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ITS-Davis Affiliate 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 Calhifornia Air Resources Board adopted significant
modifications to the ZEV Mandate These changes affect the options available to large auto
companies marketing cars in California that must meet the requirements of the Mandate
starting in 2003 In the new regulations, up to 50% (2% of sales) of the ZEV requirement
(4% of sales) may be met with gnd-connected, plug-in hybrid vehicles having a 20-mile or
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 requirement. In the case
of both types of vehicles, there is much less information available concerning their design,
cost, and marketing than for full function electric vehicles (FFEVs) -- which have in the past
been the focus of meeting the ZEV Mandate This two-day workshop will consider in-depth
how the inclusion of the grid connected hybrids and city EVs in the Mandate may affect how
it will be met 1n 2003-2006 In addition, each of the new technology options will be
reviewed 1n terms of vehicle design, utility, 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-Davis)
2. Review of the new ZEV Mandate requirements with emphasis on the role of
plug-in hybrids (8:45-9:15) (C Clulders, Califormia Air Resources Board (CARB))

BREAK (15 min.)

3 Design options with emphasis on performance and cost (9:30-12:30)
¢ Enussions and Performance Expectations (E. Kassoy, AD Little/EPRI)
e ANL/DOE Study (D Santini, Argonne National Laboratory)
e ITS-Davis EV/HEV Cost Study (M Delucch/A. Burke, ITS-Davis)



e Auto Industry Perspective Toyota Motor Company (D Hermance, Toyota
Technical Center, USA, Inc
s Systems Design Options for Plug-in Hybnds (A Frank, UC Davis/EPRI)
LUNCH (12:30-1:30)

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

4. Batteries for plug-in hybrids with emphasis on cost and cycle life (1:00-2:45)
¢ Nickel metal hydnde (D Corrigan, Ovonic Battery Company)
s Lithium-1on (K Hironaka, Shin Kobe Electric Machmery Co , Ltd )
e Use of ultra caps with battenes (A Burke, ITS-Davis)

BREAK (15 min.)
5. Marketing issues & prospects (3:00-4:00)
e Commercialization/Market/Customer Issues (D. Taylor, Southern California
Edison/EPRI)
6. Panel discussion of prospects for plug-in hybrids (4:15-5:30)
e Speakers from the previous sessions of the day (ARB, EPRI, ITS-Davis, auto
mdustry)
RECEPTION (6:00-6:30) 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. (8:30-12:15)

1. Welcome (8:30) (A. Burke, ITS-Davis)
2 Review of new ZEV Mandate requirements with emphasis in role of city EVs
(8:35-9:00) (C. Childers, Cahifornia ARB)

BREAK (15 min.)

3. City EV Products — Specification/utility, availability, cost (9:15-10:15)
e Toyota e-com (D Hermance, Toyota Techmcal Center, USA, Inc }



e Nissan Hypermini (M Teramoto, Nissan Techmcal Center)
e Ford Th'nk (D Fabricatore. Th'nk City Project)
e NEVCO Gizmo (C Watkins, NEVCO)

BREAK (15 min.)
4. Development of Small Full-Function EVs (10:30-12:00)
s ATT Parade (H Woo, ATT R&D}) (20 mun )

e Solectria Force EV (V Brachos, Solectria Corporation) (20 min )
e Design Options and Simulation Results (A Burke, ITS-Davis) (20 mmn.)

Lunch (12:00-1:00)

May 16, Wednesday P.M. (1:00-4:30}

5. Battery issues for small EVs with emphasis on cycle, calendar life and cost
(1:00-2:00)
e Iead-acid (K Snyder, Panasonic-Matsushita) (15 min.)
e NaMtChl Zebra Battery (C. Dustmann, MES-DEA S A.) (15 min )

6. Marketing issues (2:00-3:00)
e Marketing NEVs, CEVs, and Small FFEVs (K Kurani, ITS-Davis) (20 min )
e Car Sharing Possibilities for ZEV Credits (S Shaheen, ITS-Davis) (20 nun.)

BREAK (15 min.)
7. Panel discussion and wrap-up; new insights (3:15-4:30)

e Speakers from previous sesstons of the day (ARB, ITS-Davis, battery and auto
mdustry)
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“Part I: Hybrid EVs

California Air Re ard

May 15-16,

Cahfornia Enyuonmental Pro

- Asr Ressurces

e The need for ZEVs g
» ZEV Regulation Overview |
e ZEV Credit Determination
e Grid Hybrids

e Grid Hybrid Challenges

s Miid Hybrids

o Emissions reduction

-~ Zero taillpipe emissions
- Durability- Enissions reduced as ZE

s Efficiency improvement & CO2 reduction
o Transportation energy source diversity
Potential Vehicle-to-Grnid power generation and g
ancillary services

“Secondary Benefits of the ZEV Mandate”
{UCD/ ITS & WestStart-Calstart)

Daily VMT Increasing Faster

3981 1985 1989 1893 1997 2001 2005
Year

TT—

December ~ZEV Regulation
Proposal Highlights

e Smoother transitions as requirdg
tncreases by incorporating phases
multiphers

s New ATPZEV category created
e Reduction in long-term NEV cred:t
¢ Modification and phase-out of range cred
e Phase-in of efficiency credit multiplier
¢ In-service & under-warranty credit

e Require vehicle placement to earn muitiple
credits

——

-

— Phase in LDT2 when determining obl¥g
~ Modify treatment of Gnid-HEVs
{move to ATPZEV)

e Staff 1s presently developing changes |
the regulation 1n response to the Board’
requests

¢ Proposed changes (15-Day Notice)
estimated release in Mid June




\\‘\

.

Regulatory Status

& Much of this presentation is basy
proposed amendments to the ZEVY
released 12/8/00 and considered at ti
January Board Hearing

e This presentation includes simplifying
assumptions regarding ZEV credit
determination Please consult regulation
actual determinations

\\
2003- 2008

Manufacturer @bligation
12 D

j Eaﬁéry EV

10 [H2FuelCell

;Gnd-C‘onnect HEV
[Methanol Fuel Cell
| 7| HEV
leng

Percen

N & & @

S —
702 Credit PZEV

Current Regulation Staff Proposal

e PZEVs achieve significanbgmission
reduction, but wiil not necesSkgly assist
with propagation of ZEV-related ¢
technologies

o Near-term ATPZEVs expected to be.
- CNG
- Mild HEVs

s Longer-term ATPZEVs
- Grnid-HEVs
~ Methanol reformer FCVs
- Hydrogen ICE

——

Regu}t‘ozx Status

e When possible, presentat?o
changes reflecting the latest st&{f thinking in
response to the Board’s requests¥

¢ These changes have not yet been firl
and will hikely change further before th
day notice is released

¢ In particular, staff ts still working on
- Advanced componentry credit for ATPZEVs
- Gnid HEV, and Transportation System credit

® Please withhold formal comment to ARB un
after changes are formally released in June

T

GH%IH\ATPZEV

e All PZEVs and ATPZEVs mitsg}
- SULEV emussion standards ‘
- “Zerao” Fuel System Evap Standar
- OBD i requirement for 150,000 miles,

- Emissions warranty extension to 15 ye:
150,000 miles

e For all HEVs, battery must be included
as a warranty item '
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ZEV Requirement Increase

e For example, in 2018 and beyX
ZEV requirement grows o 16%
- Up o 6% may be PZEV,
—- Up to 5% may be ATPZEV, and
- At least 5% must be Pure ZEV

& As ZEV requirement grows in 2009- 201

6% PZEV cap remains frozen
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PZEVs'in.2006+

® 6% I1s capped, and may not 3ggm like
much, but after phase-in (2006

[6% / (O 2 credit per vehicle)] = 3
e Estimated number of PZEVs = 380,
(large + intermediate mfgs )

2003 %Manufacturer

- ZEV Obligation

- Large auto manufacturer Cahform
920,000

- No ATPZEVSs placed in service
- lgnore ‘01- ‘02 credit accumutations
- FFBEV avg credit in ‘03 is ~4 15
o THEN
- ZEVs Required =
[( 04) * (CA sales) / ZEV credit]

=~ 8,900 FFEVs
\_\\\\\ \\
ZEV Obligati iy :
iyt Mag?a\m@s) ZEV Credrit-Determination

B 000

50 000

Quangity of ZEV
8
8
8
!

inthal ZEV Credit =

{1+[(Range Mult -1} x (Range Mult Ph3
{1+[(Eff Mult-1) x (Eff Mult Phase In)]} X
(Transportation System Muilt ) x
(Early Intro Mult )} x

| (NEV/LSV discount)
2000 2001 2008 T|m::§:nl‘s vr 2012 2015
—_— -
In-Servicetnder-Warranty

Vehicle Power Source Credit

e ZE Range {20+ mile) vehicles onlfg,

o Includes Grid HEVs, NEVs exciuded

e Apphes to 4th year in service and beyo

¢ 1/10th original credit (without phase-in muRg
15 earned each year

e ZEV in service and under warranty for 13 yezy
eventually accumulates in-service under-warf
credit equal to onginal ZEV credit

Early Introduction Multiplier

o Addresses “gap” n availabi
e Rewards mfg s for early introd%

‘01 ‘62 03 ‘04 ‘0§
ZEVE 4 4 125 125 126 1

NEV

PZEV& 4 4 4 2 133 1
ATPZEV
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Range Muitiplier
Qe capabahty of

® Addresses concerns with rars
early-year BEVs

e Encourages deployment of ionge :
vehicles i early years of program

¢ As market matures, range I1s de-emp
- Phase down over 2004-2012 timeframe
- Caps or max range used for credit deter

e 225 miles in 2011
« 175 miles in 2012

® Applies to ZEV and GHEV only
* under consideration
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Efficiency Multiplier

e Assumes power plant emissions 1%g ortlonal to
ZEV energy use

& Also a factor in range performance
{go further or reduce battery cost)
@ Applies to both ZEVs and ATPZEVs

{but no phase-in for ATPZEVS)

e Rewards most efficient and therefore lowest
emissions vehicle designs

%eﬁqy Muttiplier

VEHICLE N—FFIC!ENCY
CLASS MO TIPLIER

City (EV) CMPEG/ T
Subcompact PC CMPEG/ {1 5%
Compact PC CMPEG/ (1 5 x
Midsize PC CMPEG/ (1 5x 27 0%
Large PC CMPEG/ (1 5x 25 6)
Small Truck CMPEG/ (15 x 25 0)
Medum Truck CMPEG/ {1 5x 21 4)

targe Truck CMPEG/ (15x182)

—
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Range Multiplier
N
ZEV Range Muitipiier
10 5 1
QI S
8 T T :
E * : [~ g 350
g, i | 2011 {
2
= Y - J&NW
] %
24 |
M '
BEO 180 260
Urban AER (mules}
\

Efﬂcaem}y QMultiplier
nination

e Gasoline vehicles CMPEG =
combined EPA fuel economy

e For BEV & ATPZEV, CMPEG =
{33,705 whr/gal / ( 55 * UDDS AC wh
+ (45 * HFEDS AC whr/mile)]

@ Alt Fuel CMPEG = :
unadjusted combined EPA fuel economy}
(uncompensated by “fuel content” factor)

e
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ZEV Ra
Efficiency

Phase out

‘04 05 06 07

‘08 ‘09

Range 1 825 060 045 030 025 0%

Eff . 0 010 035 055 085 090 100
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2006 Z\E\V‘Gr@dit Example.
RAV4 E)

e Cert Data )
-UDDS eff =291 3 AC whr/mil8
- Highway eff =374 1 AC whr/miie
e CMPEG =
[33,705 whr/gal / ( 85 * UDDS AC
whr/mile) + (45 * HFEDS AC whr/milg

\

2006 ZEVS{edlt Example.
RAVAEV

Initial ZEV Credit =
{1+[(Range Mult -1) x (Range Mult Phas

{1+[(Eff Mult-1) x (Eff Mult Phase In)]} x\
(Transportation System Mult ) x
(Early intro Muit ) x

=10286 (NEV/LSV discount)
e EFF MULT = CMPEG/ (1 5 x 25 0)
=274
=== —
2006 ZEV Credit Example.
RAV4EYV 2006 GHEV ATRZEV Credit

Inihal ZEV Credit =
{1+[( 4 70 - 1) x (0 60)]} x
A+ [(274-13x{0 35} x
{Transportation System Mult ) x
{Early Intro Muit ) x

e GHEV credit determination meW
not yet final

¢ Staff 1s exploring the possibihity of
harmonizing GHEV credit determinati

with other ATPZEVs
(NEV/LSV discount)
=~517
Year 4+ In-Service/ Under-Warranty Cred
=~0 52 per year
\\\\ ——
Example~2006 GHEV Example~2006 GHEV
ATPZEV Gredit ATPZEV Gredit

e This example uses method Thyg
December 2000 proposed ameX

e Phase-in multipher has expired b
e GHEV credit determination based o
- (ZEV range muitipher) x
- (efficiency muitiplier), and

- GHEVs also eligible for in-service/ under-
warranty credit

Per December 2000 Proposal

e GHEVs use 3 § X actual Urban AERG
— P 20 uses 70 mile range in determinatiol

o Efficiency Multiplier
~ Favors GHEVs based on electric-mode only
- Assume GHEV will attain ~2 0 X

e P20 credit = ~3 6 iitial, plus 0 36/ year
(>year 4)
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GHEV VS Mild-HEV VS Year

¢ Assumptions .
- Mild HEV achieves 1 3 X efficiency Sagltipher
~ GHEV achieves 2 X efficiency multiphcgsa

‘01 '02 '03 ‘04 05 '06

Early- 4 4 4 2 133 1
intra

Mitd 16 18 18 §9 08 06
HEV

P20 72 72 72 36 48 36
GHEV

—

GHEV Cﬁ@h\qnge Re-cap

® Move from “gold” to “silver™
(ATPZEV) category
@ Battery warranty requirement re

but GHEVs rewarded for in-Service
Under-Warranty credit along with Z

e Exact basis for credit calculations TB

~—

EPRI GHEY Study

@ ARB co-funded

e Series hybrids feli out of study
due to poor performance

& Focus shifted to PO, P20, and P60%

& Onginally mid-size, but now conside
a vanety of classes

® Examined performance, cost, consumé]
acceptance, and commercialization

—_—

Gnd—%ﬁhalienges

e Battery pack cost
& Battery pack iifetime

- GHEV batteries subjected to more
aggressive cycling limits than BEVs ¥

® Battery pack warranty requirement
& OBD detailled requirements 78D

¢ HEV test protocols may need
refinement

@ Public perception (mild-HEV ads)

e GHEV Prototypes
- UCD Prototypes
- GM Triax
- Volvo HEV
~ Suzuki EV Sport
- Aud: Duo
- Mitsubishi
- Renault

—

R\I tife Range
P20 & P80 No cEature

o Nomenclature Manufacturers gy choose to
refer to P20 and P60 with a differertg
nomenclature

e Typical customer “drive cycle” with mail
batteries would likely provide less than 2
60 mile range




e Emission Standards ™\
~ ‘01 5 spd- ULEV (61 mpg city/ 8§
—'01 CVT- SULEV (57 mpg city/

e Battery monitored by OBD

« If battery “fails”, NOx increase >159
will illuminate OBD MIL

SULEV emissions standard

e Battery
- OBD monitored
- Battery warranty also voluntanly

» Battery warranty voluntarily extended extended
—_— =
.« _» \\\\\ \\\\
Vision foi“thg Future \
e Steady, sustainable increasyy ZEVs
e Regulatory flexibility encourage EXTRA SLIDES
diverse transportation technolog

including GHEVs
e Clean and healthy air for all California

—
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Abbreviatiens Used

e | SV Low Speed Vehicle « BEWBattery Electr c Vehicie

« NEV- Neighborhood Electnce s HEV - AWgd Electrnic Vehicle
ehicle (zero-emission SV} ¢ GHEV Gnd% y

e CEV City Elecire Vehicle (same as exteliggs e HEV)

e ZEV - Zero Emission Vehicle e AER all electnc

« 7EM- Zero Enwssion Motorcycie  ®  OBD- On Board Diad

e PZEV - Partial Zero Emssian e MiL- Malfunction indic3y
ehicles s EFF MULT- Efficiency

o ATPZEV Advanced e DOT Dept of Transportag
Technology Parhal Zero » CMPEG- California Miles P8

Equivalent Gallon

Frussion Vehich
¢ s LEV - Low Enussion Vehicle

+  SULEV- Super Ultra Low

3 Regulat.ons
Emission Vehisle o LEV !l - 1998 amendments to
e VMT - Vehicle Miles Traveled LEV program

o Simie - grams per mile

Provided for Reference




Hybrid Electric Vehicle
Performance and Emissions
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HEV d

Both Grid Connected and Non Grid Connected Hybrnd Efectric
Vehicles were compared against conventiona! vehicles

+ The results of modeling of HEVs by NREL and UC Davis were used to
caiculate vehicie performance, effictency and emuissions
¢ Three HEVs were studied
HEV ¢ — Charge-sustaining HEV with no gall-elecinc range
HEV 20 — Charge-depleting HEV with a 20 mile ali-electnc range
HEV 80 — Charge-depleting HEV with 2 60 mile ali-electnic range
s Work 1s part of EPRI HEVWG project
« Final Report on Mid-size vehictes will be out in June

HEVF and Design

HEVF and F Trade-off

HEVs were designed to perform, lock and feel tke the
equivatent conventionat vehicle

« MY 2000 Chevrolet Lumina 3 1L was chosen as
equ valent conventional vehicle

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

¢ All HEVs were designed to have similar acceleration,
top speed, range, and gradeability as the CV, with
some exceptions

Some trade-offs were made in performance matching to reduce
vehicle costs

s Sustained Top Speed - CV has a top speed of 120 mph, HEVs
can maintamn 120 mph for approximately 2 mmutes, but sustain
speeds of over 90 mph

o Gradeabiity - CVs generally can climb a 7 2% grade at 50 mph
for 3¢ minutes, HEVs can chimb 7 2% grade at 50 mph for 15
minutes and at 30 mph for 30 minutes  Can chmb any highway
grade m US at 50 mph

@ Passing Performance - Acceleration times for 50 to 70 mph
relaxed from 4 8 seconds for CV to § 1 saeconds for HEVs Al
HEVs had better 0-30 mph and 0-60 mph acceleraton times
than CVs

e Engine on/off cycles - Constrained to 30 on/offs dunng FUDS
cycle Reduces fuel economy by about 10%, but results in
better dnveabiiity and customer satisfaction

HEV Performance and Emissions  Vehicle Spacfications

Engine and Motor power of HEVs was shightly less than that of
CV, due to more efficient designs

Available Peak Power (kW)

HEV Per and Vehicie

Battery Energy for Grid Connected HEVs much higher than for
non-grid connected HEVsS

18 Li @ Energy Storags (typically used by conlrol strategy) | _
% I'I 1 Energy Storage (reted) _

5% apacity a C/3 réle
I [Roted capacity from 100% to 0% S0OC

Enargy Storage Capacity (kWh)




HEVP and Vehicle Spx

Vehicle mass for the HEV 0 and HEV 20 [ess than CV due to use of
CVT and smaller engine

1900
L
woel o Lo Lo - -
1600 |. - - N, - -
1500
400 L U - .- -

1300 ¢ - - - - - -

Vehicle Mass (kg)

1200 | - N [ -

100 L - - - - - - = = J—

1000 Laun ~
cv HEVD HEY 20 HEV &0

HEVF and i Vehe

HEVSs had better times in 0-30 mph, 6-60 miph and 40-60 mph
accelerations 50-70 mph accelerations and top speed results
were sc hat comprc d with fower cost HEV designs

40-60 mph
50-70 mph

HEV Performanca and Emissions Vehile fuel economy

NREL and UC Davis modeled HEV fuel aconomy using ADVISOR
Sevarat fusl sconomy measures are defined

Gasoline Only - Fuel economy when the vehicle 1s in charge
sustamng mode 1n mpg

Electnc Only - Fuel economy of Gnd Connected HEVs when in
charge depleting mode Given in KWh/mi and converted tc miles
per equivalent gasohne galion using 33 44 kWh/eguivalent
gasoline galion

Mileage Weighted Probabihfy Weighted - Measure of actual all-
electnc use Detsmuned from 1995 NPTS data

Utility Factor Weighted - Discounted MWP factors determined by
SAE foruse mn J1711  Assumes vehicle starts each day with a
fuli charge

SAE 1711 - Uses UF for all-electnic usage determination and

assumes the vehicle starts 50% of the tme with a full charge and
the other 50% of tme with low SOC

.

HEV Pecformanca snd Emissions  Vehicla fusl economy

NREL and UC Davis modeled HEV fuel econemy using ADVISOR

Mileags Waighted Probabilites — HEV 20 = 39%, HEV 60 = 74%
Utility Factors — HEV 20 = 31%, HEV 60 = 63%

140 -
w Gesolne Only |
120 |- |io 41711 UF Werghted!
| UF Worghtea '
100 L{g bV Weghted |

fagoceeony |

Fue! Econamy (mpeg}
8

cv HEVE HEV20 HEV &0

HEV Parformance and Emisslons  Battery Lie

s Battery life and replacement depends upon a number of factors
Dnving patterns
Vehicie elactne fuel economy
Battery technology
Vehicle hfetime
Charging frequency
Battery controiler logic
# Daily dnving patterns wers determined through interviews of
approximately 400 potential HEY owners (market survey)
Purchased a vehicle In the last 5 years
Regulary parked within 25 feet of an electncal cutlet
Results binned into three categones
= short commute
= medium commute
& long commute

HEV Performance and Emissions  Drving Fatterns

All-electric operation for the REV 20 and HEV 80 was derved from
daily driving patterns

Based upon baing able to dnve 2C miles or 60 mues in all-electne
operation, annual ali-electnc mileage was caiculated for charging nightly

- Commute Distance
| Short Average Long




HEV Perlormance end Emisslons  Rea World Vehicie Fuel Economy

Real worid fuet economy is generally less than fuel economy
measured using standardized tests

& Fuel sconomy s reduced due to the following factors
Aggressive driving
Air conditoning use
Open windows
Others
» Reai World fuel economy discounts are approximated by
USEPA for fuel economy guide
10% mncrease m city fuel consumption
22% increase in highway fuet consumption

HEV end Discharge

Charge Sustaining HEVs have differant discharge patterns than
Charge Depleting HEVs

Charge sustaining HEVs charge and discharge batienes in a senes of shaliow
discharges while Charge Depleting HEVs discharge baltenes while in ali-elecinc
operation

N Charga Dapieting

State of Char
State of Charge

Time. Ture

HEV Ferformence and Emissions Ballery Life  Battery Cycie Life

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

Current NiIMH battenes have cycie hves of 800 to 1200 deep
discharge cycles before charge capacity drops to 80% of the
onginal capacity

NiMH battenes have demonstrated 1500 to 2000 deep discharge

HEV Purformance and Emissiona  Battery Life  Vefitcle Lifetime

Vehicle lifetimes were defined as 100,000 miles of total vehicle
operation or 10 years, whichever came first.

Actual vehicle Iife rmight be longer

cycles under controlied iaboratory condibions b - -
. Commute Distance Low  Average High
* “Improvements in positive electrode compositon have
substantally increased NiMH battery charge acceptance and Total Vehicle Miles 77,420 160,000 100,000
efficency (especially at elevated temperature and near the end .
of chiarge), with the consequence that average battery operating Years of Operation 100 75 56
temperatures wili be significantly decreased” - Friiz Kaihammer
* 1750 deep discharge cycles (to 20% SOC) were assumed to be
avatable in 2010
o pus 10 o ma i«
HEV Poricrmanca and Emisslons Batleryide Cyclo L¥e HEVF and Battery A
No replacement ts needed for HEV 60 HEV 20 might require Sevorai alternatives to battery repi can be imp d

battery replacement if user charges nightly and has an average
or low commute distance

Low Average High
13,800 41,100 8,400
16,900 21,900 20,700
2,900 2400 1,800
1,200 1,500 1,400

* Smart controlier
Limit afi-elecine operation so that vehicle lasts 100,000 mites without
need for battery replacement
tncreases gasoline consumption {(~40 additional gations of gasoime
per year on average dnving scenianc Ordinanly, 220 gallons per
year are used by HEV 20 on average dnving scenanc)

» Degrade all electnc range
HEV 20 moves towards HEV 0

» Replace HEV 20 battery with an HEV 0 battery
HEV 20 becomes an HEV ¢

o tJse a farger battery
- Increases vehicte weight, fuel consumption and imbal vehucle cost




HEVF snd

Since Grid-Connected Hybrids derive seme or all of their energy
from electricity, amissions comparisons batween HEVs and CVs
shouid inciude well-to-wheels emissions (both fuel cycle and
vehicular)

+ Fuel Cycle Emssions include ermisstons associated with the
extraction, pracessing and distnbution of the gasoling or
slectncity

o Vehicular Emissions include tatlpipe and evaporative emissions

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

HEV P and Fuei Cycle

Power generated for HEV charging ts small and will be on the
generation margin using efficient natural gas fired combined cycle
power plants

700

W00~ with EV forecast for 2010

.,
50000 S
,,\\
- N K
oo Nl

pa—
20000 wM& EVs '

1KG0

Power Demand (MW)

0w~ J T P

1214 16 18202224 2 4 6 8 10
Time of Day (h}

HEV Performance and Emsaions  Fust Cycls Emission.

Fuel Cycle Emissions Assumptions
@ Plug-in HEVs are charged pnimanly at night

@ [ess efficient power generators, older coal and fuel ol power
plants caniot readily be turned on and off and cannot satisfy
marginal needs

@ Nuclear and hydroelectric power plants generally are already at
capacity fulfiling the base load and would not be used for
marginal needs

& By 2010, many older fossi fuel power plants wili have been
replaced with new combined cycle turtines

& New power plants and refinenes in non-attainment areas will
need to meet BACT without emission offsets

HEVF vca and G Gases

For the Average Driving Pattern and Charging Nightly, Greenhouse
gas emissions are significantly lower for grnid-connected hybnds

450 -
400
56 |
306 |
250
200
150 1

CO; Emissions (gimi)

100 |
50

0

HEY ¢ HEY 20 HEV 82

HEV Performancs and Emissions  Smog Precursors.

For the Average Driving Pattern and Charging Nightly, smog
precursor s are significantly lower for gnid-<connected

hybrids
2 NOx Talppe
& NOx Fuetcycie
& HC Evaporatva

o HC Talpips
8 HC Fusioycle |

Smog Pracutsor Emisslons {mgfmi)

HEY 20 HEV 6D

HEV Performanes snd Emissions  Conclusions

# HEVs offer major effictency improvements as well as
substantial reductions i the consumption of petroleum-based
fuels and emissions of air poliution precursers (NOx and HC)
and carbon dioxide

@ Petroleum consumption of an HEV 60 (ustng
gaschnefelectncity) can be less than that of the PNGV ateset
engine-battery HEV 0 concept vehicles without resoring to
costly ight-weight construction or body aerodynamics

e HEV 0 technology 1s 1 the early commercial stage Relabve to
mature combustion engines and state-of-the-art EV technology,
HEV technology requires only evolutionary advances to meet
technical requirements, with the possible axception of battenes




HEV Parformance and Emissions  Conclusions

& NMH battenes are technologically capable, but there are
uncertainbes regarding their life and costs, especially in plug-in
HEV service

® Both the Honda Insight and the Toyota Prus are currently in
producticn in Japan the U S, and Europe Several other
automobile manufacturers have anrounced upcoming models
The Renault Kangoo has been anncunced for faunch n 2001 10
Europe as a plug-in hybnd

® There are several issues that have been identfied that need to
be examined for successful commercialization including battery
life and packaging

orne s
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Argonne National Laboratory (ANL)
Conducted This HEV Technology Assessment

< Work started in 1996
» Initial work covered full fuel cycle energy assessment
» Expanded in 1998 to include cost
¥» Some materials analysis conducted and recycling potential
evaluated

< The assessment involved
» Analysis of parallel and series, mild and fuif charge sustaining,
and full charge depleting (grid-connected, 20 mite AER) HEVs
» Use of National Renewable Energy Lab’'s ADVISOR model for
vehicle performance simulations
» Development of a cost estimation procedure
> Use of ANL's GREET model for greenhouse gas analysis

< Publications/ presentations

> 8 presentations/ papers
» A report to be published soon

3 Argonne National Laboratory
Transportation Technology R&D Center

¢ This Presentation Puts the ANL Study Into
Context With Respect To:

< EPRI HEV Working Group analyses

< Effects of comparabie performance rules on MPG
gain estimates

< Comparison of conventional vehicle (CV) lifecycle
costs {o varicus HEV types

<+ GM-GAPC estimates of MPG gains via hybridization
< HEV type’s impact on lifecycle 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

fpwnitsy A

Gnd Connectad 20 my ~
Efectnc Range (Charge
Depleting)*
Full Hybrid (Charge n
Sustaiming)* g
e
Mild Hybrid {Charge
Sustaming}# )
Denominator=ICE+Battery
Convenilonfl Vehicle * Type also in EPRI study
(cvy# # Type also in GM study
0% 20% 40% 60% 80%

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

5 Argonne National Laboratory
Transportation Technology R&D Center

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

120

Full hybnd |
m Mild hybnd

ADVISOR simulstion resuite for KEVs
that sccelorats 0-82 mph in 0 seconds

-
=3
S

@
>

8

!

MPG improvement Over CV (%)
2

3

§‘,

N\
\
NYCC Japan CAFE USes REP5
a1} 1015 {29) {48} (482) (515)
(141)
Driving Cycie {Avg RPH)
6 Argonne National Laboratory

Transportation Technology R&D Center




{ 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)

7 Argonne National Laboratory
Transportation Technology R&D Center

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

04

ADVISOR simutation regults for HEVsS
thet accelarate 0-60 mph in 10 seconde
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8 Argonne National Laboratory
Transportation Technology R&D Center




Per Hour Fuel Savings Give a Different
Perspective

+» 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

< 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 farger for
aggressive driving cycles

9 Argonne National Laboratory
Transportation Technology R&D Center

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

55
o Paralie} Full HEV
o 50}
£ o Paraliel Mild HEV
>oas |l 0 T T T~
ESr - Series HEV  — ™= — __ _
g ===
S 40 |
u
[
e Br oV
B
< 30 |
Q

25 i 1 ) L 1

13 12 11 10 g 8 7
0-60 MPH Acceleration Time, Seconds
10 Argonne National Laboratory

Transportation Technology R&D Center




Downsizing HEV’s Engine Causes Reduced
Continuous Gradeability {(and Top Speed)

22

—e—CV
- - Mild Parallet HEV!
~r= Full Paraliel HEV s
— -Senes Full HEV l o e e e
o= Paraliel Gnd 20 E d

-
(o]
¥

Gradeability (%)
'

o
—
- -
01 - N - - -
-
Note' gradeability des:gn value for full HEVs was 6 5%
6 el B el S i i i e
12 10 8
0-60 Time (seconds)
1 Argonne National Laboratory

Transportation Technology R&D Center

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

"GM-GAPC” Truck - 8s
Base, 65 HEV

ANL miid HEV &z 0-60

EPRI "HEV-G" 9s 0-60

ANL muld HEV 10s 0-60

- 10 20 30 40 50 60
MPG Garr (%)

12 Argonne National Laboratory
Transportation Technology R&D Center




60%

20%

MPG Gain by Mild HEV

0%

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

40% |

mm HEV 2 Sec Faster Than GV
—-o-Same 0-60 (Base Case)

GM GAPC Case
{Prckup Truck)

10 8
0-60 Time of Base CV

13

Argonne National Laboratory
Transportation Technology R&D Center

: Adjusted ANL Results Show Consistency
| With GM-GAPC Results

{Confirmation of more MPG gain at higher performance)

GM79to83sec

ANL 12 to 9 6 sec

ANL12to 87 sec

0% 7% 14% 21%
MPG Gain via Mild Hybridization, Engine Size ~ Constant

14
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ADVISOR Runs Imply Road Load Reduction
Having Positive Synergism With HEV MPG

ANL 8 sec 0-60

Note ANL and EPRI low load cases are more similar than base cases

EPRI 9 sec 0-50 %///////////////////////////////////////////ﬁ

I Lower Load |
77 @Base |

L L i I
0% 20% 40% 60% 80% 100%
Hybrid Gain in MPG vs. Comparable CV

15

Argonne National Laboratory
Transportation Technology R&D Center

iIn Separate Analyses, GM and ANL Differ On
iBenefits of Hybridizing With St and Cl Engines

40%¢ ) ANL Mid-size car
7 - and fu
g /g
% 30% % . GM Pickup truck
E % - | S! 8 sec 0-60 base,
> % d 6 sec mild HEV
s 20% . CIDI 8 sec 0-60
> . Id
S % . ;aés;,e, 7 sec mi
g .
S |
o : / o F
& : /" BNL TRB 01/01

/' GM GAPC 03/01

CiDI

16
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F

Net Present Value of Hybnd

4 2000 Results Showed Relative Superiority of

ull vs. Mild HEV to Depend On Fuel Price

$3,000 _
$2,000 "/fﬂl\f—)\
$1000 o _
2 . ( 12 sec 0-60 case) \\ / -
$0 —< - T T T T 7: \ 7
'O
($1,000) e CoE .
- - ~ - o) ?%%a\w* . ~{’i
(52 009) ._.4;:71 b S | S - g e
- “\t .. W%’ ..
= O e
($3 000} L O
] 15 25 35 45 §5 65

Speed (MPH)

3= Prius(1 25h/d, §1 25/gal)
- & - Prous(1 250/, §2 25/gal)
= Prins(2 Sh/d, $2 25/gal)

0 MHV(1 25l/8, $1 25/gal)
- MHV(1 25h/d, $2 25/gal)
- o MHV(2 5h/d, 52 25/gal)

[ATE:S
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Lifecycle Costs (¢/mi) at 150k Volume

45

40

35 |
3 L

25 |

20

ANL Research Implies That Mild Hybrids

Can Compete on Lifecycle Cost Basis

Gasoline Pncg $1 30/Gallon

= Parallel HEV With AE|

8 S, 0-60 mph

18
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The Desirable Proportion of Electric Power
Rises With Rising Gasoline Price

[ 10 sec 0-60 mph’ Notes Grid 20 HEV - 0 60 time = § 1 sec

2 " 8 sec 0-60 mph ‘ charge sustaming, 16 sec charge depleting
8 | —— — ~— {Electricity price for Gnd 20 = 5 3¢/kwh

o
£
e
S
-y
2]
o
o
o
Q
o 4
-
d
£
[
[¥]
=
@
&
£
o

2
0 7 )V __Um U
$1 30/gal $2 44igal B $2 96/gal
-2
Mild  Full Grid20 Mild Full Gnd20 Mid  Full Gnd20
18 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)

< In comparisons, hybrids cannot be made
performance equal, only performance comparable

% 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 difficuit to market, low gasoline prices are

* 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 National Laboratory
Transportation Technology R&D Center
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WHAT WE MODEL IN DET
AN ELECTRIC-VEHICLE DESIGN, A AlL

PERFORMANCE, AND LIFE-CYCLE

COST MODEL * Variable costs of manufacturing vehicles
* “Fixed” costs of making vehicles, as a
function of production volumes
M Delucchi
A Burke . .
M Muller * Cost and performance of EV drivetrains
T Lipman and batteries

* Vehicle energy use

* Operating costs
Institute of Transportation Studies

U f Calif ,D .
ruversity of L-aliiorma, Davis * EV designed to meet range and

performance requirements

“FIXED” COSTS * Sales tax
- function of vehicle retail price
* Division costs
- costs related to manufacturing cost
- costs per unit

* Corporate costs
- costs related to
manufacturing+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



EV LIFECYCLE COST AND

PERFORMANCE
Mid-size velucle, advanced technology, lugh-volitme
production, FUDS
EV Pb/acid | EV Ni/fm-h2 EV:
Range (m)| 65 | 110 | 90 | 165 | 140
0-60,0%grade (secy | 93 | 93 | 93 | 93 | 93 |
vehicle wt (kg) 1,635 , 2,354 | 1361 11,809 | 1,273 i
fuel economy (mpg) 955 | 739 | 875 ¢ 739 | 1460
vehicle price (5) 24,553 20,422 | 28,034 35,759 | 27,678
battery price (5/kWh) | 259 | 202 | 475 | 361 | 337 l
battery price ($) 3,482 | 6,003 | 9,675 %16,603 12,993i
hifecycle cost {c/m) 3831 : 4412 1 5339 5536 | 5134 |
present value ($)* 11,632 I 18,955 | 21,369 | 36,974 | 12,339 1
breakeven $/ gal 264 414 | 419 | 666 | 277 |

*Present value of gasoline lifecycle costs, difference between gasoline and
EV present value

SOCIAL COST OF EVs vs. GASOLINE

VEHICLES
{cents/mile)
Difference in costs
low hugh best
Private hifecycle costs 00 3000 | 1000
Noiset 000 -040 | -001
Externalitzes of o1l use? 020 | -112 | 036
Climate change3 -000 | -006 | -003
Air pollutiont 017 | 211 -0 69
Total externalities -037 | -369 | -109
Social cost -4 30 9

I Assumes range of damages on collectors and principal artenals
2 Assumes 25 mpg

3 Use hfecycle COz-equivalent enussions at 25 mpg,

4 Uses Delucchi $/kg damage estimates, adjusted for estimated
differences m exposure

EXTERNAL COST OF EVs vs.
GASOLINE VEHICLES
{cents/mile)
Battery EVs

low Ingh best
Noisel 000 120 004
Externalities of o1l use? 002 012 004
Chimate change3 000 013 006
Arr pollution4 002 021 007
TOTAL 005 167 021

1 Assumes range of damages on collectors and principal arterials

2 Assumes 25 mpg

3 Use hifecycde CO2-equuvalent emusstons at 25 mpg
4 Uses Delucch: $/hg damage estimates, adjusted for estimated

differences in exposure
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Hybrid Electric Vehicles

Myth versus Reality

Toyota Technical Center, USA, Inc

Dave Hermance

Mey 15 2001

What Does the Market Want?

A significant and growing percentage of
customers indicate a willingness to buy
an environmentally friendly vehicle,

tf and only if, ali other attnibutes are equal

Moy 15 2604

Myth #1 Power assist HEV Variations
—Architecture
All “power assist hybrids” are —Performance
the same —Cost
—-Emissions
—Fuel Economy
—Electric Operation
Mey 15 200% Mey 13 2064
EEA Analysis Argonne Labs Analysis
Djue Guzt  FE Banait
SarwtNamaior 335075 29Y, Ba 3’3"""3?-%'3’ :;::,;Eﬁ;’i‘,:‘““'“ -
tluwr Asslst MIE LU 33% oy Lﬁﬁw oot ;
.y I g |
Inlagrasd JS0Y. JUSE% gl =i
2950 ‘31 = H
Saparags ud 2840 23%, 211 ' _ ; E’g 2 w

Note Costs and Benefits are Dnivetrain Only
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Prius EV-Operation

LA#4 (Cotd start)
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Myth #2

Prius could easily be made into a
grid-connected HEV

Mey 15 2001

Reality #2

The unique Prius drivetrain (THS) 1s not
appropriate for a gnd-connected application

—Motor is much too small
—Battery energy and power are too small

—No way to carry required battery mass or
volume

—Engtine is too large
—THS transmission design is inappropriate

ey $5 2000

Probable Attributes of Grid-Prius

« Markedly reduced performance in EV
mode

—Slower 0-60

—Lower top speed

—Reduced passing performance
« Drastically reduced battery life
* Loss of ICE fuel economy due to mass
- Significantly higher cost

Ry 15 2001

Vehicle Performance

Compariscn of performance for Prius and Grid Prius

Grid Prius

Current
Prius/THS { Pnus(v;sth @-com battery] RAV4EVY
Usable | 500y, &8 of 5 4 KWh 29 kWh

Energy

Motor/ Max powar
Max power 33kW Max power 40kW p
Generator 50kW

Vehicle

2 0 k 560 k
Weight 1255 kg 1255 + 150 kg k| (°]
12 S seC 19 3 sec
8-60 mph 18 6.
"1 (CE+EV) (EV) sec

ey 15 2001

L Battervy life/durability
blankowl | ; IFE OF EV BATTERY

T

Capacty (Ah)
Internal resistance
(M-ohm) @DODST%

02 000 1
(1,000¢ycie)




Battery life/durability
ibiankout | LIFE OF HV BATTERY
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Myth #3

An HEV-20 will have significant
EV use

Mey 15 2001

Reality #3
« AER # Real World (RW) range

Sierra Analysis of EPA Data

« Even 20 mile RW is only ~ 20% VMT - B
substitution if re-charged daily . i
- Pt
DN
i 7
L7
Myth #4 Reality #4

UC Davis Vehicles Are Viable
Under Current Regulations

May 15 2001

Control strategy is probably a “defeat
device” under EPA/ARB rules

Emissions claims require averaging EV
and ICE emussions

Performance claims are simulation
based, actual is far different

Published cost estimates neglect critical
components

Moy 19 200%
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UCD Controf Strategy UCD Cost Estimates
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Lay 15 2001 Mazy 15 2601
- .
Technical Issues for Grid-HEVs EV Performance

- Real world control strategy
- Vehicle Performance

- Real world EV/VMT fraction
- Battery Technology

- Cost

- Emissions

- Test Procedure

My 15 2001

EV operation in Grid-HEV depends on architecture
- Slower 6-80

- Lower top speed
- Reduced passing performance

These limitation must be considered in conjunction
with real world operation and test procedure

My 13 2061

Regulatory Issues for Grid-HEVs

» 15/150,000 Battery Warranty
» Credit Structure
» Test Procedures

ey 15 2001

Test Procedure for Grid-HEV

Issues to be addressed:

- Defeat device treatment for EV operation
- Enussions for ICE-on in/off mode
- Safety/system protectiocn issues

- Determunation of DF for emissson control
system

- Evaporative emission dunng EV operation
- OBD requirements

May 15 2001
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Hybrid Electric Vehicle Technology
" from
No Piug to Plug-In to Plug-Out
Hardware & Control
' EPRI-HEV WG /UCDavis-HEV center

Andy Alfonso Frank ~ The Fonz®
Director HEV Center
Mech Aerc Eng

t Hybrnd Electrnic Vehicle Technalogies
Addressed by the HEV WG

i T, Senes or Paraltel configurations—Cnly Parallel
t because of efficiency

ke . e Technology and hardware solutions and system
R configurations

e Plug to electric company or no plug— Both vehs are
considered to evaluate F/E and Emissions - tail pipe
and well to wheels

Control policies and options—discussed

Energy from the Electnc Companies or energies back
1o the Electric companies can be done How to

’ HEV WG members include

A single tfraction motor/Gen or 2 units?—1 EMG
selected

o Battery location for HEV 20 and 607 SUV ok, smaller

_t; vehicles harder to find a ptace

“Turtie Light” and performance limd aliowance
Cabin cooling and heating techniques Low cost sain

Auxiliary power concepts Mechanical, unless electne
is cheaper

Zero Evaporation concepts-canister or pressunzed
tank?

Simplified and fow cost emission control concepts
Battery cooling and heating
Battery life reptacement management and policies

3 Umv of Ca -Davis \‘ conirol? New em to study for the next phase
* 530 752 8120
aafrank@ucdavis edu
T Other points of design and discussion among A Hybrnd Vehicle Technology
ZEV (Critena Emissions) No Plug Type

®
Conventional Gasoline Powertrain Vehicie
OV
Conventional Gas
ICE AT w/TC
’ 3—&1
Auto Trans targe ICE
Fue! Tank w/ Torgue Conv l Acc Pulley
1 _____

: -&—J

Hybnid with Zere All Electric Range

0 mile AER

&
) Hybrid Electric Vehicle HEV 0
t

E ICE VT
] lii: 1 lEM

N Large ICE ovT
Fues ﬁ;:nedes l Smat €M
l W E‘I] A:r. Pultey

l/"a




Hybrid Plug-in
with 20 mile AER
Hybrid Electric Vehicie MHEV 20
1cC ovT
]
Medwm ICE ovT
Fuel Tank ! Medium EM

1 Battenes J'Acc Pubey

® Hybrid Plug-in
with 60 mile AER

i ® Hybrid Electric Vehicle MEV 60

§
. ICE VT
i A i &M

) ' small ICE ovT
Fuel Tank \/ i Large EM

Battenes . Awc Putiey
¥

¥ Conventional Auto transmisston Btandard Auto Transmission Number of parts
T Parts ¢ are over 700!
“‘ - ANAMINSIGn Companent Lagatian ") e RS e
: t
’5 v" R ‘Jk‘ﬁ
mv 5‘
® * UCDawis HEV Center
’ Conventional CVT cutaway ? CVT Control System Simphfication
i ¢ | B
Lﬁ‘! t
: Y
\ S




UCDawvis HEV Center UCD HEV Center
Hs0 hp Continucusly Vanable Transmission T Hybnid 350 hp-CVT Chevrolet Suburban
Parts Count less than 60 ) Powertrain

UCDavis Hybrid Center
8cbavis Hybrid Center HEV 60 Future Truck A HEV 60’s with CVT's
* Eiectric operation @ GM proving grounds * The HEV-1 and Coulomb

hd size Fuel Economy Calcuiations Std EPRI-10% reduced mass, 30% lower rolfing resistance
construction HEV WG T and 40% improved Aero —
y 3 all less than ¥2 of PNGV cars HEV WG
Pawws s o e | wwm reve
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From the Technology Shides HEV WG Conclude

That HEV's Have the following Properties

] No engine wdie and Torgue Converter—Eiectne motor Launch

2 Regenerative Braking is enough to sustain charge in the Ctty
with the appropriate engie “tum - on” speed

3 Aliows ideal engine operation at 33% efficiency on gasoine
today and opens the door to design much higher efficient
gasolne engines over 40% efficient that are much simpter
than current designs~Teyota Pnus-38%

4 Repiaces Mechanical complexty with Electronic controls for
much higher overalt efficiency reliabidty and lower costs

§  Much lighter powertrain for the same performance HEV 60
powertramn 15 1/3 the weight of CV

8 Total vehicie weight of the HEV 60 can be the same as the CV
with the use of some better matenals

7 With PNGV materials and aerodynamxs a 5-6 passenger
sedan such as the Lumiina can achieve over 100 mpg within
today s cost range for these vehicies

General Control Philosophy for parallel
HEV's

1 Use E/M/G and battenes for low speed dnving and
vehicie acceleration and deceleration performance

2z Use gasoline Eng for Steady State speeds and
ds

3 These cars are ZEY at fow speed city dniving but
clean efficient highway cruisers with up to 2X or
better MPG

4 Gasoline 1s used at highway speeds with E/M/G for
better acceleration, deceleration and engine
reguiation for mimimum fuel and lowest emissions
for SS power

5 Paraliel HEV's provide opportunities for
oplimization of many other parameters
simultaneously

WG Control for battery management
of zero AER smiall batteries HEV 0 to HEV 20

Objective

o Use battenes and EMG to enhance downsized eng
for vehicie performance and launch up to about 5 to
10 mph

¢ Use battenes to collect regenerative braking energy
There 1s enough energy in “normal” city dnving to
maintain battery SOC

@ Aggressive dnving for a few minutes will cause “turtle
fight” to come “on”, hiriting performance Larger
battenes reduce the frequency of the “T"

Infrastructure---The Achilles Heel of Al

»

Alternative Fuel Vehicles

1 Small and midsize S passenger Plug-in HEV
vehicles and SUV's can use today's gasoline
stattons and 120v electrnic plugs with GFl fo fili
tanks and charge batienses at 1 Skw No Infra_Prob

2 lLarge SUV's could use 220v GFi plugs or spectal
120v plugs with GFl at 3 kw Rapid charge s not
required since it's an avermight charge and a partial
charge does not affect pefformance or range i afl
plug-in HEV's

3 Completely automatic charging systems are easy
to design at these low powers Standards needed
for all manufacturers No action required of user!

4 Research area for the future HEV WG

0

HEV WG dentified 12 control strategy tems

@ 3 techmques for engine Tum On-T/O, speed, 45, 60,
80 mph

o Ramp down Engine T/O speed/SOC for increased
range on electnc energy

s Dnver snteraction allowance for befter electnc use

o Smart-car inp planming capabiliies

e Enhanced electric modes to increase AER

s Better engine Start algonthm development

e CVT opiimization for gasoline-EV-regen operation

¢ Misumze batlery replacement strategies

¢ Mountain mode strategies

e The highhights are discussed in the next few shides

[Tl

WG Controf of batteries
for plug-in long AER, HEV 20 to HEV 60

¢ Batienes are used for low speed city dnving w/o eng
(ZEV) unless the batteries are depleted to a certain
state thern ZEV up to 25 mph ZEV performance 0 to
60 mph n 8 to 9 seconds or less

& Up fo 60mph eng “off” until 20 to 60 miles are dnven,
then battenies will be maintained at about 20% SOC

® Engine controlled to atways come “on” above 60
mph

e Viith Eng “on” EMG and battenes are used to
enhance performance hke the HEV 0

¢ Larger battery pack leads to a longer time to “turtle
ight” HEV 80 may only see Turtie light when driving
faster than 100 mph for 20 muinutes




WG Contral of energy for
Fuel Economy

o The battery-EMG is used with the CVT {o aliow the
engine to only operate along an “ideal” line in torque
and speed, An [OL This aliows the engine to
operate at 30% 1o 38% efficient shaft power from a
mingnum power to a maximum power

The gasoline eng is sized to provide enough power
for highway cruise on a levet road, then the battery-
EMG 1s used for acceteration and hilf climb  Smali
packs will suffer “Turtle ight” if the hifl 1s too long  All
cars are designed lo travel Denver grade w/o Turtle
lght

» Engine power goes nght to wheels for best efficiency
Mechanical CVT is much more effictent (95%) than
Auto-transmissions

s

Control of daily energy use
to increase battery Iife

« Can be done by taking less energy per day from the
battenes by sustaining at a higher SOC  Therefore,
the driver goes fewer AE miles per day and covers
more miles using gaschne—Degrades HEV 20 to
HEV 15 etc

e Battery End of Life (EOL) was defined as 80%
capacity for HEV 0 fo HEV 20 battenes For HEV 20
to HEV 60 plug-in vehicie battenes EOL can be
extended to lower capacty thus extending
replacermnent range Control to extend battery life may
be done only after 100,000 riles has been covered

o 150,000 vehicle nule battery Iife can be accomplished
requining fewer pure eiectnic miles toward the baftery
end of life

T

Control System to manage the battery SOC as
the car is driven

& Can be done by engine “tum on (T/0)" speed - The
lower the T/O the more gasoline used and the less
electne energy used in city dnving

e For highway cruise, one way is to require the engine

to make slightly more power than needed to mamntain

a given speed then to use the EMG to generate

enough to keep the battenes at the minimum SOC -

about 20% SOC Then wait for the vehicle to park to
plug-in before charging to “full”’ SOC  Gascline is
not used fo charge to 100%-—only to maintain SOC

T/O concept allows battery charging to be automatic

Dnving habits can be used to determine adaptive or

predichive control sirategy Controls are simpler

when battenes are larger

Bi-directional charging te prowde Electric
Utilittes rolling reserves and requlation

Plug-in HEV's with bi-directional chargers under
utitity company control Then use oniy the
battenes of HEV's to level and regulate the gnd

The user pays 6§ cents/kwhr to charge his batts but is
deducted 18 cents/kwhr to feed energy to the gnd
This 1s only possible f energy ts taken from battenes
Running the engine to recharge back to the gnd 1s
too expensive—75-80 cents/kwhr, due te gasoline
engme component iife and cost of fuel

e This concept only makes sense for Piug-in HEV 30 to
HEV 60 or higher AER Not HEV-0 or Pure EV of
today

1 mdlion vehicles plugged i at 1 kw each 1s 1000 mw
—enceugh to regulate power and prevent rolling
black-outs' And the power 15 already distnibuted!

el
e
.

"K.’O

ﬂr

Conclusions

Technology 1s now possible but not yet completely
developsd

The heart of the Technology is the mechamical CVT
which has been demonstrated by UCDawis HEV
Center, more efficient than manual transmissions
The larger the battery pack, the more efficient the
Plug-tn HEV up to a range of about 60 miles The
optimum range wiil Increase as battery technology
mproves

There are numerous control strategies that the
technology can be used to optimize the many
parameters not now possibie vath CV's

it 1z possible to integrate Plug-in HEV's with the
Electric power gnd to improve the system efficiency
and jower the electric energy costs to all

K- WA

R e

e 4

Conclusion cont.

Complete automatic controf of the vehicie 15 expected
and thus the vehicle is fransparent to CV's

User control of energy management may not be
advisable until the public 1s better mformed

Fleet energy management control I1s a natural and
can greatly reduce fleet operating costs

All emissions and CO2 can be greatly reduced

Fuel economy can be further increased by advance
gasoline engine design with efficiencies up to 45%
A shift in the use of fuel (G fo E) can mean higher
profits to Energy Companies Car companies also
Gamn $

Plug-In HEV's can lead eventually to advanced
alternative power such as F/C and others after
infrastructure and technologies are developed




Ovonic Nickel-Metal Hydride
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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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‘ Ultracapacitors vs. Batteries

l Ultracapacitors

® Rhgh powcr and low resistance (2kW/kg, 95%)
® Long cycle bfe (>100K cycles)

® Cycle ife independent of the pattern of SOC

® Long shell hfe (>10 years)

® Relatively low energy density (<10Wh/kg)

® Power charactenistics tndependent of SOC

I Batteries

e [igh encrgy density (30-150 Whikg)

Moderate power (<5 kW/kg)

Short shelf hfe (<1 year w/o recharge}

Relatively short cycle hfe (<1k cycles, deep discharge)
Cycle ftfe can dependcent on the pattern of SOC

‘s ¢ @ o @

Variaton of power characteristics with SOC

QOutline of the Presentation

» Introductien

e Ultracapacitors vs. Batteries

¢ Reasons for combining batteries and
ultracapacitors

e Combinations studied

ie Ultracapacitor characteristics

¢ Battery characteristics

¢ Applications studied

¢ Results

| e Ceonclusions

[ Reasons for combining Batteries and Ultracapacitors ]

f. In order to get ugh power i both mototing (discharge) |
and regenerative braking (charge) the batteries are'
mamtained at an intermediate SOC (approx. 50%) |

o Dual lugh power requirements result i only a fraction of
stored energy being avairlable for use ‘

o Ultracapacitors can provide the power when the power
deastty of the battery 1s less than nceded permithng the
battery to be discharged over a wide SOC range

e The total energv stored in the battery car be reduced
because a greater fraction of the energy 15 available forl
use ,

o The maximum power of the combination 1s greater for |
both motoring and regenerative braking

o In some applications, use of a battery with a hlgher:

energy density than possible when the battery must meet

the maximum system power requirements for both
motortng and braking _




Combinations studied
e Ultracapacitors with lead-acid batteries
o Ultracapacitors with nickel-metal-hydride
batteries
e Ultracapaciters with lithium-ion batteries

Ultracapacitor Characteristics
¢ Carbon-based, orgamic electrolyte
2.5-3 Vicell
Energy density 3-5 Wh/kg
1.5-2 kW/kg, 95% efficiency

Power density

Applications studied
@ Miid hybnds (42V)
& Power assist hybrids (200V)

T
N
FHHE ‘Compansons of Carbon baced Uitracapacntors Sy
R S T T
e 1,§|"Y-l |§ 1} ! -.:%‘ Hi = 13_;11;_1_' ﬂ':F‘ JH {M%Wé :)ﬁ .
HHHHH ’IH i L ] |R‘ Gt = H l\gg"}gv
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6
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i i R, |,§,M,\(c.{rh(m/l\x()()l{)I }{s,‘ it iy
EEN " N ,,n l;,‘ I
;‘% N I ﬁ‘ l:l]i“ teh| K h‘] |vpn“( (vuyl|<w‘x,: RA! I' lh,; ' ‘ill!! i |v|.1‘d' "mi !
EN ted .u;sumcd for atl the devices was 3\’,exccpt \\hcrc ndicate
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Summary of the characieristies of advanced prototype and
commercially avaiiable carbon-based wracapacitors

P — e,
Mevice Vi€ R RC [Wirkg | Wheg | Wikg [Wgl [ Vol
(F} | (mOhm) (sec)l (‘)i%) Match | (kg) | I
Sheleton 3] 47 | 52 | 24| i00 9735 Tso;f 005 | 6038
| Techn R4*
| Maxwell_ 312700 § | ] e
Ness | [3]26567 25 j | 155 xssse 533
Panasome |3]1200] 140 783 | 34 B
!Mommaq 3 ISOOL 10 18 56 632 5625 40 | 30
| — f f
*unpachaged T — =
{1} Encrgy deasity based on E=1/2CV2, Vrated=3V
{2} 50\;::‘ based on P=9/16%(1-EF}* VI/R, EF=efficiency of discharge,
Page |




NESSCAP
2.3V 25:9F

Figure 3 Photograph of the Ness 2 3V, 2500F Capacitor
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Weight 114kg 2=ty 2 e L, ¥ o =
T T e T ™y 20 : t X~
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17} 1 ; | S - Manganese based Li-ton Cell for HEV
g . z
: | @
‘ o 3] Cathode Matenal] LiMa,0,
! o &
; - Capacity (Ah) 386
=] | ° Size (mmm) 40 x 108
- 1ze (mm x
T o | e 3
=~ ) | o X g Voltage (V) 25-41
i =
> ° ; a2 o Weight (kg) 03
; B ~ 9
i 11 © -
= al s &
) = ] o 3 @
8] o0 ! © o c
> I i a. o
o = { ° o
o ! O @
@ . SR 1 4
lf‘ l o [
o
| « @ &
= ! [+ %
o { (73] g
x N ' b Power Characteristics of a Cell for HEV
! =} =
AN 2 o g
. s £ 3000
I @ E /W
‘ \ ; T 2500 r/«\ch:harge -
o (53 Discharge
i © w2000
; S jo s
l ; 5 1500
3
i o 3 700W/kg
1000 -
i = o 1200Wikg | \e |
= ™~
o o S 500
L @ 0
1 ) ! [ 20 40 60 80 160
% | | | SOC{%)
¢ | | |
” o
o o o [=] o < <
o~ =) © © < o~
By/Ua 1 ABaauzg oyoadg
Saft
Saft
Table 1 Automotive Lion Celf Charactertstics
Power Capability (HEV apphications)
Max Power
Ceft | Diameter | Length | Mass|  Max agi,w E?::s‘v J“:;'Y Wikg) | — =
Type o | ¢ o\;{:elranng @Max eci3 | @es3 ! Discharge Power Charge Powe!
mm me LY ‘'oltage " '
R Vennge | (whrkal | (W) | Pulse | Continuous Temp | Voc ¥ | % 50C | R 2 sec P X |R18 Sec Pt |R2sec| 52
HE4D 54 226”1108 a0 iio 140 296 [ 42¢ [ “jas | ma Wikg | ™ W/kg mid W/k
m‘gi g: ﬁg :gg 4 390 135 280 _ | 415 FM 70% 148 2790 213 1938 125 1227
[ a 350 | 115 [ 243 385 ° )
P30 54 208 | 105 3 31 106 234 T 40°C | 364 SOZ/a 148 2600 208 1794 146 ; I;SC
HF1Z 47 178 1 068 3 16 85 387 | 143 850 354 30% 155 2150 219 1522 151 1751
“@P6 37 104 {038 3 8 O 75 158 | 1420 760 374 70% 176 2346 257 1606 171 894
The ma):‘rlnun: voltage:f h»gr; gm;rgy and medium range celis », specihed at € OV while & is on y 3 9V for fugh 25°C 364 50% 174 2145 257 1452 171 123¢
power cells  Lower voltage (3 9V) results in 1ower energy (about 15%) but may be needed for HEV di | 35 jc a5
regenerative sptke The HP celis can run at 4 QV under ;Eglnca:cn w;heulz rgge\:\erz_tnig gp-_k;' veto 354 30% 195 1710 294 1134 186 ]_45‘
Note 1  Dervec power under 18 second puise @ 50% DOD ard 2 7V cut-off 374 70% 375 , 1101 505 817 398 384
Note 2 Maxmum continuous current rultiplied by dverage voltage 0 364 50% 367 1014 506 737 383 £53
Note3  Saft manufactures other types of iith um 101 ¢l s such as medwrn pnsmauc O format and high {7394 30% 4 80 T £94 80 416 480 563
—eneray for space epplication. — Note 1 Data from HP12 celt sample (B 68 kg) Not a specification. -

Nate 2 Maximum power calculated as follows
Discharge Pmax = Virun x Imax with Imax = (Vocv-Vmis)/R
Charge Pmax = Vmax x Imax with Imax = (Vmax Vocv)/R
Vmax = 4 OV and Vaun= 2 7V

Kote 3 Shott ragen spike could reach 4 G5V resulting n power acceptance
increase of more than 10% at lugh state of charge

Mote 4 Lower cut off voltage (below 2 7V) Iy at low [ by
results iy higher discharge power

Configuration of Saft HP LGN Celis
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Ultracapacitor Unit Characteristics
200V
100 Wh (useable)
25 hg (4 Wh/kg useable)

up to 50 kW (2hkW/kg, 90% charge/discharge

h or $1200/unit

M

S12/wW
(equtvalent to $30 for a 2500F cell)

5-10 year cycle and shelf life
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Summary of the Charactenistics of Various

Batteries with Ultracapacitors

) Battery
Type

Weight
{kg)

Lead-
acid w/o
caps

Useable
Energy

1 (Why |

406

Max.
power

kW)
15

Cost
(3}

400

acid with
caps

Lead- |

800

50

Nickel
metal
hydnide

wiocaps |

46

400

Nickel
metal
hydride
with

L. caps

1069

" 56

on w/o

l
b
| __caps

Lithwm- |

"27

400

1400 |

Eithium-
ton With
caps

40

960

1920

Conclusions

All the battery/ultracapacitor systems are heavier
and more expenstve than those with the battery
alone

All the battery/ultracapacitor systems aie higher
power and have more useable energy than those
with the battery alone

The use of capacitors with batteries permits the
batteries to be used over therr complete SOC

The use of capacitors results i the same power for
vehicle acceleratien and braking independent of
battery SOC

Lead-acid batte: tes benefit most of the use of
ultracapacitors and hithium-ion the least

The lead-acid battery/uitracapacitor combination
1s particularly attractive i terms of performance
and cost

The use of capacitors should significantly improve
the cycle life of lead-acid batteties in charge
sustaining hybrids, but the effect on the cyele life of
the other types of batteries is not known
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Several Different Names for HEVs With
or Without Plug -in Capability

HEV D T HEV 20 s HEV 50 !
|

iriryyyand ]

Nen-grid<onnected HEV Plugn of grid-connocted HEV
|
Gasoline-only HEV or Fuekanly Dual Fisel HEV {s.5 BV mote fof thorer trips and gesoline |
HEV HEY mode for tonger trips} I
Power Asslst HEV Heid HEV Extended ZEV Range REV ¥ i
- - }
Engine Cominan HEV | Baftary Dominant HEV )
- —

Therge Surtaining HEV 1 Charge Depieting HEV

The (1o eron betwotn £ powo e28 HEY &t 8 milE 1s 2 ratie of dogroe raihes Fran pncats wh B powee sl hybod

Naving @ somewhi lizger slactne s 85 Betiery Fiv st mphe & mid hybrod 3 onine mmy neod I Sm on o BECAA 1 ok ot
Bccae(ston whis the powe! 15 moh The pover

s 31 Ay Mora arianei ly Whan ha trokd HEV 107 Scceon pasuing and castues of broking mergy

A3 Jong s the hatiery hes buhent ciaige e Plug-m HEVS operate i EV 558 with no ongno However when the balery's

o piug-en HEW: @ Othar phog-ms HEV corirs rirmangron a3

poste o tha dnvar 2 numbet of Bese Sgws e stswies |

H

iscuased i Secoon 4 4
Aplugan WEV v o

HopERE earvars grvee
{43 3561 20% SOC) At s low SOC the rgine 6 Mowod]

wrecgy s ma maad encounages e aas e y oy ™ rewre e
ervironmental seergy DI and energy seuny baneies of soctricly Som olboars sauroes

gy o tha s
10 suetain Te haktaly Shorps 2t 26 lever bul ot chavge o batary furthar 10 that the use of elecTney &s & Source O propultnn ]

Overview of Customer Preference Study

+ Two teams of the WG worked with ADA to design the format
questions, and education shdes of the study
- Ci Pr team {nch two $)
-~ Modeling team (included one ker UCD NREL ADA others
+ 8Focus Groups
= 1 Pitot Interview
400 + Quantiative Interviews
~ 8 ndependent atinbutes tested first in trade-off questions
~ Then linked to descnbe HEV 0 KEV 20 and HEV 60 v full profile trade
off guestions
- About 100 direct assessment questions tested other benefits
demographics athitudes eic
Customer Based Market Model

Nine Attnibutes for CBMM

L Vehicle price

. Fusl cost savings

. Trips to the gas station

" Environmental benefits

L] Maintenance costs

= Battery hife and reptacement costs

° Electncal system (infrastructure) upgrade costs

. Government incentives

° Special features/opticns such as a 110/120-voit outlet to run

vanous “appliances”, and pre-hsat/pre-cool capability
(available with engine on or off)

Examples of Trade-Off and Direct
Assessment Questions

Trade off quastion example
if you had te repiace your current Ford Taurus which wauld you prefer?

Fuel costs $60 per month Fuel costs $8 per month
(25% less than curent costs) (80% less than current casts)

Costs $600 per month for 36 months | Costs $650 par month for 36 months
with $3000 down (Total $23 C00) with $3000 down {Total $24,700)

Demographics and direct assessments provide context for th 6 preference
1esults (aftitudes sex mcome education efc) and can also be useful in thew
own nght  For example, respondents were asked dirsclly which factors would
e most n the purch These g also provided
the mput te compute the fusi usage tnps to the gas stalion preferred way of
purchasing {cash lease etc) and other custom inputs for each respondent

Focus Groups and Quantitative Study
Assumptions

« HEVs have been available in the market for about 10 years

* The technolagy s safe and reliable

* Skilled mechanics are avatable

* Performance, Intertor rcommess converience f comfort
features, and resale value i1s comparable to the equivalent
convantional vehicles

v HEVSs are produced by many manufacturers in a wide rangs of
styles such that any model can be purchased as an HEV

e Information about HEVS 1s widely avaitable from the Internet
magazines, automakers govemment, consumer groups and
other scurces

« The intent was to focus respondents on therr preferences with
respect to their choice of well-established power tramn
(conventional or several hybrid) options, not on any other
differences in the vehicle itself




BMarket Preference Versus Vehicle Prnice for Mid- size HEVs

Scanano 1 - Simpls Market (HEV 0 ve CV HEV 20 vs CV HEV 60 vs CV}

80%

50%

W%

30%

20%

0%

Warket Preference for HEV over CV

%

iDLow |
{@ ANL

o Base;
iy

Market Preference Versus Vehicle Price
for Mid-size HEVs

.
Clow
1

f

Market Preferonce for REV over CV

1% 8% 2> gy, 16% L% 3ae, 48% % W 5% 8%

HEV 0 HEV 20 HEV &0

HEV Market Potential at Constant Price

Customer Preference for HE
ovar CV

60%
WHEVO |
50% m HEV 20!
; 0 HEV 601
40% i —
30%

-

$24 000 $27 500
Vehicle Retail Price Equivalent

Mid-size Car Component Based Case Costs
{Without Mark -ups})
or ANL Costs (With Partial
Mark-ups on 3 rtems)

o Ghder @ Engne + Exheust
® Tnowrssion = Acceetoy Power
< Enegy Storsge Systam

Drafi Ninal
Mid-size Car Specifications NiMH Battery Module Costs to OEM
Compontr R 1 ! Versus Battery Energy

Engra Powst (pock) ] ira 7 @ ® | $450 - - - - - ——— -
Mom Pt (pack for W - “ kil 7%

Totsl Motve Power Povart (paok) " 27 "W 12 "2

__“o:af Powar (conteusiuz) Lol 9 2 n s‘m

Bansnes Ruaud etiargy [ - 2] (1] irs

Bazeres Ribed poer ) - ® Tsa [

Battary Cast ($/kWh)
-
g

g

g

[} 5 10 15 20
Battery PowarfEnergy (WAVh)




Summary of the Base and ANL Methods

= Beas wevenos . Ty
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i ¢
i
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i
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Vehicle Fully Loaded Cost Estimates
Draft Final for the Mid-size Car

$35000

g 8 3%
g8 8 8

g

Vehile Retad Pnce Equivalent
-
& £

$0

HEVO HEV20

Vehicle RPE for the HEV 815 from $2 500 to $4 00C fugher the HEV 20 from $4 000
te $6 000 and the HEV 60 from $7 400 to $10 000 than the comparable CV

Market Preference Versus Vehicte Price for Mid- size HEVs

80%

40%

30%

20%

Markst Preference for HEY ovar CV

Ve 22 gy 6% 2

HEVO HEV 20 HEV &

Low Price Scenario
Draft Final

“Significant uncertainty exists regarding HEV retail pnice Ever(yEM
prices products differently For example, HEV 0 vehicies are in the
early commercialization stage because of the willingness of major
autorncbite manufaciurers to subsidize this promising new automss
product While new technology will cost more to produce, final retail
pricing wil be a function of ccmpetition government incentives, cost
market demand, benefits of ZEV and CAFE compliance, battery
leasing, and other factors the WG did not know how to quantify *

Destre to capture new markets (such as flests or young buyers) and
desire to improve the corporate mage {technotogical or environmentat)
are examples of how competition resuit in cross product tine subsidies

Federal incentives and Tax Credits

Ponsy weve 1 Nevzoe HEV 0T ‘Solaction Critoria
Fedecal Tax Cradkt ey 50 E Engitutey 10% of purctase | pemany powered by o
T mctear PrceiE D 40K | elecn moto!
| F ederst Tax Deduction * ety 30 Up w $2000 U 82000 Secog cace unier duak s
vehiie defndon
“Fedzral Tax Deduction Nmows | €V oo Eohirgan | ¥ butmanaas anky
for Itrastructure > | i whgitse whgide
1
F rderai requiremaent for ety 30 Engrtuiny Evgbaty wnctant | Strong casa under ocal husi
federal state and i i vohecis dufcion
ellernative fuel provides |
Ouste to purchase AF v
yuhiclen o
Fuel economy Reet i boras Ebgeble for Ebpubis fox Dol b ot PEF
standards on i 2bomaes 2henaes bon
automekers (CAFE} f
| Coan s ofi tax croc o decucaon Both ace oapwing ot um of 2004
1100 500 per losution for EV ond AFY amsiructurd expcres end of 2004
L= Draft Final )

Tax Credits and Other Incentives
Draft Final Conclusions

Tax credits and other incentives could offset much of the
purchase and Ife cycls cost difference between HEVs
(especaily piugin HEVS) and conventronal vehicles that remain
after alfowing for the lower energy and maintenance costs of
HEVs However, the apphicability of most of the existing
incentives to the different HEV types 1s not clsar, but should be
made clear Generally there appears to be justfication for larger
incentives gong to those HEV types that have greater ali

electnic range because of the larger environmental end enargy

security bensfits associated with all electric vehicie operation
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HEV Reductions in Smog-Forming Gases HEV Energy and Petroleum Use Reductions

CO2Z, Energy Use and Petroleum Consumption

20 - .
18 - - - - - - - [oNaturai Gas| 1
« “While desirable reductions of about 15% 1 smog-ferming gases and 16 - - - - |® Petrofeum l

)

25% in CO, emissions, energy use and petroleum consumphion can
be expected for a properly designed HEV O a §0% reduction in
smog precursors CO, and energy use as well as a 78% reduction
n petroleum consumption, is predictec for the HEV 80 This s
compared 1o a CV meeting the very clean SULEV emissions
standard Specifically ADVISOR simulaticrs show that the
petraleum consumption of an HEV B0 (using gasoline/electricity) can
be less than that of the PNGV dieser engine-battery HEV 0 concept
vehicies and attain the equivalent of B0 mpg without resorting to
costly ight-weight construction or body asrodynamics

08
06

Fuel Cycle Energy Use (KWhim
-
o

© oo
o N A

HEV O HEV 2¢

Draft Final

Scenaric 1 Base Case Resuits for Mid-size
Market Preference Versus Vehicle Pnice for Mid- size HEVs and Ali Respondents
0%
—— " fle ¥d Sz Only
&’: o B [otow * T o At Piatiorms
: swmbo_----- B e S T =YY% B 0% AN
> @ Base g i
g ] ~ — JWHgh) o 25% ke
F s 2 e
r - £ 20% - L
H 2 i
] - &
‘; & 15% + i
% 5 10% b i 2
£ 3 S
2 5% | e i
0% 2% gy, 7% 1 sar 0% 0% 5 [
HEV O HEV 20 HEV 80 HEV 20
Constant Market Potential Versus HEV Price HEV Market Potential at Constant Price
_ $35000 [aFEV O] w 0% - -
€ HEV 20| T wHEVO
£ 330000 [.HEVGEI 5 50% uHEvzo;
2 . : = < n Hev 6o}
:‘T $26 000 | % 5 40% _ -
]
f $20 000 % E 30%
= $15,000 a s
5 v 20%
2 $10,000 g
2 £ 10%
£ 35000 3
s o= : 0% -
$0 - e o $24 000 $27 500
* ¢ Vehicls Retall Price Equivaient
Customar Preference over CV




CBM Model Constructed to Be Extremely
Flesuble

+ Market preferences can be predicted for any vehicle described
by the attributes
Market preferences can be roughly estimated for other HEVS
with similar prices and attributes -e g hybrid pick-up trucks

« The modsi can be re-run with a different base case vshicle and
new sensitivities

» The model ¢an also estimate complex markets where more than
one HEV s offered by OEMs in a market segment Base case
was also ran to show this (HEV 0 vs HEV 20 vs HEV 60 vs CV}
£ut it 15 a very aggressive case for 2010 and more likely for
2015 or later

Preference for HEVs When Choosing 1 Vehicie from
alt Configurations (2015 Possible Scenario)

HEV ¢ vs HEV 20 vs HEV €0 vs CV

B80% -
scv

70%

Customar Prafere

Vahisie Reteli Price Equivalent
Note each group of four bars adds up e 100%

Detail on Linked Assumptions and Attributes

‘VaNiesa Configureton [ ov | weve | Mevm WEV 60 "|
e~ Tinved | Snoe | saem o |
Citywy Chirse Sustag Fosl Ecvomy (vegP oWy | 823 “nee EP: TN
B e N N R N
|G usohine Tank Sare (g t go 350 mise C5 I Dj ') 838 on |
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Wi oo cocin s o of 100000 e ke | — = nne wae
Sutory Prco ® 1254 a7 eore |
| Rieie 2oty o 3 W] %
@ [ owar 00007 Cosor
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| Eiechce: Uvgrada Cont » w TTw T |
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I Foaturos. wih Engee 0 v N Ve ]
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Carpect Laow Acceas [ w W | e e -

Sensitivities : Market Potent:al for HEV 0 versus
Conventional Vehicle

sz04

vehicla Price

Battery Cost

165 pn i

Gasg e Prcs 3135 par gaton REREE

Battary Replacanont, Raphce
Nc Restnction on AER  betery $2.264

B0

Masntsnance Savings No cosl savergs $122 (double expacted pevings)
Eecrical Upgrada Cost ':,‘m'“?‘IL;O:'
Envronmontal Bsnafits m';:: ‘T m:‘z‘:
1
Puel Tank i 99 gakone mmnmbumm 498 i rongo
0% ot 00w 200% a‘:&?'nn 0w won

Note  bass can not be added

HEV Market Sensitivities for Fuel Price and
Battery Replacement

« Fusl price also had a significant effect on market potential If
gascline prices rose from $1 65 per gallon (base'ine assumptiond
$3 00 per gallon (an 82% ncrease), market potential for an HEV 0
would increase about 30%, an HEV 20 would increase abeut 35%,
and an HEV 60 would mncrease about 65%

= Onthe other side f battenies need to be replaced at 5 years or
50 000 mites, market potential for the HEV 0 1s reduced by about
twa-thirds and the HEV 20 and REV 60 by about half Battery
replacements at 80,000 mies or 120 800 miles were not tested and

should not be inferred
Draft Final

Sensitivities : Market Potential for HEV 20 versus
Conventional Vehicle

Vehicle Price
Batiwry Cos)

Qasoline Price

Batiery Replacement,
e Restrichon on AER

roplace batiery 33 47

Mantennce Smings N
Eloctrical Upgrade Coat 520 1pgroce g b s soet
3%
ooz 44mn
Enwionments) Benetts Srog « 25% Srogears
COZ=35% oz 0%
Fuel Tank Size 839 gatons 380 mike rengs g 94§ patons S30 e renpe
Qo 1ao% w0 wox » aaom oo o
Bers Coee

Note bars can not be added

Key Assumption Fiug in Each Night




Sensitivities Market Potential for HEV 60 versus
Conventional Vehicle

34098 fae o3 $24 218
Vehcle Prce 6
saggram S
Banery Cost B 321890
Sl Y —
Gesolins Price 3135 pes guion $300 pwr gaion
Repece \
Betisry Replacoment betwy 56378
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Key Assumption Plug tn Each Night Note bars can not be added

Other Sensthivities

Extra Featuras Option {Pre heat/ Pre-cool for $300 and 120 V outiet for
recreational wark or home apphiances for $300
— For the HEV 20 and HEV 60 that can use these features with the exgine off
{using battery power alone} 41% would choose both an addisona 26% would
sefect one feature and 33% would select nene
—~ For the CV and HEV 0 which use these features with the engine on §3% would
:elact no features 16% would select one feature and 1% wouid choose both
eatures

if electneity pnces rose 66% to 10 cents per kWh the HEV 60 fusl cost
savings would cecrease by $182 peryear This is equivaleni to a gasoline
pnce of §1 40 per gallon which has iittle impact on market potential A
simitar example for the HEV 20 is equivalent tc a gasoline price of $1 61 per
gallan Because of the high efficiency of HEVs even sxpensive elecincity IS
expected te have only a small impact on market potential (in the above
exampie)

If seven incentrves (e g carpoo! lane access and free or reserved parking)
are available the HEV 20 market potental would ncrease from 35% to

50% and the HEV 60 would increase from 17% to 30%

Draft Final

Constant Market Potential Versus HEV Price

$35 000 E (@FEV O
$30,000 L s HEV20

o HEV 0]

$25,000
$20 000
$15 000
$10,000

§5 000

Vehicle Retail Price Equivalant

$0 i . PR —
18% 25% 45%
Customsr Preference over CV

Why Pay More for HEVs? Ranking of HEV Benefits

[ HEV Beneiit (79Rank) | AvScare
Fua cost savings % )
Reducing {cost end personal t me) % Taay |
50% longer ranga * ax 7743

| Leaving every mo-ming with 5 hilycharged battery S I
Better handiing balanced weight distnbution R Tvaa
Reducing wir poliuiion and global warming gsses % T1e4d

) woue |

- Bfller handhng lowar center of gravity

Quietness (st stops and accelertion) 0%

Reducing dependence of foreign o» %

Cags vibration and fetiue (at stops and accaleraton) )

improved 0-30 and 0-80 mph acceleration 5%

Pre-hest / pre-coc! with the enpine off %
%
%
39%
2%

6744

e
e5:5

[

agss

[

Using 11L/120V pug o 1un electne tems wih engne off sees

Avoiding exposurs 1 fumes:spiis 8l gas stations
Aftantion / proneer iImage

Avoiding persona! security issuse 8 gas stabons.
A 50% rongar audy e be

£33

5145

.

4des

Plugging in Versus Going to the Gas Station

Participants were asked about thewr preferences for vehicle aptions on the
basis of piugging in versus going te the gas station on a rank: ng scale of 1 -
8 where 1 = strongly prefer to fuei imy veticie with gas at the gas station

and 9 = strongly prefer to fuel my vehicle by plugging it in at home

Ranking Rasults
Average with confidence interval 62+£35
1-3 Ranking 11%
4-8 Ranking 5 8%
7-9 Ranking 63 0%

More sophusticated CBMM results for willingness to purchase an HEV 20
and HEV 60 (based on pluggng them i sach mght) show market potential
that s generally Jower because it factors i vehicle pnce and cost to upgrade
electncal systems

Market Preference Versus Vehicie Price for Mid- size HEVs

Markat Preferenca for HEV over CV

W% 13y 2% yye, 16% 0% 32y 4E%% 7% 9% Sam  BO%

HEV 0 HEV 2¢ HEV 80




Draft Final Conclusions

1 HEV Qtechnology 1s in the early commercial stage Relative to
mature combustion engines and state-of-the-art EV technology HEV
technaiogy requires only evolutionary advances to meet technical
requirements with the possible exception of batternies NIMH batteries
are technologically capable but there are uncertainties regarding
thewr Ife and costs, especially n plugn HEV service

2 All HEVs wii cost more to produce than ther CV equivalent
Estimated increases in the retait price equivalent (RPE) are from

$2 500 to $4 000 for an HEV 0 from $4000 tc $6000 for an HEV 20,
and from $7400 to $10 000 for an HEV 60 Battery costs are the
primary reasor for this Incremental cost

3 Total energy (motor fue! and electricity) and maintenance costs of
plug4n HEVs wili be less than that for CVs partially offseting the
impact of battery costs Incentives to buyers of HEVSs could prade
additional cost offsets but more analysis 1s necessary to confidently
quantify and compare fife cycle costs

Draft Final Conclusions (continued)

» 4 The Customer Preference study indicates definite market potential

for all HEVs That potential 1s large if cost equivalence with
conventienal vetucles can be achieved but even at higher costhere
is likely to be significant market potential

5 People are willing to pay more for an HEV 60 than an HEV 20nore
for an HEV 20 than an HEV 0, and more for an HEVOthana CV s
not clear why so many people prefer miize HEVs over therr CV
counterparts However ten HEV benefits have a high to strong
influence an the purchase decision for most consumers especiailfor
those who prefer HEVs  This infers a broad package of benefitsould
be marketed

6 The majority of the people surveyed preferred plugging n & vehicle
to fueling at the gas station

Draft Final Conclusions (continued)

7 There are some issues that have been denisfied that need fo be examined
for successful commercialization including battery cost and packaging Real
world testing must be done regarding hfe Battery cests while difficult to
estimate, appear lo be aitainable based on what we know today
8 HEV 0 vehicles are in the early commercialization stage because of the
of major bile manufacturers to subsidize this promising

new automolive product Howaver there is gn unclear commerciatization
path for plug-in hybrid elecinc vehicles despite their societal
benefits because, n particular, there are no corresponding autornakers

it p ibly of battery cast and battery repiacement
concems However HEV Os could be 2 stepping sione to plug-in hybnds
9 The incremental costs for all HEVS are very significant in low and medwm
volume production (higher than the numbers in this report) Yet there are also
very large societat benefits f HEVs are commerciatized And the
mfrastructure 1ssues for HEVs are few compared with alternative fuel
vehicles {Even for plug-in HEVS the survey found 86% had relatively easy
overight access o a pug with 120 V systerns being reiatively hassle free)
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Meeting the CARB ZEV Requirements’
Gnd-Connected HEVs and City EVs

Cahifornia Air Re® g
Miay 15-16, 3

California Eoyironmentsl Protel

<« Aar Resources

—

Challenges for-E

e Establish appropriate incentx
o Develop necessary infrastructd
s increase public awareness

~BEV VS HEV
T
Emerging.Small BEV
Classes

o City EVs (CEVs)
@ Neighborhood EVs (NEVSs)

@ Zero emission motorcycles
(including enclosed 3-whee! motorcycle:

8 e-bikes, scoolers, elc

Outline

e BEV Challenges
e Emerging Smalf BEV Classes
o City EVs (CEVs)
& Neighborhood EVs (NEVSs)
e Enclosed ZEMs
s ZEV Credits for Small BEVs
- NEV Credit
- CEV Credit

e Volume production
~ Vehicle, or
- Componentry
» shared components
¢ Additional battery developments
» Mission-specific BEVs
- Neighborhood EVs
- City EVs
e Niche Applications- Shared platforms
-~ Postal Delivery Trucks, etc

Range-Speed Graph
™~

i B ; NEV

o CEV

o FFBEV
oFCV

T

%&9




%ples\of City EVs

& Nissan Hypermini

m City EVs

# Ford Think City

—

Examples of City EVs

Al Systems Lo
@ Toyota e com

e Ford Think Neighbor

Examples-of NEVs

& DC GEM




Examples

® Dynasty "{T”

Examples-of ZEMs

Neighborhood.EVs (NEVs)

o USDOT estabhshed new Lo peed
Vehicle (LSV) category in 1998
e LSV created due to increasing cowgaet
between state and federal faw s
¢ Rulemaking initiated in response to @&
Bombardier, Inc. in 1896

e Gizmo

e DOT considered 3 options
— Ralse motor vehicle threshold to >
+ Bombardier original request
- No change
- Create new LSV category
« LSVs in-between Passenger Car and Goitg
Carts
¢ Further DOT information on LSV

development:
http www nhtsa dot g L fings/igvilsv himl




Neighborhooﬂ{\!s (NEVs)

US DOT Low Speed Vehicle
- 4-wheel motor vehicle
- Minimum 20 mph
« Attainable in 1 mile
« 20 mph selected as “dividing line”
- Maxaimum 25 mph
- No powerpiant definition, so
« NEVs = LSVs that are zero emission
« LSVs= Any vehicle meeting DOT regulation

Neighborhood EVs (NEVs)

Californma Vehicle Code Definitilg
- 4-wheel
~ Min 20 mph Max 25 mph
- <1800 ibs unladen weight
e Vehicle disclosure to purchaser
¢ Modifications prohibition
¢ Not allowed on roads posted >35 mph
e Local restrictions

NEV Tre ent in ZEV

Regulation
@ Onginal 1890 ARB ZEV Regl
- NEVs niot yet proposed or co

e 1898

- NEVs now part of newly expanded
definition of “passenger vehicle” th
tnciuded LSVs

- Would become eligtble for full ZEV
credit

¢ Revised ZEV Regulation (January 2001}

- NEVs treated separately
{credit discounted}

ARB-Certified NEVs

¢ Bombardier NV {1998, 1
o GEM (DC) (1999, 2000)
e Dynasty IT (2001)

e (Ford Think Neighbor)
¢ (lacocca?)

Neighborhood.EVs (NEVs)

CA ZEV Credit Earned by

‘00 ‘01 ‘02 ‘03
Early 4 4 4
Intro Multipher
NEV discount 1 1 1

Resutlting 4 4 4
NEV Credit

Ci

e No concrete definition of Gf
e Usually 2 seat
e ~80 mph range
e ~60 mph top speed
¢ Battery capacity ~1/3-1/2 of full fun
BEV or ~9-15 kwhr
{NEVs usually carry less, typ 8.6 kwhrjg

e Must meet ali standards applicable to
motor vehicles

- Will most hkely be designed and buiit by large v:
automakers




City EVs

e Usually intended for city
{not freeway) travel

e Usually fit Japanese mitcrocar cia
himits

~ Length < 3400 mm {some < 2500 m
- Width < 1480 mm
NOTE some NEVs are larger than City
EVs
¢ Most manufacturers targeting shared or
station car apphcations

T~
Rang?MLthiplier
ZEV Range Multi
10 . e e g
3
s .
. 7 >
3s e
56
2y ~Throug
3 2011
2 - —2012%
1 ;

a
(=3

100 150 200
Urban AER (miles)

V-Gredit Example:
Typ. CityeVv
Inhal ZEV Credit =
{1+[( 1 4 - 1) x {0 BO)}} x
{1+{(185-1)x (0 35)]} x
(Transportation System Muit ) x
(Early infro Mult } x
(NEV/LSV discount)
=~16
Year 4+ in-Service/ Under-Warranty Credi
=~( 16 per year

ZEV Cre etermination

Initial ZEV Credit =

{1+[(Range Muit -1} x (Range Mult Ph
{1+[(Eff Mult-1) x (Eff Mult Phase In)]} 3
(Transportation System Mult ) x
(Early Intro Mult } x

(NEV/LSV discount}

Efficiency Multipher
VEHICLE
CLASS
City (EV)
Subcompact PC
Compact PC
Midsize PC CMPEG/ (1 5x 27 %
Large PC CMPEG/ (1 5x 25 6)
Small Truck CMPEG/ (1 5x250)
Medium Truck CMPEG/ (1 5x214)
Large Truck CMPEG/ (15x182)

City EV Proposed changes

e Station car credit multiplier fOw(

- Enhances usabihty of mass tra

- Freeway capability and long ra
unnecessary

- Amount of additional credit may
increase from December proposed
revisions (2X)

o New class for eff credit determination




\ZEV(mir@) Credit

Comparisqn

M1 ‘02 ‘03 ‘04
High FFEV 19 19 587 587 5
Credit \
Typ CEV 56 56 18 18 18
Credit
NEV Credit 4 4 125 625 625 0 1¢

66 2012

2003:

ZEVs I 100% Full
Function EVs
i 100% City EVs

If 100% NEVs

PZEVs
ATPZEVs

Estimated number of

23,500
30,800

94,500
0

Vision foNhQuture

o Clean & healthful air %
® Steady, sustainable increase¥
@ Mission-specific BEVs may pla

ZEV Obligation (All
Manufacturers)
N

50 000 H —— Estrnated Puro ZEVe required under 2001 |
1 dote

I

E 43 008

%
o -
H {

& 26000 o

S |

2006 2603 2008 2012 20 2015

008
Timetrare, yr

Percen

Manufactu

Obligation

Current Regulation

Staff Proposal




EXTRA SLIDES

Provided for Reference

.

Abbreviati
¢ LSV Low Speed Vehicle .
s NEV Neghborhood Elecine .
Vehicle (zero-emission LSV) .

o o o o

. .

CEV- City Electric Vehicle

ZEV - Zerc Emission Vehicle hd
ZEM- Zero Emission Motorcycle  ©
PZEV - Partial Zero Emission M
Vehicles b
AT PZEV Advanced ¢
Technology Partial Zero .
Emission Vehicie

SULEV- Super Ultra Low °
Erussion Vehicie

VMT - Vehicle Miles Traveled
Glmile - grams per nle

AER - 2ll electric 1N
OBD- On Board Dia
MIL- Malfunction Indw
EFF MULT- Efficiency
DOT Dept of Transportall
CMPEG- California Miles P§
Equivalent Galisn

LEV ~ Low Enwssion Vehicle
Reguiztions

LEV Hi - 1298 amendments to
LEV program
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Toyofa
EV Commuter (e-com)

1oyota Technical Center, USA, inc

Dave Hermance

May 16 2001

e-com - Features

2-door, 2-passenger mim-car

t.ocal personal transportation concept
NiIMH batteries - ~8 4 kW-hr, 320 pounds
Regenerative braking

+ High efficiency permanent magnet motor
60 mph top speed

50 mite range (FTP city)

.

May 18 200t

EV Commuter (e-com)

May 16 2091

e-com Battery Pack

* 24 12-volt NiftH
battertes

e ~8 4 kW-hr
capacity

May 3¢ 2001

e-com Battery Pack Location

« Center mounted under
vehecle floor pan ina
resin cammer

« Maintenance-free

+ 1/3 the weaight of
RAV4-EV battery pack

Hay 16 2004

e-com Placements

= 103 wortdwide, 15 1n CA
« Demonstrations only
+ Japan demos mciude integrated ITS elements

May 18 2001

 Front-wheet drive transaxle
* Three-shaft, single-speed reduction gear unit
« Maximum output = 19kw at 2200-3500 rpryey 18 2000

e-com - Retail Potenftial

< Limited retail potentiai due to cost, range, top
speed, utiity of design

* Not equal to conventional gasoline

Mry 18 2001




Crayon Project {(e-comj)

City EV Regulatory Issues

» Credits relative to FFEV
= Cost per credit

Hay 16 2001

Crayon Project (e-com}

City EV Technical Issues

* FMVSS compliance

* Real-worid safety

« Acceleration performance
< Top speed

Battery choice

+ Range

Recharge time

®

May 18 2001

City EV Marketing Issues

» Americans don't buy smali cars
« Buyer expectations

May 16 20601

What Does the Market Want?

A significant and growing percentage of
customers indicate a withingness to buy
an environmentally friendly vehicle,

if and only if, all other attrnibutes are equal

May 16 2001




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

Masakhikc Termto '
NISSAN MOTOR CO.,LTD.

Cuthine of the Project
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Yokehama Inagi Tama New Town)
ITS/EV City Car System {f ITS/EV Second Car Svstem

Grand plan of the Project
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Fig1,Concept

Seamless transportation system

Residenti4]
area

= Door to door

I Yokohama Minato Mirai 21

l *800 Companies in 1Km sq
*50,000 business persons
*Parking capacity 10,000cars

i *Company car 3000‘s

i *New business area since1983

Fig2, How to use the system
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Fig6,0ne day distance of EV Fig8,Charging operation
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Fig14.Development of New ITS system
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David Fabricatore
TH'NK city Project

Coordinator
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5 Our Vision Environmental Trends
v" (reate a new sustainable business
enterprise

v Connect with customers i fun &
INNOVAtive ways

Our Mission

¥ Provide mnnevative solutions for personal
mobihity

¥ Incubate cutting edge technologies

A " Fresh approaches\\>
nt

v “Most cars are used for short trips”

v 70-80% live n cities and close commumties

¥ Approx 70% of all car dniving 1s 1n these areas
v' 12— 13 people per car on average

v" With only httle / or some luggage

Most cars are larger than needed.

5 . & Caring for the environme
* . @ T——— —’:\- wrrn e ke wvren eyl
- & Pt fr rmptons. Lot ot e rmpany
THEFREE ] | TrsdnaEe

Environmental Trends
v “Average dniving distance lower than 35 miles per day”

¥ 73% wall be stop-and-go dnving by 2010 with average of
20 mph}

Censumer transportation needs are evelving

A Eter sn 3t

ot i nnpring

Conclusion

v Best selling vehucles m US are SUV’s and trucks

¥ Big disconnect between customer needs vs purchase
deciston

¥" Many consuners have multi-vehicle fleets — m which
vehicles have different utthzation patterns

Opportunity to provide specialized vehicles & mobility
" services that replace regular vehicles

A yrtec se of

Lot feter Connesmy,
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TEAI ity
Pilot Program

Goals

¥ Develop the market for the new cugp-class electric vehicle

v Test the FH'NK ity in new mche marketmg programs
suited to urban vehcles

¥ Provide understanding of
city-class customers pnor to
launch n 2002

¥ Generate positive PR/
awareness

v ZEV credits — 4 48

tre emr eof

L i ompang.

FRPRE aty
General Specifications

FEEfRE aty
Frame and Body

Seating Capaoity 2 Aw%;; i Lower Frame Steel frame, 50% high
Body Dimenstons £ «A% strength steel znce
length S8 f % w& coated
width  $25 & »_ Upper Frame  Extruded and welded
heght 518 shumnum
. Bodywork Thermoplashe
luggage 24 cuft (polycthylene)
Curb weight 2,075 Ibs Roof ABS plastic
GVwW 2,490 Ibs. ,mxmwmmms FAVRE N B
Top Speed 56 wph
Aceeleration 0-30mphw 7
secs
Range, aty dnving 53 nules (est)
A eve et A tworaeof
O fYior Grrnprrng, St Jodor Canpnny,
TR aty FhSEaesd ety
Electrical Systems, Motor & Chassis Safety
Propulston  Nickel Cadrmaum * Low Center of Gravity
batientes, 530 Jbs, water Steel and Alurninum Safety Frame
cooled *  Side bmpact Beams m the Doors
Power Storage 115 KWh, 100 Ah Dnwer Front Arr Bag
Charger IC;;‘;‘;‘(:’“J‘ l:;:\mzl ¢ Seatbelis with pre tensioners
{3 22 kW) asr cooled + Battery Scparated from Passenger
Charge Time 4 —6 hours at 14A. m
M a:: T Phase AIC * Heated Front and Rear Windshuelds
otor Type  Three Phase .
Induction Mator water  Drive Front Wheel Drive Chuld Seat Tether Anchor
cooling Tires 155770 R13
Max. Guiput  27kW Brakes front disc brakes
Voltage 114 volts rear drum brake
At prisrrse o Ao e wof

ool it r Cmpersy

it A Seanpeng,




TR ary
Standard Equipment

Thnted Glass

3LW Elecme Heater

Pre Cabin Heatng/Cooling
AM/FM/CD Radio with 2 speakers
12V Awnhary Outlet

13 S-spoke ahamnum wheels
Regeneransc Braking

95%+ of Vehicle 1s Recyclable

Arem e et

it o miany

TEERI oty
Customer Profile
Private/Retarl Customers Fleet Customers (private/government)

¥ Urban based, second car ¥ Local driving
¥ Substitute for an older ¥ Antcpated‘fixed routes

second/thurd car v Stop & Ge style of dnving
¥ Environmentally aware .
- personal prionties . -
¥ QOpwmion Leaders and . e an i mes
nm e
mnovators sufak py RESEE, .0 . -

br e emy cof

TR i Compirng

For more information

www.thinkmeobility.com

Ar s e 0f
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Presentation by Carl Watkins, Neighborhood Electric Vehicle Company, at:
Meeting the New CARB ZEV Mandate Requirements Conference

The objective of the Air Resources Board is to produce cleaner air  There is an
urgent need to reduce the use of gasoline by replacing ICE vehicles with zero
emission vehicles or ZEVs  Fossil fuels should not be used for local transportation
where alternative fuels will accomplish the task Electric Vehicles, if designed for
specific uses, are entirely capable of accomplishing local, in-town trips  Incentives
are an effective tool to get ZEVs into use as quickly as possible Any ZEV that
eliminates the use of a gasoline vehicle for a large segment of the market shouid
receive equivalent government incentives as other ZEVs

Three wheeled enclosed electric motorcycles can eiiminate a iarge segment of the
vehicle miles traveled in ICE vehicles In some ways, they have a better chance of
accomphishing this substitution than other types of ZEVs or AFVs Such vehicles as
the Gizmo, from NEVCO, and the Sparrow, by Corbin Motors, deserve the same
incentives as other EVs They are capable of having at least as much impact as
more car-like EVs, and sooner than other EVs that have incentives, because they
are more affordably priced and currently avaiable, and they meet large segments of
the market

More than 75 percent of all travel can be accomplished by the Gizmo Demographic
and statistical information show that most travel 1s one person traveling alone, and
going fewer than 25 miles in a day with a small amount of cargo Most of these tnps
do not include freeway travel With other considerations of cost and congestion,
small single person EVs offer an excellent option for future urban transportation

Demographic Data

fn 1990, the National Personal Transportation Survey indicated that 50 percent of all
car trips took fewer than 10 minutes. Sixty-five percent of all tnps are non-work trips,
which account for 59 percent of all vehicle miles traveled It also showed

Non-work Activity Average Distance
SocialfRecreational (incl Vacation) 11.8
Other Family/Personal Business 74
Shopping 51

This type of tnp can easily be accompilished in 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 miles
Forty-five percent traveled fewer than 20 miles

The average speed was 30 miles per hour

The average time was 34 minutes

Sixty-seven percent of all commuters travel alone

The Gizmo can accomplish this type of travel at a reasonable price

Because of the limitations in range of EVs, they will aimost always be a second or
third vehicle This means they will be added to the existing vehicles that a family
owns. Where a second or third car is concerned, the 1998 Alameda Exposition
survey shows that the mileage requirements are even less stringent, requinng a
median distance of only 20 miles This type of application is especially appropriate for
the Gizmo

See Attached Graph

Energy Efficiency

The Bureau Of Transportation Statistics keeps records on vehicle “energy intensity”
in terms of BTUs per passenger-mile This allows us {c make a comparison of
vehicles' average efficiency The less energy used per mile, the less pollution is

generated Better energy efficiency should be encouraged The Gizmo is designed
to accomplish the required driving as efficiently as possible

1996 Energy Intensity by Vehicle Type

Type BTUs per passenger mile
Automobile 3700

Light truck 4529

Amtrak Trains 2400

Airlines 4100

Transit Bus 4500

Inter-city Bus 1000

Current AFVs

Hybrid (50 mi/gal) 2280

Honda Plus EV 1300

Gizmo 650



Speed

The first Gizmos were designed to have a top speed of only 30 miles per hour to
simplify icensing  Our expernence 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 traveling
around town At 30 mph, the driver feels uncomfortable because of the actions of
other dnivers when encountering a delay in order to blend comfortably with 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 is essential for replacing gas vehicles in large
numbers

Congestion

For most city planners, increasing congestion is a bigger problem than pollution. By
buliding electric vehicles that are smaller, a better long term solution is possibie
Bumper-to-bumper stop-start traffic and continual 1dling are major sources of
poliution, which the Gizmo eliminates by being electric, but also by taking up less
space and parking easily

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 niche market vehicles,
you will need to have a vanety of options to meet many people’s needs

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

There are millions 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 credibility
We ali need to help people learmn a new way of getting around. 1t 1s tremendously
difficult to get people to change The suto industry 1s spending bilhons of dollars
trying to convince peopie to buy SUVs We need to build momentum by having
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 mileage)

One-Way Miles 1992 1994 1985 1996 1998 i 1899 2000
0-5 Miles 290% | 363% | 338% | 327% | 251% | 276% | 278%
6-10 Miles 183% | 181% , 186% | 200% | 202% | 198% | 172%
11-20 Miles 260% | 234% | 249% | 246% | 27.5% | 261% | 259%
21-40 Miles 204% | 168% | 152% | 161% | 207% | 190% | 220%
41+ Miles 63% | 5.4% 7.6% 6.6% 6.5% 7.5% 71%

\ n= 1,600 3,201 400 3,188 1,171 3,572 3,608 j

1992 1993 1994 1995 1996 19%8 1999 2000

¢

mswmmssmsm  Miles Per Hour cnmmmeEmE Average Minutes e One-Way Miles




1998 dlameda Intermanonal Electiic T elucie Exposinon Ride & Drive Summan

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

Exhibit 11 shows the average number of mules driven per day for the vehicles 1n the household

The median value is also shown The minimum number of mules for all vehicles was 1 mile per
day while the maximum varied between 100 and 200 mules per day

Exhibit 11
Average and Median Miles Driven per Day
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Development of Affordable Electric Vehicles

May 16, 2001

Hyungpyo Woo
ATT R&D



FACT SHEETS OF

R ST g et s X &, v e
v ¥

MAY, 2001

FPARADE

DESIGN & DEVELOPMENT

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

Hyungpyo Woo

ADYANCED TRANSFORTATION TECHNOLGGIES R&D Co

Parade, an affordabie Elechic Vehicle rATT 5D

4 N

OUTLINES

| What People Want or Expect From Electric Vehicle
- Right Balance of Performance & Price
- Attractive Styling, Economics & Ergonomics
- Safety as the First Priority

il New Approach to Vehicle Design
- New Vehicle Platform Development
- New Manufacturing Method

- New/Carry-over Components Development
\. S
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Parade, an affordable Electric Vehicle rOETT 2

' ™
Il Reducing Development Cost

- Use All the Avaiiable Resources

- Geographical Advantages

- In-house Engineering Capability

- Outsourcing

IV Current Status

Financing for Bullding 40 prototypes for Test

- Discussing with US cities for Manufactuning Facility Setup
Deveioping Low Speed Electric Vehicles
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Manufacturing Costs of Vehicles Affected by Process & Volumes
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Base Camp In Korea for EY Development [ ATT 7.
@ Cost Advantage of Local Services & Parts
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Devaluation ot Korea y Currancy
O Availabllity of Technology & Parts of Smell Vehicles
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&

5
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Developed &
Produced i US

Dspeacian Hun®Ace

HysriAc e Kia Viste

FordBscat

Vehicle Models with Wheelbase of 2 500 or Lass

O Over-supply of Talented l:fuman Resources in Korea

+ 4 Korean Auto Makers (Out of 7) were Merged Since 1998

+ More Than 30 % of Expenenced Design Engmneers Changed Career Since 1958
+ Early Retirement Programs of Auto Makers Encourage Talented Engineers to Leave
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Parade ven. s Other EVs In Market
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Body-n-white {Under Body) rATT R

Extrusion Parts 66
AT Formung Parts 15
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Vehicie Safely Crashworthiness ATT §/:T)
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Chassis Working Process r_ATT .7
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Heatng & Air-Conditioning System
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Parade, an affordable Electnc Vehicle
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- Financing for Building 40 prototypes for Test

- Developing Low Speed Electric Vehicles

\.

Current Status of Parade EV Project

- On Going Biscussion with US cities for Manufacturing Facility Setup
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The Force EV- Solectria’s Path to Emerging as a
Premier Electric and Hybrid Electric Drive
System Component Developer and Manufacturer

May 16, 2001

Vasilios Brachos
Solectria Corporation
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Design Options and Simulation Results for
Small Full-function EVs

Andrew Burke
Institute of Transportation Studies
Umiversity of California-Davis
Davis, Califorma 95616

Paper pre<ented to
Meeting the ZEV Mandate

Requirements Gnid-connected

Hybrids and City Vs
IMay 1516, 2000

Types of EV Designs

« Fuli-function EVs - designed to oper ate on
interstate highways and fi eeways at speeds up to
75-80 mph (ex EVI)

« City EVs - designed to operate on city arterials at
speeds up to 56 mph (ex E-com and Th'nk)

» Neighberliood EVs — designed to operate on city
streets at speeds up to 25 mph {ex Dynasty)

-— .

Outline of the Presentation

l_;_v...O

e Introduction

* Types of EV designs

* Design Considerations for Small FFEVs

* Characteristics of smalt ICE passenger cars
* Characteristics of electric passenger cars
EV design parameters

Simulation approach (SIMPLEYV)
Simulation results

Cost considerations and estimates
Contparisens with grid-connected hybrids ;
Conclusiens |

Design Considerations for a
Small Full-function EV

Minimum vehicle length that is marketable in large
numbers

Safety- must satisfy the FMVSS tests and be
perceived as safe by public and insurance industry
Have gufficient acceleration perfermauce for
merging on fi eeways and interstate highways (sets
power requirement)

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




Characteristics of Electric Passenger Cars

["Model | Curb Length | Width | Height | Max.
Characteristics of Small/Cempact Passenger Cars weight | (inches) | (inches) | inches) | Hp
Using Engines and Gasoline - {Ibs) ;
EVi 2970 170 70 5t 137
Model |Curb Length |Width |Height |Max. Daimier | 3043 109 52 4 67
Weight | (inches) |(inches) |{(iaches) !Hp | A-Class - -
(Ibs) Th'nk 2112 | 18 63 61 36
i —] E-com 1694 110 _58 63 25
. CRX__ | 1600 144 =N T O - Hypermmi | 1812 105 58 61 32
Gea Metro | 1895 149 63 ss_ |19 Parade 2080 346 = - 5
Aspire 2060 153 == ] 8 " Bynasiy | 1450 140 60 & 1 T
Insight 1856 155 | 66 53 75| el - =
Prius 2728 168 67 59 85
Civic 2359 164 67 54 106
Eche 2150 163 | 65 59 1 108
Facus 2715 175 67 56 107 _ |
Escort 2478 | 175 67 53 114 |
. DAIMIFRBENZ
Small Full-function EV DGSIgn Parameters AKTIENGESELLSCHART

o Minimum size patameters — length 140-150 inches,
width 60-65 inches, height 55-60 nches

« Speed and acceleration — crutsing speed of 70-75
mph and 0-60 mph time of 12-15 seconds

¢ Highway range — 100-125 miles at 65 mph

s Vehicle utility — batteries should be placed outside
the passenger compartment and trunk, probably
under the vehicle

o Safety — veRicie must pass msurance industry crash
tests with excellent rating (not just acceptable)

¢ Cost — materials selection and manufacturing done
to nummize (control) cost consistent with battery
selection to meet the range 1 equirement

The A-Class
Electric Vehicle

- Powered by the ZEBRA Batter
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Simulation Results

Simulation Results
Concept Full-function Small EV
{Cd= .25, Af=2.1 m2, fr=008) Insight EV

'_B.fitery ;'Battery'Energy Vehicle | Driving | Range | Energy [ (Cd=125, Af=1.86 m2, fr=.007)

~ype | Weight | Stored | Test Cycle |(mules)| Use |

{kg) | (kWh) | Weight (Wh/mm) Battery | Battery Energyjmmcle Driving —Range
(kg) . type | Weight | Stored | Test Cycle | (males)
Nickel | 239 20 1100 (kg) ! (kKWh) | Werght
metal ! S | (kgy |
hydride . . Nichel 188 H 1095
FUDS | 150 146 metal
Highway| 148 | 139 hydride DS T8
65mph | 113 174 — _— —_ L |
b R | Highway | 126
o - — ]
Sodium | 218 22 1080 1 | 65mph | 98
cl?;(frt'?(lie ) ! Acceleration performame_ 48 kW motor/inverter, 204 %

T30 T a4a | 6-30 mph 4 sec, 0-60 mph 1.5 sec, top speed > 70 mpi
FUDS_| 159 | 144 fpk 4 sec P psp ph

i iHighway| 130 138

1 T TesSmph | 116 | 173
. i i I A |
Lithium | 192 22 1054 |
| dom | 1 | . _ | .
L ~ T FUDS | 143 ¢ 170
| |Highway | 165 | 136
B | T6Smph | 124 | 172
Acceleration performance motor/inverter 45hW,
@-30 mph 4 sec, 0-68 mph 12 sec, top speed -7¢ mph
=
& @
Cost Considerations = 2
s Cost estimates made for a small full-function EV ‘_ﬁ: g g o == &
¢ Electric drive power - 45 kW e § & g g K59
[y ey A
e Battery energy storage — 22 kWh a5 o i
e Motot/invei ter cost t¢ OEM - $40/kW, $20/kW T;f f;:iz 2; :
¢ Battery costs to OEM - $35u/kWh, $250/kWh, :‘:—-:“_‘ == e
$150/kWh 2 =
¢ Differential OEM costs between EV and ICE cars = A B
a1
s Batteries assumed to last the lifetime of the car =3 ;:g
= = .
=2 I » £ &
P ] &
22 o 23 &= a En
2= == B € £ ]
My by | = &= =
= i = Dow
= ] =R
=y 2 B 8 = &=
Exd =2 5 == =3
iz _
L_;% )
R
™
=
7;;"% Bwe & oy
= g & =
P €3 [—] (o]
= &d &N
o "w/—, :.'x_;t; /f:»; £ ;Q,',? f"i"';',';’ ST
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Estimated OEM Cost Differentials between the
Small FFEV and ICE Car for Various Battery
and Motor/Inverter Costs

{ Motorfmverter | Battery | Motor/ B;mcry OGEMEV |OEM
! Unit Cost Cost inverter Cost driveline | differential
($/kW) X ($/kwh) | Cost($) (83 cost ($) | cost (5)
S R
40 350 | 1800 7700 9509 8300
! 250 1800 5500 7300 6100
: 150 1800 3300 5106 73900
C 20 | 350 960 7760 8600 . 7400
| 250 900 5500 6400 5200
; | 150 900 3300 4200 3000 .

o [CE car has a 60 kW engine costing $26/kW to the OEM

Fuel Economy of Small Plug-in Hybi1d Vehicles using
Lithium-1on Batteries

Battery E All-electric | Driviag Fuel ]
Vehicle Weight | Range on Cycle ccenonty
(kg) the FUDS (mpg)
. (nu) .
Cencept
FIFEV 59 38 FUDS 617
L Thghway 644 |
| Insght | 59 . 4i FUDS 673
e | Heghway 71.6

Cost Estimate Comparisons for batter y-powered
Electric and Plug-in Hybrid Vehicles

—

['Vetcle Lnémt Fageme/ Liectrie | Motor/ Battery | Batteny Manufacturing
Powet | Tiznscost | Motor | lnverter | kWh Cost Cost (S}
W) (SKW) Power | Cest $AWH) (1) Powertram
kW) | (SA&W) (2) Totat velt
ICE 67 1154 {1y 1154
Escort {$17 22AW) - - - - {2) 5946
HBEV 3s 603 45 198¢ s 2675 €1) 5258
Fscort (Nimthy, (2310372
Range $535/4WVh)
25
rules b
EV 65 283¢ 2t 7341 (1) 10371
Escort - -— {$44/kW) (Nurthy, (2} 15485
Range {3I57/kWh)
165 m _ I R T e
HLV 46 688 27 1188 [ 3478 (1) 5354
Inaight (2) 10354
Range
40
mules
EV - 50 2200 175 6248 (1) 8448
Insight (2) 13448
Range - -
126
miles

Delta-manufactut ing cost compas ed to an ICLE car
o IHybrid (range 25-40 miles)
o LV (range 136-165 miles)

Conclusions

¢ Performance - ne problem

¢ Packaging

o Safety

e Cost

- no problem

$4400-35300
$8400-39500

- probably no preblem with
good engineering

- this s the problem,
especially battery costs,

need to be about $150/kWh



High Power, Long-Life Advanced
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ZEBRA Battery

Cord - H Dustmann

ERE=B=-DEASA
Stabio, Switzerland

ITS - Davis
Dawvis, 15/16 05 2001

Dawvis 15/16 5 2001 (1)

e &5 -DEA

”ZEBRA

ZEBRA, Best Available High Energy Battery

Basic battery chemistry
Cell Design
Battery Design

Battery System Components

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

- BC (Battery Charger)

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

BOND -

(o2 &

Dawvis 15/16 52001 (2)




| e

Periodisches System der Elemente

Penode Zahl ger Gruppet Gruppe i Gruppe il Gruppe IV Gruppe V Gruppe V1 Grappe Vil Lruppe Vilk Gruppe 0
cder Elamenie e | & b ) b 3 b a b 2 b 2 b a b
Schale Penode
K 21922 iH 2 He
L 22%=8 au 4 Be 58 (14 7R 8o 9F 10 Ne
M 22wl 11 N ] 12 Mg 134 148t 5P 168 17 C1 IBAI
N 23 =18 1129 20¢Ca 218¢ 27 a3V 40 25 ¥n 25Fe 27Co [2ENI

29 Cu 302 31 Qa 32Ge 33As 34 8e 358 38 Kr
0 2318 37 R 38 Sr By L 41 8b 4240 43T 44Ru 4SRh 48P

47 Ag 48Cd 43n §05n 518k 521 534 54 Xe
P 24 =32 55Cs 56 B 57 Le"} nH 25Te W 75Re 7608 77k 78R

79 Au 80 Hg R4 82Pb 83Bi BdPa 85 Ar 86 Rn
Q 87 Fr 63 Ra 83 Act) 104

Davis 15/16 5 2001 (3)
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R Keramik = Z (interface1 + Knistall + KG + Interface2) + f (Orientierung)
R Keramik ca 6 Q cm bet 300°C - bel Raumtemperatur > 20 k&2 cm

Davis 15/16 5 2001 (4)
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Charger Load

R N N L
RN Y
oA

.

FOrOrS

e

s 58 po0

¥

Ni + 2NaCl« + 2Na + NiCl2

ZEBRA Technology — Basic Electrochemistry

BTLES B5 DEA || ZEBRA

2NaCl+ Niu —— NiICl, +2Na

Na Al Cl, Liquid Electrolyt
B8“ Al, O5 Ceramic Electroiyt

Details on Captlary Gap

the night

Vose o Charge
i _Current collector (+ pole)

OCV 2 58 at 300°C, Nickelchloride +

[ Sodiumalurmimumchionde
Operating Range

| _Ceramic electrolyt
270°C to 350°C,

}_gz-_d:urn

Typical capacity 32Ah

Cell can ( pole)

Discharge

2NaCl +Ni &— NiCl,+2Na Toad

Cell Reaction




ETELE= =5 DEA || ZEBRA

Cell voltage {V]

2Na+2AICI3+NiCl2 <> Ni+2NaAICl4

3,05

2Na+NiCl2 <> Ni+2NaCl
2,58 " AL

3Na+NaAiCl4 <> 4NaCl+Al
1,58 o

100 ¢ Status of charge [%)

Celi Reaction at 300°C

ETLE= =3 DEA || ZEBRA

ML.1 cell cross section
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R*- Alumina Electrolyt

IIZEBRA

-DEA

R*- Ceramic with TCB




MLES =5 DEA g! ZEBRA

Ni + 2NaCl o 2Na + NiCI2

unit ML3 ML4 MLS8
Capacity Ah 32 26 20
ocv v 258 258 258
‘ Normal charge voltage V 267 267 267
i Fast charge voitage V 285 285 285
Max Regen Voltage V 31 31 31
Peak power w 185 155 125
(80% DQD, 2/3 OCV, 30s, 335°C)
Max current A +112/- 60 90 70
Weight g 705 605 500
Lenght mm 232 198 146
Specific energy Wh/kg 117 110 103
Specific power Wikg 262 256 250
fi“- Ceramic with TCB
BFLES =5 DEA | I ZEBRA

Cooling Vacuum insulation

Current terminals

Electric heater

Heating / cooling System of the ZEBRA Battery




LE= 5 DEA | I ZEBRA
Thermal Insulation
Heater i

3 Battery Management interface
Air - +
Cooling > _ Power

5 == CAN
iagnostic interface
Charger = 230 VAC
Cells
Up to 16 battery units in parallel (285 kWh /510 kW)

ZEBRA Battery System

ME & -DEA

oessvs
Si;ftn* )

Cooling Plates
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FRE

Insulation box

B =5 DEA ” ZEBRA

Type 25-278- 25-557-
ML-84 ML-32

Capacity Ah 64 32

Rated Energy kWh 178 178

Open Circuit Voltage

0-15% DOD vV 2786 557

Max discharge current A 224 112

Cell Type/N° of celis ML3/216

Weight with BMI kg 185

Specific energy wanout BMi Wh/Kg 94

Energy density wihoutBmt  Whil 148

Specific power Wikg 169

Power denstty W/ 265

Peak power kW 32

80% DOD 2/30CV s 335°C

Ambient temperature °C -4 to +50

Thermal loss <110

at 270°C internal temperature

Z5 standard Batfery with main data




WLE= =5 DEA || zEBrA
v _AAn Fast charge 1 h rating
300"0 0
60
276} 7 5| 50

Voltage'

40

250} 50 T IRIPE B
sopJ:_Fast | \ Current
20

225[ 25
10

200} of o} »
000 123 246 410 533 6.56

Z5C Normal Charge in 7 5h

LES 55 DEA

"ZEBRA

Vv

250

200

150

100

50

0200y O

100§ 80

A Ah

50}

i”_"'" T "
Current,

000

033

106

1-40

2:13

Integrated booster




i

120 {
Whikg

100

[s 2]
(=]

7 Z%//if/ v
Ll 40 /’//f///// /9//’//

<l Namsc;

F"‘n/

/1

S

Specific energy
o]
o

P
(o]

AR T
SIS T n 2 it

e S ol Renh-one

LT ARty

“NUMH 1~

@ e T —
ZniBr
PbIGei 2| Nicd |
¢ T == T 1 Y i ;
0 25 50 75 100 125 150 Wikg
Specific constant power
Ragone Diagram for traction batteries
BTRLES B5 DEA ” ZEBRA
o $ingle BaLISLY System
Bmitt Boitary System

up to 15 unlty in pasaiel

1285 kWh)

N

* Dwpiay

& Fag Chatgar

gﬁgaaaﬁ

= Ekcirk Mator Dive

®  Mutl Batery Seiver

> GarayMireganert risise
= Bahesy Chegar

ZEBRA Battery System Design

10
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BATTERY IFB
3
] 7 rd
Tracton
211 DC AC
PT1000 || Heater Heater LbM Battery shunt Net

—1 ., ., 135V-750V
| E— .

Temperature | {DC Heater|
measurement} | Control

Precharge

d ¢ AC Input

. -——J ¢ Vehicle
Interface

+CAN

| 1]- Processor
1N - Processor
nv Lv
BMi - Battery Management System
INLES =5 DEA || zEBra

e

MBS — Multy Battery Server

11



BELES =5 DEA || ZEBRA

Technical data i ! ZERRA Chargers
{Preliminary)
Type BC-278-Z-3-A BC-557-Z-3-A

Urnist
Output voltage vV 240 to 305 480 to 610
DC output power w 3300
Input current AC A -16,5
Efficiency / load 95%/3 3 kKW, 80%/400W
Protection class P65
Input voitage 170-283VAC, 47-83 Hz
Controt PWM by BMI
Cooling Air
Ambient temperature -25°C to 40°C

40°C to 70°C derated

EMC 85/64/EG
Weight kg cas8

Battery Charger

T = =5.DEA || ZEBRA

Can Display

12
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ZEBRA Battery Safety Concept

ZEBRA Battery Type Z12 —~ Crash test at 50 Km/h

13
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Cells
78%

materials of Z5

& BMI

§SS

& Stesl

O Thermal insulation
@ MICA

@Cu

@ Miscellenious

3 Cells

;
i
e

3 5%

?

I

Miscellaneous
2%

Thermal Insulation SiIC

Material of ZEBRA Battery Type Z5 (Weight 195 kg)

~Cr  Dechacge 22 23 March 1993
&= {uscharge SO 22 June 2000

10+ -
s 3
.
0 r T ¥ r t
[ 2 4 6 § 10

esistance (mf}) Mean CellR

deteniorahon s performance o loss of I T

capacHy

33

30 - s

S0 - . N -

454 i -
[Compleind § thermal cycles in total

>

This buttery has been op test for  years l
Y Wy and theamalt

;.vcled with 2o cell fleres. so

D Discharge | 19 Juse 1951 I

Calendar life

14



Z5-341 (MLO1-F) N

« ECN hfecycle test 4 R_paetto% 120
| i
38 1 . Tomp_start a0
[y ] Y
) / R u . U; ks 41 < X 280
u - —+ I Tre 17
, 2 b fadures at oo 241 - cat

R 06—t Yt 1 et23d rec by afte c2 fatue 1%
7 Lol overdisenatele 33 % J00 f =
F % rom rst——p 197 cole 0ommn s =E
g, 28 . Ls 0 %-
g 1>y lg ¥ o g
-§ LR ! | Y ./, # * he
) ] e o] 05
H ¥ ; =
§ 2 uos
i . wt
g i 100 g

" A A . 4t

z/\ 4 \- 2 !‘l';i- —{=

I s SV L ] 0

e ’
0 e .
» I
e 106 0 300 400 0 800 700 806 800 100¢ 1400 1200 21300 1400 1500
namepiate cycle
Cycle hfe

Requirements of the Automotive Industry

PW “soft” Hybnd, 42V, 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
(+ mmnibuses) 300V, 30-50 kWh, 40-60 kW

Buses EV, 300 oder 600 V, 90-285 kWh, 80-120 kW
HEV with EV, 600 V, 35-70 kWh, 60-120 kW
HEV without ZEV, 600 V, 10-30 kWh, 60-120 kW

15
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Payload

Drive

Drive Power

Type of Battery
Energy Content
Battery Voltage (OCV}
Weight of Battery
KMaximum Speed £
Range

600 kg

Asynchronous Motor
40KkW at 2000-5000/min
2x2Z5C

35,8 kWh

278V

400 kg

120 knvh

120-170 km

Vito 108E of DaimlerChrysler with ZEBRA

MEE-DEA

”ZEBRA

Electric Sprinter for City-Logtstic

16
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Payload 9t

Drive Continuous Power 38 kW
Drive Power Peak Power 83 kW

Type of Battery 6x25

Energy Content 102 kWh

Battery Voltage (OCV) 278V

Weight of Battery 1200 kg

Maximum Speed E 70 kr/h

Range 150 km

Microvett 15t — Imola, Italy

BNLES =5 DEA ” ZEBRA
_Hybrid _Electric
Capacity 10 + 1 Seating 10 + 1 Seatin
29 Standing 29 Standing
Drive Brushless DC Brushless DG
Drive Power 50kW 50kW
Type of Battery 2xZ5C 5x25C
Energy Content 356 kWh 89 kWh
Battery Voltage (OCV} 278V 279V
Weight of Battery 400 kg 1000 kg
Maximum Speed E 50 ken/h 60 km/h

AUTODROMO City Bus n Bologna, italy In Service

17
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Capacity
Drive

Drive Power

Type of Battery
Energy Coritent
Battery Voltage (OCV)
Weight of Battery
Maximum Speed E
E-Range per Charge

34 Seating

68 Standing
2 Asynchron
Hub Motors
150kW
2x2x2Z5A/8
68 KWh
2x284=568V
800 kg

60 kimvh

40 - 70 km

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

== -DEA

”ZEBRA

_Dlese!krgf}stoffverbralfch Dieselbus
B T i 1 Gesamtpnmarenergieersparnis
| ca 10%
N
o 5
.
£ Mehiverbrauch Hybndbus )
E durch hoheres Leergewicht ca '
F= ! 1
4 114% ' : .
] H ' )
8 ' - :
g 1 :
@ ' ' &
= t ' '
® o ‘Rekuperationsr Kraftwerks- ,
s RS ¢ anted | antel !
b ¢ t
g Qt‘\o(\ : : \
. Hauptnutzen :
' Emussionsfreier Strecken- |
! antei H
' (Schadstoffe, Gerausch) .
- — . et
50 60 86 100 % Linienlange

Energiebilanz von Hybridbussen mit ZEBRA Battene

18
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ZEBRA Plant - April e 24 2001
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Marketing Neighborhood, City,
and Small Highway-capable

Electric Vehicles
' 16 May 2001

Ken Kuram
Institute of Transportation Studies
University of Califorma, Davis

» Types of small EVs
« Some things we’ve learned
¢ Market Segments
~ Who?
+ Where®
Market Segment Size
~ How many?
What next?

* Highway-capable EV Market Studies

— 1991 to 1997

— Household markets for vehicles and electricity
* Neighborhood Electric Vehicle Studies

- 1993 to 1995

— Multi-objective
* Secondary Benefits of ZEVs Report

— Summer 2000

¢ City EV Station Car User Evaluation
~ 1997
« Consumer Benefits of EVs and Plug-in
HEVs
~ 1998
» Consumer Markets for EVs
~ Green Car Institute, 2000

« New Types of Vehicles
~ NHTSA Low Speed Vehicle definition
« Four wheels, 20 to 25mph max speed
« FMVSS No 500 (49 CFR 571 500)
— head stop turn signal , and twl lamps, reflectors parking
brakes, resrview mirrors windshields, seat belts and
VINs
— Examples
* GEM Neighborhood EV, TH'NK Netghbor

* New types of vehicles

- City EVs
* not quite highway-capable
~ top speeds varying from 56 to 62mph
- none as yet certfied to FMVSS for hght duty
motor vehicles

* two-seats (so far)

— Examples
¢« Toyota e<com, Nissan Hypermint, TH'NK City




Tvpe Sealing Speed Range
Golf car Golf cars 2 18020 151025

case siudy :
Riden { NEVs and 14 35t 75 2to 80
dnves ' _CEVs

Household  NEVs o2 35040 201035
trials
CASurvey| NEV 2104 40 40
IComm EV 2107 20 60 to 80
Regton 2w7 &5 12010 150
. EV
CnyEV | CEV 2 68 401055

» Land Use
— Small towns big cities
— Low-density suburb, mediumdensity city
+ Activity-based Approaches to Trave!
Analysis
— Build your own action space

Vehicle “choice” shifts

The effects of constraints on travel
decisions

How far a household can travel in a NEV
Mode shufts within households

All places are not equal

User valuation of vehicle characteristics

Preferred Body Style

Non-EV .
Type Choice Style EV Style
Nerwghborhood EV [ 12
Communtty EV 5 21
Regional EV 37 81
Range-extend HEV 15 27
Natural Gas 33 52
Gasoline 53 96

Could tnp be made
another time?
Serve
Passenger?| No Yes Total
No 387 244 631
Yes 128 13 141
Total 515 257 72

!_P:IEVs m Davis
and Sacramento

[

[nps 41 72 0

Miles 19 43 6




B0 ) e e el e wgay 0 e pe
%)

200 4

:"S""‘ﬁf ?V \)xiw E &
AT LA

150 2

T

100 ¢
50
04
) Sacramento
Watk | 9 1 7
Brevele 48 0
JCE 151 93

¢ NEVs can displace many trips and much
VMT m households

« Household travel mode sphits during NEV
tests depend on prior behavior
~ determined 1n part by local land use and

transportaticn options

¢« NEVs can displace environmentally

superior options for some trips

= Less-than-highway-capable vehicles
— Users start to group vehicle characteristcs
¢ Range and Top Speed
« Passenger Seating and Cargo Capacity
= Top Speed, Vehicle Size, Handling, and Safety
* A word about Plug-in Hybrids
— Benefiis based on threes systems
+ Environmental, Recharging, Drivetrain

» Small vehicles
— One or two seats, regardless of range or speed

* Hybnd households
— City EVs, Small Highway<apable EVs
¢ L.SV-amenable places

* Pro
— One-person households?
 Over 25 percent of US households (2000 Census)
+ Con
- Small! car sales historically tiny
* Two-seats 11 percent of new car sales

* Automotive News “budget” and “small” cars
21 2 percent of cars

— Based on the wrong question

« Guestimate from 1995 ITS

— 2 percent combined Neighborhood/Commuruty
EV market share

+ Only small and compact sedans, sports car, and
compact pickup truck body styles

* Not LSVs/CEVs
o Guestimate from 2000 GCI

— Interested?
¢ 24 percent LSV, 43 percent CEV

- 1 percent new LDV market share




e Markets for LSVs defined

- primanly 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
place?
¢ Infrastructure includes roadway, vehicle
maintenance, electricity distribution,

* Whose We?

—Broad coalitions of stakeholders
« Government
e Industry
o Jssue Advocates
» Independent Researchers

» Marketing Green and Social

- Market Research based on multiple
methods, multiple types of exposures

* Build market segments
— Motivaie consumers and producers
~ Facilitate expression of a wider set of
household Iifestyle goals and values
» Transform Markets
* Avoid gaming of regulations

» City EVs, Small Highway-capable EVs
and Hybrid EVs

—Users will figure them out
¢ LSVsand City EVs

—Users are constratned as to where they
can use such vehicles
« Market in those places that are suitable

* Buifding and retrofitting
~ Palm Desert, PASStown, New Urbanism
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SHARED-USE FLEETS:
LESSONS LEARNED

Susan A. Shaheen, Ph.D.
Heonda Distinguished Scholar
Untversity of Califorma,
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SHARED-USE FLEETS:
OVERVIEW

» Carsharing and CarLink Defined

* CarLink I Findings & Management
Issues

* Market Opportunities

» Pilot Project Recommendations

WHAT IS CARSHARING?

* Individuals Gam the Benefits of
Private Cars without the Costs and
Responsibilities of Ownership

e Individuals Access a Fleet of Cars

* Generally, Participants Pay a Usage
Fee Each Time a Vehicle Is Used

ROOTS IN EUROPE

* Sefage (1948) of Zurich, Switzeriand
* Recent developments began in 1980s
* Over 200 fleets active in 400 cities

* Claim over 125,000 participants

* Mobility (Switzerland, 1987) and
StadtAuto (Bremen, 1990)

U.S. TRENDS:
1998 TO PRESENT

* 8 Carsharmg Programs

» 2 Station Car Programs

> 2 Pilot Research Programs

* 9 Planned Programs

» Advanced Technologies

* Partnership Management

* Pioneering -—> Growth & Volume Phase

WHAT IS CARLINK?

* A Commuter-Based Carsharing
Program, Linked to Transit

* Public-Private Partnership
* Smart Technologies

* Three User Groups: Homebased
Users, Workbased Commuters, and
Day Users
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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 3.1¢/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% — 24 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.,
Pickup Truck)

e Members Would Share Rudes More
Frequently, If Commumication
Facilitated

CARLINK I: KEY FINDINGS

* If a Permanent Service, Several
Homebased Users Would Sell Personal
Vehicles

* Net Reduction in Velncle Miles Per Day
(~20 Males) for CarLink Commuters

* At Least 20 New BART Trips Generated
Per Day

N



CARLINK I:
MANAGEMENT ISSUES
ISSUE ONE RESOLUTION
Vehicle Mamtenance ¢ Personnel Provide
& Emergencics Quick Response
+ 24-Hour Roadside
Assistance

+ Local Dealership for

CARLINK I:

MANAGEMENT ISSUES
ISSUE TWO RESOLUTION
Clean-Fuel Vehicle « Guideltnes for
Refueling Refuehng—1/4 Tank
« Fuehng Cards

* Anticipate Demand

Refuelng Traming

Servicing/Repairs * High-Quahty &
+ Hide-A-Keys n Multiple Refueling
Emergency Sites
CARLINK I: CARLINK I:
MANAGEMENT ISSUES MANAGEMENT ISSUES
ISSUF THREE: RESOLUTION- SSUE FOUR- RESOLUTION-
11
Velucle Cleanhiness  « Gundelines for Vebicle Insurance Umbrella Policy
Cleaming Own Trash g:;::?z‘;tlons
* Personnel or Specialized in Shared
Detailing Company Fleets (e g,
to Service (Wash & Insurance One &
Vacuum) VPSI)
* Economic Penalties
CARLINK I: CARLINK I:
MANAGEMENT ISSUES MANAGEMENT ISSUES
ISSUE FEIVE RESOLUTION: ISSUE SIX. RESOLUTION.
¢ Schedubing & Biling « Develop or Purchase Parking & Lot * Partner to Access
. Smart Access & Advanced Assignment ]S)I:bm:l‘llzl:;dl{Dol:s;ted
Vehicle Tracking Technology e‘f’ ) a.r g
Technologies » Integrate Systents, * Flexibihty with
Where Possible Customers n

» Test Prior to Launch

Identifying Lots

* Employ Wireless
Management System




CARLINK I:
MANAGEMENT ISSUES

ISSUE SEVEN RESOLUTION
Roadstde Service Contract with 24-
Hour Provider for
Emergency Service

CARLINK I:

MANAGEMENT ISSUES
ISSUE EIGHT: RESOLUTION:
Guaranteed-Ride ¢ Provide Guaranteed
Service Taxi er Shuttle

Service

« Partner with Region,
If Possible, To Access
Free, Ride-Home
Services (Demand-
Management
Strategy)

CARLINK II: MAY 2001

» Pubhe-Private Partnership: UC Davis,
PATH, Caltrans, Honda, and Caltramn

« 27 ULEV Civics Based Out of Caltrain
Station

» Homebased Users and Business Subscribers

* Advanced Seamless Technology

LumP
Cant

CARLINK I
MANAGEMENT ISSUES
ISSUE NINE- RESOLUTION:
Lost & Found Provide Lost &
System Found Center for
Retrieving ftems Left
1 Fleet Vehacles
MARKET OPPORTUNITIES

* Incentives: Parking & Policy
* Media: Marketing & Social Tool

¢ Data: Feedback & Customer
Understanding

INCENTIVES

o ZEV Mandate Credits for Shared Use
Systems

» Parking, Where Limited 1s Huge
Incentive

° Reduced Fares (e.g., Transit)
* Discounts at Local Stores

* Frequent Flyer Miles

« Access te 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

* OQutline Project Purpose & Design

» Maintain Fiexible Partnership
Management

* Integrate Smart Tecknologies
* Employ Economic Signals
* Trial & 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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