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Civilization & Open Mind
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HEEAREHE: B, B, P, Xg—
Yi-Jing basic principles:
Change, Periodic, Balance, Unity of Opposites

B, — AR E4E B AHIE ) B
Straight Forward Approach Holistic, Dialectic Approach

ijé “YES”/%)ET\% “YES” Yes Efﬁ%ﬁj‘j\ No

ijé ¢ NO"@K%’}E}& ¢« Yes” “ No”ﬂ_ﬂ‘m‘}'{:g‘gtgjg ¢« Yes”
“Yes” is “Yes” “Yes” can be turned into  “No”
“No™ 1s “No” “No” can also be turned into “Yes”
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The beginning of the cultural
movement of the Renaissance
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Leonardo da Vinci's Vitruvian Man, an example of
the blend of art and science during the renaissance



Open Mind
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e A closed Mind Can Not Change!
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Renaissance Scientists & Engineers

2B MR K TR

Renaissance Scientists & Engineers are
those not only understand WHY and HOW
THINGS work but also on WHY and HOW
the WORLD works!

MABRIEEF BRI BANTEIERT |,
SRR 2B INEE(ER.



Characters of Renaissance Scientists & Engineers
W ZEEMARE M TREITR4FIE
Think the World and not just the THINGS
BELIKMIEERFEESY

e Global thinking instead of local thinking;

NS 2IEKMAFL AWK ;

e Harmony thinking between human and nature;
AAS—EB4 ;
e Circle thinking instead of linear thinking;

A RIS TR 4

* Closed loop thinking instead of open loop thinking;

AR ESIAAKRES ;

* Life cycle thinking instead of partial life thinking;

FEARE,. 245BAE%EE | mdEEFEma. BEERE ;
e 3R thinking (Reduce, Re-use, Recycle).

BE FLiEFE , BFIA , [,




EV Development
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Mobility is Freedom.

Mobility is the most apt
expression for our quest for
happiness.
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Historical Document Signed at EVS.9
Committing Support to Formation of World Electric Vehicle Association

(

ituh November 1958

Memorandum of Tnderstanding

[ The wndersigned, repmrsensing shegughout che world ¢ lage magty
of the onpemezzions and pacple who, in therr sespeciue cosrines, snderiake
the developmen: of electnc mail vefucles or, more gemerally, eleciric
srpuson, it v this ooy thet dire i foezs and share
theit expemience;
Therejore thew sesalie to convene wihin he framewnrk of o woridunde
organizarion, the amy gnd senaace of which ave dexmbed hertuader

The army of <he worldu ide aranuzaron are-

« 1o facditate the exchange of inlormation which encourages
the developrmeny of elezcnc vehuler;

- ecordimate the scheaade of "EVS” sompona ta be held once et (wo
wirs und, by wction, i he bree propraphical ones: Americen
ctmens, Asa wnd Pacific, Europe and Airga
Uning thy prmcipe, EVS el be held in the Asa-Paclic zne ard
EVS 1t i the BuspeAfrca sone, olowrmg EVS 9 1n Canada
Thas wortd opoucnon has st e ceshones v s r egorl
Meetigs out tpecjicails resemes all ngns for futre “EVS” ueridwds
vmpona, cuoiding, B apreprare conaes, deplicanm ond fradess
compettian

3 Toestablish thus wodd orguizaioe ad e the hove domy, roudng
i cmintorcte, Cumila has heemaskeil o bl for co it period
aned has grociamsh ogreed 1 pros e 0 <eranafsed Secreenat, rder the
direcainn of o Seeeng Commeneee composrd of o lenied neamber of
ngmesmugtaces o e e Jeoyapca wnes nmrcted b he organgaen
aetne in eleceric s ehicle developmong varhen (ese s

This Sieering Commtace & enisustent o prspose 6 sem as pessibly genevel wnk
ng ndes Jar the v avid oopanrznon, i the dicces of u hice e wnderigrad wre
crrnmarted ured for which they piedye 0 devote beveredench shew wert ifores

\

18 novembre 1988

Toronto, Canada

November 15, 1988, DECL ARATION

1 L lids sourzignter. surie pl did! wne large
wajonid des organisme; ef perignncs participont dant leur pays respectf
o z0n8 & influence ou dévelopy ement di véhicele dlectrique rovtitr ou dy
Jogor, pius géntrale des engins de propulgion leciriqur. marquenl por e
pritent mémorandim leur volorad de joindre leurs effortr et de paroger
lewr expériences..

C'est pourguoi tts convienneai dt e Tencomirer aw sein € k1 organisme
1'dchelie mandiale don fes buts i fa srwerure soni defini ci-aprs

Les buts de cei orgencsme som1 ©

- de faciliter I"dchange de rewes informations suscepibles de favonser
Iz développemens du wimicule éecirique;

- e copredonarr I'orgarisaiion des symposivm "E.V.5." cu rythme  un
Joug des dewt ans, par rotation ¢atre les iroit renes glopraphiquer :
conninent améeican. Aule-Pactfique, Exrope-Afrigue. Ce principe oe
rototion ensrolnera T organisationd £V $. 10 don Ig rome
Asie-Pocifique ¢t 'EY 5, 11 dang o sone Europe-Afigue. apris EVEE
i au Conada

Yarticipants from Top left: B. Fijalkowski (Poland), R. Atanassov (Bulgaria). H. Payot (France), C. Hayden (U.S.), Z. Feng (China),
W.A. Adams (Canada), Bottom left: M. Chiogioji (US), R. Leembruggen (Australia), J. Lea (Korea), L. Secord (Canada), C.C.
Chan (Hong Kong). F. Dierkens (A.V.E.R.E.), A. Ananthakrishna (India). T. Matsuo (Japan). The above gentlemen signed the
memorandum of agreement for the formation of a World Electric Vehicle Association during EVS.9 last November. Cliff Hayden
(US). Ferdinand Dierkens (Europe) and Dr. C. Chan (Asia) have been appointed a steering committee.



Government, Industry and Market
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Three Goodness Factor :
Good Products; Good Infrastructure; Good Business Model

F Rt i
Infrastructure

EV
Market

VAR
Success

Business
models

T
Products




R EERE. S EME
Good Products:
High Performance @ Reasonable Cost

I: Integration of Automotive Technology and Electrical Technology
A: Alliance among Auto Makers and Key Component Suppliers

N IUREN
Powertrain
Technology

REMERE_(+A | _gEEE

Chasis & Energy
Body Storage
Techinology Technology



Executive Summary

# 1T B2

The train of EV commercialization has taken off. We are seeing the

dawn. @ # A& F b R 3%, ENLE THE L

Key challenges of success: Cost; Usage Convenience; Energy Saving

and Emission Reduction. 4 &% ¥ - X %&. F8%. % %K,

The market will not do it by self. Government incentives are
essential at the beginning. 1 # # 2~ A&, A— A LT K
R W% b o

Innovative Regulatory Leadership is essential. 4| # & & % 4] § &
&N B o

Technical solutions are available. & A& & T {44 89,

The shake hand and compromise between auto industry and
electric power industry is crucial. % % A %o & J) £ 2 & & 19 % A
A £4



Key Issues — Three Goodness

+t4484% - 2484

The success of commercialization of electric vehicles depends on
the satisfactory tackling of four factors:

Initial cost; & # ;
Convenience of use; % ¥,
Energy consumption and exhaust emission. % % & $k o

Therefore, we need three goodness factors:
« 1. Availability of Good Products at affordable cost; # 7 &

e 2. Availability of Good Infrastructures that is efficient and

friendly to use; % & & Ak 92 4%

3. Availability of Good Business Model to leverage the cost of

batteries. % @ B 4 X
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Internal Combustion Engine Car

Engine, Gasoline

ine Car

Assemble

Parts

Materials
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;junitication

Closed (Inhouse)
Long Span R&D
About 30,000 Parts

Battery, Motor

__ [ Design)
. ATraditional
Body ‘Matena_ll' \Art & Craft

: \ Order like
Chassis \\, \7/\ Customizable PC
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History of Electric Vehicles

LBV HI I 5

[.18284

Early Inventions—Horseless Age

Thomas Parker EV, 1884, Morris & Salom
England 1895, U.S.A

e Lessons to Learn: Key Issues:

Cost, A

Fuel Consumption, HE#E

YV V V VY

Electrobat

=~1932%

SiIPAS:

City Taxi, 1901,

20

Convenient Use, {E##E

Environment Impact. HEJi%

New York, U.S.A

e Early Commercialization & Infra.

Charging Station, 1900’s
GE, U.S.A

Philosophy of Engineering: System Integration and Optimization

KBEFNTEH LI %#: FEHSBEEHRAER S
Key Points: Open mind; Courage;

ﬁﬂﬁﬁlgz Vs é‘gfﬁfgﬁp, f%ﬁ{]ﬁ/_——c‘

Yes, It Can Do!



Electric Key Components Play Vital Role in EV/HEV
= KH: Bl B, BIE; =/ E: TiE. FH. §3)




EV Key Technologies

 Three Big Electricity = K Hi.:

Motor H.1
Battery FE.Jil
Controller B8

o

* Three Small Electricity

—/NE:
Electric Steering EE3)) ¥ 7]
Electric Air-conditioning F,

gy

glll

Electric Braking B33/ 51

H
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Global EV Development Status
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Global EV Population £ K37 EE

[

A |n 2014: Total 500,000
e USA No.1; Japan No. 2; China No.3

 Norway per capita No.1, 4EVs/1000 persons,
Nation wide charging stations, quick charge

along highway per 30-60 km.

A 1n 2012: Total 380,000
e Japan No.1; USA No.2; China No.3



—_— ‘\ z: » =
Global Electric Vehicles Population - —*Ej] /—Cc—“ﬁ—u

PEV market PEV market

PEV fleet (Cum Population| penetration per| share of total
sales or| as of December| 1,000 people| new car sales
registrations) 2013 (Dec 2013) in 2013

Comments

_ 172,000 320,050,716 0.53 0.62% (a)
_ 74,124 127,143,577 0.58 0.85% (b)
_ 38,592/ 01,385 /566,537 0.03 0.08% (c)
_ 28,673 16,759,229 1570 5.37% (d)
_ 28,560 64,291,280 0.44 0.65% (e)
_ 20,486 5,042,671

Note: Plug-in electric vehicle fleets include only highway-capable vehicles except where noted in comments. French

and Norwegian registrations do not include plug-in hybrids.

Comments: (a) Sales between 2008 and December 2013. Includes only plug-in electric passenger cars. (b) Sales since July 2009 through
December 2013. Kei cars not included for market share estimate. Includes plug-in electric cars and all-electric utility vans. (c) New
energy vehicle sales between 2011 and 2013. Includes a significant number of all-electric buses. (d) Registrations between 2009 and
December 2013.Includes plug-in cars and all-electric commercial vans. (e) Registrations between 2010 and December 2013. Includes
only all-electric cars and 11,304 utility vans. Market share is 0.49% if only all-electric cars are considered. (f) Registrations between 2003
and December 2013. Includes only all-electric cars, vans and over 1,500 heavy quadricycles.



EV Market Share HLZ/]75.Z

A

13000

BEV market
share (%)

PEV market

share (%) Country

6.10% Norway 5.75%

5.55% Netherlands 0.83%

0.94%

France 0.79%

0.91% Estonia 0.73%

France 0.83% Iceland 0.69%

Estonia 0.73% Japan 0.51%

Switzerland 0.39%

Sweden 0.71%

Sweden 0.30%

United States  0.60%

Switzerland 0.44% Denmark 0.28%

Denmark 0.29%

United States  0.28%

Country

Netherlands
Sweden
Japan

Norway

United States

Iceland

Finland

United Kingdom

France

Switzerland

Note: (a) Market share of highway-capable electric-drive vehicles in the corresponding segment as percentage of total new car sales in the country in 2013.

Source: Zachary Shahan (2013-03-07). "Electric vehicle market share in 19 countries". ABB Conversations.

PHEV
market
share (%)

4.72%
0.41%
0.40%
0.34%
0.31%
0.25%

0.13%

0.05%

0.05%

0.05%




YN Mz
Sales of highway-capable new electric cars in China by model between 2011 and March 2014 EFI @%ﬁﬁaﬂﬁ$#j%

Total sales 2011- Market sharet@ Total Sales 1Q Total Sales Total Sales Total Sales
1Q 2014 2014 2013213 20124 20115161

hery QQ3 EV 11,528 25.4% 2,016 4,207®) 5,305

ACJ3 EV 6,731 14.8% 163 2,500 2,485 1,585
BYD e6 4,287 9.4% 619 1,544 2,091 401
BYD F3DM 3,2849) 7.2% 1,005 1,201 613
BYD Qin 2,526 5.6% 2,384 142

AIC E150 EV 1,354 3.0% 710 644

otye TD100 EV 845 1.9% 845

AIC Roewe E50 648 1.4% 4 406 238

otye M300 EV 354 0.8% 220 134

enucia e30 246 0.6% 30 216

hery Riich M1 EV 197 0.4% 107 90

otye 5008 EV 142 0.3% 142

oyte Zhidou E20 142 0.3% 142

hang'an CX30 EV 100 0.2% 100

AIC Senova EV 52 0.1% 52

hanghai-GM Springo EV 11 0.02% 11

oyte T200 EV 8 0.02% 8

esla Model S 2 0.004% 2
Chevrolet Volt 2 0.004% 2

. 4sm5 715% 683 17642 12791 8159

Notes: (a) Market share as percentage of the 45,445 new electric vehicles sold between 2011 and March 2014.(b) Only includes sales between January and October 20138! (c) Includes units sold during 2010 and 2011! (d) BYD e6 total includes 33 units sold in 2010. F3DM total
includes 417 units sold in 2010 and 48 in 200919111 (e) Total annual sales figures include all-electric bus sales.

Sources:

[1] China Auto Web (2014-05-20). "6,853 PEVs Were Sold in China in Q1 2014". China Auto Web.

[2] Staff (2014-01-10). "Plug-in EV Sales in China Rose 37.9% to 17,600 in 2013". China Auto Web. Retrieved 2014-02-09.

[3] Colum Murphy and Rose Yu (2013-11-27). "China Hopes Cities Can Help Boost Electric Car Sales". The Wall Street Journal (China Real Time). Retrieved 2013-11-30. A total of 4,207 QQ3 EVs, 1,005 F3DMs and 1,096 e6s were sold between January and October 2013.
[4] China Auto Web (2013-03-25). "Chinese EV Sales Ranking for 2012". China Auto Web. Retrieved 2013-04-20.

[5] Mat Gasnier (2013-01-14). ""China Full Year 2012: Ford Focus triumphs". Best Selling Car Blog. Retrieved 2013-04-21. A total of 613 F3DMs and 401 e6s were sold during 2011 and 1,201 F3DMs and 1,690 e6s in 2012.

[6] China Auto Web (2012-09-30). "JAC Delivers 500 J3 EVs ("ievs")". China Auto Web. Retrieved 2014-05-31. A total of 1,585 of the first and second generation models were sold during 2010 and 2011..

[7] Jiang Xueqing (2014-01-11). "New-energy vehicles 'turning the corner'. China Daily. Retrieved 2014-01-12.

[8] China A iation of A bil f ers (2012-01-16). 5,579 electric cars sold in China in 2011". Wind Energy and Electric Vehicle Review. Retrieved 2014-01-12.

[9] Cars21.com (2013-02-13). "EV sales increase 103.9% in China in 2012- Electric China Weekly No 17". Cars21.com. Retrieved 2014-01-12.

[10] "BYD Delivered Only 33 Units of €6, 417 F3DM in 2010". ChinaAutoWeb. 2011-02-23. Retrieved 2014-05-31.

[11] "BYD Plans to Start European Car Sales Next Year (Update 2)". Bloomberg News. 2010-03-08. Retrieved 2014-05-31. 48 F3DMs were sold in 2009.




China EV Development Strategy
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Pressure on Energy & Environment

Beijing Tian A

1750

Oil Consumption
& Energy Saving

2014/12/8



Challenges for Chinese Automotive Development

PM2S R (0 MR/OBR)

BEEN NASA
15 50 80

e ERER2005 R LEHPM2.5 REELHE

Automotive Development and City traffic jam and air pollution



HEEESFE R EEIEERIEZE China Road Map of New Energy Vehicles

& FEXT /] R FL eIVl TIRENERTA] > CO2NE R

Driving Force PM2.55%F PM2.5%#% , COZJ:ﬂ Malnly CO2
Mainly PM2.5 Mainly Energy Reduction
Reduction Conservation

e B BrrSfERAEEE Al

2 RS WRE, HEE. ¥ BElSFEAWREZAE,  SREIREIEBE

Strategy uml_EHJEEI’J?E)" N SRSFIEIEEE R RIS YR
RIFRZEHE 5 Tt AR EFT
Bus, Taxi, Logistic, EVs in various Large scale
Small EV, applications hydrogen fuels
ARGV and fuel cells;
( ZEEETNFNIE Increase in biofuels
B2 ) Fr{GEL
B 2% 10% - 15% 50%

Penetration %

20205FiFHEAE |, 203055880,



Chinese Electric Mobility Achievement

Chinese Transportation System Structure-
“Points-lines-Areas” model  +

Points—larger city
*New energy bus.

- *25000 vehicles
§ ' . eNumber 1 in the world F- =

_,,"‘ S
=
¥

Areas '\'u%_ A - 3« ! ' T ] L|neS_C]ty‘C|ty

: =, ‘afF g . T N *High-speed train
e E-bike s i : y e : : J A *9356km electric railway
*200 millions units “ 1 !‘ v e iy v+ J‘ B\ eNumber 1 in the wor's
*Number Linthe FEs T8 o 8 # g A R
world r PG TP b .. + NS N & i

&

.......
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A REhaeiIR; R 2 Ig Ik HE

& FESEHIHPIHA#EZE Characteristics of Vehicle Population Growth

TR EIFLLLI0% A G ENRE HIZK10E, K¥HEIS TCGDPEERL.5(E.
High Growth Steady Growth

B FESELR B FE10ELER 559 PLE:

B SHEFIEK30% B SHEFIE20% Al BT

BT

g e

£ 4t Rl

r BEE

: [ [RliE4

' Kk

T e

: = HE YRR ar e dik

1960-1964 35.8% B | 1965-1973 22.2% : ARRE
BE | 1981-1985 25.0% &E | 1986-1997 20.0% T,

_thE | 2001-2008 | 30.4%(25%) hE | 2009-2023 |  13—15% "

HHERZE TIPS W B A A E T

RIEGDPIEREFUIIISET AREERRENE , TTFEISFREE
2020FRHXE2.7124 ; 20305 RKEI4.424 ; 20505-151K5%15.88124,

FKiR: (hEZFERRERRE2012) FeXFHEERERARSO



, A REHREIRS FE BB IERE

& LR L e X E K Energy Security Rigk

ERE~E ~#OR
1:::] 1m 1q 18131 18477 18637 18973 18949 20300 2028% 2070

1990 1995 2000 2005 2006 2007 2008 2009 2010 2011 2012
HOKEE 7.6% 33.8% 43.9% 48.2% 50.5% 51.3% 52.5% 54.5% 55.6% 56.7%

el 7% &t (12 10e)

2010 2020 2030 2040 2050
e . = s —_ ) . i
SRIERNFEE~EMECOE Chinalmport Ol sk 3mEREFTN Oil Demand Prediction

MRAKRIIREFEEITSE  2050FEAWTWEHBEZREEES.42IE , 2
EREHEEANN2.71E , BHERANBRR NG,

kiE: (PEZEREERERE2012) FEXFHREEREEERFO



A REhaeiIR; R 2 Ig Ik HE

& REPM2. 5 F# IR Air Pollution Risk
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HEBORBRIS | 205051524
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€ Contribution of New Energy Vehicles to Energy Consumption

4 5
L 4.5}
35 - N
3] mAEY 32 el
ety B
_ m SARF 3|
% ' u Rk g 25|
w2 L Z
B CPat =
T 1.5} M 1.5
—
| I
0.5
0.5
0
0 2010 2015 2020 2025 2030 2035 2040 2045 2050
2010 2015 2020 2025 2030 2035 2040 2045 2050 H
£ e S4BT P aEEREE
Life Cycle Vehicle Fossil Fuels

Vehicle Fuels Consumption

PEFERRREHEE2030FIXEIRE , ZREERRTRE

FKilR: (hEZFRREERE2012) FEXFHEERERHARHO
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— ¥ Contribution of New Energy Vehicles to Environment ner%)éa_e ICles 0 nvironmen
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S0t Di ust
S| rec Outside Source
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i~ Industry
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Typical Hybrid Powertrain

v’ Planetary Gear Power Split

FASSSSFFF AR

Electrical Connection

Intermediate
gear set

AMAAWLWSLWLWLWLWLWN

Ford FHS

Generator Motor

Gasoline engine g —=
o000 —

Sun gear st
(generator) 2

D Reduction gear unit
‘ connected to
the final drive

Planetary
carrier

(engine) Ring gear

(motor/output axle)

” Power split device
(Planetary gear)

Courtesy: Toyota Motor Corporation

Toyota THS

Power-split¥H. BIFNERMELTR, EBZIHEVERISFE, FHHE FIPHEV,




Typical PHEV Powertrain

v Four wheel drive

Volvo V60 PHEV

Volvle V60 PHEV

Gross Weight 1724kg
Engine 160kW/440Nm
Real Axis Motor 52kW/200Nm
Battery 12Wh
Electric Range 50km

PSA 3008 PHEV BMW i8 PHEV

FOSREF T REEZRATRM, HBEAPSALRTE], 1%H9E 5 FPHEVIL;
P ERBEIRAEM EMANBIREIFSEIPHEY, LREAESERMRINEARGE.



Typical Sedan PHEV Powertrain

v Two Electric Machines Drive

Batter NE
m @ -.E
H Generator

Honda Acxcord

Plug—in
ICE g 3 Gross Weight 1724kg
Engine 105kW/165Nm
Motor 124kW/307Nm
i—MMD Structure Generator 105kW
Generator Gear Ratio 8. 38
Motor Gear Ratio 2.74
Features: Battery 6. 7TkWh/41kW
1) Integration of Transmission & Motor/Gen;| Electric Range 20km
2) Motor & Generator different gear ratio; | Fuel CDFfrE 2. 03L/100km
Consumpion
(FTP75) CSMTER 5. 06L/100km

=E o /\ 7 lig




Typical Chinese Hybrid Bus Powertrain

Without AMT

RAERE K FED BALBOR S, BUHZER, HREE
T 2R AL B IR AT A B8 2 ] R R B AR T A% O 22

EZh#HL Engine

2100Nm

Traction o
Motor SRS AR R EHL AL E IR A3

Wt LA
EWeEHL

12 m Bus 0il Consumtion 20L/100 km, oil saving over40%



Range Extender Bus

Range Extender Configuration

Motor ‘;‘;'=;;‘\l__-.
Drive T Y AuRenss | -

A

Pure Electric Mode APU Assisted Mode APU Moie
SOC: 100%~60% SOC: 60%~30% SOG: 30%

5 = ) c A

= = ot = A Ultra Gap [ p

t+ =~ o = P

S o 3 o U

. & = U ) &

o °
DG/DC DC/DC

I_I_ 1
Motor Drive ] [ Motor Drive ] [ Motor Drive ]

e

.




- Spectrum of New Energy Vehicles

Cruising _
Speed ICE * HV *PHV Area

Passenger car

TOYOTA PHV

-
B

TOYOTA
| FCHV-adv [

- Delivery
truck

Driving
distance

Gasoline/Diesel/Bio-fuel

Fuel

/

Electricity /CNG/GTL/CTL etc.

Hydrogen
From TOYOTA




Battery Technology
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Potential vs. Li/Li*

>

Li / Li-lon: "New"” Anode and Cathode Materials:
Larger Capacities and/or Higher Voltage

| Cathode materials:

Lithium/Li-ion
xLi,MnO4/(1-x)LiMO, (M = Mn, Ni, Co,...)
LiCoPO,
LiNig sMn, 50,
| LiMnPO,
Vv Li,FeSiO,, organic cathodes
II3VII
Anode materials:
Lithium/Li-lon
|, T.0,, - Metal oxides (displacement-type)
Graphite Sn
Carben Sn/C Li Si
composites Si/C composites metal
250 500 750 1000 1250 1500 1750 3750 4000

Capacity/ Ah kg1

Battery Anode Research in MEET | Pengfei Gao | November 2013
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EV Battery System Research

u I a I l Cycle Life and Temperature Cycle performance at various charge/discharge rates
— 1C Charge. 1C Discharge.
tem; hure
arge. 2C Discharg

Slow drop off below +101 °C due to anode plating
0p off above 60 °C due

§

nm a\m mistry and
e upper and

Cycle Life (Cycles)

Discharge capacity (mAh)
- w .

0
Cell Operating Temperature (Constant (*C))

L Capac|ty eIfDlscharge TIaI
SISt

[ socitz
[-=S0CH
— - esOERR - - - - — = — -
[y SoOCk %




W T e RR R
Research on Battery Safety
BTFEEMREMOEHER—ER, NERAEEARKM

RME TR N REFERIRNEME, ZHRE. REE
SRS THRMNREAEL.

P BB SRIERSERRIFRAR

Composite Separator & Short Circuit Protection
B BURRRRESE R AR

Voltage Sensitive Separator & Over Charge Protection
ZEMBERMR S BAERRIFFEAR

Safety Electrode Materials & Self Temperature Protection
BTRESREMESBBRME
lonic Liquids & Safety Composite Electrolyte
it 2 MRt

Battery Safety Design
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Motor Drives Technology
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Typical Torque-Speed Characteristics

AL — S AR

Output torque/N.m
82 84

225
86
50 kW, intermittent operation
88

150
/ 90
‘ 30 kW, continuous operation
92

[ e, |
=S

7500




Electromagnetic Design Rotor Stress Analysis

L HUR T R 1A

Imax=169.5C =, :
Mobility Analysis

Fluid Analysis/ i34 24T Thermal Analysis/# M szl =TI R %

:ﬂﬂg@ —_— —— JING -JIN ELECTIRIC ——
New Energy Vehicle Forum 2013, Shanghai




EV Infrastructure
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FE VA 4 70 B 1E Features of EV Charging

Complex Systems: 2 Z% & 4 Involved science, technology,
engineering, industry, finance and business model.

Connected: BX The charging plug is connected to the grid, affect the
grid at various levels. Unlike the gas station is decoupled with oil
pipeline.

Dynamics: 3/J3 The charging has instant impact to the grid, unlike the
gas station has no impact to the pipeline.

Interactive: H .35 The mode of charging, the status of the grid and the
status of the batteries are mutually interactive.

Key issues: 5% Integration of energy and information, win-win
situation to grid, battery and user.




Good Infrastructure: Efficient & Convenience

G RS

Ci: 718, &5 M

station

>“> Public parking
area

AT HOME PUBLIC AREA WORK PLACE
i A‘J@ ;
i /Qt/ﬂpm E
: ' Down town - - :
Town living | gp W upermarkets
o | Gmane 4 ;

Parking 14 hrs per day 2 hrs per day 7 hrs per day
Durations

Charging 1 charging point per < 0.5 charging point per vehicle 1 charging point per
Points vehicle vehicle

Power & Low power and High power and quick charging Low power and
Charing time | normal charging (e.g. 22 kW, 2 hrs) normal charging

Requirements

(e.g. 3kW, 10 hrs)

(e.g. 3kW, 7 hrs)




EV Charging Infrastructure Solution
1 2)7 2 76 HEL A it A it

ABB Group
December 8, 2014 | Slide 54



Comparison of Gas Station & Storage Quick Charging

fit B PRI 78 B 5 I VR 38 ) BB AR

VRS SR

Advanced Battery Pack Electric
Storage Banks

Available for Peak Load Demand | (I ([ [
| Using Renewable and/or Off Peak
T Power

itional Petrole - WSS
| Underground Storage Tanks |




—_— :/= - —
harger B[R EFEH
(REaiA EQ =4 EV Charger 1§78: . Kk
Power L — AC g
Generation
100V / 200V
o AC 200V
(TOYOTA INDUSTRIES
bower Grid CORPORATION)
> DC

Rapid charging

DC500V
(HASETEC Corporation)

AC charger (100V/200V) for daily use

DC charger (rapid charging) for emergency use



t

=‘_--—- __..-—- -f"
' -
( -
/(rﬁ -,» .
e " ‘;‘

#E . Battery Swapping
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Smart Battery Charging, Swapping, Delivery Network
HE ., FH. BERERERS

e ACcharging

— Long charging time

e DCcharging
— Battery technology does not
support fast charging
—  Grid cannot sustain fast
charging
e Battery swapping

— Immediate replenishment of
electricity

—  Easy battery maintenance
and longer life



> WRAF

Inductive Charging for Passenger Cars

Las )
%ﬂnﬁlz . ZTES « Operation in Chang An EVs,

« Max power 107 kW.

7’

« Operation in Cherry eQ Evs, @
« Range 250 km. et ZTED3*

ITEw




> WRAF

Inductive Charging for Commercial Vehicles
@ ZTE:P% - Operation in Chengdu ;

- Operation in short distance van ;

« Operation in mid size commercial vehicles



> ARFF

Inductive Charging for Buses. unit Power 30kwW, Max 300kW

- .
2 @ @ @/2:‘

Power : 30kW
Gap . 20cm
Efficiency . 90%

Space : 1 square
meter




Intelligent EV Integration
Motivation

Smart charging

Charging is delayed or advanced in time based on e.g. energy cost or

renewable contents.

Charging

¥

Time—>»

Energy backup

Advance or postpone charging in time and to deliver the energy back to the grid

at a later time.

Charging
Y

Time =>»

Ancillary services

Continues short-duration charging and discharging operations to balance the grid.

n

5 DTU Electrical Engineering, Technical University of Denmark

Hmll_ﬂé

27 August
2013

=
o

HE



Two Integration W44
* Integrate EV with Smart Grid
SR ENE SR MNRE S
 Integrate EV with Telemetic / ICT

25 4 R R AL 1S B
B SR TR AR




Smart House : 2 RE R

M Increasing low carbon electricity and reduce peak electricity consumed
B Management of electricity storage by EV and/or Lithium ion battery

FL BNV B Ae K EA T 4 FI K R
e 7
Converter ﬁﬁ//#

Sell

AC
Back up T

Smart
Meter '

Mid-night Charge
electricity EYW iAc

()
oo
s
©
=
@)




Low Range Small Electric Vehicles
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o [ 4 i 45 F B 3R F 2

EPEmE X (VTRHRD

China Low Range Small EV Specification

o I = ZE i Max Speed: 80 km/h
ﬁﬂ:@f -5 Acceleration :0 - 50 km/h, 10s
o &34 EE Climbing Gradient: MK T20%

o 20§ E1 2 Range : 50 km (3T
KT

« BERE

Vehicle Mass:

7 L)

~1200 kg

o HLS B 52 %4 i = L{E Battery Weight:

<30%




Technology Roadmap_ BEV Miniaturization

Through downsizing to realize scale commercialization

light electric vehicle = small battery electric car =9 full function electric car




Typical Chinese Battery Electric Vehicles

Great progresses have been made 1n small electric cars.
Series products and models have entered industrial stage.

Maximum speed 100km/h
0~50km/h Acceleration

time 63
Battery type LFP Li-ion
Energy 18kWh
Peek power 50kW
Driving range 150km
Normal-charging time 6~8h
Quick-charging time 30min

o Battery ) 7 7
’ EV of CHANGAN
Motor

/@S

_ Charging Equipment

G- -ﬁﬁ
ey

Charger

EV of FHC-Mazda



SRR AR B A
High Strength Steel

Sheet Forming | |
FEAEE, HEM TR WITR AR

Computer Model ing Ralnbow Beam
Otlmlzatlon - = Technology

—— R = REERERA
AEEBFHEAR % . 4 Light Weight Joint
, “Black Box ' i - AT

P2 AR =k
Rainbow EV \' B, e
BT T Emﬁﬁﬂ

Biodegradable Interior

RAHEERESIRES
Cmposite Fiber Body

E R Key Technonoy for Small EVs
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|Irn|l

I HEFE ., gEEME

Small EVs: Range, Energy & Weight Relationship

IR ERN N EARS SR NRIER AR, s, EEX, —K
A LL R e R IR
ERHEOR—E F, S EERNREERRKK, S E R
E—EMNE %Eﬁ? R EOREE, WESRAEmE, FRERENT
1A

BT 35 7R %%%%X%m,W%ﬂEMﬁ%%mﬁ%ﬂ
e CRE KRR %Mﬁﬁﬁ%'

RS Y, SR EEAAK N, SRR
A Ranee PERLTOR Enerey o 42 s i sagsery

B FLB))
Lead Acid Battery

w m
150km
m

'*\\

IRZE T Powler
i FH 77 5 28

Determined by Resistance &
Speed

,,’, | #E

7
72 H 72 Weight Difference




Intelligent Electric Vehicles
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Human being versus intelligent EVs

.- Future intelligent EVs Note on intelligent m
(intelligent life) EVs

System Essentially identical Diverse at current Potentially to be
g aRA:Ianial but evolving development stage optimized for given
e applications
Brain One Three: driver; vehicle- Emerging demands
(controller oriented; ITS/IV-oriented 1in coordinating the
) 3 ‘brains’
Energy Internal (control Internal (control Preliminary stage &
NN Al management, regen) + management, regen) + potential to
external (food, external (charging) optimize
drink, etc)
Thermal Internal control + Internal (control Highly challenging
il external (clothes, air  management for different
conditioning, etc) subsystems requirements)
Health Evolution: millions of Very new topic; hardware & Emerging & critical
IENEYS Sl vears (physical & software (control systems)
mental)
daaieankieer Clear performance Clear performance envelope Advances in key
envelope envelope & limitations & limitations while in components & system
while in slow evolution rapid development integration
St ene s Optimal & evolving Very preliminary at Significant
system current development stage potential & benefit

N R | N P AP



Unmanned Ground Vehicles (UGVs) in DARPA (Defense
Advanced Research Projects Agency) Grand/Urban Challenge

™

~16 Sensors total

= =1 S = iy h Eo
N o A < Velodyne
| i s multi-plane lidar 180° FOV, Continental
. 360°x26° FOV, 60m multi-plane, multi.echo  ISF 172 lidar
Grand Challenge 2005 a8 4 i 14°, 150m
. =] - Applanix
Stanford Stanley i GPS/INS
s SICK Scanning Lidar !
Ww—af'-‘,. A S 90/180° FOV, 40m
e - ' Rl - pE——

ARS 300 radar
60/17*, 60/200m

*Urban Challenge 2007
*CMU, Tartan




Intelligent Vehicle




Smart Mini EV




Internet of Vehicles
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G S el o sadd

' - W EC Cc operative Forum on Inter ‘- .Vehicle_'J(l;if-\';)'
Idwide Application Implementation
White Paper of Internet of Vehicles (loV)
1. Concept of loV

The Internet of Vehicles (IoV) is an integration of three networks: an inter-
vehicle network, an intra-vehicle network, and vehicular mobile Internet.

2. loV Technology Leads Industrial Revolution

The convergence of technology encompasses information communications,
environmental protection, energy conservation, and safety. It will become the
largest Internet of Things (loT) infrastructure. The collaboration and
interconnection between the transportation sector and other sectors (such as

energy, health-care, environment, manufacturing, and agriculture, etc...) will
be the next step in loV development.



White Paper of Internet of Vehlcles (Io)
3. Opportunities and Challenges of loV

The research and development, as well as the industrial application of loV
technologies will promote the integration of automotive and information
technology. Lack of coordination and communication is the biggest challenge
to loV implementation. Lack of standards make effective V2V (vehicle to
vehicle) communication and connection difficult and prohibits ease in scaling.

4. Reflection and Suggestion about the Development of loV

e Staged development and deployment of loV systems

e Strengthen policy guidance and support from governments.

* Promote deep integration of loV and vehicles.

e Cooperate to improve standards and industrial specifications.

* Plan for IoV data to be accessible as a resource to enable broader research.



Evolution to Autonomous Vehicles

Autonomous

Vehicles

oordinated €

- Cooperative

- Coordinated Collision Avoidance

uting
onnectec ptimized Traffic fransit-aware
Flow Signal Preemption

- Mobile
Communications

- Instant Asset
Tracking

_Real Time Trafflc In.I:S)Oll-’» © Connected Vehicle Trade Association

- Electronic Tolling

12/8/2014
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In\/ehicle
Infotainment (IM)

Advanced Driver Assist  Autonomous
SVSE ST ADAS)) /Self Driving

Visit us at
www..intel.com/automaotive
Follow me on Twitter @Intel Joel

intel)




Application

Intelligent Architecture Intelligent House Intelligent Transportation Environment Monitoring

Product Tracing

 — . 4

4

-9
Computing
Information Processing & —
Network Distributing
L b -
i -
Access

*Wireless & Seamless
Accessing

Sencors

*Information Collecting

http://wm.tongji.edu.cn
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Smart Cars & Autonomous Driving




Electric vehicles and Smart Grid integration

Smart Grid




Road condition sensor
Magnetic sensor
Vehicle distance sensor
Forward obstacle sensor
Blind spot monitoring camera
Drive recorder

Side obstacle sensor

Air pressure sensor

. Inside door lock/unlock
10. Rear obstacle sensor

11. GPS sensor

13
2.
3
4.
5.
6.
7.
8.
9,

Remote diagnostics

. Airbag
. Road-to-Vehicle / Vehicle-to-

Vehicle communication system

. Rear view camera

. Water repelling wind shield
. Seatbelt pretensioner

. Driver monitoring sensor

. Headup display

. Steering angle sensor

. Electronic control throttle

- Electronic control brake

. Fire detection sensor
. Vehicle speed, acceleration

sensor

. Collision detection sensor
. Pedestrian collision injury

reduction structure

. Electronic control steering
. Message display system
. Hands-free system




Smart Transportation Systems
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Rental Services




A Comprehensive
Design Methodology

a

-
%

S

AV

Sensor
Processin

Signal
Processin

N

Data I
Apalysj
Classificatio

Sensor
Fusion

”

Feature
Extractio

System
Modelin
Image
Processm /

Intelligent oV




Internet of Cars _—\ehicle User
Service Providers\




COMFORT ECOLOGY

Creating enriched and comfortable car i Optimizing energy use for the entire society and

utilization experiences for customers by l realizing stress-free and environmentally considerate E'ppart " ang?:ﬁ?‘:'m lkestyle l
providing a range of services that address |,' living with a high quality of life
various driving o AR SRR _ :
; e T — L ey ene®® High-efficiency power
situations [ Tcr,votapFriends e et generation system ...

See oy
) 4
'

- -

. ‘I ? .“.‘ l

Enriching |_v¢s
1 of Communities

[ Tratfic congestion forecast
« | probe-based traffic information

.\v > ot § :
G-Station s
reused"battenes -

0

Ha:mo NAVI b
Multi-modal route quidance °
@ i
. Pedestrian to vehicle ; U R I Lt
. communication system o ' SR ! L=t
. < Vehicle-to-vehicle : Car sharing system using
. e communication system ultra compact electric vehicles
g5 /s :
' ) - ' OK! g
LI ({4 :
~ P S
((Advanced driving support systems SR g
SAFETY = /7 teeseaiii. . \CONVENIENCE
L I .' . . P LA .

Toward the realization of Toyota's ultimate goal: Building a stress-free traffic

zero casualties from traffic accidents **:’fg# é environment where everyone can move

around smoothly, exactly as they wish
For further information on Toyota's safety initiatives, " DU RS S
nleace cee nn 72-25 and alen the wehnane halow Pag
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