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» ‘Be Ambitious, Creative and Bold,
» Broaden Participation Among Research Performers;

» Strengthen Engagement with Existing Industrial Partners and

Recruit New Partners,
» Concentrate on Selective Areas with High Payoff;
» Enhance Research Quality and Impact of Selected Projects;
» Leverage Platforms and Resources of Others, and

» Develop and Show Roadmaps that Will Achieve Public
Benefits in Both Countries with Milestones to 2020.”
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1. Advanced — = —_

Batteries gt ngthtwelght
System ructures
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2-. Advanced 2 DENSO E:T-N c ‘;ﬁf‘ndﬂﬁ] 5. Vehicle-
Biofuels, Clean Boim ==TE ' / Grid
Combustion and Ry ¢ 2) { Integration
APU s ey -
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vy Q Potevs 6. Energy
Systems
3. Vehicle = (@) uswen Analysis,
Electrification - Technology

Roadmaps and
Policies
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Organization

Director:
Huei Peng

Deputy Director:

Jun Ni

' Director:
OUYANG Minggao

Wang Hewu

Deputy Director:
Qiu Xinping
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CVC-Annual Tech. Meetings
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4th annual meeting, Michigan, Aug S annual meetmg, Beljmg, Aug 17-18,

2014

2015 (Upcoming)
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Clean Vehicles Consortium

» 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

» 7th:April 2013 in Berkeley, USA

» 8th:Sept. 2013 in Chengdu, China
» 9th: Aug. 2014 in Seattle, USA

» 10th: March 2015 in Beijing, China
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Web-meetings in 2012-2015 (mostly by individual TA)
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Name

Status

Personnel Exchange

Date

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
Han Hao Prof. (THU) TA6
Xiaobin Zhang Ph.D. (THU) TA6

11
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 Joint conferences, workshops and symposia organized
e 5 CERC-CVC-wide meetings, 10 EVI workshops
e ~50 meetings per year (mostly by individual TA)

e Journal and conference papers published
e >350 papers published or accepted, joint 20 papers

 |P disclosures filed; US, China, and international patents
issued

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

 Number, frequency, duration of personnel
exchanged/collocated among organizations

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

12
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[0 Degradation: Combine modeling and advanced
characterization to understand degradation mechanisms in
Li-ion batteries.

0 Modeling, Controls, and Implementation: To extend
battery life, develop battery management systems with on-
board balancing technologies.

0 New Chemistries: Advance Li-air and Li-sulfur chemistries
towards commercial viability by revealing limiting
phenomena and developing materials/architectures that
overcome these obstacles.

[0 Battery testing standards: Review protocols for battery
testing & safety.

[0 Battery reuse & recycle: Explore pathways for reuse &
recycling of batteries.

OAK
“RIDGE

“Nemeal Laburatery

= Wi 0

m==" THE OHIO STATE
UNIVERSITY 13

) =||
.-Afggﬂﬂs;e

UNIVERSITY OF
MICHIGAN
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+xaswrmays  Clean Combustion and APU

Clean Vehicles Consortium

[0 Biofuels: Collaborative computational and
experimental study of cellulosic biofuels
produced using microbial synthesis.

Energy (kcal /mol)

0 APU Engines: Challenges and opportunities
of range-extender engines.

[ Integration of Powertrain and
Aftertreatment: Holistic consideration of fuel
property, combustion modes, after-
treatment systems, and hybrid powertrains.

0 Novel Thermoelectric Materials: Develop
highly efficient TE materials with high figure
of merit, and the synthesis methods.

Sandia
National §
Laboratori <&

¥ THE OHIO STATE

UNIVERSITY OF | UNIVERSITY

MICHIGAN
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Clean Vehicles Consortium

0 Components Design and Optimization:
Develop models for fast and accurate design and
optimization of motors and power electronics.

[0 Powertrain and Distributed Vehicle Control
Networks: To study critical communication and
control issues of electrified vehicles.

[0 System Integration Technologies:

Models, sizing and control for efficient hybrid vehicle

powertrain development.

] Data Drive Battery Modeling and Health Monitoring:

Model driven battery management systems.

S

C

R

MG2

THE Omo STATE
UNlVERSITY

UNIVERSITY OF
MICHIGAN

(a) The original Prius

cHH—E]
RHEHHCHE

(b) The Prius++

15
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Clean Vehicles Consortium

0 Manufacturing processes of lightweight body:
Low-cost, energy efficient, and high quality
processes for bulk forming lightweight materials
and joining dissimilar lightweight materials.

0 Design of EV with lightweight structure:
Guidelines, tools, and methods for optimally
integrating lightweight components into vehicle
structures utilizing the developed forming and
joining processes.

0 Crash safety of lightweight EV: Experimental
and computational methods for evaluating
crashworthiness of components and assemblies
made of lightweight materials.

0 =i\
W-IE
THE OH10 STATE %
UNIVERSITY

11111111111
MICHIGAN
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Clean Vehicles Consortium

[ Vehicle-Grid Interaction: Assess the
impact of large-scale deployment of
PEVs on the grid and develop
technology and policy
recommendations to accelerate EV
deployment in the U.S. and China.

[ Vehicle-Grid Integration: Develop
control strategies and protocols for
vehicle-grid interactions.

O Information Grid: Use of Intelligent
Transportation Systems technology
to optimize vehicle charging

Integration

infrastructure and energy use.

0 OAK
THE OHIO STATE & RIDGE

UNIVERSITY National Laboratory

UNIVERSITY OF % ot
MICHIGAN Wy ot

Trallic Contred Cener Elevine Power Control Comter

— Yy
Qrlive S2erdy
0 LB
] L2 abpsis
L3 n

Smart Charging
Guiding System
(SCGS)

EV-RES
Coordination

Charging
infrastructure
design

17
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Clean Vehicles Consortium

O Life Cycle Analysis: Develop EV B o
energy efficiency, carbon targets B - ST
and evaluate life cycle performance S '
of EV powertrain and lightweighting. cE

[0 Mega Data sharing: Driving pattern
information in Mega cities and
worldwide EV data book. Utility
Factors for PEVs.

tity Factor

[0 Roadmap and Strategy: Identify A .
optimal fuel mix strategies &
constraints; recommendations for
accelerating EV deployment. i

L
ok
- - Sen lea nstant
& . "]
\"l % Sandla "ir 6 B e e e e P P e
v National |~ e Argonne .
MICHIGAN o Laboratories — NATIONAL LABORATORY
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Clean Vehicles Consortium

 |nitiated research on solid electrolyte prototype and testing g @
e Battery safety study based on shared test data

 New synthesis process for thermal electric materials @ 0
e Optimal control and energy management for PHEV g @
e Charging mode control and impact on electric grid @

e Developed an efficient and exhaustive design process for
power split hybrid vehicles—close collaboration with Ford
and DENSO

e Wireless Charging demo with DENSO

e Initiated modeling effort of connected and automated é @
vehicle technologies

e Life Cycle Analysis of Buses g @
19
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» Module formation for capacity degradation > Module model for Li-ion battery

test module
Zh ‘/\I D-_D..D_D.D D-_D.-_D_Q.D Aging Cycle Test
Battery
. Sclection
D[j DD D D K
Il
Pack ':.
forming ¥, Y Incremental Capacity -
,_J.___-L..‘ Analysis "_.
N S
! |
i :
H
> ICA for module capaC|ty degradatlon diagnosis v o
20 | .
T L] S S S ;r‘o:_f_—m—t
NS I - B T
1o COPRCy-RS]| : : > 09F - r oo e T
N L ) EPRERRPR . . . - g i '?w : | |
§12 . . ' - var s g0.85777777:77777-,7‘7777%777777:777777: 777777 :
£ or- : : -
3ol 2‘ ,,,,,, |
I i I i —; fitted coLreIation froml single cell%
. 0-75’*****:**l***:**** @ single cell ‘
. \‘I : O  3-cells
! | & 7-cels
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Clean Vehicles Consortium

Apply Self-Propagating High Temperature Synthesis (SHS)
to thermoelectric materials, with a focus on
skutterudites, Mg,Si, half-Heusler alloys and Bi,Te,.

Study uniformity of SHS-synthesized materials using
Scanning Thermoelectric Microscopy (SThEM).

Construct and test the performance of a prototype
thermoelectric module.

Seek industrial partners for large scale module
development based on SHS fabricated thermoelectrics.

A
SHS for skutterudites

2T

1.8

1.5

1.2

0.9

0.6

0.3

—— M-AN-SPS-L.D.Chen
[ @ BM-HP-G.Chen
[ —dh— SHS-SPS-WH
[ —9— SHS-SPS-UM
-—— annealing for 3 weeks

lllllllllllllll

300 400 500 600 700 800 900 1000
T/IK
Figure of merit of SHS-synthesized Cu,Se
[Nature Commun. ]

'%ﬁWlPJPMCURSOU‘JWRQ %1

A thermoelectric couple developed jointly by
UM and WHUT using n-type Mg,Si and p-type
Cu,Se with conversion efficiency of 7% 21
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1. Conventional all-electric-charge-sustaining (AECS) strategies Research Outcomes:
are good for maximum battery use; The Range Adaptive Optimal Control (RADOC)
2. Blended Strategies are beneficial for the fuel consumption algorithm achieves balance between maximum
o[BI UrNE s electricity use (AECS) and high fuel economy.

3. PHEV optimal energy management strategies should be Th ility £ ) d
adaptive to the different daily travel distances, and the 2 WG VB EIeHT 15 LBED 100 [(EDITESETE ANEIEEE

average fuel consumption should be the optimal target. trip length distribution. We studied the benefit
SOC Trajectories for US and China trips.

|
RADOC Solution of Beijing :
RADOC Solution of US I
RADOC Solution of Logistics *:
|

|

|

|

min: [ rir(x,u, 1)l min: [ UFC(D)-rin(x,u, el

RADOC Solution of Taxi
—— AECS for All

Good for fuel consumption of long trips

e ————
Blended strategy

[ >
A ety | s OptlmaIFCUM
N ‘ \ ‘ | RAOOC strategy
02 1 1 1 1 1 1 1 ood for utilit i PPV O
0 50 100 150 200 250 300 350 AECS strategy

Distance (km)

Distance / Time

SOC track of optimal strategies for different range distribution

I A } City-
ol et et e S cooo I 1 Range Distribution - Delivery
‘ ‘ ‘ e 1 Cars

§ ,,,,,,,,,,,,,, [ ‘ AECS
! T « /mom) 2.2 3 374 441
E Beling | | RADOC
lLJ(;zi-stics 2.22 3.35 3.59 4.33
Taxi

: ! 73 FC decrease

UF curves for different range distribution
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Electricity load curves in Beijing (2011)
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e Emana AUtomated Vehicle Technologies

(collaboration between UM and Argonne National Lab)

File Edit View Window Help

RS POLARIS - a

Attribute Value A
|

| Layer |
[¥] Tiles
[] Intersections

[¥] Links

[[] Vehicles (shape)
(] Vehicles {point)

[JRoutes

[ Locations

[C] Link Travel Time

[C] Link Speed

[ Link Density

[C] Link Queue Length
Zones

[] Buildings

| 07:24:10
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LCA of 6 electrification technologies/business-modes for city Buses (China)

B i The NEV buses has significant o
: 1::2 - = €nvironment benefits in reduced Eg i
;o i cO2,PM25 and NOX i N
200 N - The Fast charging and Online h

FigDiesl | WRRREV - AR9EY - charging modes have significant

benefit in TCO

LCA of Plug-in and Wireless Charging for Electric Buses (Ann Arbor)

' __ Wireless charging system
£ oo vs plug-in charged system _ = pgm. i
i sommaiwiees (@ transit bus @ US grid ¢ ™
g 1.'.. . S ' . ;:n 2500 '_?_E
L, e, e Battery size downsized  :
E = Batteries tO 27_44% § u-mn .:é;"
e * 0.3% less energy . L
0 T Plug-in Bus ~ Wireless Bus  Wireless Bus  Wireless Bus

Plug-:;.s(“::rglng \\‘lrel;?lﬁll:.-rglnu ° O . 5% | e S S I if e Cy CI e G H G (Blue Route) (Green Route) (Red Route) 45



E.S.—CH}IQNA CLEANC
NERGY RESEARCH CENTER I'
% TS B EHFIG Outline

Clean Vehicles Consortium

J

~

J

26



us-crmaclean o Pathways to Implementation
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Clean Vehicles Consortium Projects

|}
Diagnosis of electrified

1
Drivetrain lightweight

Wireless charging

UM-Siegel Demonstration of Solid-State Batteries

A Systematic Design Procedure for Double |
UM-Peng Planetary Hybrid Vehicles N oy ;L??dp:;:g:p..t
OSU-Rizzoni |Torque Security in an Electrified Vehicle DeLPHI i
UM-Ni Friction Stir Welding of Dissimilar Metals E TN ...cure imuation

A Wireless Magnetic-Resonance Power

DENSQO ororype

UM-Mi Transmission System for EV Charging

Electricity and material sourcing scenario
UM-Keoleian |analyses to guide vehicle technology strategies

One-year additional funding with clearly defined
“tech transfer target”
All projects with identified industrial sponsors .
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s "\_
r‘". RotU N Coll Moduse
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L/.‘//d p .'-.,
Jaezaizilly col .., Rpuwent,
presecd or iyt ‘ pleiono
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o 47 -o o S r
£ T
A
Weppner et al. (1999) Climate Change Committee (2012) Final Report

prepared by Element Energy Limited, Cambridge, UK .

+) No organics to degrade

+) Synthesized and fabricated in air
+) Significant reduction in packaging
+) Non-flammable

+) Gets better with increasing temp

?) Interface integrity
?) Kinetics/Power
?) Thermomechanical stresses

28



A Double Planetary Gear Hybrid

ENERGY RESEARCH CENTER

GRS k
Clean Vehicles Consortium Truc S

Automated modeling,
mode screening and
identification

Drivability screening

A fast and near-optimal
control strategy — the
PEARS*

Design candidates in a
manageable space

&

8

Weighted Fuel Economy (MPG)
8

8

g

Erf"ﬂmm.\m »
hHWM}M\

Engre Tage (NT)

19.8%

Parallel F150

® o]
0 (o}
a Lg Candidate Designs O o—"

.8

Opl 3-Clutch design

2

13 14 15 16 17 18

0 to 60 mph Acceleration (s)
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Deu eyt Torque Security of EV

Clean Vehicles Consortium

Simuink Verficatiogld
and
aSPACE Validation Toolbox
TargetLink
s _Done =

SMULNK 8. Validation in Vehicle 8. Validation in Vehicle
(—-—;é
3. mmmm [ -Prototype Prototype
: ': ntrollabili \ 7 Di . ion Calibrai 7 Soluti
Fauit Set i Siucur feconiguaion i venic Egaimhvelide:

Fault Tolerant Control Scheme et
: -Calibration procedures Calibration procedures |

6. Hardware-n-the-loop (HIL): /,f’fﬁ.l-lsdne-h-me-bop(l-lll.):
| HIL Vaidalion PIaN ¢-»--<n-- HIL validation plan
- Calibration Procedures - Calibration Procedures

- — /

Soquental sl generaos ‘ m‘ ----- . 3'“’“'“"“"‘?”"‘
' 4 Modelinhedoop ML;
- Solution in simuiation environment

- Post-processing of residual
' Control Solution in simulation time

Diagnostic Solution in simulation time
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P £ i B IRFEI B A

Clean Vehicles Consortium WEId ! ng

e Extend existing FSW to spot welding and work piece of
different materials and thickness.

Connected to i
motor L

Electrical brush

Tungsten Carbide
FSW tool

I

Steel sheet

— Tungsten Carbide

(7777777777




M US-Crina Clean Wireless Power Transmission

ENERGY RESEARCH CENTER

£ R Pl -
éﬁéfn?/ehi?lefcﬁnfsboﬁium SyStem for EV Charglng
- 4

 Work with DENSO to build a 22kW double-
sided production-feasible wireless charging
system (eff ~ 93%), and to integrate the
system into a production-intent EV or HEV.

 Demonstrate/validate functions of WPT and
solutions to practical issues
(communications, object detection, safety,
misalignment, standards).

A 22100 S i 8.331 (:::"%‘f

. - L TRy O = 7.969 e

e Will develop IPs on capacitive power i 50082 ° ° 9566 *  fum e
transfer and live object detection - o B

dywe b < .
, Powe Capacitor Power

Power de | _ | o ac
Supply ac T ol de

=3 32
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ue-chmaclean e Electricity and Material Sourcing
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Clean Vehicles Consortium Scena rio Ana |YSiS

Regional Electricity Grid Emissions Model

- The GHG emissions model will address:
e Temporal variation

e Future fuel prices

e @Generator retirements
and additions

Ibs CO2/kwh

e Electricity imports and
exports

Grid Emissions Model then can be _
used to support algorithm for Hour A, s un
implementation decisions and A road Bin
roadmap

19 21
15 7

mO0-1 m1-2 m2-3 "3-4 m4-5
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gljez:\n,\]/eﬁgkljeis?cﬁgn?oil‘u\km Mega City (Shanghai, 2014)

Trip start Charging

100.0% 100.0% - 12.0% KT
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Based on 50 Qin PHEV vehicles (made by BYD) 333,000km, 10,000 trips, 7,500 days,
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Background

U.S. -China Joint Announcement on Climate

Change 2014  emission !

» China intends to achieve the peaking of
CO02 emissions around 2030 and to make
best efforts to peak early

» The United States intends to achieve an
economy—-wide target of reducing its
emissions by 26%-28% below its 2005
level in 2025

2400

carbon emission (base case)
Source: THU (CERC-CVC, 2012)

Chinese vehicle population, energy demand and

Chinese BAU scenario @ 2030:: 24 700,

® Vehicle population 440 P -
440million, tripled(2015) _e-"

® Transpt. Energy demands 480Mto, doubled _ - “\a{\ot\

® C02(LCA) 2.1 Billion tone, doubled 155 @ oeice "

N
Pathways to limit CO2 emission: M

® [Flectrification (higher efficient)
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
® lLower carbon power ( more renewable)

® Higher CV market share(early
penetrated) 37
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Thrust areas (from CERC-CVC 1.0 to CERC-CVC 2.0)

CERC-CVC 1.0 CERC-CVC 2.0
Energy Storage \
Materials and System Systems

Integration

Advanced Vehicle
Technologies

Clean Combustion and
APU

Vehicle Electrification
Configuration and
Optimization

Connected Vehicle and
Infrastructure

\
- s

(@ Lightweight
structures Systems Analysis
» .
AV and Policy
¥ is'

Instruments /
& System Analysis and

’ B Roadmaps /
38

/ I Advanced Battery \

Vehicle-Grid and
Infrastructure
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1. Energy Storage Systems

1.1 Advanced Battery Technologies

» Li-S Battery: energy density reach 400wh/kg, battery lifetime 500 cycle

» Solid Battery: energy density reach 300wh/kg, battery lifetime 2000 cycle

» Zn-lon Battery: Low cost (S0.1/Wh), improved safety, eco-friendly

1.2 Safety and Durability

» Degradation of battery structure under cyclic thermo-mechanical stress

» Multi-level safety mechanism based on materials, interface, cell, module and system

» Initiation and propagation mechanisms of battery thermal runaway

1.3 Battery Management System
» System dynamic modeling
» Modeling-based battery state evaluation methodology

» Battery management systems 39
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PRAEREAETC  gnd Milestones 2016-2020

2. Advanced Vehicle Technologies

2.1 Clean Combustion/Alternate Fuels

» Clean combustion technologies
» |CE electrification
» Thermal - mechanical - electric coupling

2.2 Alternate powertrains

» Distributed drive electric vehicle (passenger car)
» High efficient electric motor
» PHEV electric power split systems

2.3 Light Materials and Crash Safety

» Light weight materials
» Structural durability of power batteries
» Crush safety

2.4 Heavy-Duty Vehicle Technologies

» Hybrid vehicle technologies
» Fuel-cell vehicle technologies
40
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PRAEREAETC  gnd Milestones 2016-2020

3. Connected Vehicle and Infrastructure

3.1 Connected and Automated Vehicle

»Develop a virtual environment to evaluate the impact of CAVs
» Quantify the energy and mobility impact of CAVs for multiple

3.2 Testing and Evaluation

» Data analysis of field operation test results

» Demonstration projects: Collaborative research on the needs to control automated
vehicles, data collection, experimental facilities

» Testing and evaluation of automated vehicles
3.3 Wireless Charging

» Standards, safety and efficiency
» Low cost, high efficiency

3.4 Charging Infrastructure

» Standards and inter-operability
» Integration of power grid and information grid

41



g | Barey eemeneen . CERC-CVC 2.0: Targets, Contents

PRAEREAETC  gnd Milestones 2016-2020

4. System Analysis and Policy Instruments

4.1 Technology Impacts Assessment

» Battery performance degradation evaluation using fleet test data
» Travel behavior and optimized energy use
» Vehicle and battery driving cycle

4.2 Lifecycle Analysis

» Energy and emission effects of connected and automated vehicles

» Battery materials, battery packs, battery second use, and recycling/disposal
» Benchmark and Testing

4.3 EV Roadmap

» EV business model development

» Incentive policy research (subsidies, tax exemptions, ZEV requirements,
etc.)
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Energy storage and
battery second use
in smart grids

Wireless charging
eff. >95%, Cost <

CERC 2.0 CVC: Target, Contents &
Milestone 2016-2020

Key Annual Milestone

NEV fleet travel
behavior and
optimized energy use

ZEV credit policy to
accelerate NEV market
adoption in China

Build connected
vehicle testing and

Demonstrate energy saving
benefit of connected and

$50/kw evaluation platform automated vehicles>20%
High Efficient Light New Energy Heavy Efficiency of
Electric Weight Duty Vehicle hybrid engines >
Motor Materials Technologies 55%

BMS Zn-lon Battery
Industrial  Cost:
ization S0.1/wh,
1kw/kg
2016 2017

Breakthrough in the
safety and durability
of Li-NMC batteries

Solid Battery: >
300Wh/kg,
2000 lifecycles

Li-S Battery:
>400Wh/kg,
500 lifecycles

2018 2019 2020
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Thank you for your attention!
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