of new material:180-200Wh/kg

Testing conditions: 100%SOC, 150°C
Constant temperature (>4hr)

No fire, no leakage and no explosion
under abuse tests
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Quasi-static tests of battery cells by monitoring real-time change of load, voltage and

I LR ]
temperature I"ii
Reveal correlation between mechanical failure and battery short circuit ot

Homogenized model, currently capable of predicting battery short circuit under
some quasi-static loading cases

T T - I Indelntation test X
3 pt bending . Key: Equivalent
JPULEH T s i characterization of
| N \jellyroll in battery
R . z o including failure
g 15 '. T g T 0 1
g -: .l E 3 % 1
'8 k7 [
10 | " [ =
—Test 01 r —— Test_01
sl : —Test 02 | 1 — Test02 ]
’ > - - - Simulation  * = = - Simulation
0.0 L 1 TR 00 ; 4‘1 tli 8
0 2 4 6 8 .
Displacement (mm) " lacemant {mm) 4
Drop-tower impact tests of battery BT LT I acement
A S . _
Large deformation and damage — — S . ’
voltage drop Selor s
o . - 42 %
Provide info for developing crash § o S-o . g
. s N . S
model and tolerance of batteries & at) Tm = 1
2 : ”s
° 0 1 2 3 4 50 27

Time (ms)
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Indentation and fracture responses
2024-T351, sharp impactor

80 -
® Background: fire of Tesla Model S caused by debris impact on highwayg °
® Definition of model for ground impact of plate-like battery pack, and g o
parametric study :
® Analysis of metal shield perforation and crack propagation pattern 2 — dynamic, only trans
[ A . _ \ === dynamic, trans plus rotat

Bottom of the car

0 14 28 42 56 70
Displacement (mm)

| Clearance H

l

Ground

rﬁ"-‘v'-"ﬁ"h-:wv-- P rmm:a-w—- P
eyt Crack propagation patterns of shields Translational vs. rotational impact 28

"/ made of different materials
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Model of ground impact of battery packs in EVs
* Analysis with multi-scale models

* Bottom structure deformation and perforation = localized deformation of individual
battery cells = detailed analysis of battery cells

100

Denting and fracture responses
Armor 2024-T351, sharp impactor

80

s 0
g o0 I
R e ‘e
5 i 7
g a0 ! !
& ; :
o 1A = e
Disp = 63 mm !
o/ L
0 14 28 42 56 70 . .
o Displacement (mm) Localized deformation of battery cells
Battery cell shortening upon punch tip of sharp impactor Difference Of Inqentatlon resp_onse beneath different floor panel
‘ between quasi-static and dynamic cases structures
42 | | - Armor 2024-T351 \ 18

—Straight Conical Punch
----Oblique Conical Punch

Onset of jelly roll failure

Shortening (mm)
Force (kN)

02 4
0.0 E |
60 80 0 2 4 8 10

Indentation distance of punching object (mm) Displacement (mm)

Deformation and failure of jellyroll in battery Deformation and failure of shell casing ofpg
cells under different indentation modes battery cells under different indentation models
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Design of lightweight Micro-EV bodies, full * Create 1000kg / 600kg Micro E-car
vehicle crash simulations models, for analysis related to

* Influence of mass distribution of
batteries and occupants on crash
performance

UNIVERSITY OF
MICHIGAN

* Influence of lightweight materials
on weight reduction and safety

* Battery location = CG of full
car

* Pitching motion

* Energy absorption in crash ® ._CG becomes higher |
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Electromagnetic Resonance Type

1kW, 3.3kW wireless
charging testing bed were
setup

DENSO¥R¥ .

MICHIGAN

UNIVERSITY OF m "“,‘ :
CAD) ot

Simulation platform

/

Power:3.3kW
Transmission
distance:20cm

System Efficiency: 90%

in-vehicle Testing

31
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A Comparison of US and Chinese EV Battery Testing

Protocols Argon neo

NATIONAL LABORATORY

* Similarities between China and US battery testing protocol:
Voltage window, temperature and 80% capacity value is set as the end limit of
cycle life.

» Differences between China and US battery testing protocol:

Battery performance testing method of constant current cycle, power density testing
method, testing frequency of reference performance.

Testing Result Comparison

8.5 10
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CVC1.0 Achievements
CVC2.0 Research Plan
CVC2.0 Initial Results
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2. Vehicle
1. Advanced Technologies

Batteries System

2. Advanced CVC1.0 to CVC 2.

Biofuels, Clean
Combustion
and APU

3. Vehicle
Electrification

4. Lightweight
Structures
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5. Vehicle-Grid ated Vehicles

Integration

6. Energy Systems
Analysis,
Technology
Roadmaps Y,
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2015 Steering Committee Meeting (Jan. 2015 Washington D.C.)
2015 CVC Annual Meeting (Aug. 2015 Beijing)

CVC 2.0 Research Plan Planning (Dec. 2015 Beijing)

CVC 2.0 JWP and TMP Signing (Jul. 2016 Beijing)

O ©

Op)

2015.12 Beijing
CVC 2.0 research plan
finalized

2015.01
Washington D.C.
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” Clean Vehicle Consortium

HOME RESEARCH NEWS AND EVENTS CONTACT CERC-CVC ABOUT

CERC-CVC: Clean Energy, Clean Vehicles, Clean“Air

CERC-CVC Phase 2 will be built on the success of CERC-CVC Phase 1

VISION: Contribute to dramatic improvements in vehicle technologies with potential to
reduce the dependence on oil and improve fuel efficiency in both countries.

A website dedicated to CERC-CVC Phase 2: http://cerc-cvc.anl.gov/
36
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Argonneo

NATIONAL LABORATORY

Director:
Don Hillebrand

Deputy Director:
Michael Wang

Deputy Director:
Khal Amine

Director:
OUYANG Minggao

Deputy Director:

Wang Hewu

Deputy Director:
Qiu Xinping
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Development of advanced in situ characterization
toll to understand failure mechanism in different
battery systems with focus on high voltage high
energy cathode (230mAh/g) New Battery
Chemistries

Characterization of Silicon-Based Anode Materials
and their Solid-Electrolyte Interphase (SEl)

Characterization of Lithium Sulfur Batteries

Investigation of the safety of batteries at the
component and pack level

Characterization and development of new catalysts
to improve the efficiency of Li-O2 batteries and/or
Zinc ion Battery

Center

Ni-Rich  FCG Li[Ni_s? 093Mn; 1,10,
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* Electrified Powertrain: Address input driving cycle,
components optimization, powertrain optimization
and evaluation

* Energy Conversion Devices: Identify combustion
concepts that complement advanced PEV
requirements using specific market constraints

* Vehicle Optimization: Evaluate PEV vehicle options
and address design issues, influence of battery pack
and battery protection
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Integrated Transportation Systems: Quantify
the energy impact of connection and
automation

Charging Infrastructure and Technologies:
Maximize electrified vehicle market
penetration

Shared Mobility: Evaluate the energy impact of
connectivity and automation on shared

mobilit
y HEMS ‘gicmwmes
(Home Enorgy data center
Management System)

Mobile Solar power

Communication
&

Sl Home server

seercron™) ) W

Mobile
communication
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e Characterize technologies and conduct LCA to
evaluate energy and environmental impacts of
CERC-CVC technologies

e Conduct consumer behavior research to
understand consumer purchase behaviors,
consumer driving behaviors, and PEV recharge

patterns Vehicle Cycle

* Examine the effectiveness of policies on
consumer choice of PEVs and the influence of
passenger vehicle fuel economy and GHG

standards on energy efficiency technologies Fuel Cycle
* Assess PEV demonstration in both countries, oo

Identify and develop novel strategies to bring
clean technologies to market in U.S. and China

S[@3ayM 01 dwnd

Well to Pump
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Surface ceating structure Bulk dop}ng structure

Y

- LiMn,,M,0,

Surface doping structure

Nat. Commun. 4, 2437, 2013

Nat. Commun. 5, 5693, 2014

The oxidation state of
manganese deposited on the
anodes is +2

A metathesis reaction between
Mn2* and some species on the
SEl during the deposition of Mn
on the anodes, rather than a
reduction reaction that leads to
the formation of metallic Mn
otherwise

The capacity fading is caused
by changing of the SEl on the
graphite anode

Surface modification by ALD or
sol-gel treatment has been
shown to significantly improve
the capacity and cycleability of
LiMn204
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Synthetic Mechanism
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CuO nanowire arrays CuO/CNx nanocable arrays

Core-Shell Nano- Arrays
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Two-step electrode design consisting of oxide
growth of CuO nanowires onto a Cu substrate
followed by RF sputtering of CNx films, thus
forming 3D core-shell nano arrays.

CuO/CNx core—shell structures accommodate
volume change during (de)-lithiation processes,
3D nano-arrays provide abundant electroactive
zones and electron/ion transport paths, and
monolithic structural configuration improves
energy/power densities of the whole electrode.

Cycling Performance

201
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|
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G. Tan, F. Wu, J. Lu, K. Amlne Nat. Commun. 2016. 7, 11774
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* Research thrust areas and projects have been defined for
CVC phase 2. Over 100 researchers and students will be
involved over the next five years

e 2016 CVC Annual Meeting will take place in the U.S.
August 3-6, 2016

* Preliminary estimates of the cost share from partners
will go over the target

* Existing IP plan is accepted by our partners, MOST, DOE
Vehicle Technologies Office and Office of Energy
Efficiency & Renewable Energy
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</ Clean Energy Consortium

U.S.:  http://cerc-cvc.anl.gov/
China: http://www.cerc.org.cn/ 48
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