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First EV car race started in Japan ww.o7

At 15t EV car race , 2 Taisan-Tesla win the 50km race (average speed were 105 km/hr)followed by 4 I -Miev.
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Chalienge of popuiarization of EV [1]
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BATOESESEE R -ERE~DHE (2]
Challenge of popularization of EV [2]
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BATOESESEE R -ERE~DOHE (3]
Challenge of popularization of EV [3]
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2. The birth of ECO CAR race

Photo of top team at first Eco car race ( 1995)
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World Econo Move (EXIBEIEDECO CAR L—X) [ZDLVT[2]
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World Econo Move (EX
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World Econo Move (EXIEHEIE®DECO CAR L —X) [ZDL\VT[4]
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3. RETHERILIEMDEREICEATSIEREMYFZNDONT

Performance and handling method of battery for car race
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Battery management In car race
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Specification of FT X 7L—BS battery

Type INFREESE NIy ~10°C, 504 fkEAE e Q{Jfgg\ y
B i Voltage Capacity Discharge time Voltage after 5 min HE
(v) (Ab/10iR) | PR () s R (V) (% ke)
FTX7L-BS 12 6 1.7 9.7 2.4

ad d =
ABNIIVIIVUUCAUAD T

s = 4 s ~ o s o A ~
Gluﬂ'l'i‘f[ﬂﬁmlumﬁﬂ51%1%}Lﬂ§@\1%1§mluu'Vlﬁ'liJ'lﬁﬂ‘]J5‘]Jﬂ'l'iGlf'lﬁﬂ??1)'3ﬂLLﬁQﬂHﬂQﬂLLﬂ%ﬂﬁgllﬁﬂQﬂ

o . o Al

@ m35aaenszua0. 64 (0. 1CA )ausih ldussauitnuames g 14.4 ~
9y v
4
15.0V (vaziinuamaiazgnaislszana 90~93%)
] ng 4 I o
@ vidanniumFaaenszud0. 3A (0. 05CA)Tlunab su. (Mlduuameign
s A 2 <
FIFUNNUVUDN 30% 1111 120%)
J dy o Y = g I A Y Aqgj

@ stz luuameIgnsuannauNlseumis. 5 ~

3 v 1 a 1 s
15. 6V (ludnaunguvinil 25C Huamo3og luanIngs o)

Copyright - Thai-Nichi Institute of Technology



o
=
B

Capacity ratio
k

#

—~

%

—r

;
shh
D
D
@. r
o I
V. m.l (i il
o p=x \l\ .—_
d 1 \*l_.
(] O[T &
@ SIS DTTHE
e ) ) MNV N
U .--J\‘. T RE==:
H o )
0| | LN INLL L bk
\ \ iy
-~ / d |._7 N
=N s il i
N \ | -
< NN |
>N \ N B Eg)
— N\ -
a NN N // CNI
7
> NN I
S NN
T ¥
— =N Pg r/ \
+— ,ﬁu ~N P // ///
(= L . \\\ // N
Ot NG|
C asnliie N N
.lmm N ////
T§ PEEN
I/II
™
o o o o o () ()
S (@) (o @] [ Nej LO <
—
A

10

Discharge hour rate

JoCRE W fR = (HLR.)

Copyright - Thai-Nichi Institute of Technology



I__I'V_/

I 1 4\

—'\

tﬂlii

—RClz BHIR
LIJ ]|/ 197)

BRETE(OPENED)ICKEFTEBEREDD

|
—

/
\
Tk
h

'.I

Open circuit voltage at every charge state (Battery FTX 7L—BS)

13

Open circuit voltage
12. 8

L FH S i

Y B ZmT O

10 21 el Al 5] ol Fil 0 i 10C
ZREE (%) Charge state (%)

Copyright - Thai-Nichi Institute of Technology



" B

120
Capacity ratio
§
& 100
L
$
90
%
T80 =
70 —
//’ 200C T TOHIR. A 100%
60
-10 0 10 20 30 40
B (C) Battery temperature

Copyright - Thai-Nichi Institute of Technology



13

Battery 12
voltage

stis ||

10

femp=25 C

=
)

N

q
q

(wN»l

4 b 6 1 § 9 10

HENME (%) Discharge time (hr)

Copyright - Thai-Nichi Institute of Technology



Discharge current vs dischargeable time

100
70
50
30
20
Discharge
current(A)°
7
ﬁg 5
i
. 2
A
1
0.7
0. b
0. 3
0. 2
0.1

1 2 3 5 7 10 20 30 50 70 100 200 300 5007001000

e se e (s3> Dischargeable time(min.)

Copyright - Thai-Nichi Institute of Technology



" J
3 +4- == D . == LN
RR YHEM - FTX7L—BSH:FEH
Conclus.lon of battery for carrace FTX7L—BS
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Characteristic of Batteries
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Lower gasoline consumption

CO2%F H E B3R

Decrease CO2 exhaust

BAIXRILF—EH

Utilize natural energy

BIRLF—

IxILF—EE
Energy Problem

Effective use of Energy
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D EENL Electric vehts

BEMDTFH
Electricity storage
B KEARESFOEH
Wind . Solar electric generation

SHOERE. @£, YATAREY

Stabilize of Storage of Electricity apd
egenerative power

23




BATHOZREAMDRTREEL
Battery Sale forecast of Japanese market

Battery Sale forecast by Battery — Expansion of cycle use battery
industry Assoc. up to 2020

Er 20204 :1 kM “REDFESERS (BFELEHI F0EHOTH gyroim
1 trillion Yen market by year 2020 Li-ion
FAONA—ZRHTO=yy [ EHew
JLIKEBMIE. VFOLAFIC 1,200,000 lZ‘V_"T)WK%
FAiThEL %, BRi S DL TS, NiH
Cycle use will shift from NiCd to 000000k g
Li-ion battery _all | O=AhRE
Frh LBt LB % 5 i e
SSACE & R r
Half of Battery are Li-ion and Bio OEB7ILAYR
battery will appear in market 600000 1 m-l i} MR 7ot st
Industrial lead battery
: 400,000 B EX£RANKESEH
increase by cycle use " Lead battery
ﬂﬁa) Eﬁiﬁgﬁ%iﬂ“ 200,000 III
World market forecast I I D EHERLE
m JLLALEL LU LLLLLL LR Car battery
20124 3.6 trillion yen §EEEs383555588888¢8¢888¢8¢8¢5:883¢833¢83¢8

m 20204 5trillion yen

= 7.6% annual increase
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Definition of Battery

BMEF BERIRILF—ZHL-ODEBMEED—D,

Battery is one of Electric energy conversion device

RFHAIRILT—

Nuclear power energy

@xﬂ%ﬂﬂD BERHE @

Physical battery  Nuclear power battg

— =S HFEM

Solar energy

KIEE Electric energy
Solar Cell
Photovoltaic

BLRE ﬁ

Thermal conversion bat

BT RI)LX—

Thermal energy

Caonvriaht - ThaiNich
L 4 =4

= !

S
—REith (%%ilﬂ)

Secondary Battery

Rechargeable Batte

Technology

(e )
%*:l-%}[ﬂ Chemical battery

Fuel cell

— = HES

_ ;k %;’ﬁ]’ Chemical energy

primary cell
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s MADFEZE Type of battery

battery
| |
Physical Chemical
battery battery
/ | ]
f;'lar z:ﬁ ' Primary | | Secondary
battery battery
Manganese dry battery
Dry = Alkaline dry batten
battery % o
/ Nickel primary battery
. Lithium battery
i
Button .
battery g Alkaline button battery
'?E: Silver oxide battery
ith
Zinc battery

Lead battery

I
y
Small §_= Ni-Cd battery
Slze ~_
Z'EI Ni-MH battery
C | [ Li-ion battery
Lead battery
h
j( Ni—Cd battery
E_E Ni—MH battery
s Li-ion battery
L L
size ==

Battery = storage battery
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Definition of secondary battery

“REME, TEE#R]. [FEEAEMI] o0,
EREICEYBRLERANEELIEFERDIE,

Secondary battery can be called “storage battery” and “chargeable
battery” , it is chemical battery that can be recharged many time.

BATIIEMOIIREA(EICEEE) ICAHALLNATE

DAY L= ~-I'I'lflr :\\n—-—l  J—

I1ZigE B/ALaT 7/ NJT ) (battery)Lr--' A 7-%7":%*'3' )

H Ln;.ﬂ*f{ﬁb’hafl/\é Same meaning as “battery” in car
< secondary battery . battery. rechargeable battery

storage battery > 4% <547 (Wikipedia) &Y

N
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“—REMDEHLONT DFERR Use of Secondary battery

AN A—XABMN B CHRERASFICESR

Develop from cycle use to industrial use

m Conventional use (standby use)
Start of engine emergency power source )
Normal use:continuing charge with small current
Electric interruption discharge=deliver power

Long life and few maintenance( few discharge cycle)

153 %7

New use (cycle use regularly repeat charge and discharge )

Constant volumn charge and discharge everyday

EV,P-HEV, V —industrial vehicle— EV trend
Electric storage system (with Wind or Solar power)
Demand increasing of cycle and regenerative charge

Control of charge state= SOC
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F_Ib I"‘IIECd I"‘l‘IEIlV‘IH Li—ion Li—ion Li—ion
Cox) | Mnz) @ (Fe®)
1IE4R +pole PbO, NiOOH NiOOH LiCoO, | LiMn,O, @ LiFePO,
#® | &4 pole | Pb Cd | MH(H,) C C C
2 EHER Sulfuric | Alkaline | Alkaline LiPF, LiPF, LiPF;
electrolyte | Kigi®& | Kiai®k | KiB&k Organic Organic | Organic
B{EBE/ I 2.0 1.2 1.2 3.6 3.8 3.2
voltage/cell
Fap life A O @ A A ©
EEERE X A A © O O
weight
H HERE A O O A © ©
output
T Esafety © © © X X A O
AP cost © A A X X X A
YA )recyle | OBMIZ | AWEHM | ALEHM | ALEM X ?
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¥

Battery capacity and its application range

M A E battery capacity

WEEEIE /Yo PC
EEHs BIA

Electric tool

mobile
—iREX BHHEE

P-HEV

HEYV | Industrial power communication

EXBEHEEY

How is safety?
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g / g = 17 = HLILLVI IUTA

Comparision of Li—ion battery

Cobolt Nickel Manganese |lIron phosphate
g 2 2 2 4 4
+pOle material
Energy density ©
Power density ©
vy )
= Thermal sti%ity
Cost
cglér ;

Over charge

=RREMLEARIN TS, R&D of new three elements battery
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v - 1 v

Development of industrial large size Li-ion battery
BERE - RIEXILZEM consider safety and environment

ARBEIZHEUN risk with large size
@FEI Fﬁ’l’étig j( More danger FBdevelopment

Increase internal energy volunm

(L

Development of
Lithium iron phosphate

- decrease of relative heat dissipation Pole material
@ﬁi‘?ﬂ:EShortage of resource >
. Development of water

extensive use of rare earth element Co, Ni -

®IRE B A K Big Environment load

utilize of organic solution during paste process
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Il;l ) \/ﬂ s/é :_ I-P 'u‘(\. nnnnnnnnnnnnnnn hatt o
g 7/ S v | I w FELI VS J—UTAVUIIIPGIIDIUII of Li—ion batte Y

Lithium iron phosphate is strong for over charge and safe to use

FREYE | ZY7ZIUR | ONLRR | XVAVR | UDBHER
LiNiO,|LiCoO,|LiMn,0,|LiFePO,

DEERE #200°C | 8250°C | ¥9300°C | ¥M300°C
decomposition temp SEL S ) ﬁ'}\ ﬁi L Eﬁ L)
AREORRE | $91330J |KW770J/9g|K230J/9g |H150J/¢
decomposition heat s L2 ) 5%%; L Eﬁ 0
oxygen discharge BREHNEHZH W R (& H 7 L)
. Ef}iﬂéﬁty low fairly low Fairly high Extremely high
EIZ5HL E(CHEL

74 MEsafety low fairly low Fairly high Extremely high

N e —
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O—R~w T (F## i ~22) Roadmap

voltage

EBREE(V)

HET

D3 i<y Battery technology roadmap

" 1000Wh/kg

o
noy ESABEEIFY LAY
i 5 —RE M ($90.2kWhiR)
= i Li-ion battery for EV (0.2kwh)
- UB
(BRITR) \

(HIRIILF—FEFEHREL.
[(EMOFREEER
x BEEE]EZRY
(2) * [FIRITHEIML~)L

200Wh/kg
AN , LIB
| 4 ToTT Dattery // @
\ ﬁ-iﬂiﬂ:ﬁzl'_fﬁﬂl_’.
AR N T T T T e~ - -
— X @rpmm Zing-air battery | < BEHFAUE®
200 400 6 1000 1200
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Eg,;ﬂ_‘,’\@,ﬂ d-: future expectation
BARIRILF— (AN -KENLFHKE) BTE i
Storage of natural energy ( Wind/Solar system)
TEZAMEIBRLUN high efficiently charge
HBRFMEM long life battery

%j] %\ﬁ'h %ﬁﬁ%'»ﬂm connectivity to electrical power system)

HEVE, EVELGERIEX G BEIE, EithEREEE G

Applicable to HEV, EV and Battery electric train
TEZAMEIBRLY high efficiently charge

INBV R E 71 FE iismall and compact battery

=& = high capacity, long distant drive
HiE . Z2T, BERENICE

<

YAV A e E MR

Common use, safety ,abundant resource and possible to recycle
i IE7Ea R cost effective

(‘npl ghf - Thai-Nichi Institute of Technolog
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FhEEIL AMIE DAanA miam +~ V7
FF+1L°7>MV/1H R0OAU 1lIdpP WU EV

==

=
X\
widemanann EV (Motor, light weight body. Low transmission loss. low cost,

long distance run) ésdeams Breakthrough gnina fhgiudaian HEV -P-HEV idluvdn

11|
Wil

SvauamosdseaninmadldduSanazadullly EV

Depéndency\on battery .‘

Conventional
vehicle

Yok Rt $5F o= el

Development of new technology

Environment effect (save energy-less CO2 emission)
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Electricity storage system

(Battery only)

71200Kwh

ey

Y a d' d' a\
Ao UAMUIATOINUNYNTY
280~350°C
razaeamsnad iinasy
Y = o w ] =
Ap9NIN3111393nH10819A

—lmansetlesnudasssuammui

2011%

Y

INVINYAM INAUUIND
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I /. LA, | hatto rv
JJ /=T S BB Li- IUIIIJa.l.l. 'y

SERMESE AT L (JREAXR)

Battery drive Electric train (JR East Japan)
B FE P wuiﬁﬁﬁil‘ﬁEXperlmental train  EithEP1—)LTLIM30H—8A |Battery module

Electric section: normal electric train operation _
Non electric section: Battery drive electric train Battery structure 21series 9 parallel

Charge battery at station Power(kwh) 163
Nominal voltage (V) 604. 8

Test run at main line
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BEBATLDE F;ﬁDevelopment of Electric storage system
— 2101 2012 WaunlH Tt unNdINvaNtazwaINULaIINad

9y il A oA A = 12011-2014 lugTsilifinnudosmsiindumuiiei
( NYUYBIINYIN quﬂuulwumﬂﬂm

Smart grld ?uﬂszmmfl"l]u T3 lihwdsauvnalug) @ 595 1700,000kW  (vina 2MW d1wau 850im304)

(Iﬂiﬁﬁlhﬂﬂﬁﬁﬂﬂ"lﬂﬂﬂuﬂﬁzmmﬁﬂu uandanufianudumuia 630,000kW  Jsdeamandsnmaiunnssuuoy

% =X ) %
NAUHINATIAANNTIIAIVUANNAINIY S A
) jﬁ 1 ' ¥ [‘E\’ﬂ%’gzmmmzmu UB-1000 % 192040uX 15%a
ﬂ?ﬂ‘i%ﬂﬂﬁﬂﬁ]iﬂﬂ'ﬁ'ﬁﬁlyﬁm)
=2 8 80 &weu /1)

(feams Micro grid Tums
AIVANNAINUTINDINGITNTIA)

T5a'lWihndsauiivina 630,000 K W 1wt

Invhwdeasoiadmaan 1sa lniw

9n3189Uv09 Regenerativ
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@ Apply Fluctuation control technology @ Apply Electricity storage system technology

= I unSiuyiine = Power conditioner function

) =3 %4 o > =
A o [ [-% 94
* e inihwasnuanvinadn wulumse ssyuivazaundsaulilihdmivangndu

meaellih

* Tsawdalnihwdsanmaseringviialng ——

* Inlihgnidy flosnusbsssuria Ivtéin

Triaaenma (lvluasana da fudu)

nsaanuda v

Cut d d ..
P M Solar electricity storage system for demand cut

<«— Discharge

WAINHANVHIAE

Electricity
demand

LA
T— Char:

Solar system
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EEL AT LD ER-Hybrid system®
(Start operation in Vietnam from Nov 28,2000)

. i

<Supply 3 hour/day to 32 villages>
OChildren study at night time
OMedical service in hospital
OWatching TV at home
OWork at night to increase income
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ZES 74D ERTHybrid system

Structure of hybrid system at Vietham

Silicon solarcell 6 . 72 kW, 5 6 1
( 8ES- 75) , 16. 9V /

module , slope 4degree

= § I

(arrayarea : 4x14m)

1.8kW permanent magnet generator,
cutin3my/ s ,rated 12 . 5m/ s
750r pm, 3blade: 3. 6m
FRP

V Auto feather wind speed : 17m/s

height . 1 0m

To each house

............... 4
1
WaL:
ﬁ
KA
//
Sealed lead acid battery ( SLMseries ) , 1 Input control, Charge discharge control voltage monitoring
200Ah , 50cell, 1.8-2.4V— about operating time monitoring
100kWh
Area aboui & 0 O 17 Power, current voltage, frequency, energy measuring instruments,

voltageDC 90~ 120V

meteorological data observation data logger, Inverter 7.5kVA
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BUATLDRERsolated Solar generation system |
(FasitiEELEE  ARMRLAM: 20034F/108 ~2004F/98) |iLm T-4R15%E)

3 0 0V system
RERH(ER)
—_— 4 8V system o
Current CT 0 223?%
200 " 420028
250A 2.5V o *
150 [
ﬁ é
ﬁEIDU J
50
0 L L L L L L L L L L L
I D 1 R N R
Voltage, current data F

Load side

Voltage current date current data

Solar
generator
data
BCW3 BCW3 x 4
Continuous Continuous
measurement measurement
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—ff—

=T=1 .0 —
%Ei?XTAE!ectricity storage system (50KW peak cut)
1 AT LU
Table 1  System Specification
HE ==
H&EW A FCP-1000
Sl 156
e =R 10004aR
battery WE 312V
4 edf—=4inverte] SOEW B AEA -it— 42
A load TRFAME S0kW
line
wE s
battery : =48 AC 200V
inverter
-
70
1 o “ed{_ oy
s . . CL
e ® r—r load
THAN
(IGEMES X G)

i ir A7 LR
Fig5 System Configuration
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e 355NN —_ . .
x%Eg“/ZTA Wind power and electricity storage system

jul]]

Be):BAXEBDORIN, FiFk

Objective: To absorb fluctuation of
wind power generation system

H3 TRt
Figd String of Batiorios

—
EFGREHOMSR -
AR O B8/ Eit -
g

l

s

development of long life lead battery

ROEhER
Figd  Inverter
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"' BB 7 FARIE#ERE 1 Japanese sea DC backbone project by Kumagai

H1sawas lWinwdsnuauiavy
wnfitiies Akita uazYamagata

wasaunzaansowaa 1 ldunda

7 MW Tasmsaeweunaseenuia luih
Y] (% Y 9 [ 9 1

WaInUaNra1e @ty udraa i
nizudasamanaaon lanzaqiiu ims
adnaoiisudelihiimezae tazana
v Y v ¥
Ruuils weoudaudulwihnszuaadud

U

aorounuszy IWihatiegi ldanse

- o raniiiigs AR
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System outline chart

Community Energy
Management System

Gas Engine

Electricity gemeration system

Building Energy

Management system

controller wind bower Solar|power )

/) /) '::'—:;’
] THED | ] ol I | ZEf AR ower

« gonditioning system
| sensor T | T |
L, L, A
supervisory
CEMSH BEMSFHE
Battery Battery
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Li-lon battery for space use
~[Hayabusal Project~

Launch on May 2003

Round trip 2.5 year

Self hod

[Ttokawa] planet

-----
a7y ¥

Sample rock from
[tokawa planet

World first time to use Li-ion battery for satellite
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] '—T—r'7 A/(7|' 'F:Ef | i-ion batterv for <
J E Li-101] Dallely 106 S
7+ 1 [R¥piz] BUFOoLA+ - BhOEx
Table 1 specification of Li-ion cells for HAY ABLISA
spacecraft
Raled Capacity (Ah) 13.2
Sze WxTxH (mm) 69.3 x 24,4 x 132
Mass (g 570
apecific Energy (Wh'kg) > BS
Volumeiric Energy  (Who1)

Li—ion battery for Hayabusa
13. 2Ah battery . (11 cell set)

Copyright - Thai-Nichi Institute of Technology



Pattery for Hayabusa

P 5EDBETED RO

-

-

RER BRI
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Mg R (+ 1B LS
' Mag Fuel gell battery (ih+idlueime)
nlasundsnuaiindiedly Mg esnuuilundsnuldila

Mg Fuel cell :1464mAh/g
(Li battery: 150mAh/g)

QU

= 1 R 1
HNAWNTHUTINNITON 5 Y10

«hu (Mq fuel cell mugssuii)

= swina (Mg fuel cell wuudssuii)
-sosus (Mg fuel cell nvangslusa)

= 501 saita ( Mq fuel cell mdagdusa )
Tssu ( Mq fuel cell mugagui )

MgFC long time experiment
(115mA 108 LED)

G- F-AF7Y7 (A EI-—ZUL)
EE X AR T 22 - KBILINF - E 7




B SAIZEATF I S DExpectation from all participants

= vy U | ] A Jd
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ABDUINDIN
MsFana o SeudaineinisduasJuil
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anuladeio . §luseanivegilassnaziluguus
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ABEEALKVWCHFLERT,
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