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Fig. 5. DOE Energy Storage R&D program.

Table 1. Technical Targets of Long-Term Lithium-Polymer Battery
Technology for Electric Vehicles

‘ ’ L. L “:Calendar Year.
Characteristics Um.\ts“ 908 T . 2000

Power Density WA 365 450
Specific power W/ikg 250 300
Energy density Wh/l 160 195
Specific Energy Wh/kg 110 135
Life Years - 10
Cycle life (@80% DOD) Cycles 750 1000
Power and capacity %
degradation allowed 2 20
Projected price®@20K/year | $/kWh - -~ 150
Operating environment T -40 to 65 =40 to 65
Recharge time Hours 6 6
Continuous discharge in 1 | 75% of _ B
hour(no failure) capacity
Self discharge % <15%@48hrs | <15%@48hrs
Efficiency” % >75 80
Thermal loss W/kWh <32 <32

#Cost to the original equipment manufacturers
°Roundltrip charge / discharge efficiency
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Table 2. Specifications of Li-
Polymer Battery
Module for EVs

Specifications | ;. g | Module
Weight (kg) 148 | 157
Volume (L) | 098 | 11.0

Capacity (Ah) | 119 | 119

Energy (Wh) 303 | 2425
Specific Energy

2
(Wivkg) 05 1 .15
Volumetric o
Energy (Wh/1) 333 220
Power (W) 615 | 4,923
Specific Power

3

(Wke) 420 15_
Average
Voltage (V) 255 | 204
Cycle Life 600 600

(@80% DOD)

% Voltage & capacity of LPB
pack is 326V, 110Ah.
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Table 3. Battery Commercialization Criteria Identified by USABC

desired)

Phrsmeter | Mid-term-Criteria’ | Commercialization Criteria | Long-term Criteria
{ Price <$150/kWh <$150/kWh ($75 desired) | <$100/kWh '
' 1 _ 1000 @ 80% DoD
Cycle Life 600 @ 80% DoD 1600 @ 50% DoD 1000 @ 80% DoD
2670 @ 30% DoD
Range @ Life S o
(Urban Miles) 100,000 100,000 100,000
| Calendar Life 5 years 10 years 10 years
Power Density 250 W/L 460 W/L 600 W/L
Energy Density 135 Wh/L 230 Wh/L 300 Wh/L
Specific Power 150 W/kg (200 Desired) | 300. W/kg 400 W/kg
Specific Energy 80 Wh/kg (100 Desired) | 150 Wh/kg 200 Wh/kg
Regenerative _ '
Specific Power 75 W/kg 150 W/kg 200 W/kg
End of Life 20% of rated power and | 20% of rated power and 20% of rated power and
(EOL) C capacity specification capacity specification capacity specification'
Operating ) 20% Loss at extremes of
ons . T . o AN o
Performance 30T to +65TC 40T to +50TC (10% 40T to +857T

Normal Charge

6 hrs, 20-100% SOC

6 hrs, 20-100% SOC
(4 hrs desired)

3-6 hrs, 20-100% SOC

High Rate Charge

<15 min, 40-80% SOC

<30 min @ 150 W/kg,
20-70% SOC

(<20 min @ 270 W/kg
desired))

<15 min, 40-80% SOC

Off-tether Pack
Energy Loss

(<15% in 48 hours)
Self discharge <15% /
48 hrs.

12 days: cumulative loss

<25% with some

performance loss @
extreme temperature limits

Efficiency at EOL | 75% 80% 8096
—— :
Thermal loss <32 Sef;’ys‘illml(:v‘sth no Thermal loss <3.2
W/kWh pertormance 1os W/kWh

(<15% in 48 hours)
Self discharge <15% /
month

Table 4. R&D Target of LiBES Project

Wh/kg 2 200W/kglo 2

A 1diEolH,

47

A7)
EVE

shall considered.
Characteristics under EV
application (temperature and
vibration characteristics based
on the driving mode, etc.) shall
be satisfied.

Item EV Application Type Stationary Type

Batteries 3kW class module 2kW class module

Specific Energy(Wh/kg) 150 120

Energy Density(Wh/1) 300 240

Power Density(W/kg) 400

Cycle Life(cycles) 1,000 3,500

Energy Efficiency(%) 8 90
Battery control and protection | Battery control and protection
system for maintaining safety | system for maintaining safety
and cycle characteristics shall | and cycle characteristics shall
be developed and installed. be developed and installed.
Safety issues concerning the | Safety issues concerning the

Others environment and recycling environment and recycling

shall considered.
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Table 5. Original and Amended Working Schedule of LIBES

Project
Schedule (FY) [1992 {1993 | 1994 | 1995 1996 1997 | 1998 | 1999 : 2000 | 2001
Phase [ 2 Phase 11 2 Phase I11
i Sc P 5§ i
: H E-S H b= !
The basic plan Elementary Study E %1 Study for scale up E_S; Ty eﬁ:g}ﬁ"';.d
before amendement £ E8 >
e <%
7] =
— [a]
s
: 8
Phase I ,; - % o g Phase II - g
Bl s °2 2 g
Amended basic pl ESl 3 S g @
mended basic plan 2 2 -3 2 —
@ E ag ¢
—_— E [++] o
)
Development of . Scating up(250 & 360Wh
High Performance ?1%3: fc::f:; performance cell Fabrication of module
Battery Improvement of performance and safety
Market entry scenario Performance tests, Abuse tests
Total System Study System design Cost analysis, Recycling
MITI
AIST
New Sunshine (NSS)
{ ]
(R&D) (R&E)
NEDO Osaka National Research Lab.(ONRI)
] Electrotechnical Lab.(ETL)
National Inst. Of Mat. & Chem. Res.(NIMC)
LIBES :

|

1. Module

Module for stational, composite Pos.
Module for stational,composite Neg.
Module for EV, Positive mat.
Module for EV, composite Neg.
Carbon materials

Non flammable organic electrolyte
3. Fundamental Research

1. R & D of future type lithium secondary battery

Sanyo
hitachi & Shinkobe

Matsushita

2. Future  High polymer solid electrotyte Yuasa
type Li battery, ti meta | Denso
batteries Li battery, Ni series as Pos. Toshiba

Mitsubishi Chemical
LIBES, Universities and so on

Japan Storage Battery & Mitsubishi Elec.

2. Total System

for their safety

1. Analysis & evaluation of system introduction
Test & evaluation of large scale batteries and modules
2. Test & evaluation of farge scale batteries and modules

CRIEPI

NTT

AIST : Agency of Industrial Science and Technology
MITI : Ministry of International Trade Industry
NEDO : New Energy and Industrial Technology Developement Organization

Fig. 6. R&D organization of dispersed type battery energy
storage.
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Table 6. Performance of Developed Prototype Cells of LIBES at

1998
Discharge Specific Energy .
TYPe | Capacity(Wh) [Energy(Wivke)| Density(Whl) Cell Design
Elliptical cytinder
EV Type A 400 140 310 LiCoy 4sMgo 01 Ni o Oy/LiPF, in
EC+DMC+DEC/graphite
Cylindrical
EVTypeB 310 t 215 | LiMn,O,/LiPF, in EC+DEC/graphite
Station Cylindrical
Tros :’y 270 120 240 LiCo, ;Ni, 0,/LiPF, in EC+DEC
P /graphite-coke hybrid
Station Prismatic
Troe ;’y 258 105 239 LiMn,0, /LiPF, in EC+DMC
M /Ag-dispersed graphite

Table 7. VEDELIC Work Packages Description

Beestiption by - i dér. | ted in
3 Synchronous Moteurs
New electric | brushless permanent Leroy-
1 power train | magnet motors and Somer | 11/1997
development | electronic control (Sagem,
system Ensma)
New Li-lIon |3 Li-Ion battery SAFT
2 battery system for lab. charac. | (Eigsi, | 04/1998
system and for vehicles Ensma)
Vehicle 3 Demonstrators 106 .
3 development | Peugeot based Heuliez | 07/1998
Vehicle . .
4 | electric Blectric vehicles SAGEM | 03/1998
development
Tests of battery
systems, electric PSA
5 Tests power train and (Eigsi) 03/1999
vehicles
6 g;ﬁ:;al Vehicle cooling system ENE M 07/1997
Laboratory . .
7 | development gg‘o"’ra‘ifcmc vehicle | pigsr | oas1997
and building Ty
Vehicle .
8 maintainance Heuliez | 03/1999
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1. Energy to weight ratio :
100 Wh/kg after 50 cycles, 75
Wh/kg after 800 cycles

2. Energy to volume ratio :
170 Wh/

3. Power to. weight ratio :
190 W/kg at 80% DOD

4. Power during 5 min at
80% DOD - 38kW

5. Cycle life according to
CEN standards : 800 cycles

6. Voltage : 220 V

7. No preheating, fast
charging capability (412
Wh/min restored up to 8% of
charge) '

8. Maximum weight of the
entire system @ 280 kg
ha X1 1] Tests
package®ll = battery bench test
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1. Setting up and launching’
of the whote system

2. Complete electric  and
thermal characterization of the
battery system

3. Battery characterization in
complete power train tests

4. ‘Cycle life ‘tests under
standardized cycles
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Table 8. 25 kWh Battery Performance

Summary
Chiaracteristic | Achieved
Volume 147 1
Weight 247 kg
105(@ ECE),
Whikg 94(@ Constant Current)
152{@ ECE),
Wi/l 136(@ Constant Current)
W/kg 270 @ 80% DOD
Charge Time |6 hrs
Energy Fading | 5% / 50 cycles

Table 9. Road Test Batteries

Project RVE 2000 : VEDELIC .. i,
Renault Megane
Car Scenic Peugot 106
Battery Si 30 modules 14 modules
at. Ty e 1 container 2 containers
Battery 130
Weight 270 kg 30 kg
Energ 289 135 kWh(ECE)
8y KWh(ECE15)
Traveled 800 km as of 800 km as of
Range May 1998 May 1998
T_able 10. Performance Target of 2nd Phase of PREDIT Project
Speclflcatlons - CeH Madule
Energy at C/2 150 Wh/kg 120 Wh/kg
Peak Power at 80% DOD 200 W/kg 160 W/ke
Cycling at 100% DOD 500 cycles 500 cycles
Cycling at 50% DOD 1000 cycles 1000 cycles

Others

- Pilot plant in operation

- Module safe and recyclable

- Industrial projected cost :
200 Euros/kWh

2 9 full cycles(108 km range)
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France), Schneider Electric,
CEA(Commissariat Energy
Atomique) % CNRS(Centre
National de la  Recherche
Scientifique) " §°] A1 9
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rate®] WHOB cefl®M 150
Wh/kg, moduleEA ¥ 120 Wh/
kgl “IEUAEEE, 100% DOD
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materials®] recyclingg $1&
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1. the recycling of 80%
weight of lithium contained in
the battery

2. the recycling of 80%
weight of  vanadium oxides

contained in the battery

3. the recycling of 80%
weight of lithium salt contained
in the battery

4. no emission of
components and gas

5.  the
demonstration of 200 kg/month
battery recycling device
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Table 11. Specifications of VARTA Li-Ion Cells for EVs

Specifications Cells(ref 9) E }\gg‘)d:;f:gg
Weight (kg) 28
Volume (L) 16
Capacity (Ah) 60 ; 60
Energy (Wh) 250 2400
Specific Energy (Wh/kg) 115 90

Volumetric Energy (Wh/1) 270 160 @ C5

Volumetric Power (W/1) 800

Specific Power (W/kg) 340 @ 80% DOD 250
Average Voltage (V) 4 40

Cycle Life (C/5, @80% DOD) 500 cycles _>800 cycles
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Table 12. The Road Map of G7 EV Battery R&D Program

Schedule (FY) [1992 1993 | 1994 {1995 1996 1997 | 1998 | 1999 | 2000 2001
The R&D Phase ' i i i ; * +
P Phase I
of EV Batteries hase _I ase 1 Pha:se 1
Nw/S - o
Be =
2= 95
NifZn ES £5
i E £3
NiMH =5 £ )
2 -2
LIB - z .
LPB

Final Evaluation

Battery Battery Life { Battery Operation
Cl ics ¢ Cl

Electrode
c h
& Safety

s2Years | >2 Years - H
24 Years | 24 Years

Laboratory Banch " "7 Teststand . U nvenide -
Battery D.velup‘,/_/“__:‘::;obllo Manufacturer
iy vama” ST T
s w” 5

Fig. 7. EV battery evalustion : key stages,
objectives, and lead roles

Table 13. Developed of Large Lithium Ion
: Batteries for EVs and Energy Storage

i

i o A HC. | Grahpite Grobpie” Grahpite | Grahpite  Granpite i Hybrid CiCompui A
: o« Cathode | LiCo0, : LiCo0, LINIO/M, LiMn,0, Co,Mg.Ni:LiMn,0,: CoNi [LiMn, 0,
{ Cell Configuration | ‘95~ | ‘95~ 95~ 95~ 96~ 97~ 96~ 96~
i o Design Cyindrica) | Cylinrical Cytindriva)  Prismatic ; Esiiproidat | Cyfindricat | Chtindrical | Prismauie |
i o Capacity(Ah) 100 1§ 44 60 110 100 0. E2
ieWeightkg) | 33 | 38 1.10 217 1.4 29 227 27
1 o Volume{l} 4S5 17 0.49 093 0rT ¢ 136 113 12
Module I W~ L 96~ 9T~ ;9T | YT~ 1 9T~
o EnergylkWh] : 29 39 095 | 24 | X] 3.0 20 14
PGS @) @S | (10S) | @I [ @S) #3) @)
@ Speciic Enerpiwmigi 100 94 128 ;90 90 105 110 8
+ & Everpy Destwnm & 160 135 202 ; 160 160 223 162 138 ¢
: Battery Pack {98 98~ ‘98~
{eEnergy(kWh] | 35 25 25 - 40+
i o Spectcknapimng | 90 1204 9. 102*
| o Energy Dersaowwn) © 150 - 136 145
"% o Spechx Powerwnn | 300 200¢ 270 205+

« prujected performance based on 1996
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Table 14. R&D Programs for Large Scale Lithium Rechargeable Batteries

Consortium)

Communities)

Country U.S.A. EC Japan Korea

Purpose Electric Vehicles Electric Vehicles Home, EVs Electric Vehicles
PNGV (Partnership | JOULE (Joint OPROTL-| | 1 (1ithiym Batt-

Project for a New Generation| Y ery Energy Storage | G7 (Global Seven)
of Vehicles) tional or Long-Term System)

Energy Supply
USABC (United State | CEC (Commission of
Prime Organization | Advanced Battery the European MITI / NEDO MITI / MOST

3M, Hydro Quebec,

SAFT(fr), Harwell(uk},

KERI, STC, KAIST,

Prior Participant ANL, Delco Remy, VARTA(de), LIBES Association HMC, Kyungwon
Valence Innovision{dk) Samsung Display
Cell System Li,C/SPE/LiMnO, ,_L,'IC,Q(,)VE)/Z 51%,?2)% t,‘f{d‘jg’z /Lfig ,3552 “xf{f_’x%ﬁ‘v SZPE/
Pack Capacity 40kWh 20kWh 45kWh 20kWh 30kWh 25kWh
2 Cell Capacity 300Wh 360Wh 100Wh | >250Wh | >360Wh >360Wh
o
E Energy Density Zggmf/‘l/((g 1;4?0WV\rl1t/\l/(tg 150V\_Ih/kg 12220WV&'/1|<;(IQ 13&\32(\)/\/\/\?/1(&;; 120 & 15_30Wh/kg
Energy Efficiency 75% 95% 95% >90% >85% -
Power Density 400W/kg 250W/kg | 100W/kg - 400W/kg 200->350W/kg
Cycle Life 1000cycles(10years) >1200cyclg >500cycle} 3500cycle | 1000cycle 1000cycles
Cost <$100/kWh r1000F/kwH 150FCU - - -
Pre-production Year 21th century 2000 2000 2001 2001 2002
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