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ITS-Davis Affihate Program Workshop

Meeting the New CARB ZEV Mandate Requirements:
Grid-connected Hybrids and City EVs

May 15-16, 2001

Organizer: Dr. Andrew Burke

Scope and Focus
In January 2001, the Cahfomla Air Resources Board adopted slgmficant

modaficahons to the ZEV Mandate These changes affect the options available to large auto
companies marketing cars m Cahforma that must meet the reqmrements of the Mandate
starting in 2003 In the new regulahons, up to 50% (2% of sales) of the ZEV requirement
(4% of sales) may be met with grid-connected, plug-m hybnd vehicles having a 20-mile 
longer all-electric range In addition, city EVs that may or may not be freeway worthy are
designated for full ZEV credit and can be used to meet the 4% ZEV reqmrement. In the case
of both types ofvelucles, there ~s much less information available concerning their design,
cost, and marketing than for full function electric vehicles (FFEVs) -- which have in the past
been the fbcus of meeting the ZEV Mandate This two-day workshop will consider m-depth
how the inclusion of the grid connected hybnds and city EVs in the Mandate may affect how
st will be met in 2003-2006 In addition, each of the new technology options will be
rewewed m terms of vehicle deslgn, utlhty, cost, and marketing.

Agenda

Grid-connected Hybrid-electric Vehicles

MAY 15, Tuesday A.M. (8:30-12:00)

1. Welcome (8:30) (A Burke, ITS-Daws)
2. Review of the new ZEV Mandate requirements with emphasis on the role of

plug-in hybrids (8:45-9:15) (C Cbalders, Cahfornla Air Resources Board (CARB))

BREAK (15 rain.)

Design options with emphasis on performance and cost (9:30-12:30)
Emissions and Performance Expectations (E. Kassoy, AD Llttle/EPRI)
ANL/DOE Study (D Santinl, Argonne National Laboratory)
ITS-Davis EV/HEV Cost Study (M DelucchffA. Burke, ITS-Davis)



® Auto Industry Perspective Toyota Motor Company (D Hermance, Toyota
Techmcal Center, USA, Inc

¯ Systems Design Options for Plug-m Hybrids (A Frank, UC Davls/EPRI)
LUNCH (12:30-1:30)

MAY 15, Tuesday P.M. (1:30-5:30)

® Batteries for plug-in hybrids with emphasis on cost and cycle life (1:00-2:45)
® Nickel metal hydride (D Comgan, Ovonlc Battery Company)

Llthmm-lon (K Hlronaka, Shin Kobe Elecmc Machinery Co, Ltd)
® Use of ultra caps wlth batteries (A Burke, ITS-Davis)

BREAK (15 min.)

So Marketing issues & prospects (3:00-4:00)
CommerclalizahordMarket/Customer Issues (D. Taylor, Southern Cahforma
Edison/EPR[)

Q
Panel discussion of prospects for plug-in hybrids (4:15-5:30)
® Speakers from the previous sessions of the day (ARB, EPRI, ITS-Davis, auto

industry)

RECEPTION (6:0t)-6:30) University Club Lounge

DINNER (6:30-9:00) University Club Dining Room

Talk: Electrifying Urban America ~ Is It Really Possible?
Robert Graham, Manager, Electric Transportation,
Electric Power Research Institute

City Electric Vehicles

__MAY 16, Wednesday A.M. (8:3(!-12:15)

1. Welcome (8:31)) (A. Burke, ITS-Davis)
2 Review of new ZEV Mandate requirements with emphasis in role of city EVs

(8:35-9:0t)) (C. Chllders, Cahfomla 

BREAK (15 rain.)

3. City EV Products - Specification/utility, availability, cost (9:15-10:15)
® Toyota e-cam (D Hermance, Toyota Technical Center, USA, Inc 



¯ Nlssan Hy-permlnl (M Teramoto, Nlssan Techmcal Center)
¯ Ford Think (D Fabncatore. Th~n& City Project)
® NEVCO Gizmo (C Watkms, NEVCO)

BREAK (15 min.)

,
Development of Small Full-Function EVs (10:30-12:00)
® ATT Parade (H Woo, ATT R&D) (20 
¯ Solectria Force EV (V Brachos, Solectna Corporation) (20 mm 
¯ Design Options and Simulation Results (A Burke, ITS-Davis) (20 mm.)

Lunch (12:00-1:00)

M,~y 16, Wednesday P.M. (1:00-4:30)

So Battery issues for small EVs with emphasis on cycle, calendar life and cost
(1:00-2:00)
¯ Lead-acid (K Snyder, Panasomc-Matsushlta) (15 mln.)

¯ NaMtChl Zebra Battery (C. Dustmann, MES-DEA S A.) (15 mln 

1
Marketing issues (2:00-3:00)
¯ Marketing NEVs, CEVs, and Small FFEVs (K Kuram, ITS-Davis) (20 mm 
¯ Car Sharing Posslbllmes for ZEV Credits (S Shaheen, ITS-Davis) (20 mln.)

BREAK (15 miu.)

7~ Panel discussion and wrap-up; new insights (3:15-4:30)
¯ Speakers from previous sessions of the day (ARB, ITS-Davis, battery and auto

industry)
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Heetlncj the CARB ZEV Reqmremen~
God-Connected HEVs and C,ty EVs

i" Hybrid EVs

Cra] rs
California Air oard

Ma~ 15-16~

:e

¯ The need for ZEVs

¯ZEV Regulation Overview
¯ZEV Credit Determination
¯ God Hybrids
¯ Grind Hybrid Challenges
¯ Mild Hybrids

Why-~ZF_~s ?

¯ Emlssmns reduchon
- Zero tallp{pe em0sslons
-- Durabmhty- Emms~ons reduced as ZE

¯ Efficiency Improvement & CO2 reduchon
¯ Transportation energy source dwerslty
¯ Potentla{ Vehicle-to-Grid power generation an(

ancillary services
¯ ’"Secondary Benefits of the ZEV Mandate"

(UCD/ITS & WestStart-Calstart)

Increasing Faster
Than ulation

December ZEV Regulation
Proposal H~g hts

¯ Smoother translhons as requ,rL~l=ent
increases by incorporating phas~’~qll~
multipliers

¯ New ATPZEV category created
= Reduction in long-term NEV credit
¯ Modification and phase-out of range cre~
= Phlase-in of efficiency credit mulhpher
= in-~erv=ce & under-warranty credit
¯ Require vehicle placement to earn muihple

credits

 Sta,us
¯ January Board Meeting Key’B~l~chves

- 2x ZEVs beyond Dec Staff Propo~012+
- Phase in LDT2 when determining ob/
- Modify treatment of Grid-HEVs

(move to ATPZEV)
¯ Staff IS presently developing chang es~/

the regulation in response to the Board’~
requests

¯ Proposed changes (15-Day Notice)
eshmated release in Mid June

R



Regulatory.Status

® Much of this presentation on
proposed amendments to
released 1218100 and considered at
January Board Hearing

¯ This presentation mcJudes slmph~/mg
assumptions regarding ZEV credit
determination Please consult re
actual determmahons

¯ When possible, presentatlo~ ncludes
changes reflecting the thinking In
response to the Board’s re(

¯ These changes have not yet been
and wdl hkely change further before I
day notice is released

® In particular, staff is shli working on
- Advanced componentry cred=t for ATPZEVs
- Gr=d HEV, and Transportation System credct

o Please withhold formal comment to ARB ur
after changes are formally released m June

"~ I’~s an~TPZEVGHEV

¯ All PZEVs and ATPZEVs meet
- SULEV emission standards
- "Zero" Fuel System Evap Standal
- OBD II requirement for 150,000
- Emissions warranty extension to 15’

150,000 miles
¯ For all HEVs, battery must be included

as a warranty item

P~Vs?
¯ PZEVs achieve slgnifican~lsslon

reduction, but will not necess=~Nl~y assist
with propagation of ZEV-relatecD~
technologies

¯ Near-term ATPZEVs expected to be,’~hllbu
- CNG

- Mdd HEVs

¯ Longer*term ATPZEVs
- Grld-HEVs

- Methanom reformer FCVs /
- Hydrogen ICE

zEv Req , rease
e For example, ~n 2018 and beY~li~

ZEV requirement grows to 16%

- Up to 6% may be PZEV, ’~
- Up to 5% may be ATPZEV, and ’~
- At teast 5% must be Pure ZEV

¯ As ZEV requirement grows In 2009- 201

6% PZEV cap remains frozen

2



PZEVs"ln~006+

¯ 6% is capped, and may qq hke
much, but after phase-m

[6% / (0 2 credit per vehmcle)] 
¯ [-stlmated number of PZEVs = 380

(large + intermediate mfgs 

~2~0 3-La--~-M.. a n U fact u rer

¯ IF ZEV Obl~q~,,""""
I - PZEVS sold =maxtmum allowan’~l~%)
I - Large auto manufacturer Cahfornlalllml~sales are
I 920,000
J - No ATPZEVs placed In service
J - Ignore ’01- ’02 credit accumulations
J - FFBEV avg credit m ’03 ts -4 15

I ° THEN
J - ZEVs Required =
J [( 04)* (CA sales) / ZEV credit] I

J
=- 8,900 FFEVs

ZE:V Oblig a’tie[1...
(Combined Large Nanufa¢lu~,er.s)

o;
200o

l i l I :

) ---i 

R

ZEV C redltq3...eterm m ation

In,hal ZEV Credit =

{1+[(Range Muir -1) x (Range Mult Ph~jl~ 
{1+[(Eft Mult-t) x (Eft Muir Phase In)I}/
(Transportabon System Mult ) 
(Early Intro Muir ) 
(NEV/LSV dmcount) 

I n - Se~-vi-ce71Jn~ e r-W arranty
Vehicle Power Seu,,[ce Credit

:ZE Range (20+ mile) vehmles onl~

Includes Grid HEVs, NEVs exctuded~tl.
Al:,phes to 4th year m service and beyorl~
1/10th ongmal credit (wRhout phase4n mul~
Is earned each year

¯ ZEV ~n service and under warranty for 13 ye~
eventually accumulates m-serwce under-warr
credit equal to ongmal ZEV credit

Early Introd~,,,Mulbplier
¯ Addresses "gap" in ava~labill~l~
¯ Rewards mfg s Ior early mtrod~b

ZEV& 4 4 125 125 t25 1 ~,
NEV
PZEV & 4 4 4 2 1 33 1
ATPZEV



Range Multiplier
* Addresses concerns with capabJhty of

early-year BEVs
o Encourages deployment of ion

vehnctes In early years of program
o As market matures, range is de-eml:

- Phase down over 2004-2012 tsmeframe
- Caps or, max range used for credit deterr

,225 m~les in 2011
¯ 175 mJ~es ~n 2012

o Apphes to ZEV and GHEV only
* under cons~derahon

RangeMul.tiplier
ZEV l~Ingo MulttpllO¢

to l ~/
9! T
7~ T ,.=----4-’--

3 I, ~ ,

,5.~/ -! i -
60 I~O Z60

Urban AER (redes)

Efficienc~c~MultipHer

®Assumes power plant
ZEV energy use

* Also a factor un range performance
(go further or reduce battery cost)

* Applies to both ZEVs and ATPZEVs
(but no phase-fn for ATPZEVs)

o Rewards most efflcEent and therefore lowest
emnss~ons vehicle designs

EfflcBenoy M ultlpller"
CMPEG Debarkation

¯ Gasohne vehicles CMPEG = i~usted
combined ERA fuel economy

¯ For BEV & ATPZEV, C. MPEG =
[33,705 whr/gal / ( 55 UDDS AC wh~
+ ( 45 * HFEDS AC whdmale)]

¯ AIt Fuel CMPEG =
unadjusted combined EPA fuel economy~
(uncompensated by "fuel content" factor)

J

------~nc~ IVlu Itiplier
VEHICLE "’-~FFICIENCY
CLASS M’~I~.IPLIER
City (EV) CMPEG/’~ 45 9)
Subcompact PC CMPEG/(1 5"~

Compact PC CIViPEG/(I 5x 31~

Msdslze PC CMPEGI (1 5x 27 0~
Ii

Large PC CMPEG/(1 5 x 25 6)
Small Truck CMPEG/(1 5 x 25 0}
Medium Truck CMPEG/(1 5 x 21 4)
Large Truck CMPEG/(1 5 x 18 2)

--~z--Ev"-R a~lge. P h a s e-o u t
Efficiency Ph~

’04 ’05 ’06 ’07 ’08 ’09~
Range 1 825 060 045 030 025 0’~

Eff 0 010 035 055 085 090 100~

tl
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2006 ZEVC>r.gdlt Example.
RAV4"

¯ Cert Data
- UDDS eft = 291 3
- Highway eft = 374 1 AC

¯ CMPEG =
[33,705 whr/gal / ( 55 * UDDS AC
whr/mile) + ( 45 * HFEDS AC whr/ml

= 1026

e EFF MULT = CMPEG/(1 5 x 25 0)

=274

2006 Z-"E~C-cedit Example.

RAV4"E~
Initial ZEV Credft =

{1+[(Range Mult-1) x (Range Mult Pha~l~
{1+[(Eft Mult-1) x (Eft Mult Phase In)]} I

(Transportation System Mult ) 
/

(Early Intro Mult ) 

(NEV/LSV dIscount)

1

2006 ZEV~r.edit Example.
RAV4"F~

Initial ZEV Credit = "~
(1+[( 4 70 - 1) x (0 60)]} 
,1 + [(2 74 - 1 ) x (0 35)]} 
(Transportabon System Mult ) 
(Early Intro Mutt ) 

(NEV/LSV dtscount)

,t -’-7
Y{ ar 4 In-Service/Under-Warranty CredI

=~0 52 per year

’" -~-~-- pie.
2006 G~H~V Credit

¯ GHEV credit determination mLa~l~ology
not yet final

¯ Staff ,s exploring the poss,blhty of
harmonizing GHEV credit determinat~
with other ATPZEVs

/

Exam p"le~006 GHEV
ATPZEV"Gr_~it

¯ Th~s example uses method

December 2000 proposed ame311~
¯ Phase-in multiplier has expired by~
¯ GHEV credit determination based o~

- (ZEV range multtpher) 
- (efficiency multiplier), and
- GHEVs also eligible for in-service/under-

warranty credit

Exam ple%?~06 GHEV
ATPZEV "Gr~i t

Per December 2000 Proposal
¯ GHEVs use 3.~5 X actual Urban AE3~

- P 20 uses 70 mile range m determlnat~or~L"
¯ Efficiency Mutbpher

- Favors GHEVs based on electric-mode only /
- Assume GHEV w~ll attain -2 0 X /¯ P20 credtt= -3 6 initial, plus 0 36/year /

(>year 4)



GHEV VS MJFd~HEV VS Year
¯ Assumptions

- Mild HEV achieves 1 3 X effn( ~enc ~her
- GHEV achneves 2 X e~clency multJ

’01 ’02 ’03 ’04 ’05

Early- 4 4 4 2 133 1
Intro
M~Ed 18 18 18 09 08 06
HEV
P20 72 72 72 36 48 36
GHEV

Grid-- E- E- E~’Ghallenges

® Battery pack cost
¯ Battery pack ilfetame

- GHEV batteries subjected to
aggressive cycling hmuts than BEVs

¯ Battery pack warranty requirement
¯ OBD detailed requirements TBD
¯ HEV test protocols may need

refinement
¯ Public perception (mdd-HEV ads)

GHEV C~Oh~n g e~Re-cap
¯ Move from gold" to "sJLver"~

(ATPZEV) category
¯ Battery warranty requnrement rerfli~

but GHEVs rewarded for tn-Servsc~

.I

¯ GHEV Prototypes
- UCD Prototypes
- GM Tnax
- Volvo HEV
- Suzuki EV Sport
- Aud~ Duo
- MitsubJsh~
- Renault

EPRi Stody
® ARB co-funded
¯Senes hybnds fell out of stud~

due to poor performance
¯ Focus shifted to P0, P20, and P6
¯ Onglnally mid-size, but now consmdc

a variety of ctasses
¯ Examined performance, cost, consum,

acceptance, and commercuahzatnon

Re~a --L~.e.e Range
P20 & P60 Nomencfature

® Nomenclature Manufacturers choose to
refer to P20 and P60 with a
nomenclature

¯ Typical customer "drive cycle" w~th ma
batteries would likely provmde less than ,i
60 m~le range



Hond tns ght
¯ Emission Standards

- ’01 5 spd- ULEV (61 mpg
- ’01 CVT- SULEV (57 mpg caty/

¯ Battery monitored by OBD
° If battery "falls", NOx increase >15!
will dtummate OBD MIL

¯Battery warranty voluntarily extended

Toy6ta.pnus

¯ MY ’00 Toyota Hybn~m/
SULEV emnss~ons standarc~t~

¯ Battery
- OBD momtored

- Ba~teen~e~arranty als° v°luntar’lY

Vision f Pthe Future

¯ ;Steady, sustainable ZEVs
¯ Regulatory flex~blhty encoura!

diverse transportation technolog~
uncludnng GHEVs

¯ Clean and healthy air for all Cahfornl

EXTRA SLIDES

Provided for Reference

Abbrevlatleus Used
¯ I SV Low Speed Vehicle ¯ BE~ r Elec’tr c Vehicle

¯ NEV- Neighborhood Etectrlc ¯
’Jehlcle (zerooemlsslon LSV} ¯ GHEV nected HEV
CEV C~ty Electric Vehpcle

e -TEV - Zero Emission Vehicle * AER ell electric

¯ -TEM- Zero Err.sslon Motorcyc;e =
¯ PZEV- PartlalZero Eit~ss~on ! MID

Vehncles ¯ EFF MULT- Efficiency

¯ ~,T PZEV Advanced ¯ DOT Dept
Fechnology Par’ual Zero ¯ CMPEC.,-- Cahfomta Miles F
I:mlss~on Vehtcie Equivalent Gallon

¯ LEV- Low Enmsslon Vehtel,
¯ SULI=V- Super Ultra Low Regulat.ons

Emission Vehicle ¯ LEV II - 1998 amendments to
¯ VMT- Vehacle Mdes Traveled LE’,/program
¯ GtmFle - grams per m~le
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Both Grid Connected and Non Grid Connected Hybrid Electric
Vehicles were compared against conventmnal vetecles

¯ The results of modehng of HEVs by NREL and UC Davis were used to
calculate vehlcie performance efficiency and emissions

¯ Three HEVs were stud~ed
HEV 0 -- Charge=sustaining HEV w~th no all electric range
HEV 20 -- Charge deplebng HEV wJth a 20 m=le all-electnc range
HEV 60 -- Charge deplebng HEV with a 60 m¢le all electnc range

¯ Work ss pert of EPRI HEVWG project

¯ Final Report on Mid size vehicles will be out in June

HEV Pe,formenc~ end Emh~dons Des~g~ ~te~s

HEVs were designed to perform, look and feel I=ke the
equtvatent conventloneB vehicle

¯ MY 2000 Chevrolet Lumma 3 1t was chosen as
equ valent conventional vehicle

All HEVs had the same aerodynamics, frontal area,
ghder and cargo mass, and accessory loads as the CV

¯ All HEVs were designed to have s~mllar accelerabon,
top speed, range, and gradeab~{~ty as the CV, with
some exceptions

HEV Performmtc~ arid Embmlon= Pe~ormance Trad~offs

Some trm:le-~ffs were made In performance matching to reduce
vehicle costs

Sustained Top Speed CV has a top speed of t20 mph HEVs
car~ maintain 120 mph for approximately 2 minutes but sustain
speeds of ever 90 mph

¯ Gradeabd~ty CVs generally can cizmb a 7 2% grade at 50 mph
for 30 rmnutes HEVs can chmb 7 2% grade at 50 mph for ~5
minutes and at 30 mph for 30 minutes Can chmb any h;ghway
grade m US at 50 mph

=, Passing Performance - Acceleration braes for 50 to 70 mph
relaxed from 4 8 seconds for CV to 5 1 seconds for HEVs All
HEVs had better 0-30 mph and 0-60 mph accelerabon braes
than CVs

¯ Engine on/off cycles - Constrained to 30 on/offs dunng FUDS
cycle Reduces fuel economy by about 10%, but resutts in
better dnveab~lcty and customer sabsfac~Jon

Engine and Motor power of HEVs was slightly less than that of
CV, due to more eff=cmnt designs

HEV Performallce and ~,nlm~or~ Vehc~e Spec~’K:~tens

Battery Energy for Grid Connected HEVs much h~gher than for



Vehlc|e mass for the HEV 0 and HEV 20 less than CV due to use of
CVT and smeller engine

19o~

18oo ~ ....................

CV HEV 0 HEV 20

HEVs had better times in 0-30 mph, 0-60 mph and 40-60 mph
accelerations 50-70 mph accelerations and top speed results
were somewhat compromised with lower cost HEV designs

U-30 mph
0-60 mph

40-60 mph

50-70 mph

’ 35 ’ 31" 30 30
93 87 89 89
46 42 43 43

45 52 52 52

NREL and UC Davis modeled HEV fuel economy using ADVISOR
Severe! fuel eConomy measures are defined

¯ C~sohne On~y - Fuel economy when the vehicle =s in charge
sustalnmg mode tn mpg

¯ Electhc Only - Fuel economy of Gnd Connected HEVs when in
charge depleting mode Given In kWh/ml and converted to mdes
per equivalent gasoline gallon using 33 44 kWh/equwalsnt
gasoline gallon

® M~teage Weighted Pmbabthty We=ghtsd - Measure of actual all-
electric use Determined from 1995 NPTS data

g Utdlty Factor Weighted - Discounted MWP factors determined by
SAE for use m J1711 Assumes vehicle starts each day with a
full charge

,D SAE J1711 - Uses UF for all*electnc usage determination and
assumes the veh;cle starts 50% of the t~me w;th a full charge and
the other 50% of time with low SOC

NREL end UC Davis modeled HEV fuel economy using ADVISOR

Mdeaga Weighted Probabdttles -- HEV 20 = 39%, HEV 60 = 74%
Ubhty Factors -- HEV 20 = 31%, HEV 60 = 63%

140

CV HEV~ HEV2~ HEV60

=, Battery hfa and replacement depends upon a number of factors

Dnvlng patterns

Vehicle electnc fuel economy

Battery technology

Vehicle ~fat~ma

Charging frequency

Battery con~’oJler logic

*Daliy dnwng patterns were determined through mtsrviews of
approximately 400 potentzal HEV owne~ (market survey)

Purchased a vehicle in the last 5 years

Regulady parked within 25 feet of an electrical outlet
Results binned into three catsgone~¢,

short commute
= medium commute

long commute

All-electric operation for the HEV 20 and HEV 60 was derived from
dady driving patterns

Based upon being able to dnve 20 mdes or 60 m~tes ~n all-electnc
operation, annual ali.-electhc mileage was calculated for charging nightly

Miles
4i900 .... : 5i300 5i40(
5,900 10,100 12190[
/~ !.! .. t! :--I!

City Portion 47% 49% 47%



Real world fuel economy is generally less than fuel economy
meas~.lred using smndardiz:ed tests

s Fuel economy =s reduced due to the fol}owmg factors
Aggresswe dnvmg
Air condcbonmg use
Open windows
Others

= Re~=i Wodd fuel economy d=scounts are approxtmatad by
USL:PA for fuel economy guide

10% =ncrease m c=ty fuel consum~.bon
22% increase m h~ghway fuel consumpbon

Charge Sustaining HEVs have d=fferent discharge patterns than
Charge Depleting HEVs

Charge sustaining HEVs charge and d=scharge battenes ~n a senes of shallow
drscharges while Charge Depleting HEVs d=sc, t~rge ba~tenes whde m all-elect~c
operatlorl

Charge Oeptettng

HEV PerfocmCn~ and Emissions Bal~ry L~e Bact~y C,~e Life

NIMH batteries in 2010 are assumed to last longer than today’s
batteries

,P Currant NIMH bettenes have cycte hves of 800 te 1200 deep
d=scharge cycles before charge capac¢b/drops to 80% of the
ongmal capacity

¯ N=MH battenes have demonstrated 1500 te 2000 deep discharge
cycles under conkolted laboratory cond~bons

= "Improvements m posJbve electrode composd:on have
sub~ tanbally increased N=MH battery charge acceptance and
efficiency (espec=alty at elevated temperature and near the end
of charge), wdh the consequence that average battery operabng
temperatures w}II be s~gmficantly decreased" - Fntz Kalhammer

¯ 1750 deep discharge cycles (to 20% SOC) were assumed to 
available m 2010

Vehicle lifehmes were defined aa t00,000 miles of tetal vehicle
operation or t0 years, whichever came hrsL

Actual vehicle hfe m~ght be longer

HEVPer#cmlsncllmdE,,niss]o,-m Batl~Llfe C’yc~Lffe

No replacement =s n~eded for HEV 60 HEV 20 might reqmre
battery replacement if user charges mghtly and has an average
or low commute distance

Commute l~stance Low Average High _
Total Energy, ~ 13,800 11,100 8,400

kwh ~ 16,900 21,90=0 20,700

Deep O,scharge ~ 2,900 2 400 1,800
Cycles ~ 1,200 t,j0 1,400

HEV Perform~ mtd Ernkmt~tl E~ttet*f ~..pla~’n~nl A/t~lv~s

Sevm’~! attsrnagvas to battery replacement can be ~mplemented

¯ Smart confroller
L~mlt all-electnc operation so that vehicle lasts 100,000 rr~les wlLhout
need for battery replacement
Increases gasohne consumption (-40 additional gaflons of gasoline
per year on average d,wmg scenano Orc~nanly, 220 gallons per
year are used by HEV 20 on average dnvmg scenano)

¯ Degrade all elect~c range
HEV 20 moves towards HEV 0

= Replace HEV 20 battery wdh an HEV 0 battery
HEV 20 becomes an HEV 0

= Use a targer battery
,, Increases vehicle weight, fuel consumpt;c~ and ¢mt~al veh=cle cost



Since Grid-Connected Hybrids derwe some or all of their energy
from electnmty, ernlssmns comparisons between HEVs and CVs
should inc|ude well-to..wheels emissions (both fuel cycle and
vehicular)

Fuel Cycle EmlSslOr~s Include emlSSIOIlS associated with ~he
extracbon, processing and dlStl]but]on of the gasoline or
elec~clty

¯ Vehzculer Em~sslons include ts@ipe and evapo~ve emissions

Both smog precursor (NOx + HC) and greenhouse gas
emissions were examined

Hi~’ Performance lind ~tulom~ Fue~ Cycle ~ns

Power generated for HEV charging ~s small and wdl be on the
generation margin usung efficient natural gas fired combined cycle
power plants

70o0o

~" so0~ ,...._%~ withEVforecastfor2Ol0

3
|00GO

12 14 16 18 20 22 24 2 4 6 8 10

Time of Day (h)

UEV Psl~om~nce and Ern,mlon¢ Fu~l Cy~a Erm~.~.

Fuel Cycle Emmsmns Assumptions

¯ Plug-~n HEVs are charged pnmanly at night

¯ Less efficient power generators, older coal and fuel oil power
plants cani’~ot readily be turned on and off and cannot sat~,fy
marginal needs

¯ Nuclear and hydroelectric power plant~ generally are already at
capacity fulfiihng the base load and would not be used for
marginal needs

¯ By 2010, many older fossil fuel power p}ants wdl have been
replaced with new comb,ned cycle turbines

¯ New power plants and refinenes m non-attainment areas wdl
need to meet BACT w~thout em~ss=on offsets

HEV PsROm~l",C8 lind Emilml(~rl~ G~enhou~, Gases

For the Average Driving Pattern and Charging Nightly, Greenhouse
gas emissions are s~gnlf=cantly lower for grid-connected hybrids

45O

250

SO I

CV

II Vehcte -7

HEV S HEV 20 HEV ${)

HEV P~fon’n~ncl and Emii~do~ Smog

For the Average Drwlng Pattern and Charging Nightly, smog
precursor emlssmns are s~gmficantly ,ower for grid-connected
hybnds

o -- --
cv HEY0 HEVe0 HEVt~

HEV perfotm~c~l t;nd Eml~ldon~

HEVs offer major effic=ency ~mprovements as well as
subs~anba! reductions In the consumpbon of petroleum-based
fuels and em~ss¢ons of air pol}ut~on precursors (NOx and HC)
and carbon d~ox~de

Petroleum consumpbon of an HEV 60 (using
gasoline/electricity) can be lass than that of the PNGV Glese~
engine-battery HEV O concept vehicles w~thout resorbng to
costly hGht-welght constrnc~on or body aerodynamics

HEV 0 technology =s ~n the early commerclaI stage Relabve to
ma~ura combus0on engenes and stage-of-the-art EV technology,
HEY technology requires only evolubonary advances to meet
technical requirements, with the possible excepbon of ba~tenes



N,MH battenes are technologically capable, but there are
uncertainties regarding the;r life and costs, especmlly in plug-m
H EV service

¯ Both the Honda Insight and the Toyota Pnus are currently =n
producben m Japan the U S, and Europe Several other
automob=le manufacturers have anrounced upcoming models
The Renault Kangoo has been announced for launch In 2001 =n
Europe as a plug-m hybnd

¯ There are several ~ssues that have been talent]fled that need to
be examined for successful commercJal,zatJon mclud=ng battery
hfe and packaging
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/~Argonne National Laboratory (ANL)Conducted This HEV Technology Assessment
o:o Work started in 1996

|nitlal work covered full fuel cycle energy assessment
Expanded ,n 1998 to include cost
Some mater=als analysis conducted and recychng potent=al
evaluated

*:o The assessment involved
Analys=s of parallel and ser=es, mild and full charge sustaining,
and full charge depleting (gr=d-connected, 20 m=le AER) HEVs
Use of Nat=onal Renewable Energy Lab’s ADVISOR model for
vehicle performance simulat=ons
Development of a cost estimation procedure

~.- Use of ANL’s GREET model for greenhouse gas analysis

°:o Publications/presentations
8 presentatmnsl papers
A report to be pubhshed soon

Argonne National Laboratory
Transportat,on Technology R&D Center

~ This Presentation Puts the ANL Study into
Context With Respect To:

°:o EPRI HEV Working Group analyses
°:°Effects of comparable performance rules on MPG

gain estimates
o:° Comparison of conventional vehicle (CV) lifecycle

costs to various HEV types
o:° GM-GAPC estimates of MPG gains via hybridization
o:o HEV type’s impact on iifecycle costs vs. Fuel price

4 Argonne National Laboratory
Transportation Technology R&D Center



Mild and Full HEVs Differ by Share of
Peak Power Provided Electrically

FullHybnd (Charge
Sustaimng)

Gnd Connected 20 m!
Electnc Range (Charge

Depleting)*

Full Hybrid (Charge
Sustaining)*

Mdd Hybrid (Charge
Sustaining)#

0%

Conventional Veh¢le
(cv)* 

~~ Series

" IF

Denominstor=lCE÷Bsttery
* Type also in EPRt study
# Type also in GM study

! I I

20% 40% 60% 80%

Battery Share of Peak Power (8 sec 0-60 cases}

Argonne Natmnal Laboratory
Transportation Technology R&D Center

100
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Simulations Suggest Lower HEV In-use
MPG Gains Than Certification Tests Imply

,l~gr, ssive~=,l- Cyo~.t ~ll II~b~Td-

-

HYCC Japan F]P CAF~ US06 Hwy REP5
(7 1) 10 15 cycle (29) (41~) (48.,?,) (51 5)

(14 1) cdy
(21~)
Driving Cycle (Avg MPH)

6 Argonne Nahonal Laboratory
TransportaUon Technology R&D Center
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Four Points Can Be Made From the Prior
~ Slide, But Appearances Can Be Deceiving

1. Full hybrids can only double the fuel economy in
very congested conditions

2. Mild hybrids provide a very large fraction of the full
hybrid fuel economy gains, especially in
congested driving

3. Deceptively, the percentage MPG gains of
hybridization are greatest in city driving

4. Deceptively, the percentage MPG gains are lower
in more aggressive or high-speed driving

(The next slide shows the extent of deception)

Argonne National Laboratory
Transportat=on Technology R&D Center

Examining Fuel Savings Per Hour of
Driving Is More instructive Than % Gain

O4

03

O2

01

6O

[A_ggl’gli$1Ye ~Ke~I]- I,,yCltl~i l

NYCC Japan FTP CAFE U~,06 Hwy REP5
(7 1) 16-15 cycle - (29) (48) (48 ;’) (51 5"}

(14 ~) city
(21.2)

Drlv=ng C~cle (Av~; MPH)

Argonne Nat=onal Laboratory
Transportation Technology R&D Center



Per Hour Fuel Savings Give a Different
Perspective

o:. Savings per hour are similar for all driving cycles
°:.Mild vs. full HEV and congested vs. high-speed driving

differences become clearer
Mild HEVs are nearly as good as full HEVs in congestion
Full HEVs clearly save more fuel in high-speed driving

¯ :o Compared to CV, mild and full hybrid differences
become clearer

Gains by mild hybrids are greatest in congested driving
Gains by full hybrids are greatest in high-speed driving

;~ Gains by full hybrids in high-speed driving are larger for
aggressive driving cycles

Argonne National Laboratory
Transportat,on Technology R&D Center

MPG Penalties For High Performance,
Large In CVs, Can Be Small In HEVs

~,.._.._..Parallel Full HEV

Parallel Mild HEVB...~

I f I I

12 11 10 g 8
0-60 MPH Acceleration Time, Seconds

Argonne National Laboratory
Transportatmn Technology R&D Center



Downsizing HEV’s Engine Causes Reduced
Continuous Gradeability (and Top Speed)
22 -..--cv " i J’

.~a -Mdd Parallel HEV .~
Full Paraltel HEV

.,.o--- - SermeSpar~FUll HEV ........................ ........

~j=

--

Note’ gradeab~lJty design velue for full NEVs was 6 5%

12 10 8
0-60 T=rne (seconds)

11 Argonne National Laboratory
Transportat=on Technology R&D Center

~ ANL/EPRI MPG Gain Estimates Are
Consistent; Differ Notably From GM-GAPC

"GM=GAPC" Truck - 8s

Base, 6s HEV

ANL mEId HEV 8s 0-60

EPRI "HEV.-6" 9s 0-60

ANL todd HEV 10s 0-60

t0 20 3o 40 50 6o

MPG Gain (%)
12 Argonne Nahonal Laboratory

Transportat=on Technology R&D Center



Making ANL HEVs 2 Sec Faster to 60 mph
Than CVs Explains Some of the GM/ANL Gap

60%

m HEV 2 Sec Faster Than CV ]

[ (Pickup Truck) 

12 10 8

0-60 Time of Base CV

13 Argonne Nat,onal Laboratory
Transportation Technology R&D Center

~ Adjusted ANL Results Show Consistency
With GM-GAPC Results

(Confirmation of more MPG gain at higher performance)

GM79to63se¢

ANL 12 to 9 6 sec i
¢

i + :i~’ +

! I +

ANL 12 to 8 7 $ec ~

/./’
,./ ,/ 7

0% 7% 14% 21%

MPG Ga+n vm Mild Hybridization, Engine Size ~ Constant

t4 Argonne National Laboratory
Transportation Technology R&D Center
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ADVISOR Runs imply Road Load Reduction
/~ Having Positive Synergism With HEV MPG

ANL 8 sec 0-66
~

CaS6S

EPR; 9 sec 0-60

er Load1
ANL 10 sec 0-60 " lliBase j

0% 20% 40% 60% 80% 100%
Hybrcd Gazn =n MPG vs. Comparable CV

t5 Argonne National Laboratory
Transportation Technology R&D Center

~ ln Separate Analyses, GM and ANL Differ On
Benefits of Hybridizing With S! and C! Engines

4O%

o

.N 30%

,,r
__ 20%
>
Cm
m

lOOA

0%

IANL Mid-size car
12 sec 0-60 base
and full HEV

iGM Peckup truck
$~ 8 sec 0-60 base,
6 sec todd HEY
CIDI 9 sec 0-60
base, 7 sec todd
HEV

ANL TRB 01/01

GM GAPC 03101
SI

CIDI

t6 Argonne Nat=onal Laboratory
Transportation Technology R&D Center



2000 Results Showed Relative Superiority of
Full vs. Mild HEV to Depend On Fuel Price
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17 Argonne National Laboratory
Transportation Technology R&D Center

ANL Research Implies That Mild Hybrids
Can Compete on Lifecycle Cost Basis
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t8 Argonne National Laboratory
Transportatmn Technology R&D Center
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The Desirable Proportion of Electric Power
Rises With Rising Gasoline Price

UB~d Full Grid 20 I~ld Full Grid 20 Mdd Full Grid 20
19 Argonne National Laboratory

Transportation Technology R&D Center

~ Our Analysis Leads to the Following
Conclusions

:̄~ At low U.S. gasoline prices, national research should
focus on mild hybrids (and 42V systems)

o:o In comparisons, hybrids cannot be made
performance equal, only performance comparable

o:. The high percentage MPG gains for hybrids in
congested driving are deceptive - savings per hour
is a better measure

°:.U.S. driving patterns are not the reason that HEVs
will be difficult to market, low gasoline prices are

o:. GM=GAPC’s constraint of performance compatibility
in simulating HEV MPG gains raises an issue of
consumer valuation of top speed. How large is the
market for HEVs with downsized engines?

19 Argonne Natmnal Laboratory
TransportatBon Technology R&D Center
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AN ELECTRIC-VEHICLE DESIGN,
PERFORMANCE, AND LIFE-CYCLE

COST MODEL

M Delucchl
A Burke
M M111er
T Llpman

InstRute of Transportatlon Studles
Uruvermty of Cahforma, Davis

WHAT WE MODEL IN DETAIL

¯ Variable costs of manufacturing vehicles

¯ "Fixed" costs of making vehicles, as a
function of production volumes

¯ Cost and performance of EV drivetrains
and batteries

¯ Vehicle energy use

¯ Operating costs

¯ EV designed to meet range and
performance requirements

"FIXED" COSTS

¯ Division co, sts
- costs related to manufacturing cost
- costs per unit

¯ Coworate costs
- costs related to

mamffacturing+division costs
- costs per unit
- interest cost
- corporate profit

¯ Dealer costs
- costs related to factory costs
- costs per unit
- interest cost
- warranty cost

¯ Shipping cost
- function of vehicle weight

¯ Sales tax
- function of vehicle retail price



EV LIFECYCLE COST AND
PERFORMANCE

Mld-szze velucle, advanced technology, tugh-volume
productwn, FUDS

Range (rnl)

0 - 60, 0% grade (sec)

vehicle wt (kg)

fuel economy (mpg)

vehicle price ($)

battery pnce (S/kWh)

battery price ($)

hfecycle cost (c/m0

present value ($)*

breakeven $/gal

EV Pb/acld

’ 65 WT7 0-
93 93

1,635 2,354

95 5 73 9

24,553 29,422

259 202

3,482 6,003

38 31 44 12

11,632 18,955

264 414

EV Ni/m-h2

~- ~65-

93 93

1,361 1,809

875 739

28,034 35,759

475 361

9,675 16,603

53 39 55 36

21,369 136,974

419!666

*Present value of gasohne hfecycle costs, &fference between gasoline and
EV present value

EV:

140

93

1,273

146 0

27,678

337

12,993

51 34

12,339

2 77

EXTERNAL COST OF EVs vs.
GASOLINE VEHICLES

(cents/mile)

Noise1

Externahtles of off use2

Chmate change3

Air pollutlon4

loll) high best

0 O0 1 20 0 04

0 02 0 12 0 04

0 O0 013 0 06

0 02 0 21 0 07

Battery EVs

TOTAL

1 Assumes range of damages on collectors and prmopal artenals

2 Assumes 25 mpg
3 Use hfecycle CO2-eqmvalent ermsslons at 25 mpg
4 Uses Detucchi $/kg damage estamates, adjusted for estimated
differences m exposure

SOCIAL COST OF EVs vs. GASOLINE
VEHICLES
(cents/mile)

Difference in costs

Private hfecycle costs

Noise1

Externalities of oil use2

Chmate change3

Air pollutlon4

Total externahtles

Social cost

low

O0

0 O0

-0 20

-0 O0

-0 17

-0 37

-4

hzgh best

3O 00 10 00

-0 40 -0 01

-1 12 ~0 36

-0 06 -0 03 I
R

-2 11 -0 69 I

. -9_6d_

I Assumes range of damages on coIlector~ and principal arterlals
2 Assumes 25 rnpg
3 Use hfecycle CO2-eqmvalent emissions at 25 mpg
4 Uses Delucchl $/kg damage estimates, adluCted for ebttmated
differences ill exposure
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Hybrid Electric Vehicles

Myth versus Reafity

Toyota Technical Center, USA, Inc

Dave Hermance

What Does the Market Want?

A s=gmflcant and growing percentage of
customers mdmate a wllhngness to buy
an environmentally friendly vehicle,

=f and only if, all other attributes are

All

Myth #1

"power assist hybrids" are
the same

l.

Power assist HE1/Variations

-Architecture
- Performance

-Cost
-Emissions

-Fuel Eoonomy
- Electr=c Operation

EEA Analysis

Note Costs and Benefits are Dnvetram Only

Mr/ta ;c~I

Argonne Labs Analysis



Myth #2

Prius could easily be made into a
grid-connected HEV

Reality #2

The un,que Pnus dnvetram (THS) =s not
appropriate for a grid-connected apphcatmn
-Motor is much too small
-Battery energy and power are too small
-No way to carry required battery mass or

volume
-Engine ~s too large

-THS transm|ss|on design =s inappropriate

Probable Attributes of Grid-Prius

¯ Markedly reduced performance ,n EV
mode
- Slower 0-60
-Lower top speed

-Reduced pass,ng performance
¯ Drast=caly reduced battery hfe
. Loss of iCE fuel economy due to mass
- S=gmlcantly higher cost

~ly ts =~ol

Vehicle Performance
Comparison of performance for Prlus and G~|d Pr, us

Current Grid Pnus
Prius/TH$ I Pnus wrth e.com battery 1 RAV4EV

(S~ulat;on) 1

-500 Wh 6 8 of ~ 4 kWh 29 kWh

Motor/ Max power 33kW Max power 40kW Maxpower
Generator 50kW

Vehzcle
Weight 1255 kg t255 + t50 kg 1560 kg

O - 60 mph 12 5 sec 19 3 sec

(ICE÷EV) (EV) 18 6sec

Battery life/durability
~ LIFE OF EVBATTERY

Ita~owr~)
Distance (kin)



Ba ttery life/durability

i blankout ] LIFE OF ItVBATTERY

I
5o,o0o 1 oo ooo

Distance (kin)
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Myth #3

An HEV-20 will have significant
EV use

M=y IS Z~I

Reafity #3

¯ AIER ~ Real World (RW) range
¯ Even 20 mile RW is only ~ 20% VMT

substitution if re-charged dady

May 15 l~l

Sierra Analysis of EPA Data

Ff_

May is ;ira01

Myth #4

UC Davis Vehicles Are Viable
Under Current Regulations

Reafity #4

¯ Control strategy is probably a "defeat
dev,ce" under EPA/ARB rules

¯ Emlss:ons claims require averaging EV
and ICE em=ss,ons

¯ Performance claims are stmulatmn
based, actual is far different

¯ Publ,shed cost esbmates neglect cnbcal
components

May 15 20Ol Idly 1S ~



UCD Control Strategy

Technical Issues for Grid=HEVs

- Real world controt strategy
- Vehicle Performance
- Real world EV/VMT fraction
- Battery Technology
- Cost
- Emissions
- Test Procedure

~t~y 15 2+01

EV Performance

EV operation =n Gnd-HEV depends on archttecture

- Slower 0-60
- Lower top speed
- Reduced passing performance

These lim=tat,on must be considered =n conjunctnon
wnth real world operatton and test procedure

Regulatory issues for Grid-HEVs

¯ 15/150,000 Battery Warranty
¯ Cred=t Structure
¯ Test Procedures

Test Procedure for Grid-HEV

issues to be addressed:
- Defeat clewce treatment for EV operat=on

- Emnss=ons for iCE-on in/off mode
- Sat:sty/system protection issues

- Determmatuon of DF for emnssmn control
system

- Evaporattve em|ssnon during EV operatmn

- OBD requtrements
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Hybnd Etectnc Vehicle Technology
from

No Plug to Plug-tn to Plug-Out
Hardware & Control

EPRI-HEV WG/UCDavts=HEV center

Andy Alfonso Frank -’ The Fonz"
Director HEV Center
Mech Aero Eng
Umlv of C8 -Davis
530 752 8120
aafrank@ucdav=s edu

Hybnd Electric Vehicle Technologies
Addressed by the HEV WG

r~l " ¯ Series or Par~tlel configurahons--Only Parallel
t because of efficiency

,
¯ Technology and hadw-are soluhons and system

configurations
¯ Plug to electric company or no plug-- Both vehs are

considered to evaluate FIE and Emissions - tall pipe
and well to wheels

e Control pohc~..,s and options--discussed
¯ Energy from the Electric Compan0es or energies back

to the Electric companies can be done Howto
control? N~N rlem to study for the next phase

Other points of design and discussion among
HEV WG members include

¯ A s~ngle irachon motor/Gen or 2 unds?--I EM, G
selected

¯ Battery location for HEV 20 and 60? SUV ok, smaller
vehicles harder to find a place

¯ "Turtle Light* and performance hmd allowance
¯ Cabin coohng and healing techmques Low cost soln
= Auxd=ary power concepts Mechanical, unless electric

Is cheaper
¯ Zero Evaporahon concepts.-csnlster or pressurized

tank?
¯ Simplr~ed and ~ow cost emission control concepts
¯ Battery coohng and heating
¯ Battery life replacement management and pohc=ea

?

t

Hybnd Vehicle Technology
ZEV (CnterJa Em=sslons) No Plug Type

~t

1

,Conventional Gasoline Powertraln Veh=cie
-CV-

ICE AT w/TO

~uel Tank

ConvenUonal Gas

Aut~ "~S (~ ICE

?
t

i J"
t

Hybnd wth Zero All Bectnc Range
0 mde AER

Hybrid Electric Vehicle HEV 0

~ ~~ IcE ¢V’TEM

L~rg~ ICE L-’VT



Hybrid Plug-In
with 20 mile AER

t
Hybrid Electric Vehade

’ilk

?

Conventional Auto transmission
Parts

):.t I; -:-&’I;iE~~

/ ,~ I
/ / J It

- ¯ ~//"/,,!* /:

t

’, \ 

~tandard Auto Transmission Number of parts
#

are over 700~

’ 6, f:.) 9(’,,~D~(’)O~O
~ ~’,a~, ~ I ~ -’~ , o -~.-’1

,,,.a.,..=.._

I

t

Conventional CVT cutaway
It

!.

UCDaws HEV Center
CVT Control System Simplification



UCDavls HEV Center
~50 hp Continuously Vanabte Transmission

Parts Count less than 60

UCD HEV Center
Hybrid 350 hp-CVT Chevrolet Suburban

Powertram

~Cl)avls Hybrid Center HEV 60 Future Truck
° Electric operation @ GM proving grounds

UCDavns HybNd Center
HEV 60’s with CVT’s

The HEVol and Coulomb

tv1~d size Fuel Economy Calculations Std
construction HEV WG

EPRI-10% reduced mass, 30% lower rolhng resnstance
and 40% tmproved Aero

all less th~ ½ of PNGV cars HEM WG

o ¢



? From the Technology Slides HEV WG Conclude
That HEV’s Have the following Properties

I o ’~ NO engine clio and Torque Converter--Electric motor Launch
2 Regenetatnte BraKing ~ enough to sustain charge in the Ctty

w~ the appropriate engine "~Jm = on" speed
3 Aliows IGeal engine operst]on at 33% efflclency on gasoline

~. today and opens the door to design much higher effic~nt
gasohne engines over 40% efficmnt mat are much simpler
than current ctesigns---Teyo~a Pnus=38%

4 Replaces Mechancal complex~’ wlttl Electron¢ controls tor
much higher overall efficiency rehabd~ and lower costs

.5 Much lighter powe~rain for t~e same performance HEV 60
powertram is 1/3 the weight of CV

e Tot;~l vehicle wecJht of the HEV 60 can t:,e the same as the CV
w~ the use of some better matenats

7 Wrth PNGV materials and aerodynamics a 5-6 passenger
sedan such as the Lumina can ach~ve over 100 mpg w~h~n
today s cost range for these vehicles

1Tifrastructure--The Achdles Heel of A~I

Alternative Fuel Vehicles

1 Small and m=dslze 5 passenger Plug-In HEM
vehicles and SUV’s can use today’s gasoline
stations and 12Or electric plugs vwth GFI to fill
tanks and charge battenes at 1 5kw No Infra Prob

2 L~rge SUV’s couad use 220v GFi plugs or speclat
120v plugs wdh GFI at 3 kw Rapid charge is n_~ot
required since it’s an overnight charge and a parhal
charge does not affect Performance=or rancle ~n a~l
pl_ug-ln HEV’s

3 Completely automatic charqin,q systems are easy
to design at these low powers Standards needed
for all manufacturers No achon require(/of usert

4 Research area for the future HEV WG

General Control Philosophy for parallel
HEV’s

Use E/M/G and battenes for low speed driving and
vehicle acceleration and decelera|lon performance
Use gasohne Eng for Steady State speeds and
loads
These cars are Z_~ at low speed c d~_d~ but
clean eff~caent highway crgr,~ers wtth up to 2X or
better MPG

4 Gasohne Is used at highway speeds with E/M/G for
better acceleration, deceleration and engine
regulation for minimum fuel and Iow~st emlssm.ns
for SS power
Parallel HEV’s prey=de opportund=es for
opt=mlzalmn of many other parameters
s,mu~neously

HEV WG identified 12 control strategy rtems

e 3 techniques for engine Turn On-T/O, speed, 45, 60,
$~ * 80 mph
t ¯ Ramp down Engine TtO speed/SOC for increased

~.~ range on electric energy
¯ ¯ Driver ~nteractlon allowance for batter electnc use

Smad-car tnp planning capabdd=es
Enhanced etectnc modes to increase AER

s Better engine Start algorithm development
¯ CVT ophm~zatlon for gasohne-EV-~egen operahon
¯ Minimize battery replacement strsteg~es

Mountain mode strategies
¯ The h=ghhghts are discussed m the next few slides

~t WG Control for battery management
of zero AER small batteries HEV 0 to HEV 20

Objective
¯ Use batteries and EMG to enhance down,sized eng

for vehicle performance and launch up to about 5 to
16 mph

¯ Use batteries to collect regeneratwe braking energy
There m enough energy In =normal" cdy dnving to
ma=ntmn battery SOC

¯ Aggresewe dnvmg for a few minutes w~ll cause "turtle
hght" to come "on", hmdmg performance Larger
batteries reduce the frequen¢,y of the "T~

WG Contro~ of batteries
for plug4n long AER, HEV 20 to HEV 60

¯ Ba~ene~s are used for low speed c~y dnvmg wig eng
(ZEV) unless the batteries are depleled to a certain
state then ZEV up to 25 mph ZEV performance 0 to
60 mph =n 6 to g seconds or less

® Up to 60mph eng "o~ untd 20 to 60 redes are driven,
then ba~tenes wdl be maintained at about 20% SOC

e Engine controEed to always come "on" above 60
mph

¯ WAh Eng "on" EMG and battenes are used to
enhance performance hke the HEM 0

= Larger battery pack leads to a longer time to "turtle
hght" HEM 80 may only see Tudle light when dnwng
faste~ than 100 mph for 20 minutes

4



WG Contro{ of energy for
Fuel Economy

~ The bettery-EMG Is used wtth the CVT to atlow the
engine to only operate along an "ideal" hne m torque
and speed, An teL This affows the engine to
operate at 30% to 38% effic~erd shaft powe~ from a
minimum power to a maximum power

o The gasoline eng is sized to provide enough power
for h~ghway ~ on a level road, then the bettery-
EMG is used for acceleretmn and hill climb Small
packs will suffer "Turtle light" if the hill is too inng All
cars are designed to travel Denver grade w~o Turtle
light

. Engine power goes right to wheels for best efficiency
e Mechanical CV’T" =s much more efficient (95%) than

Auto-transmissions

t

Control System to manage the battery SOC as
the car ~s dnven

Q Can be done by engine "turn on (T/O)" speed - The
lower the TIe the more gasohne used and the less
electnc energy used in mty driving

e For highway cruise, one way is to require the engine
to make shghUy more Ix~wer than needed to maintain
a given speed then to use the EIVK3 to generate
enough to keep the bettenes al the minimum SOC -
about 20% SOC Then wad for the vehicle to park to
plug-in before charging to "full" SOC Gasoline ts
not used to charge to lO0%---only to maintain SOC

= T/O concept allows battery charging to be automatic
¯ Dnvmg habits can be used to determine adaptive or

pred:chve control strategy Controls are simpler
when batteries are larger

Control of dally energy use
to increase battery fife

e Can be done by taking less energy par day from the
battenes by sustaining at a higher SOC Therefore,
the dnver goes fewer AE m=tse per day and covers
more miles using gasoline---Degrades HEV 20 to
HEV 15 etc

¯ Battery End of Lde (EEL) was defined as 80%
capacity for HEV 0 to HEV 20 battenes For HEV 20
to HEV 60 plug-In vehmie bettenes EeL can be
extended to lower oapacdy thus extending
replacement range Control to extend battery Idle may
be done only after 100,000 miles has been covered

.=150,000 vehicle mile battery hfe can be accomplished
requlnng fewer pure eiectnc mdes toward the battery
end of life

~,
Bi-dlrectlonal charging to provide Electric

, Utiht~es ~ reserves and re_.gulabon

¯ Pfug-m HEV’s wdh bPdlrectional chargers under
~i i, utility company control Then use pni¥ the

betten_______es_es of HEV’s to level and regulate the grid
~. Q The user pays 6 cents/kwhr to charge hm batts but is=. deducted 18 cents/kwhr to feed energy to the gnd

¯ This is only possible d energy Is taken from battenes
¯ Running the engine to recharge beck to the grid is

too expenswe--75-80 cents/kwhr, due to gasoline
engine component Ide and cost of fuel

= This concept only makes sense for Plug-m HEV 30 to
HEV 60 or higher AER Not HEV-.O or Pure EV of
today

¯ lmdkon vehmlesplugged met 1 kweechIs 1000mw
----enough to regulate power and prevent rolling
black=outst And the power is already dmtnbutedl

Conclusions
qD Technology Is now possible but not yet completely

developad
<DThe heart of the Technology is the mechanical CMT

which has been demonstrated by UCDaws HEV
Center, more efficient than manual transmissions

~=The larger the battery pack. the more efficient the
Plug-In HEV up to a range of about 60 miles The
optimum range wlll increase as battery technology
improves

~PThere are numerous control strategies that the
technology can be used to optimize the many
parameters not now possible with CV’s

,b It is possible to integrate Ping-In HEV’s with the
Electnc power gnd to improve the system efficiency
and lower the electric energy costs to all

Conclusion cont.
|

¯ Complete automatm control of the vehmle Is expected

~t and thus the vehmle Is transparent to CV’s
¯ User control of energy management may not be

advisable until the public is better reformed
"~t.~ ¯ Fleet energy management control m a natural and
7" can greatly reduce fleet operating costs

¯ All emmsmns and CO2 can be greatly reduced
® Fuel economy can be further increased by advance

gasoline engine design wdh efficiencles up to 45%
¯ A sh~ff in the use of fuel (G to E) can mean h~clher

profits to Energy Companies Car companies also
Gain $

¯ Plug-in HEV’s can lead eventually to advanced
altematwe power such as FIC and others after
infrastructure and technologms ere developed



Ovonic Nickel-Metal Hydride
Batteries For ZEV-Range HEVs

May 15, 2001

Dennis Corrigan
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Manganese-type Lithium Ion Battery
for City EVs

May 15, 2001

Kensuke Hironaka
Shin-Kobe Electric Machinery Co., Ltd.
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Outline of the Presentation

Introduction
Ultracapacitors vs. Batteries
Reasons for combining batteries and
ultracapacitors
Combinations studied
Ultracapacitor characteristics
Battery characteristics
Applications studied
Results
Conclusions

Ultracapacitors vs. Batteries

lU/~acltors

,~ ihgh pov,~ r and Io~ resistance (2kW/kg, 95%)

,~ Long c~ele hfe (>i00K cycles)
,~ Cycle hfe ,ndependent of the pattern of SOC
,m Long shell hfc (>10 years)

¢ Relatively Io~ energy densJt) (<lOWh/kg)
¯ i’oss er ch~racterJst~es |ndepcndent of SOC

¯ High energy dcns|ty (30-150 Wh/kg)

¯ Moderate po~cr (< 5 kW/kg)

¯ Short ~helf life (<i year w/u recharge)

e Rclat|ve|y shor| cycle life (<1K cycles, deep dt~charge)

o C~clc |fie can dependent on the pattern of SO(
[_Q V_arEatm. of power character!saes_~_iill St_)(_

Reasons for combining Batteries and Ultracapac~tors

¯ In order to get high po~er m both motmmg (discharge)
and regcneratwc braking (charge) the batteries arc
maintained at an intermcdmt¢ SOC (approx. 50%)

¯ Dual h|gh power reqmrements result m only a fraet|oa of
stored energy being a,~adable for use

¯ Ultracapacltors can prov|de the power ~hen the po~er
dcnstty of the battery Js le~s than needed permitting the
battery to be discharged over a wtde SOC range
The total energy stored m the battery can be reduced
because a greater fract|on of the energy ts available for
use
The max|mum po~er of the comb|nat|on is greater for
both motor|ng and rcgenerahve braking
In some apphcat|ons, use of a battery w~th a htgher
energy density than possible when the battery mu~! meet
the maximum system power requ|rements for both
motoring and braking

I.

I ....



Combinations studied
¯ Ultracapacstors with lead-acid batteries
¯ Ultraeapaeltors with nlckel-metal-~ydride

batlerJes
¯ Ultraeapacltors with hthmm-lon batteries

Ultraeapacitor Characteristics
a Carbon-based, organic electrolyte
I 2.5-3 V/cell
¯ Energy density 3-5 Wh/kg
¯ Power density 1.5-2 kW/kg, 95% efficiency

Applications studied
¯ Mild hybrids (42V)
® Power assist hybrids (200V)

Seminar3, of the charac{ertsRcs of ad,~anced protoq, pe and

commerciall~ avadabIe carbon-based uliracapaellors

(’2} Povber based on P=9/16*(DEF)*V2/R, EF=.efficlenc) of discharge,
V-3V

Page I



F~gure 3 Photograph of the Ness 2 3V, 2500F Capacitor

,Pr~nczpal Spec[_f~ca~tg.n_~ EC-HV1225

()utput/In~ut Power Performance
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Table 1 Automotive Lion Cell Characteristics

C/3 Total Total Max Pow~
(Wtk~)Capacity Energy EnergyOperating @Hag @ C/3 @ C/3(ram) (ram) (kg~ Voltage Voltage (Wh/k9~ ~Wh/~) Pulse Conbn~.iv) (Ah)

HE40 220 ~ 1 OS I 41 0 140 290 42(] 288
MI~IS 54 2;~-9 ~ I 105 4 0 1390139 0 [ ~35 280 080 415
~az~ s4 lOO 6 7~ ~ ~-1i"~---I~4f s~e ~ 3~s

,.’~z ~;,8 -o~ ~ I zoo I ~_s I ~s~l~4~°- 8se
HP6 104 " 0 38 3 9 [ 8 hO I 75 I 158 [ 1420 76(]

The maximum vo~,ge of h~h energy and m~um range cells ~s sl~-c~fled at 40V whde R is on f 39v for hlgh
[39V) resuJts m lower e~gy (abOut ]5%) but may be neede~ for HEV due 

The HP ceffs can run at 4 0V under aFphcab~n wl~hOdt re~ener~hve s c~=k~_
De~r~c~ power u~ade~ 18 ~cond pulse @ 50% DOD and 2. 7V cut-off

2 t.la~lmum continuous current rPult~phed by ~vera~e volt~9~
Saff manufactures outer types of hth um ~a eel s ~sch as medium pas~a’ac o ~or(n~l and h~gh

Configurabon of Salt HP LiON Cells

Shm-Kobe

Manganese based LHon Cell for HEV

C=~thode Mat ena~

Capacity (Ah)

Size (ram) I 40 ~ ~0~
Volta~a IV)

~=’s-4~I

Power Char~ctenstzcs of a Cell for HEV

3000

= 2500 ~--~echarge

~ 500
X

0
9 20 40 60 80 ~00

soc(%)

Tempt Voc V

qO°C ~_ 3 04

Salt

Power Capability (HEV apphcatlons)

Dlschar Power

Cha_rge- Powel

o/o SOC R 2 Sec
P Max ~ 18 Sec P Max R 2 Se<:
2Sec 18See 25~

mQ W/kg
mQ

W/kg
m~ |w~;,

7~,’o 1 48 2790 2 13 1938 ~ [ 1221
50% I 48 2600 2 08 1794 ] 46 ’ 14’:;C

, 3 5~----30% ! 55 2150 2 19 1522 =~

I 3/4 l 70% 176 1 2346 257 1606 [ I-~-7~I 894

i i ~7’I I 70% ~_37__5. ’, 1101 1 505 | 817 1 398 I 38q

o°c f~-I ~-~-~’-~ so~ [-_~ _I ~
No~e I Data from HP12 c~ll sample (0 S8 kg) Not & Sp~ClfiC~tlOtl
Note 2 Maximum power calculated as follows

Discharge Pntax = Vim x Zmax with |max = (Vocv*Vmm)/R
Charge Pmax = Vmax x Imax with lmax = (Vmax Vocv)/R
Vmax = 4 OV and Vim= 2 7V

Note 3 Short r~gen spike could reach 4 05V ~sultlng ~n power acceptance
iI’,C~i~se of mo~ than 10°/o at h:gh state of charge

Note 4 Lower cut off voltage (below 2 7V) especially at low temperatures IS possible
re~ulLs in higher d~scharge power



UltracapacRor Unit Characteristics

200V

!00 Wh (useable)

25 kg (4 g h/kg useable)

up to SO kW (2kW/kg, 90% charge/d~hcharge

$12/Wh or $1200/umt

(eqm~alent to $30 for a 2500F cell)

5-10 ~ear cycle and shelf hfe
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Summary of the Characteristics of Various
Batteries with Uitracapacitors

cost
I Type [ (kg) [ EnergyI power ($)

I I,ead-I 80 l 400 I 25 ~4-O-O-
acid w/o [ I !

Lead- | 53 ] 800 50 1350 e
acid wtth

[caps _

[-~-,~L~ 40 40o--- 25
i metalli hydride [

Nickel [ 45 1000
metal [

hydride I
with 1

L- _c_a~s .~_ ~ _ ,
!

t ion w/o t I I
, ca sg!_~ l I

Lithium- " 40 960
] IOn ~ llh I 1 t
L~Ps .I ...... 1 ..... [____

5O

35

50

1200

1920 1

Conclusions

i All the battery/ultraeapacttor systems are heavier
and more expensive than those with the battery
alone

o All the battery/ultracapac~tor systems ale highe~
power and have more useable energy than those
with the battery alone

* The use of capacitors with batteries permits the
batterses to be used over their complete SOC

e The use of capacitors results m the same power for
vehicle acceleration and braking independent of
battery SOC

o Lead-acid battel tes benefit most of the use of
uitraeapaettors and hthmm-ton the least

o The lead-acid batterylultracapacitor combmatmn
Ds particularly attractive in terms of performance
and cost

® The use of capacitors should significantly improve
the cycle life of lead-acid batter les in charge
sustaining hybrids, but the effect on the cycle life of
the other types of batteries is not known
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Hybrid Electric Vehicle
Commercialization,

Market Potential,
Customer Preferences

HEVWG Study Draft Final Results

May f5 2001
Dean Taylor

Southern C~flfornta Edison

Several Different Names for HEVs With
or Without Plug -in Capab=hty

J
N~,-gr~<~=~ HEY ~ug4n or ~e,~t~ HSV

I ......... -- !
! ......... !

t

Overview of Customer Preference Study

Two teems of the WG worked wtth ADA to design the format
questions, and educebon shdes of the study
- Customer Preference team (mduped two automekers)
= Modehng team (included one eu~omaker UCD NREL ADA others

¯ 8 Focus Groups
1 P~ot Interview
400 + Quantttat=ve interviews
- 9 independent sttnbutes tested first in trade-off q~.lesbons
- Then hnked to descnbe HEV 0 HEV 20 and HEV 60 in full profile trade

Off queettons
- About ’~00 direct assessment q~est=ons tested other benefits

demographics s~tudes etc
Customer Based Market Model

Nine Attributes for CBMM

Vehicle price
Fuel cost savings

Tnps to the gas station

Environmental benefits
Maintenance costs
Battery Ire end replacement costs

Electnc~t system (infrastructure) upgrade costs
Government incentives

Special features/options such as a 110/120-volt outlet to run
venous =appliances’, and pre-heet/pre~cool capability
(available w;th engine on or off)

Examples of Trade-Off and Direct
Assessment Quesbons

"i’rede off question example
~f you had h~ reptsce your cgrmnt Ford Taurus whlch w~uld you prefer~

Fuel costs $60 per month Fuel costs $8 per month I
(25% less than current costs) (90% less than current costs)

Costs $600 per month for 36 months Costs $650 per month for 36 months

Lv,~th $3000 down (Tote $23 g00) w~th $3000 down (Total $24,700)

Demographics and dlre~’~ assessments provide context for th e preference
results (sttltudes sex Income education etc) end can also be useful in their
c~m nght Fer example, respondents wers ssked dlrsclly wh=ch factors would
I:~ most infiue~tlSl in the purchase decision These questions also provided
the input to compute the fuel usage tnps to the gas stst=on preferred w~y of
purchasing (cash lease etc) end other custom inputs for each respondent

Focus Groups and Quantltatwe Study
Assumptmns

¯ HEVs have been evadable in the market for about 10 years
¯ The technology cs safe and rehable

¯ $kdled mechanics are a..,elJable
¯ Performance, intoner room~ess convenience/~omfort

features, and resale value ~s comparable to the equivalent
conventloRet V~hlcles

¯ HEVs ~re produced by many manufacturer’s ~n a wide range of
styles such that any model can be purchased as an HEV

¯ Information about HEVs is widely evadable from the Internet
magazines, automakere government, consumer groups and
other sources

The intent was to focus respondents on their preferences with
respect to their choice of welFestabhshed power train
(conventional or several hybrid) options, not on any other
differences In the vehicle ~tself



Market Preference Versus Vehicle Price for Mid- size HEVs
Scenarm 1 - Simpla Msrket (HEV 0 vz CV HEV 20 v= CV HEV 60 v= CV)

60% --

50% -

~40%

~20%

10%

0%
HEV0

iOLow~,

HEV20 HEV60

Market Preference Versus Vehicle Price
for Mid-size HEVs

~’-I ~---~ ’ ’~---i ....

HEV0 HEV20 HEV(~

HEV Market Potenbal at Constant Price

60%

~
513%

40%

20%

o

O%

BHEVO r
’ m HEV 20!
~ I~ HEy eoj

d’ l J,
$24 000 $27 500

Vehicle R=tall Price ~quivslent

Mld-S~ze Car Component Based Case Costs
(Wethout Mark -ups)

or ANL Costs 0Nith Parbal
Mark-ups on 3 ~tems

cv HEre Hl~ 2~ HEV¢~
Draft Fmal

Mid-s,ze Car Speclficmt=ons NIMH Battery Module Costs to OEM
Versus Battery Energy

S450

~S400

$250

tEV0

5 10 15 20
Sattew Power~nergy (W/Whl

2



Summary of the Base and ANL Methods

-- i

Draft Fmal

$35ooo

¯ ~ $3o o~o

825 000

o $20000
o.

E
=~ $’~0,000

J¢
$5000

$0

Vehicle Fully Loaded Cost Estimates
for the Mid-size Car

_~ ~~ -~ o~r ............

..... 2 - :
~N

CV HEY0 HEV20 HEVI~0
Vehacie R PE for the HEV 0 is from $2 500 to $4 0gO higher the HEV 20 from $4 000

to $6 000 and the HEV 60 from $7 400 to $10 000 than the comparable CV

Market Preference Versus Vehtcle Price for Mid- s~ze HEVs

6O%

50%

409+0

3O%

20%

I0%

0%

....... ....
I .... II

HEV0 HEV20 HEV~0

Low Price Scenario
Draft Final

"S~gn=f=cant uncertamty exists regarding HEV retail pnca Ever~EM
prices products d~fferently For example, HEV O vehicles ere =n the
early commerc,ahzat+on stage because of the w¢l~mgness of major
automC~blle manufacturers to submdtze thm promlsmg new autorrmfe
product VVn~le new technology will cost more to produce, final retail
pncmg wltt be e function of compet~t+on government =ncentwes, cost
market demand, benefits of ZEV and CAFE compliance, betters’
le~smg, and other factors the WG dml not know how to quant#y"

Desire to capture new markets (such as fleets or young buyers) end
desire to improve the corporate image (technological or environmental)
are examp(es of how competition result in cross product Ime subsidies

Federal incentives and Tax Credits
Apphcable to HEVs

Il)l~nldl~ f~l N 

’ ~= ~ =~.-~. ~+,~..~ ~+.~.~’+’= ~" ~ Draft Final

Tax Credits and Other Incentives
Draft Final Conclusions

Tax credits end other incentives could Offset much of the
purchase and Ida cycle cost d~erence between HEVs
(especially plugln HEVs) end convenbonal vehicles that renan
after allowmg for the lower energy and maintenance costs of
HEVs However, the appl=cabdt~y of most of the ex=stmg
tncenhves to the d~erent HEV types ,s not clear, but sho,Jtd be
made clear Generally there appears to be ius~cet+on for larger
mcentwes going to those HEV types that have greater all
electric range because of the larger environmental and energy

securdy benefits associated with all electhc vehicle opersbon



HEV Reductaons m Smog-Forming Gases
CO2, Energy Use and Petroleum Consumptmn

¯ "Y~lte des=table reducbens of abo,Jt 15% =n smog-form=rig gases and
25% in C02emlsslons, energy rise and petroleum consumption can
be expected for a properly desJgned HEV 0 a 50% reduction in
smog precursors CO= and energy use aswe{] as a 75% reduct=on
in petroleum consumption, is predletec for the HEV 60 This is
compared to a CV meet=ng the ve~ clean $ULEV em=sstons
standard Specifically ADVISOR slmulat=or’s show that the
petroleum consumption of an HEV 60 (us=ng gasohne/efectnclty) can
be less thal~ that of the PNGV dlese= engine-battery HEV 0 concept
veh=cles and atta=n the equivalent of 80 mpg w~thout resorting to
costly hght-we~gh~ construction or body aerodynamics"

HEV Energy and Petroleum Use Reductions

....... E] Natural GasI I

_ _F-I 
_- 2

1_
CV HEV ¢ HEV 20 HEV SO

Merket Preference Versus Vehicle Price for Mid- size HEVs

60%

0%

.... 3 .... ;;

HE’V O H~V 20 HEV 60

Scenario 4 Base Case Results for Mid-size
and All Respondents

30%
=
o~ 25%

~= 20%

!~- 15%

,~10%

5~

0%
HEV 0 HEV 20 HEV

Constant Market Potentla| Versus HEV Price

$3500O
¢
¢= ~n00OO
>
3 $250OO

$2oooo
$~5,0OO

¢ StO,(X~}

~= $5,ooo
so

f e ~v ~o/to~V~J

18% 25% 45%

Customer Pref=rer~ca over CV

HEV Market Potential at Constant Price

60%

40%

~o~
i 20%

10%

O%
$24 000

II HEV201

~L~v~

$27 5OO

Vehl©le Retinal Price Equlv~kmt
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CBM Model Constructed to Be Extremely
Flexible

Market preferences can be predicted for any vehicle described
by the attr;butes
Market preferences can be roughly estimated for other HEVs
w=th similar prices and attributes -e g hybr~t pick-up trucks

¯ The model can be re-run with a different base case veh;cle and
new sensitivities

¯ The model can also estimate complex markets where more than
one HEV is offered by OEMs in a market segmerlt Base case
was also ran to show th=s (HEV 0 vs HEV 20 vs HEV 60 vs CV}
E ut =t ~s a very aggressive case for 2010 and more hkely for
2015 or later

Preference for HEVs When Choosing I Vehicle from
all Configuratmns (2015 Possmble Scenario)

HEro ~ HEY 20 vs HEV~ ~ CV

80%

7O%

50%
ke
oE3O%

L)
10%

Dated on Linked Assumpbons and Attributes Sensitivities : Market Potenbal for HEV 0 versus
Conventional Vehicle

p

HEV Market Sensitivities for Fue| Price and
Battery Replacement

¯ Fuel prme also had a s~gndicant effect on market potenhal If
ga,,ohne prices rose from $1 65 per gallon (besehne assumpberk’~
$3 0(3 per gallon (an 82% ~ncrease), market potential for an HEV 
wc~JId ~ncrease about 30%, an HEV 20 would increase about 35%,
and en HEV 60 woul6 ~ncrease about 65%

- On the other s=de If batteries need to be replaced at 5 years or
50 000 mdes, market polent~al for the HEV 0 is reduced by about
Iwo-lh~rds and the HEV 20 and HEV 60 by about half Battery
replacements at 80,00~ redes or 120 00~ miles were not tested and

shoutd not be inferred

Sensitw|bes : Market Potential for HEV 20 versus
Convent|onal Vehicle

a.,c~

Key Assumptmn F~lug :n Each ight



Sensltw=t~esMarket Potent~a! for HEV 60 versus
ConventJonal Vehmle Other Sens=t=vltles

Extra Features OptJon (Pre heat / Pre-c~ol for $300 and 120 V ouUet for
recreahonal work or home apphancas for $300
- For the HEV 20 and HEV 60 that ¢~n use these fealtures wdh the e;gflle off

(using battery power ~don~) ~.t % would chooee bo~ at. ==dcM~nd 26=/= wou~d
select one feature ~d 33% would select none

= Far the CV and HEV 0 which use these features ~ the eng~e on 63% would
select no fea~e~ t 6% wotdd seCect o~e ~eabJte and 1% wo~ld Choose b~
features

If eJectnc=ty pncas rose 66% to t 0 cants per kWh the HEV 60 fuel cost
savings woula ~ectease by $162 per year Th~s is equwaient to a gasol,ne
pnoe of $1 40 per galen wh=ch hgs btUe Impact on market petenbal A
simdsr e×ample for the HEV 20 is equwalent to a gasoline pnca of $1 61 per
ga~on Because of the high e~c~ency of HEV= even sxpenslve sleotnc~ty is
expected t~ hsve only a small impact on market poten~al (m the above
example)
If seven mcentwes (e 0 ccarpoo~ lane access and free or reserved parking)
ere available the FeEV 20 market potenhal would :ncrease from 35% to
50% and the HEV 60 would increase from 17% to 30%

Dra t+t Fznzl

Constant Market Potentml Versus HEV Price

$.35OO0

¢=-~ $30,000

~= $25,00~

_~ $2oooo

$150O0

$10,000

Z: $5O0O

~ HEV 0-~

18% 25% 45%

Customer Preference over CV

Why Pay More for HEVs? Ranking of HEV Benefits

ASerdlon I ptoneer ~mage
Avoldl]lo p,ler ~naJ KeCLI~

Market Preference Versus Vehtc|e Price for M,d- raze HEVsPlugg=ng in Versus Going to the Gas Station

Parbc~pants were asked about the=r preferences fur veh¢cle ept~ons on the
basts of plugging in versus g~m0 to the 0as station on a rankl n0 scale of 1 -
9 where I = strongly prefer to fuel my vehicle wlth gas at ~e gas station
and 9 = ~P, rongiy prefer to fuel my vehlcte by p;ugg=ng ~t m at home

Ranking Results
Average vath ccanfidenca interval 6 9 ± 35
1-3 Rankm0 1 1%
4+6 Ranking 35 9%
7-9 Ranking 63 G°/=

More sophtsttcated CBMM results for ~lhngness to purchase an HEV 20
and HEV 60 (based on plugging them In each night) show market potential
that Is generally lower because ~ factor+ m vehtda pnca and cost to upside
electocal systems

50% ................

0% ~~-~L_ .... x ,’~__I .

HEV 0 HEV 20 HEV 60

6



Draft Final Conclusions

1 HEV 0 technclogy is ~n the early commerc~a~ stage Relative to
mature Combustion engines and state-of-the-art EV technology HEY
technology requ{res only evolutionary advances to meet technical
requirements with the possible exception Of batteries NIMH batteries
are technologically capable but there are uncertainties regarding
the.- life and costs, especially m plugn HEV service
2 All HEVs w~,E Cost more to produce than their CV equ~vaEeot
Estimated mcreases in the retad price equwalent (RPE) are from
$2 500 to $4 000 for an HEV 0 from $4000 to $6000 for an HEV 20,
and from $7400 to $10 000 for an HEV 60 Battery costs are the
primary reason for this incremental cost
3 Total energy (motor fuel and electnc~ty) and maintenance costs 
plug.~n HEVs w~li be less than that for CVs part~ally offsetting the
mlpact of battery costs Incenbves to buyers of HEVs could prc~e
adddlonal cost offsets but more analysis is necessary to confidently
quanttfy and compare life cycle costs

Draft Final Conchlslorls (continued)

4 The Customer Preference study Indicates defimte markel potential
for all HEVs That potenbal Is large If cost equwatence w=th
conventional vehicles can be achieved but even at higher cos~ere
~s hkely to be slgmficant market potential

5 PeoplaarewdhngtopaymoreforanHEV6OthananHEV2OTiore
for an HEV 20 than an HEV 0, and more for an HEM 0 than a CV is
not clear why so many people prefer m~fBize HEVs over their CV
counterparts However ten HEV benefits have a high to strong
influence on the purchase decision for most consumers especl~tfor
those who prefer HEVs This refers a broad package of benefitsou/d
be marketed
6 The majority of the people surveyed preferred plugging In a vehgcle
to fuehng at the gas station

Draft Final Conclusions (continued)

7 There are some issues that have been identified thai need to be exam=n~d
for successful commerclahzatlon including battery cost and packaging Real
wodd testing must be done regarding hfe Battery costs wh=le dlfr~.ult to
estimate, appear to be attainable based on what we know today
8 HEVOvehlclesaremtheesdycommerc, ahzationstagebecsuseorthe
valhngness of major automobile manuficcturers to subsidize this pror~slng
new automotwe product However there is an unclear commer~attzafion
path for plug-m hybnd electnc vehlcles despde the=r substant=al soc~et~
benefits because, in pa~colar, there are no corresponding automakers
irlltlah’~es p-esumabty because of battery cost and battery repcacernent
concerns However HEV {~s coultt be a stepping stone to plug-in hybrids
9 The =ncremental costs for all HEVs are very scgndlcaof in low snd medmm
volume productJon (higher than the numbers ,n this report) Yet there are else
very let@e socletaE benefits tf HEW are commerc~a~tzed And the
infrastructure tssues for HEMs are few compared with sltematlve fuel
vehicles (Even for plug-in HEVs the survey found 86% had reletwely easy
overnight access to a p, ug wth 120 V systems being relatively hassle free)
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Heetmg the CARB ZEV Requirements"
Grid-Connected HEVs and City EVs

Part Ih and Neighborhood EVs

e

¯ BEV Challenges

¯ Emerging Small BEV Classes

¯ City EVs (CEVs)

Ne,ghborhood EVs (NEVs)

¯ Enclosed ZEMs

¯ ZEV Credits for Small BEVs

- NEV Credit

- CEV Credit

Challenges~orBEVs

¯ Near-term costs are hk
¯ Establish appropriate incen
¯ Develop necessary

¯ Increase public awareness
- BEV VS HEV

han CV

Cost
¯ Volume production

- Vehicle, or
- Componentry

¯shared components
¯ Addltmnal battery developments
¯ Mission=specifiC BEVs

- Neighborhood EVs
- C,ty EVs

¯ Nmhe Applications- Shared platforms
- Postal Delivery Trucks, etc

Emer( ;mall BEV
Clas

¯ City EVs (CEVs)
¯ Neaghborhood EVs (NEVs)

¯ Zero em=ss=on motorcycles
(=ncludmg enclosed

¯ e-b=kes, scooters, etc

Range~d Graph

!



E~a~’~f City EVs

/

® Nnssan Hypermnm

Exam"~les~ City EVs

¯ Ford Think City

Exampl~City EVs
...... i; ~"i

¯ Honda CityPal

Ex~EVs

o Toyota e com

~m~ ~ ,~

¯ Ford Thunk Neighbor
¯ DC GEM

2



- ’NEV
Examples"-o4 s

¯ Dynasty "iT

!1

ZEMs

¯ CItyEI

¯ Corbin Sparrow

es of ZEMs

--~d~Vs (NEVs)

¯ USOOT established new )eed
Vehicle (LSV) category 

¯ LSV created due to increasing ¢
between state and federal law

¯ Rulemaking initiated in response t(
Bombardier, Inc. in 1996

Neighb (NEVs)

¯ DOT considered 3 o
- Raise motor

, Bombardier original request
- No change
- Create new LSV category

¯ LSVs In-between Passenger Car and G~
Carts

¯ Further DOT Information on LSV
development:
hrcp/www nldsa dot govlcamlruleslrullngsflsvllsv html

3



~d~Vs (NEVs)

US DOT Low Speed VehJcle~nitJon:
- 4-wheel motor vehicle
- M=mmum 20 mph

¯ Attainable In "t mile ..........
,20 mph selected as ’ d=wdmg line"

- Max=mum 25 mph
- No powerplant definition, so

¯ NEVs = LSVs that are zero emission
¯ LSVs= Any vehicle meeting DOT regulat=on

R

Neig (NEVs)

Cahforma Vehncle Code Defm
- 4=wheel
- Mm 20 mph Max 25 mph
- <1800 tbs unladen we=ght

¯ Vehicle disclosure to purchaser
¯ Modifications proh=bJtlon
¯ Not allowed on roads posted >35 mph
¯ Local restnct=ons

 ment in ZEV
Regula’li n

iOr=glnal 1990 ARB ZEV Reg~i~n
- NEVs not yet proposed or cot~ed

- NEVs now part of new~y expanded~
definlt=on of "passeng~ veh=cle" thl
included LSVs

- Would become ehgEble for ful.__j ZEV
credit

¯ Revised ZEV Regulation (January 2001)
- NEVs treated separatefy

(credit d=scounted}

Neighborhoo~¢

CA ZEV Credit Earned

(NEVs)

’00 ’01 ’1}2 ’03
Early 4 4 4 1 25 1
Intro Mulhpher
NEV discount 1 1 1 1 5

Resulting 4 4 4 I 25 625
NEV Credit

¯ Bombardier NV (1998,
¯ GEM (DC) (1999, 2000)
¯ Dynasty IT (2001)
¯ (Ford Think Neighbor)
¯ (lacocca?)

NEVs

2o00)
¯ No concrete defimtmn
o Usually 2 seat
= -60 mph range
= -60 mph top speed
¯ Battery capacity ~113-1/2 of full

BEV or-9-15 kwhr
(NEVs usually carry less, typ 8.6 kwhf

¯ Must meet aH standards applicable to
motor vehicles
- Will most hkely be designed and budt by large

automakers

4



 i EVs
¯ Usually intended for city

(not freeway) travel
¯ Usually fit Japanese mlcrocar ch

limits
- Length < 3400 mm (some < 2500 
- Width < 1480 mm
NOTE some NEVs are larger than C~ty

EVs
= Most manufacturers targeting shared or

station car applications

ZEV Cre~dTt~ermination

Initial ZEV Credit =

{1+[(Range Mult -1) x (Range Mult
{1+[(Eft Mult-1) x (Eft Mult Phase 
(Transportation System Muir ) 
(Early Intro Mult ) 

(NEV/LSV discount)

Range~M~tiplier
ZEV Rang~ Mu~

t0 ............ ~ .... , .........

’ f~" i ~ ~ E -,0,,,
Urban AER (mdos)

Effl( Multipher
VEHICLE FFICIENCY
CLASS ]’IPLIER
C~ty (EV) CMPEq x 45 9)
Subcompact PC CMPEG/(1
Compact PC CMPEG/(1 5 
Madslze PC CMPEG/(1 5 x 27
Large PC CMPEG/(1 5 x 25 6)
Small Truck CMPEG/(1 5 x 25 0)
Medium Truck CMPEG/(1 5 x 21 4)
Large Truck CMPEG/(1 5 x 18 2)

2006 Example:
Typ.

Initial ZEV Credit =
{1+[( 1 4 - 1) x (0 60)]} 
{1+ [(1 85- 1)x (0 35)]} 
(Transportation System Muit ) 
(Early Intro Mult ) 

(NEV/LSV dpscount)

=~ 1_66
Year 4+ In-Service/Under-Warranty Cre¢

=-0 16 per year

City EV changes

* Station car cred,t multi :EVs
- Enhances usablhty of mass
- Freeway capabilbty and long

unnecessary
- Amount of addJtmnal credit may

increase from December proposed
rewslons (2X)

e New class for eft credit determmatlor



High FFEV
Credit
Typ CEV
Credit
NEV Credit

~1) Credit
Gem n

’01 ’02 ’03 ’04 ’06
19 19 5 87 5 87

56 56 ~8 18 18

4 4 125 625 625 01!

20t2

CEVs
Estimated number icles in

2003:
Without
ATPZEV

ZEVs tf t00% Fu|| 9,300
Function EVs
if 109% City EVs 23,500

If 100% NEVs 30,900 15,450

PZEVs 94,500 94,509
ATPZEVs 0 t0,700

Vision .= Future

¯ Clean & healthful air
¯ Steady, sustainable
¯ Mission-specific BEVs may pl

Manufacturers)~

--.o,,. _! .................]___-.) JL L- Il

,.-1- a 4NI
Timefrim~ yr

.~

Manufactu~Qb iga ion
12

10

8

6

4

2

e
Current Regulation

6



EXTRA SLIDES

Provided for Reference

Abbrevi,atieq.S. Used
¯ LSV Low Speed Vehicle ¯ BEV~attery Eleclrtc Vehicle
¯ NEV Nmghborhood Elec~c ¯ HEV-R~E[ectr~cVehlcle

Vehicle (zero=emission LSV) = GHEV- Gnd~l~ected HEV
¯ cEv- C,~/E,e~c Vehicle !,~e e~ ?~t?.~e H~V)
¯ zEv- Z~o Er.,ss,on Ve,.c,e. ~R.~,~~
¯ ZEM- Zero Em=sslen Motorcycle ¯

O.BO: On Bo?rd p a~lb~

¯ MIL- Malfuncbon Indl¯ PZEV- PaPal Zero Emtsslon ¯

MIL- Maffui3ctton Inelce~l~

Veh{cles ¯ EFF MULT- Efficmrcy

! AT PZEV Advanced ¯ DOT Dept. ofTransperlaI
¯ CMPEC~ California Mdes PTechnology P.~a, Zero ¯ c~E.c~.c~,l~,oi, M,l~, P/

Emission Vehicle Equwale!qt Galen
..... ¯ LEV- Low En-~se:on Vehicle¯ SULcV- ~u~r ulna LOW _ . . - .....

Emission Vehicle Regu’,ahens

¯ VMT- Veh,cle M,es T~.~ed̄ ~V II- LOg8 am~r.~oe= ~
LEV program

¯ ~/m=le - grams per mile

!1

7
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Toyota
EV Commuter (e-corn)

1 oyota Techmcal Center, USA, Inc

Dave Hermance

EV Commuter (e-com)

e-com Battery Pack Location

vehmle floor pan in a
resefl carrier

¯Mamtec~ance-free

RAV4-EV battery pack

e-corn Motor

l
- Front-wheel drive tr~nsaxle
¯Three-shaft, single-speed reduction gear unut
¯Max;mum output = ~9kw at 2200-350(] rprn~- ,, =~,

e-corn - Features
¯ 2-door, 2-passenger mini-car
¯ Local personal transportation concept
¯ NaMH batteries - -8 4 kW-hr, 320 pounds
° Regeneratwe braking
¯ High efficiency permanent magnet motor
®60 mph top speed
¯ 50 mile range (FTP city)

e-com Battery Pack

¯24 12-volt NIMH
batteries

¯-8 4 kW-hr
capacity

e-com Placements
¯ 103 worldw;de, 15 in CA
¯ Demonstrations only
¯ Japan demos include integrated ITS elements

e-com - Retail Potential

¯ Limited retail potential due to cost, range, top
speed, utdlty of design

¯ Not equal to conventional gasoline



Crayon Project (e-corn)
City EV Regulatory Issues

¯ Credlts relat,ve to FFEV
. Cost per credEt

Crayon Project (e-coral
City EV Technical Issues

FMVSS compliance
° Real=world safety

- Acceleration performance
° Top speed
o Battery choice

- Range

¯ Recharge time

City EV Marketing Issues

¯ Americans don’t buy small cars
¯ Buyer expectat,ons

What Does the Market Want?

A significant and growing percentage of
customers indicate a wdhngness to buy
an envlronmentaUy friendly veh,cJe,

if and only if, all other attributes are equal



The Demonstration Test
of ITS/EV City car System with "Hypermini"

May 16, 2001

Masahiko Teramoto
Nissan Motor Co., Ltd.



The Demonstration Test
of ITS/EV City car System

with UHypermini"

Masahiko Teramoto
NISSAN MOTOR CO,,LTD.

Yokohama
ITStEV CJ~ Car S~stem

Outhne of the Project

Kvoto
I ~P

luagi Tame NewTo~n) 
ITS/EV Second Car SystemJ

Fig2, How to use the system
Control center EV station

~-~ -R ...... t~or~ charge (~-’-~,

Vehicle st,uus mo

Voice ser~ tce
,~, hate Mtre121

~__.~=~ ~ [ ~r I authorlzatlor#rent/return

~ivlgaUott ~
Battery level warning
C~ll burton EV stations

Fig3,System Components

10

Figl,Concept

Seamless transportatmn system~
= Door to door Res’ad::t~

I Yokohama Mmato M~rm 2
"800 Companies in 1Kin squareI ~IL~Ia~

J*50,00O business persons / ~"-’~"Parking capacity lO,O00cars ]

! *Comps,,, oer ~O00~s/
I ".ewbus,ne..~ea~tnce~osL~ ~~

D~strmt

FIg4,1TS function

Battery level warning Call button in trouble

t I I \center/ ,,~

Iti Ill

Fig5,1TS new funcbon-2
E co-frmndlmess rod=cater

r Your eeo-frtendilness index

Saving weight of CO2 431g-C

this vague Is equtvalent to

B~’~’~. ,~ .! 3,8CC volume of gasoline



Fig6,One day distance of EV

A mlcro ,qaso~ef-’p~

~001II "-/"T ,0 .... l-.,.
o Ir I1" I-1 I lis:=~i= ~<ojll l

0 I~l [] I_l Ii /l~ r- ~i r, r q -,l~./,u. ¢I o o o o o

one day distance (km)

Flgl0,Level of Vehicles Use

/F,~-verage rate of operation tn weekday I
9host users i

- +

20%

@%

Fig11 Adequate number of users
per one car

s.,~ .~ 6 8users per one car ~ =,

!{ ......... i
V/- ’:" 36%

ACtual number o|’uscrs per one czr

Fig8,Charging operation

Easy and safe

Oust insert the paddle)

Lself charge by user after ddve:

 0,0es0 t
i aday Iths work ioadl

F,gg,Parking space

~::-:~" ~W-;~o~--:--~-~’/
~m~, _ ’,--ll~ltrrlllli,,+__
I - I~0 Hyper~lm for4OrdmaryVehlc|e I

I
= ~,5O,000($fi00}lmonth 6~%rsductfon pctenbal

- Vi ,800,000($18,O00)t5yrslcar

\ ---I NISSAN Car deeler I

FIg12,CS for ITS new function
Q, Is this function necessary for ITS/EV city car system ?

N=185
Call button

i~I tiei" d I~vel Wimlng

"~ Yes oxacfly
Eco friendliness Index

~ ~

2 Yes
One touch route 3,Uncett~in
guid~ ,o retum

~~4No
Traffic information
service (compass hnk 5 No absolutely

0% 26% 40% 60% 80% 100%

Customer s~tisfied this
system and service



Fig14.Development of New ITS system

i:~-I (o..o,.r..oo., ......d.t ~=~W,~

~ Ev station A
(crowded)

I autho~on ’~ price

*hands froe ! i~ .~ Announcement of EV station Btelephone ~ ~ charge fee (vacant) /

for this system

combination with EV
city car system has htgh

potentual of business

2001FY points of the test
new dedicated ITS un¢t
synergy(ex cost) effect
-Yokoham~ mtegratmn

*Confirmation of income
(actual charging fee etc)

Figl 5, Self growth model (YOKOHAMAxINAGI)
2001FY

C-~’,.__ ...,o,. .....,roo. ko
I~~I_ .°,~’, .........r---" ~ ~I I¢

F~ 3

¯ ~iZ=~l~’~’~ II - -~-~:~, r

Chdd
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@ @

@

O

David Fabncatore
TH rNK city ProJect

Coordinator

~v S

@
@
@

@

t

T t
TH*NK "IH%rK
Mobfltty technology

I

0

Our Vlston
,/ Create a new s~tamable business

enterprise
4 Connect v,~th customers in fun 8_

lnnovaave ways

Our Mtsslon
./ Provide mnovatwe soluuons for personal

mobthty
/̄ Incubate cutting edge technologies

~’~ ~’:’~ ~ /~ Fresh approaches -~"--~
Canng for the enwromnent

Environmental Trends
¯ / "Most cars are used for short trips"
4" 70-80% hve In c~t~as and close commurattes
"/Approx 70% of all car driving ~s m these areas
¢" 1 2 - 1 3 people per car on average
¯ / W~th only httle / or some luggage

Most cars are larger than needed.

Environmental Trends

,/"Average driving &stance lower than 35 miles per day"
-,/7 ~% "*all be stop-and-go driving by 2010 w~th average of

21) mph}

Consumer transportation need~ are evolwng

Conclusion

I¢" Best selhng vehicles m US are SUV’s and trucks

*" B;g d~sconnect between customer needs vs purchase
dec~smn

¢" Many consumers have multi-vehicle fleets - m wtuch
vehMes have dafferent utthzatmn patterns

Opporturaty to prowde speemhzed vehicles & mobtht),
services that replace regular vel’acles



Pilot Program
Goals
¢" Develop the market for the new ctry-elass electric vetucle
¢" Test the FH~NK city m new roche marketing programs

stated to urban vehicles

~~,° ~| ;~"’~ ? ~

¯ / Provide understanding of

~~

c~t?,,~iass customers prior to
launch m 2002

¢" Generate poslW~e PR/
a~areness

,," ZEV credits - 4 48 ~ ~ !

~r e er~t t Of

General Specifications

Sea~ng CapaeJty2
Body D~mcamons

length 9 8 fL
w~dth 5 25 tL
hezBht 5 I
luggage12 4 ca.IL

Curb weight 2,075 lbs
GVW 2,490 lbs.
Tep Speed 56 mph
Aec~leraUon 0-30 ~ m 7

Range, city driving 53 rml~ (¢st)

Frame and Body

LowerFrameSteel frame~ 90%high .~
~trcngth steel ~’le
coated

~..~,~:: ,

Upper Fr~ae, e I/xma~ed and welded
ah~rdaum

Bod~vt~rk Thcnnop|asl~e
(polyethylene)

Roof ABS plas~c ~,~ +~ ~

Electrical Systems, Motor & Chasms

coolea it --~, ~+.~
Power Storage |1 5 KWh, IOOAh
Charger Condueiave Internal

190-240V - 14A
(3 212 kW) a~r cooled

Charge Time 4 - 6 hout~ at 14A
Motor Type Three Phase A/C

lnductaon Motor water Drive Front Wheel Dm’¢
cooling Tires 155/70 RI3

May Oa~ut 27kW Brakes front d~e brakes
Voltage 114 volts rear d .,-..wa brake

Safety

Low Center of Gravity
hteel and Aluminum Safety Frame
S~de Imp~ Bearm m the Doors
Dnver I, mm A~r Bag
Sealb¢lts wtffi pre trnmonera
Battery Separated from P~ssenger
Con~amnent

¯ Heated Front end Rear Wu~Is.luelds
¯ Chdd Seat Te~er Anchor



Standard Equipment

Tmted Gl~s~
3kW hlecm¢ Heater
Pro C~bm Hca~g/Coolmg
AM/FM]CD Radio wlth 2 gw-akees

, !2V Auxlhar/Choler
13 5 .~13ok r allunmum "~h eels
Regcneran~ ¢ Braking

95%+ of Vehicle is RecycIab~e

Customer Profile
Pri~ at e.qRetad (Tustomers Fleet Customers (prlvate/govenamc~t)
,/ Urb~ based, secxmd car ¢" Local droving

¢" Substitute for ml older 4 Antlcrpamd/fixed routes

~econd]tlurd car ~" Stop & Go st)le of driving

¯ / Envlronmentalb aware
- pelsonal pnontles

~ Opmtor, Leade"s and
innovators

+ @

For more information

www.thinkmobility.eom
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Presentation by Carl Watkins, Neighborhood Electric Vehicle Company, at:

Meeting the New CARB ZEV Mandate Requirements Conference

The, object=ve of the A~r Resources Board =s to produce cleaner a~r There is an
urgent need to reduce the use of gasoline by replacing ICE veh=cles with zero
emission vehicles or ZEVs Fossil fuels should not be used for local transportation
where alternative fuels w~ll accomphsh the task Electric Vehicles, ,f desCgned for
specific uses, are enhrely capable of accomplishing local, in-town tips Incentives
are an effect=ve tool to get ZEVs Into use as quickly as possible Any ZEV that
ehm~nates the use of a gasohne vehicle for a large segment of the market should
receive equ=valent government incentives as other ZEVs

Three wheeled enclosed electric motorcycles can ehmlnate a large segment of the
vehicle miles traveled in ICE vehicles In some ways, they have a better chance of
accomplishing this substitution than other types of ZEVs or AFVs Such vehicles as
the Gizmo, from NEVCO, and the Sparrow, by Corb=n Motors, deserve the same
incentives as other EVs They are capable of hawng at least as much impact as
more, car-hke EVs, and sooner than other EVs that have incentives, because they
are more affordably pnced and currently available, and they meet large segments of
the market

More than 75 percent of all travel can be accomplished by the G~zmo Demographic
and s,tat~stlcal mformatton show that most travel is one person travelnng alone, and
go=ng fewer than 25 miles in a day with a small amount of cargo Most of these trips
do not include freeway travel With other conslderahons of cost and congestion,
small single person EVs offer an excellent ophon for future urban transportation

Demographic Data

In 1990, the Nahonal Personal Transportahon Survey indicated that 50 percent of all
car tips took fewer than 10 m~nutes. Sixty-five percent of all tips are non-work tips,
which account for 59 percent of all vehicle miles traveled It also showed

Non-work Activity Average D~stance

Social/Recreational (lncl Vacabon)
Other Family/Personal Business
Shopping

11.8
74
51

This type of tip can easily be accomphshed ~n a Gizmo or other similar vehicles

Commuter Travel

The Bay Area Commute Profile 2000 revealed the following facts



Over 70 percent of area commuters traveled less than 40 m~les
Forty-five percent traveled fewer than 20 miles
The average speed was 30 miles per hour
The average t~me was 34 m~nutes
Sixty-seven percent of all commuters travel alone

The Gizmo can accomplish th~s type of travel at a reasonable pnce

Because of the hmitat~ons in range of EVs, they will almost always be a second or
third vehicle Th~s means they w~tt be added to the exxst~ng vehicles that a family
owns. Where a second or third car is concerned, the 1998 Alameda Exposit~on
survey shows that the m~leage requirements are even less stringent, requiring a
median distance of only 20 m~les Thes type of apphcat~on ~s especially appropriate for
the Gizmo

See Attached Graph

Energy Efficiency

The Bureau Of Transportation Statistics keeps records on vehicle "energy intensity"
=n terms of BTUs per passenger-mile This allows us to make a companson of
vehIcles’ average efficiency The less energy used per mile, the less pollution is
generated Better energy efficiency should be encouraged The Gizmo ms designed
to accomphsh the required drlwng as efficiently as possible

1996 Energy Intensity by Vehicle Type

Type BTUs per passenger mite

Automobile 3700
Light truck 4529
Amtrak Trains 2400
Airhnes 4100
Transit Bus 4500
Inter-city Bus 1000

Current AFVs

Hybnd (50 mggal) 2280
Honda Plus EV 1300
Gizmo 650



Speed

The first G=zmos were designed to have a top speed of only 30 miles per hour to
s=mpl,fy hcensmg Our experience was that this was not fast enough to travel on
neighborhood arterial roads that feed traffic from one area to another These are the
roads that commuters use, and are the same roads that people use when travehng
around town At 30 mph, the driver feels uncomfortable because of the actions of
other dnvers when encountenng a delay in order to blend comfortably w,th normal
traffic, a vehicle must be able to attain a speed of 40 mph or more We completely
redesigned the Gizmo to meet this requirement

Replacing gasoline vehicles

The type of gas cars that are in most need of replacing are older, more polluting
vehicles These are generally driven by people who are less able to pay more for a
vehicle That ~s why a low priced EV ~s essential for replacing gas vehicles tn large
numbers

Congestion

For most city planners, increasing congestion is a bigger problem than pollution.
buildIng electric vehicles that are smaller, a better long term solution is possible
Bumper-to-bumper stop-start traffic and continual rdhng are major sources of
pollulson, which the Gizmo eliminates by bemng electnc, but also by taking up less
space and parking easily

By

Conclusion

If you want to get a large number of ZEVs on the road, you have to make it as easy
as possible for people to buy them Because these will all be ntche market veh,cles,
you vv~ll need to have a variety of options to meet many people’s needs

The effort to get people to sw~tch to ZEVs is about competition between gas vehicles
and ZEVs, not among ZEVs themselves

There are mJlhons of cars sold every year CARB is just trying to get a small
percentage of those to be clean

The better each manufacturer does, the better we all will do We all need cred,b=llty
We all need to help people learn a new way of getting around. It is tremendously
difficult to get people to change The auto ~ndustry =s spending bllhons of dollars
trying to conwnce people to buy SUVs We need to build momentum by hawng
thousands of people switch to ZEVs every month.

All EVs, whatever the type, need all the incentives they can get



Commute Distance over Time (by mi4eag 
I i

One-Way Mdes 1992 1994 1995 1996 1998 1999 2000

0-5 Mdes 29 0% 36 3% 33 8% 32 7% 25 I% i 27 6% 27 8%

6-10 Miles 183% 181% 18 6% 20 0% 20 2% I 19 8% 17 2%

11-20 Mdes i 26 0% 23 4% 24.9% 24.6% 27.5% 261% 25 9%

21-40 Miles 20 4% 16 8% 15 2% 161% 2O 7% 19 O% 22 0%

41+ Mdes 6.3% 5.4% 7.6% 6.6% 6.5% 7.5% 71%
7"/= 1,600 3,201 400 3,188 1,171 3,572 3, 608

J

¯ --.------’1 1.= .2 1,L4 11.0 15
’Ill -- 11 ~ [~

3’ .7 3C.2 2~. 8

1992 1993 1994

~immmm= Miles Per Hour

1995 1996 1~ 199ej 2000

=="==’~= Average Minutes ~ One-Way Miles



1998 4lamexta bttemaoonal Eleemc I ehtcle E.wosmon I~de & DtTve Summata

QUESTION 7- APPROXIMATELY HOW MANY MILES DOES
EACH CAR TRAVEL PER DAY?

Exhibit I I shows the average number of males driven per day for the ,,ehlcles in the household
The median value Is also shown The mm~mum number of miles for all vehicles was 1 nule per
day Willie the maximum varied between 100 and 200 mdes per day

Exhibit 11
Average and Media. Miles Driven per Day

First Car Second Car Thtrd Car Fourth Car

[] A’,erage I~ Me&an ’
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FACT SHEETS OF

MAY, 200 |

PARADE

DESIGN & DEVELOPMENT

Meetlrlg the New CARB ZEV Mandate Requirements
May 15 -16, ITS-UC Davis

Hyungpyo Woo

Parade, an affordable Bec~ric Vehicle RTT Y~]ZJ

OUTLINES

I What People Want or Expect From Electric Vehtcle

- Right Balance of Performance & Pnce

- Attrachve Styhng, Economecs & Ergonomics

- Safety as the First Pnonty

II New Approach to Vehicle Design

- New Vehicle Platform Development

- New Manufactunng Method

- New/Carry-over Components Development

A~’r~&DCo t~%~eTowet #211 JQrlqtl~775 I ~ ~:~.~ k~-~akL I~ofec1411 837 T~ +B~31 90~ 533~ FG~-. +87_31 9075344 SL~ct~C~,Fd~
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Parade, an affordable Electnc Vehtcle

III Reducing Development Cost

- Use All the Available Resources

- Geographscal Advantages

-tn-house Engineering Capability

- Outsourcmg

IV Current Status

Fmancmg for Buridmg 40 prototypes for Test

. D~scussmg w~th US citres for Manufactunng Faclhty Setup

Developing Low Speed Electric Vehicles

parade
1st Stage - Scale Models

i , ¯ .................r 1

t;

2



parade
Ideation Skelches

Intenor colorsketches for MJ=V

parade -~-.- ....
.......... FinaIModel . ..

Exterior

3



Manutacturlng Costs at Vehlcles Affected by Process & Volumes

Manu~c~JOng COS~

CO~ ~un=~’Jt cf~g~3-Cra~

CCs[ Of TyDIcal EV o~ ~ ~ C°sl of TYD LaJ EV O/

t
~,a~t F_-ct~:rl o’ H ,lh S:e:J

" Cost of P@r@O~ of ArT FlSO [ ...... ~m~l~.q

i

5 0(30 60 000 Armual pro~ct~n
Volume

Base Camp in Korea 1c~ EV Development f RTT ;-’ L,

O Cost Advc=n~c=ge of Loco| Services & Parts

K~r~

GNo P~- Copda in1995

¯ 7 "~8 ’~1

Devo~uo~lo~ c~t Kocea ~ Currency

O Avall=bllty of Technology & Pc=rls o~ Small Vehicles

D~veloped &
Pr~duc~td m UIi ~ S

Vehicle Models ~th V,~qee~bc~e ot 2 500mm or Less

O Over-supply of Tc=lente¢~ Human Resources in Korea

,4 Korean Auto Makers (Out of 7) were Merged S~nce ’i998
* More Tt~,n 30 % of Experienced Descgn Engineers Changed Career Since 19£8

Early R~rsment Progrsms of Auto Makers ERCOU,~ge Tal~:~qted Engineers to Leave

ATT R&O CO ~d~sVer~ure T~r#2~ ~ J;~1qha~q 77S ~ ~n K~ ~unq~ K~rea 4~ ~ 837 T~ ÷82~ ~3 P~ +82 3~ ~7 ~3~ ~l¢~r~f¥C.anl~a[
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Parade ,,e,-~ ~, Other EVs In Market

EV60 / EV150 Honda EV+

Construction [

GM EV1

D~rnen.slons/Welg~s ____ I I
$~ffng Capedty (~.t+l~r) 4 {2 + 2 4 2 - 2 2

Wheet.bnt, e 2 4r~ ~= 2 50 I ~.~ 2 5 2 ~

Number of D~s /

Performances [

Accele~l~ ~-~o ~r~ h) 15 C sec 17 7 sec 9 sec

C~rry~ng C~pad~ 323 ~g 3f 1 l:g

Pur~ase[Lea~e Terms ~[,

t~t~ly Lease Price I~O ’ / TBD ’ $ 454 $ 424 = [ $ ,~gg"

’, ~ ~er~Vs4ue~r~v~.vpv z "t~3~ ~Jel~L ’SOH~V ~ M~rd~ 19~9 ,~FCHE’vt~,~hLeaoAeda~y 4 M~ch t~9~V~L~: CMEv ~" N~H88~e~

Body-In-White (Summary] J ~C.CLJ

Ptlrnc~ Male~bl

t~tmaB~ Fon’nlng Ro~=

Refe~ed Jo=nt Proce~

ManufaCturing CodPtofform-Y Convenfionol
~ ooo} .......

A [%rI qlZ’q AJk~# SI~ ~4 # ~
L L’~’’" -" ~-"-~ ’’ - "-

F.~#u~-~n Be~ q.3 8tompln~ $2

$1 000
Ar~’~P~f ’>3 ~r,~.- ~ Spot We~r~ so

~.1"l~J OK ~OK 4~K ~OK 80K lOOK

Conventional ’~,~.- .&3P~ 400 ’ ~¢.~ , ~ 300 kg --210m

Number ~ P~rt= We~t~t L~gt~ ~ ,,~ ~t

S



Body ~n-whrte {side Bocl+ y) ~ RTT 7~.E~D
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Vehicle Safety Crashworthlness

Before Crash After Crash

¯ ol ,’ ¯

AT~ liPiD Co Midas ~n~fe To’~et i~211 ~g 77~-1 ~ Kc~g Kyungkl I~ore(i 41 | a37 Te! +62 31 907 ~=333 Fax. +82 31 90= 5344 ~J al ~.~ r.f~t

Chassis Design Resources f lfl’l-’l" ~ 7,~, J

f .=,= ....
Full CAE Abfl~y from Concept to Production

= CATLA for CAD op~ofioo

® ADAMS DADS MAil~B for vehecle dynamics analy=s

¯ NASTRAN ANSYS for finrh9 element cmoly~is

Highly Qualified Engineers
¯ Able to handle boih deign and analy~s

¯ Over 10 years experience each in autcrnoflve indusJiy

O Design Cycle Experience
¯ All of drawing, anoly~s and tes~ corretaflc~ work ~eps

¯ Average 3 maio car program carrle¢t out

Q Tightiy Combined VVori~ow
= Design, ana,~,s=s, devetopmeot and outsourcing wtJhln ane team

0 ’,..Veil Developed Information Flow

" V~Ide knovAedge an ~rcmg and I~otc~yptng

Full awareness of ~multoneous e~glr~e~ng about produc~on

/~-TR&DITO flei:~ll..ervoJieTowi!t#21 i Jl~ne~nq775 I ll~ri. Koyanq Kyunqie i(orlti4n-8]7 Tel ~82~11 itlOG 5-:13] FIll ~82311107~t~Jt14 :irlrtttr-I/’iillil til|
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Chassis Worhng Recess

Dynamic Bounct~-y Cond~hon ’

Strength &
$tlffness

Fie)~ble Boc~es tr~ormatlon

AI~ R&D’s Chassis Design Capability

-3 Resource to Develop New Chassm Platform

ATT R&D U~ -5 Month~

O~’her ~~~, Analyam Rofoh/p~ng 8 MonthsAutomakers --- ~~

Time

ATr R&D

Other
Aulorn~kers

~-~ 25 Man-Month~
Pr ofotyp~ng

~ ~’,~!~:~~’~ ~’~ ~,~ ’:-~ ;’!,,, "~ ~,,~:~?~h,~ s ~0 IVl~n-Months

Manpower

ATT R&D ~ 10~20%
¢

Other .
Aulomokers ~ ..... . ........ ; ~ ~ t 00%

Expense

~’~ I~C~ Mi~$Ventut’eTower#211J~l~m~r~q775 I~arcK~fzn~ Kyun~ ~orea ~111~7 Tel -B231 907 533~ F~, +82 31~07-53-~ ~’.~tTl~o~,~,l
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Suspension

L~ghtlng Dewces

....... L
Ta,~ ~rp

° U3 ody
--EU

9



Instrument Panel Assembly

Instrument Panel Common Use Concept

¯ ghC Handed , Lef~ Handed

.~TFR~?..DCo t~Cd~’~entu~e~r#2H J~qha~1775-11b, an, l~y~q K?un,~ lta~rea411-837 TeL+B23~ ~0Y-53~3 Fa~ +~23l-~75344 ~1~¢~"
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Heating & ~r-Condltionlng System

-’t .I,;, ~Rffim

Mechanism for Enclosure Parts



Advantages of AT1 R&D’s Technobgy

Development =----~’ A

[ Fc- AG cured Jp EVMode )

$’10 $’tSm,~’on

Todlng invec~ment Fo~ B oc~ Parts
Docl Fas~rg~ Ccr Mo ~e )

$2-- $3 m;! k*n ;"

---.2/
F~zade 01~ EV

{~Jum.’~um Bid~i S~eel UnL~:~i

Production

EV Ma’,.ulactu~ng Cost

.............................. 2

Local Contents Of P~’ts

F~,~de

%

Use & Dlspesa| @

31)- 40 ~L~O,~

.......... [;%h

Parade, an affordable Electric Vehicle

r

Current Status of Parade EV Project

- Financing for Building 40 prototypes for Test

- On Going D~scusslon with US c~tles for Manufactunng Fac~hty Setup

- Developing Low Speed Electnc Vehicles

AffR&DCo Mk:lcaVe~elc,~’#21 | J~ 7~5 1 I~n K~,~ng Kwng~ Ko~eo411-~37 Tel +B231 9(175333 FC~ +823~ 9Q7 5344 $1~rC~rr~,~L~,
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Design Opllions and Simulation Results for

Small Full-function EVs

Andrew Burke
Institute of Transportation Studies

Unwerslty of Cahforma-Davls
Davis, Cahforma 95616

Pap¢r pre~el;t~ to
Mee{mg the ZEV Mandate

[ Requlremen{~ Grid-connected
t |{ybn,4s and C~ I~Vs

N|a~ !~16, 2001

Outline of the Presentation

Introduction
Types of EV designs

Design Considerations for Small FFEVs
CharactensOcs of small ICE passenger cars
Characteristics of electric passenger cars
EV design parameters

Simulation approach (SIMPLEV)
Simulation results
Cost considerations and estimates
Comparisons with grid-connected hybrids

Conclusions

Types of EV Designs

Full-function EVs - designed to open ate on
interstate highways and fi eeways at speeds up to
75-80 rnph (ex EVI}

C~ty EVs - designed to operate on cnty artermls at
speeds up to ~ mph (ex E-corn and "i 10nk)

N__e.mghborhood EVs. designed to operate on city
streets at speeds upto 25 mph (ex DynasO’)

Design Considerations for a
Small Full-function EV

¯ Minimum vehicle length that is marketable m large
numbers

¯ Safety- must satisfy the FMVSS tests and be
perceived as safe by public and insurance industry

¯ llave sufficient acceleration performance for
merging on fi eewa~s and interstate highways (sets
poweu reqmremeut)

¯ Sufficient range for regional use ( probably about
100 redes at highway speeds)



Characteristics of Small/Compact Passenger Cars
Using Engines and Gasoline

i~o---dei t~---~Cnr~b---- Len-~--~h-~Widtl~--~ Tt~ax.---]
! [We,ght (inches) [(inches) [(inches) 

Ibs~

--A~--F--2o~--¢8-----~ ------7 - + I~-i

! Escort ! 247s _,~ 17s~_~, -~-~sY L H~ I

CharacterBstlcs of Electric Passenger Cars

i"o+’e"] "P
51 ] 137

- 49 |67 --

61 36
63 I 25

- ~---T-+ s+-

Small Fall-function EV Design Parameters

- Mm+mum size pm ametel s- length 140-150 iqches,
width 60-65 inches, height 55-60 inches
Speed and acceleration - cruising speed of 70-75
mph and 0-60 mph time of 12-15 seconds

* Highway range - 100-125 miles at 65 mph
. Vehicle utlht’v - batteries should be placed outside

the passenger compartment and trunk, probably
undel the vehicle

* Safety - vehlc|e must pass insurance industry crash
tests with excellent rating (not just acceptable)

® Cost- materials selection and manufacturing done
to minimize (control) cost consistent with battery
selection to meet the range ~ equlrement

D~MIFRBENZ

The A-Class
Electric Vehicl(



!

We~ht (kg)
Voltm~e {tL)
C~pactty (Ah)

GMG -1 GMO - 2 ~Z HEV-60 7-HEV 28 t2-HEV t2+

Monobtoc
p~oouc,i¢o~~o’roTyPE F~J~TOPr PE PROTOTYPE I~OTO’P~pE

-EV EV HEV HEV HEV
1’i 10 ’~0 15 1Q

13 2 12 12 7 2 ~2 ]

4C0 388 388 ~40 167 i
102 ~02 1+02~ 102 ~02
178 175 ~+~ ~ ~ 81 125
177 174 1~4 43 32
74 69 4~,. 2 22
85 95 ~ 28 12

Simulations

Simulations done using SIMPLEV

Vehicle parameters selected to be approprtate for a
small full-fu.ct~on EV

Powertram powel (motor and reverter) selected 
meet the accelel ation and speed l equ. ements

¯ Battery sized to meet the range requirement at
highway speeds

Simulations done for advanced batteries -mckel
metal hyd~ ide, hthmm-mn, and sodmm metal
chloride (Zebra) teehnologees



Simulation Results

Concept Fu|kfunction Small EV
(Cd= .25, Af=2.1 m2, fr= 008.)

~~ttery[Batteryl Ene-~gy ~.-~ehi~n~all-~ -~
~ype i Welght Stored Test [ Cycle (miles) Use 

(kV I (kWh) We,ghtI 0Xh/m,)

,--~--~--- , I ~m~l 174 l

m [ ~u /

t meta| I t

[ chl°mde I ~
I ’ +F-- t--- -7-- ~-----F ~UDS ~ ~s9 144

I J ..... [--- ~--- rfii~-wav7 i5-o 138 t

1 I L__2 ~L ’
i Ltthium [ I92 [ 22 i 1054 [ i ~ ---’

ion [ I I I I I___ __f --¢ -- --~ ....... ~ --,

I i FUDS I 143 ~ 170 *

I Hlgh~_vavl 163 ~ 136 ’

Aeeeleratzon performance motorlm~erter 45kW,
0-30 mph 4 see, 0-60 mph 12 sec, top speed -70 mph

Simulation Results

Insight EV
(Cd=.25, Af= 1.86 m2, fr=o0O7)

t type

metal

~ dr=d¢

We,ght Stored test l Cycle [(,n,les)]
(kg) ! (kWh) I Weighq [ ]0~

188 ~ 16 ! I095 l |

| l I !

[ ~ .LH_lg!,,,’~ I_L~. 6___L__
_ I _ I _±6S.,ph 1 98=8_L __

Aceelerat;on performante ,8 kW motor/m~erter, 204
0-30 mph 4 sec, 0-60 mph 11.5 sec, top speed > 70 mph

Cost Considerations

Cost estimates made for a small full-function EV

Electric drive power - 45 kW

Battery energy storage - 22 kwh

Motor/rover ter cost to OEM - $40/kW, $20/kW

Barrel y costs to OEM - $3So/kWh, $2S0/kWh,
$150/kWh

Differential OEM costs between EV and ICE cars

® Batteries assumed to last the hfet,me of the car

% .~ z= ,><-j _~, .-

iI

=i° | I



Estimated OEM Cost Differentials between the
Small FFEV and ICE Car for Various Batter)

and Motor/Inverter Costs

i Motor/reverter ~- Battery MotorT-V-Ba~OEM EV OEM
UmtCost Cost Inverter [ Cost ] drtvehnedtfferena~l
{$/RW) ’ (S/kWh) Cost(S) ($) cost ($) cost ($)

| I ¯

i _~ .... [_ I ........
40 } ~o I lsoo [ 7700 I 9500 8300

, ]-~5~--} 1800 - [--5500j 7300 6100
’

{ 150I~oo ~ ~00 [
5100~ 3900

20 r 9oo _ oo__i  600- -!:.:7400
r ! 250 ! 900 , 5500 I 6400 [ 5200 -4

¯ ICE car ha~ a 60 kW engine costing $20/kW to the OEM

Cost Estimate Comparisons for batten y-powered
Electric and P|ug-in Hybrid Veineles

~o~~~ - __
Inverter } kWh [ Cost
Cost ] ! (S/k~x b)

--198~ 2675 -

[ $535/I.Wh}

($44/kW) (Ntwth3,
($357/kW|)

~]-Sg 6 ~ [ 3478

manufac{llrmg
Cost (S)
(I) rower~ram
2) Tota; veh

(I) |0371
(2) ~s4ss

(t) s~4s
(2) 13448

Delta-manufactui tag cost compal ed to an ICE cat
* II)brtd (range 25-40 miles) $4400-$5300
o EV (range 130-165 miles) $8400-$9500

Fuel Econom) of Small Plug-m Hybt nd Vehicles using
L~thmm-~on Batte, ~cs

Battery

SVetglt t
(kg)

IVehicle

.......

(_’~ncept
FFEV 59

59

[All-eleetNc [ Driving
Range on ( ycle
the F lIDS

_ (n.)~--8 .... FUDS

41 I F’u.S
] itjgh~ ax

Fuel
economy
(mpg)

617
64 4

67 3
71.6

Conclusions

¯ Performance - no problem

¯ Packaging - no problem

® Safe~’ - probably no problem with
good engineermg

. Cost - this ts the problem,
especmlly battery costs,
need to be about $150/kWh
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ZEBRA Battery
Cord - H Dustmann
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Davis t5/16 52001 (1)

~-DEA IIz 
ZEBRA, Best Available High Energy Battery

1 Basic battery chemistry
2 Cell Design
3 Battery Design
4 Battery System Components

- BMI (Battery Management Interface)
- MBS (Multy Battery Server)
- BC (Battery Charger)

5 Safety, durability, recycling
6 ZEBRA powered vehicles
7 Production, conclusion

Davis 15/16 5 2001 (2)
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Periodisches System der Elemente

GrL~ppe II
I

~enode ZSN der Gruppet Gr uppe W GruppeV Gruppe Vt Grippe VII ,t JUppe VIli t
! Gml’,pe (~

a b
I Gtu:ope II

El~menie ]e a b I z b b a b a b a b
~chale Penode I

2 t~=2 1H 2He

2 2~-8 3U I 4Be 5B 6C 7N 6O 9F 10 Ne

bt 22~.8 11 N~ 12~ 13~ ~4$! 15P 17 CI

2 32 = t8 t9 K 20el 21 S¢ 22TI 23V 24 C.z 25 ~n 26 Fe 27 Co
29Cu 31 Ga 32 Ge 33As 34 Se :35~ 36Kr

2 32 = 18 37 P~ 3~ Sr 39Y J407J 4t Hb 42 Mo 43 T¢ 44 gu 45 Rh 4~ P~
47 Ag 48 Cd 49 k~ Sn 51Sb 521"e ~J 54 Xe

~ 47=32 5~ Cs S6B= 5? L=:) 72 Hf 73 T= 74 W 75 Re 76 OS T/k 78 P=
~Hg ~.Pb 83B= 84 P= 85~ 86 Rn

3 87 F[ 79 Aa 88 R= , I t I

Davis 15/16 5 2001 (3)

~-DEA

R Keramlk = 2: 0nterfacel + Knstall + KG + Interface2) + f (Onenherung)
R Keram~k ca 6 £z cm be1300°C - bel Raumtemperatur > 20 k~ cm

Daws 15/16 5 2001 (4)



~-DEA I! ZEBRA
Charger Load

:,.Ni,

%

NI + 2NaCI, , 2Na + NiCI2

ZEBRA Technology - Basic Electrochemistry

~-DEA

OCV 2 58 at 3000C,

Operating Range

270°C to 350°C,

Typical capacity 32Ah

oO

Details on
the right

Current collector (+ pole)

N~ckelchlorlde +
-~-6-dlum alumlnlu mc hlond e

Ceramic eleclTolyt

Sed~L~m

Cell can (pole)

2 NaCI + Ni ~---_--* NiCl2 + 2 Na

2NaCI+ Ni --~ NiCIz +2Na

~ Na AI CI4 Liquid Electrolyt

13" Alp 03 Ceramic Elecirolyt

lary Gap

~ Charge

2NaCl+ Nl 4 NICl2+2Na

Na AI CI4 Liquid Elec~o~yt

B" AI2 03 Ceramic Electrolyt

Capillary. Gap

W~ck
tl

~{~ Discharge
tQad

Cell Reachon

3
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Cell voltage [V]

3,05

2,58

2Na+2A~CI3+NtCI2 ~ NI+2NaAECI4

2Na+N~CI2 ~ NJ+2NaCI

1,58
3Na+NaA~CI4 ~ 4NaCI+A~

100 Status of charge [%]

Cell React=on at 300°C

~-DEA

ML1 cell cross section
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~"- Alumma Electrolyt

I1"- Ceramtc with TCB

5



NJ + 2NaCI ~ = 2Na + NsCI2

unit ML3 ML4
Capac=ty Ah 32 26
OCV V 2 58 2 58
Normal charge voltage V 2 67 2 67
Fast charge voltage V 2 85 2 85
Max Regen Voltage V 3 1 3 1
Peak power W 185 155
(80% DOD, 2/30CV, 30s, 335°C)

Max current A + 112/- 60 90
Weight g 705 605
Lenght mm 232 198
Spectfic energy Wh/kg 117 110
Specrfic power W/kg 262 256

ML8
2O
2 58
2 67
285
31
125

70
5OO
146
103
250

6"- Ceramic with TCB

-DEA

Coohng Vacuum insulat~on

+

1 i Current terminals

J I
Bectnc heater

Heating / cooling System of the ZEBRA Battery
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Air

Coohng

Heater
Thermal Insulation

Cells

Battery Management interface

__~ ~---+ Power
~aO~ I"- CAN

Up to 16 battery units in parallel ( 285 kWh / 510 kW)

ZEBRA Battery System

Cooling Plates

?
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Insulahon box

Type Z5-278- Z5-557-
ML-64 ML.32

Capacity Ah
Rated Energy kWh
Open Circuit Voltage
0-15% DOD V
Max discharge current A
Cell Type/N° of cells
Weight w~th BMI kg
Specific energy w.t~t BMI Wh/kg
Energy dansAty ~hout SMI Wh/I
Specific power W/kg
Power density W/I
Peak power kW
80% DOD 2/30CV 36,s 335"C
Ambient temperature °C
Thermal loss W
at 27(}°C Internal temperature

64 32
178 178

278 6 557
224 112

ML3 / 216
195
94
148
169
265
32

-40 to +50
< 110

Z5 standard Battery with main data
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V A Ah

300t 0 ! 60
27617 s!

250 5 0I

225 2 5

200

Fast charge 1 h rating

50

40

30

20

10

0

0 00

\ j.-----

1 23 2"46 4 10 5 33 6.56

Z5C Normal Charge m 7 5h

V

250

200

150

100

50

A Ah

i 100 80~’l~___li~.......j---- ~ ~Volt_age

o J L..__.~ L Curren--t
’

40 ~_~ -- ----
i,, :

I i
-100 20 ..........

~. I I

-150

-200! 0
,,

0 00 0 33 1"06 1-40 2:13

Integrated booster
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c

60

o~ 40 Ni/MH

20.

0-

0 25 50 75 100 125 150 Wlkg
Specific constant power

Ragone D)agram for tract(on batterIes

ZEBRA Battery System Design

10



--~ -Processor~

--7
r ~

1 --~ I trac on

~< Input

¢ Vehlele
Interface
+ CAN

11- Processor

r ......
LV

BMi - Battery Management System

MBS - Multy Battery Server

11



~-DEA

Technical data i ! ZEBRA°Chargers(Prehmmary)
Type BC-278-Z-3-A BC-557=Z,,3-A

Unit
Output voltage V 240 to 305 480 to 610
DC output power W 3300
Input current AC A - 15,5
Efficiency / load 95%/3 3 kW, 90%/400W
Protect=on class IP 6 5
Input voltage 170-253VAC, 47=63 Hz
Controt PWM by BMI
Cooling Air
Ambient temperature -25°C to 40°C

4O°C to 70°C derated
EMC 95/54/EG
Weight kg ca 8

Battery Charger

Can Display

t2
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ZEBRA Battery Safety Concept

ZEBRA Battery Type Z12 - Crash test at 50 Krn/h
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Cells
78%

materials of Z5

~BMI
~SS
D Steel

Therma~ insulation

I MICA
@Cu

¯ Mlscellen~ous
0 Ceils

BMI
2%

Steel
4%

Thermal Insulation SiC
3 5%

Mica
4%

o" Cu

cellaneous
2%

Material of ZEBRA Battery Type Z5 (Wetght 195 kg)

IX 25,

20,

15.,

45-

’,-"O-- Dt~ltm’gt~22 23M~ch 1993 I

A,,

"" ~ t~s bratty ~ becQ o~ ~’~t fm 9y~r~

Calendar hfe

I4
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i!i--

ce~ 24o

~.~r-- ~

na, meplat~ cycl~

Cycle hfe

Requirements of the Automotive Industry

PW "soft" Hybrid, 42 V, 1-2 kWh, 10-20 kW

"power assist" Hybnd, 300 V, 2-4 kWh, 25-40 kW

"range extender" Hybrid, 300 V, 20-30 kWh, 40-60 kW

Transporter

(+ mmibuses) 300 V, 30-50 kWh, 40-60 

Buses EV, 300 oder 600 V, 90-285 kWh, 80-120 kW

HEV with EV, 600 V, 35-70 kWh, 60-120 kW

HEVw~thout ZEV, 600 V, 10-30 kWh, 60-120 kW

]5
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Payload

Drive

Drwe Power

Type of Battery

Energy Content

Battery Voltage (OCV)

Wegght of Battery
Maxtmum Speed E

Range

600 kg

Asynchronous Motor

40kW at 2000-50O0/mm

2 x ZSC

35,6 kWh

278V

400 kg

120 krn/h

126-170 km

Vlto 108E of DalmlerChrysler wath ZEBRA

~-DEA

t<" ,

Electric Spnnter for Clty-Logeshc
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Payload 9 t
Drwe Continuous Power 38 kW
Drive Power Peak Power 83 kW
Type of Battery 6 x Z5
Energy Content 102 kWh

Battery Voltage (OCV) 278V
Weight of Battery 1200 kg
Maximum Speed E 70 km/h

Range 150 km

M~crovett 15t- Imola, Italy

_~d ._P.J.e_£.t~c

Capacity 10 + I Seating 10 + 1 Seatm
29 Standing 29 Standing

Drive Brushless DC Brushless DC
Drive Power 50kW 50kW
Type of Battery 2 x Z5C 5 x Z5C
Energy Content 35 6 kWh 89 kWh

Battery Voltage (OCV) 279 V 27g V

Weight of Battery 400 kg 1000 kg

Maximum Speed E 50 km/h 60 kmlh

AUTODROMO C~ty Bus ~n Bologna, Italy In Service

]?
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Capac~’y

Drwe

Drive Power
Type of Battery
Energy Content
Battery Voltage (OCV)
Weight of Battery
Maximum Speed E

E.Range per Charge

34 Seating

68 Standing
2 Asynchron
Hub Motors

150kW
2x2xZ5A/B
68 kWh
2 x 284 = 568 V
806 kg

60 krn/h

40 - 70 km

40ft Hybnd Bus from EvoBus operate in Oberstdorf, Germany and In Leiden, Holland

~-DEA
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Dieselkraftstoffverbrauch Dleselbus
................................................ " I Gesamtpr=m~renergleersparms

--~, ca 10%

Mehrverbrauch Hybndbus / /
durch h~heres Leergewzcht ca ,// . /"

~,// ’Rekuperations~. Kraftwerks-
~"O~ .,/ , antell ’, anted

,~’7/ ; .....

50 60 80 t00 % Linlenlange

Energlebllanz yon Hybndbussen mlt ZEBRA Battene



ZEBRA Plant - February ~e 01t" 2001

~-DEA

ZEBRA Plant - Apnl ~he 24th 2001
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¯ Types of small EVs

¯ Some things we’ve learned

¯ Market Segments
- Who?

¯ Where9

¯ Market Segment S~ze

- How manyq
¯ What nextq

¯ HIghway-capable EV Market Stu&es
- 1991 to 1997
- Household markets for vehMes and elecmctty

¯ Neighborhood Electric Vehicle Studies

- 1993 to 1995
- Multl-objectwe

¯ Secondary Benefits of ZEVs Report
- Summer 2000

¯Ctty EV Station Car User Evaluation
- 1997

¯ Consumer Benefits of EVs and Plug-m
HEVs

- 1998
¯ Consumer Markets for EVs

- Green Car Institute, 2000

W
¯ New Types of Vehicles

- NHTSA Low Speed Vehicle defmmon
¯ Four wheels, 20 to 25mph max speed
¯ FMVSS No 500 (49 CFR 571 500)

- head stop turn stgnal, and tad lamps, reflectors park tog
brakes, rearelew mirrors va~dstue|ds, seat belts and
VINs

-- Examples
¯ GEM Neighborhood EV, THINK Netghbor

¯ New types ofvehtcles
- City EVs

¯ not quite highway-capable

- top speeds vaDmg from 56 to 62mph
- none as yet cernfled to FMVSS for hght duty

motor vehtete,;
¯two-seats (so far)

- Examples
. Toyota e-corn, Ntssan Hypennml, TtttNK Ctty



Tvl~ Seating Speed Range

Golf car Golf cars 2 I8 to 20 15 to 25
case study_

Rv’t’* n ! NEVs arm I to 4 35 to 75 2to gO
d.nvts CEVs
Household NEV~ I to 2 35 to 40 20 to 35
mals
CA Survey i N’EV 2 to 4 40 40

t Coram EV 2to7 70 60 to 80

Regon 2 to 7 85 120 tO 150
EV

City EV CEV 2 68 40 to 55

¯ Land Use
- Small towns big crees

- Low-density suburb, medmmdensity city

¯ Actwlty-based Approaches to Travel
Analysis

- t3udd your own action space

¯ Vehicle "choice" sh~fls
¯ The effects of constraints on travel

decisions
¯ How far a household can travel m a NEV
¯ Mode shifts within households
¯ All places are not equal

. User valuation of veh:cle characteristics

Preferred Body Style

Non-EV

Type Chome Style EV Style

Neighborhood EV 6 12

Commumty EV 5 21

Regional EV 37 8 l

Range-extend HEV 15 27

Natural Gas 33 52

Gasohne 53 96

Scvce

Passenger~

No

Yes

To~l

Could mp be made
another t~me9

No Ye~

387 244

128 13

515 257

Total

631

141

772

and Sacramento

IFnps
Males

Low

41 72 l0

19 43 6



i i ....... ..........
o

Davis Sl~ento

BtcvcI¢ 48 0....... !
’ICE 15~ 93

¯ NEVs can dxsplace many trips and much
VMT :n households

¯ Itousehold travel mode sphts durmg NEV
tests depend on prior behawor
- determined m part by local land use and

transportauon options
¯ NEVs can displace environmentally

superior opUons for some trips

* Less-than-highway-capable ,¢eh~cles
- Users start to group vehicle characteristics

. Range and Top Speed
o Passenger Seating and Cargo Capacity
o Top Speed, Vehicle Size, Handling, and Safety

¯ A word about Plug-m Hybrids

- Benefits based on threes systems
¯ Environmental, Recharging, Dnvetram

I

¯ Small vehicles
- One or two seats, regardless of range or speed

¯ Hybrid households
- City EVs, Small Highway.capable EVs

¯ LSV-amenable places

¯ Pro
- One-person householdsq

¯ Over 25 percent of US households (2000 Census)

¯ Con
- Small car sales hlstoncal~y troy

¯ Two-seats 1 1 percent of new ear sales
¯ Automotive News "budget" and "small" ears
2t 2 percent of ears

- Based on the wrong question

¯ Guesttmate from 1995 ITS
- 2 percent combined Nelghborhood/Commumty

EV market share
¯Only small and compact sedans, sports car, and
compact pickup truck bod~ styles

¯Not LSVs/CEVs
¯ Guest~mate from 2000 GCI

- Interested9
¯24 percent LSV, 43 percent CEV

- 1 percent new LDV market share

3



¯ Markets for LSVs defined
-pnmanly by characteristics of the use

environment
- secondarily by characteristics of the user

¯ Places can be dynamic too

- do LSVs fit the place, and the plans for the
place9

¯ Infrastructure includes roadway, vehicle
maintenance, electricity dtsmbutlon,

¯ Whose We9
- Broad coalmons of stakeholders

- Government
. Industry
¯Issue Advocates
¯Independent Researchers

¯ Marketing Green and Social

- Market Research based on multiple
methods, mult@e types of exposures

° Bmld market segments
- Motivate consumers and producers
-Faclhtate expressmn of a wider set of

household lifestyle goals and values
¯ Transform Markets

¯ Avoid gaming of regulations

. City EVs, Small Highway-capable EVs

and Hybrid EVs

-Users v, lll figure them out

* LSVs and City EVs

- Users are constrained as to where they
can use such vehicles
- Market m those places that are statable
, Building and retrofitting

- Palm Desert, PASStown, New Urbamsm

4
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SHARED-USE FLEETS:
OVERVIEW

¯ Carsharing and CarLink Defined

¯ CarLink I Findings & Management

Issues

¯ Market Opportumties

¯ Pilot Project Recommendations

WHAT IS CARSHARING?

¯ Individuals Gain the Benefits of

Private Cars without the Costs and

Responsibihties of Ownership

¯ Individuals Access a Fleet of Cars

¯ Generally~ Participants Pay a Usage

Fee Each T~me a Vehicle Is Used

ROOTS IN EUROPE

¯ Sefage (1948) of Zurich, Switzerland

¯ Recent developments began in 1980s

¯ Over 200 fleets active in 400 cities

¯ Claim over 125,000 participants

¯ Mobdity (Switzerland, 1987) and

StadtAuto (Bremen, 1990)

UoS. TRENDS:
1998 TO PRESENT

. 8 Carsharmg Programs
¯ 2 Station Car Programs

¯ 2 Pdot Research Programs
¯ 9 Planned Programs
o Advanced Technologies

¯ Partnership Management
¯ ]honeering --> Growth & Volume Phase

WHAT IS CARLINK?

¯ A Commuter-Based Carsharlng
Program, Linked to Transit

¯ Public-Private Partnership
¯ Smart Technologies
¯ Three User Groups: Homebased

Users, Workbased Commuters, and
Day Users



C AR].7]~K MODEL

CARLINK I: USER GROUPS

¯ Homebased Users: $200/Month (Per

Vehicle)

¯ Workbased Commuters: $60/Month

(Minimum of Two Participants Per

Vehicle)

¯ Day Users: $1.50/Hour and $.10/Mile

CARLINK I:
PROGRAM FINDINGS

. 54 Participants
¯ 67% Male and 69% Married

. 81% Homeowners and All Employed
® 81% Average Yearly Income of> $50,000
¯ 36% ~ 2g to 40 Years of Age
¯ 59% ~ 41 to 64 Years of Age
¯ 75% Bachelor’s Degree or Higher

CARLINK I: KEY FINDINGS

¯ Environmental Concern High

- Reduced Cost & Increased Convemence
Key Usage Factors

¯ Users Wanted More Mixed Fleet (e.g.,
P~ckup Truck)

¯ Members Would Share Rades More
Frequently, If Communication
Facihtated

CARLINK I: KEY FINDINGS

Ira Permanent Service, Several
Homebased Users Would Sell Personal
Veh~c|es

¯ Net Reduction in Vehicle Mzles Per Day
(~20 Ml|es) for CarLink Commuters

¯ At Least 20 New BART Tr~ps Generated
Per Day



CARLINK I:
MANAGEMENT ISSUES

ISSUE ONE
Vehicle Maintenance
& Emergencies

RESOLUTION
¯ Personnel Provide

Qmck Response
¯ 24-Hour Roadside

Assistance
¯ Local Dealership for

Servlcmg/Repatrs
¯ Hide-A-Keys m

Emergenc)

CARLINK I:
MANAGEMENT ISSUES

ISSUE TWO RESOLUTION

Clean-Fuel Vehicle ¯ Gmdehnes for
Refuehng Refuehng--l/4 Tank

¯ Fuehng Cards

¯ Anhclpate Demand

¯ Refueling Training

¯ High-Quah~ &
Multiple Refueling
Sites

CARLINK I:
MANAGEMENT ISSUES

ISSUF THREE:

Vehicle Cleanhness

RESOLUTION"
¯ Gmdehnes for

Cleamng Own Trash
¯ Personnel or

Detadmg Company
~o Service (Wash 
Vacuum)

¯ Economic Penalties

CARLINK I:
MANAGEMENT ISSUES

ISSUE FOUR"

Vehicle Insurance

RESOLUTION-

Umbrella Policy
Through
Organizations
Spectahzed m Shared
Fleets (e g,
Insurance One &
vesI)

CARLINK I:
MANAGEMENT ISSUES

ISSUE FI$’ E RESOLUTION’

¯ Schedubng & Bdhng ¯ Develop or Purchase

¯ Smart Access & Advanced

Vehicle Tracking Technology

Technologies ¯ Integrate Systems,
Where Posssble

¯ Test Prior to Launch

CARLINK I:
MANAGEMENT ISSUES

ISSUE SIX. RESOLUTION.
Parking & Lot ¯ Partner to Access
Assignment Subsidized/Donated

Premmm Parking

¯ Flexibihty with
Customers In
Identifying Lots

¯ Employ Wireless
Management System



CARLINK h
MANAGEMENT ISSUES

ISSUE SEVEN RESOLUTION
Roadstde Service Contract with 24-

Iiour Prowder for
Emergency Service

CARLINK I:
MANAGEMENT ISSUES

ISSUE EIGHT:

Guaranteed-Ride
Service

RESOLUTION"
¯ Provide Guaranteed

Taxi or Shuttle
Service

¯ Partner with Region,
If Possible, To Access
Free, R~de-Home
Services (Demand-
Management
Strategy)

CARLINK I:
MANAGEMENT ISSUES

ISSUE NINE" RE. SOLUTION"
Lost & Found Provide Lost &
System Found Center for

Retrieving Items I,eft
m Fleeg Veh~c|es

CARLINK Ih MAY 2001

¯Pubhc-Prwate Partnership: UC Davis,
PATH, Caltrans, Honda, and Caitram

¯27 ULEV Civics Based Out of Caltrain
Statnon

¯ Homebased Users and Business Subscrtbers

. Advanced Seamless Technology

MARKET OPPORTUNITIES

¯ Incentives: Parking & Policy

¯ Media: Marketing & Social Tool

¯ Data: Feedback & Customer

Understanding

INCENTIVES

¯ ZEV Mandate Credits for Shared Use
Systems

¯ Parking, Where Limited is Huge
Incentive

¯ Reduced Fares (e.g., Transit)

¯ D~scounts at Local Stores
¯ Frequent Flyer Miles
¯ Access to HOV or HOT Lanes



MEDIA:
A MARKETING TOOL

¯ Can Increase Program Interest

¯ Subsidize Marketing Costs

¯ Promote Social & Environmental
Benefits of Program

AUTOMATED DATA

¯ Instant Feedback on System
Functionality

¯ Key Information to Improve Service

Logistics

¯ Understanding of Underlying
Market Forces

PILOT PROJECTS:
RECOMMENDATIONS

¯ Outhne Project Purpose & Design
¯ Maintain F~exible Partnership

Management
¯ Integrate Smart Technologies

. Employ Economic Signals
¯ Thai & Reduced User Fees

PILOT PROJECTS:
RECOMMENDATIONS

¯ Adjust User Guidelines As Necessary

¯ Deploy Top-Notch Clean Fuel
Infrastructure

¯ Apply for Demonstration Grants
¯ Conduct Nonmonetary Benefits

Research
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