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Abstract

The main objective of the research work was to evaluate the life cycle cost of using
electrical or hybrid propulsion for buses. The evaluation included several subjects, detailed
in the following.

The first stage of the work is summarized in the Interim Report [1], which includes the
results of a comprehensive study of technologies for electric and hybrid vehicles, and of
experiments performed to date with electric and hybrid buses, and comparison of their
performance.

The present (final) report includes the resuits of checking the possibility to convert available
diesel buses to electric or hybride ones, and of some additional tests performed in order to
define bus routes relevant for electric buses (EB) testing. The list of recommended bus
routes was supplemented by an additional one - route No. 20 in Jerusalem.

A comparison of electric buses performance in the defined routes was carried out. Information
about EB maintenance, needed infrastructure, manpower training and life cycle costs, was
collected and analyzed in this report in comparison to those for diesel buses.

It is recommended to carry out a test with electric buses in order to stimulate public
awareness and understanding of the importance of air pollution reduction in urban areas,
and in order to further make clear the benefits of urban public transportation based on
buses, which do not poilute the urban environment. A preliminary characterization and
plan of such an experiment was developed.
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Santa ara D

Paul

(1) 29 Fi. Transit

BMUSVMC

Redding, CA 96049-6071

805-963-3364 | 805-262-4794
550 E. Cota Street Gnifith | Bus
Santa Barbara, CA 93103 (1) 22 Ft. Transit BMI
Bus
(1) 29 Ft. Transit APS
Bus (conversion)
(1) 35 Ft. Transit APS
Bus
CARTA Ron (8) 22 Ft. Transit AVS 615-629-1411 | 615-698-2749
1617 Wilcox Boulevard Sweeney |Buses
Chattanooga, TN 37406
(1) 31 Ft. Transit SvMC
Bus
= |
UC Berkeley / City of Berkeley JimLee |(4)22Ft. UCB US Electricar | 510-643-7508 | 510-642-3451
Parking & Transportation Shuules (3) 22 Ft.
1952 Oxford Street City of Berkeley
Berkeley, CA 94720-5740 Transit
I
Alternative Fuel Vehicle Program Bill (3) 22 Fr. Shuttles US Electricar | 916-643-5443 ;916-368-6313
SM-ALC/EMS050 Fairbaim/
Dudley Boulevard, Suite 3 Phil Mook
McClellan AFB, CA 95652-1389
Pinellas Suncoast Transit Authority | Michael |(1) 22 Fi. Park AVS 813-530-9921 | 813-335-3580
14840 49th. Street Siebet Shurtlé
North Clearwarer, FL 34622-2893
Rhode Island Public Transit Authy Robert |(1) 22 Ft. Transit AVS 401-784-9568 | 401-784-9585
265 Melrose Street, Stravato |Bus
P.O. Box 2816
Providencs, Rhode Island 02907
- | Lehigh & Northampton Denis (1) 22 Fr. Transit AVS 610-435-3646 | 610-435-6774
Transit.Authority Myers |Bus
1201 W. Cumberland
Allentown, PA 18103
City of Anderson Transit System MerleJones/ | (2) 22 Ft. Transit AVS 317-646-3734 | 317-646-9690
530 Baxter Road Tim Moore | Buses
Anderson, IN 46001
Redding Area Bus Authority L. Sue (1) 22 Ft. Transit SVMC 916-225-4472 | 916-245-7024
P.0.Box 496071 Hanson |Bus
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505 Forest Avenue
Laguna Beach, CA 92651

City of Los Angeles Scott | (3) 22 Ft. Shurtles SVMC 213-367-0239 | 213-367-0210
DWP : Brasco |(1) 31 Fu Airport
111 N. Hope Street Shurtle
|Room 1141

Los Angeles, CA 90012-2694

|
City of El Monte Transportation Gary (2) 22 Fr. Shurles SVMC 818-580-2217 | B818-580-2238
3525 Cleminson St Byerly
El Monte,CA 91731-2603
University of Massachusetts John (1) 22 Fu. Transit US Electricar | 617-721-2532 | (617-721-2532
One University Avenue Duffy
Lowell, MA 01854
Torrance Transit John (1) 31 Ft. Transit SVMC 310-618-6266 | 310-618-6229
20500 Madrona Hall Bus
Torrance, CA 90503 |

| |
Georgia Power Co. Geary Floyd |(2) 22 Ft.Transit AVS 404-326-6364 | 404-326-2182
Atlanta, Ga. Ruses
|

Duke Power Company Tim (4) 22 Fu. Transit AVS 704-382-4449 | 704-382-4338
Electric Vekicle Program Shawver |Buses
P.O. Box 1006, EC04J
Charlotte, NC 28201-1006

|
City of Palm Desert John (1) 22 Fr. Shuttle SVMC 619-346-0611 | 615-340-0574
73-510 Fred Waring Drive Wohlmuth
Palm Desert, CA 92260-2578
National Parks Service Bill (1) 31 Fr. Transit SVMC 209-372-0363 | 209-372-0386 |
Concession Management Division Fay Bus . :
P.O. Box 577 (1) 35 Ft. Transit APS 5
Yosemite, CA 95389 Bus

1
City of Sheboygan Steven A. | (1) 22 Ft. Trolley 1‘ SVMC 414-455-3285 | 414-459.0231
Parking & Transit Utility Comm. Billings
608 S. Commerce Street
Sheboygan, W1 53081
o i
CALSTART Susan 818-563-5600 | 818-563-3610
Fleet Marketing Manager Romeo
3601 Empire Avenue
Burbank. CA 91505

! i 1

Chatham Area Transit Joe (4) 22 Fr. Transit AVS 912-236-2111 | 912-944-6038 |
P.O.Box 9118 Turcotte |Buses ;
Savannah, GA 31412-9118

| | :
City of Laguna Beach Nancy |(1) 22 Fr. Shuttle SVMC T14-497-0746 | 714-497-0771 ;
Transit Maintenance Malone |Bus
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Development of Not available 157 Hunter Drive, GLD Associates, 1
retrofit kits for West Hartford, Inc.
converting diesel Connecticut, CT 06107
buses to electric USA
hybrids
Development of Mr, Carl E. Tel.: 303-444-0569 Columbine Bus 2
conversion kits for Lourance USA Company
diesel buses
Conversion of diesel | Mr. Uzi Cantoni, | 3535 West Fifth St. APS Systems 3
buses to electric ones | Vice-President Oxnard, CA 93030,
and development of USA

dedicated electric

buses
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"Technology of batteries is not as advanced as the automotive industry wishes to"
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Volvo Mercedes - Benz 1N OV
ECB 0405 N2-H oyt
10.7 12-5 m TN
15,000-2 10,520 WP 90D dpwn
70-80 96-105 D'YON Do
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Gas turbine with OM-447hLA Pitai yn
integrated high-speed 184 kW
generator (HSG),
110 kW
Varta Ni-MH, AEG Na - NiCl, “238n
45 kWh, 250V, ZEBRA-ZS, 70kW
3x 60 Ah 568V
HSG drives an electric Two AC asynchronous N NN
motor 94 kW, motor, 75 kW, ZF nbnen
85% efficiency
——-- 75.5 / 60-2 Y37 PN
vUmIp 12 7 0nwen
-/ 5% e D) L
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Chioride Chioride Spegel LaMarche LaMarche Chloride Enerpro
Electro Networks Motive Power
Charger Type Ferrorasonant Femcresonant 35CR/ 3diode 3 5CR /3 dieds 3 5CR/ 3 diode 12 SCR
Model Number EV-05 BE3PA1 0.31’85 A708-60-108L-B(DC)3| AV0B-105-BOL-C3 238 218V40 EVBC-2
108V0325M30
EV Station £V2,3,4,5 7.8 shop, spare EV1,6 Electric Viager EV 22 EVS, 10
nons, other than at none, other than at reiatively relatively relatively
Charge Profile termination. Ni-Cd termination. Ni-Cd unsophisticated unsophisticated unsophisticated programimable to any
Adjustability incompatble. incompatibie. rmult-stage profile. multi-stage profile. mullti-stage profila, desired charge profile
Energy Efficiency 096 087 0.92 (~0.82) 0.94 0.92
{AC to DC} (incl. 6-phase xfrrr) |
THD (%) 1.9 8.6 58.5 60.5 55.9 7.9
(AC input current)
True Power Factor 0.28 0.81 0.70 0.72 0.67 0.75
DC Rippie Current 58 A peak-to-peak not avaiizble 60 A peak-to-peak not avaiiable not available 8 A peak-to-peak
- @ 180 Hr @ 180 Hz & 720 Hz
$7.200 chirgr (on-brd)
$1,300 xfrmr {single)
Cost $3,350 (cbsolete)} $3,533 $4.045 $2,000 $3,344 distr. box
$11,844 total

Nolas:

1. Power Factor evaluation conducted with the assisance of Scuthern California Edison,
2. THD and Ripple Current anaiyses performed by Enerpro Corporation,
3. Energy efficiency of LaMarche A708-105-80L charger not measured, but presumed equivalent to that of LaMarche A708-60-1081..

nx Norvic Traction, Inc. mman »12 by mAsmn 9an fnyo mom D) 1avna nnpd v
[8] ,0mPnxraa nyas DI NOD DMINN DY NN DYDY OIYO 295 MIINDH ('3 NOD)
Y330 DDN APY ,TPTNY YT DN 19 TY 0NN 15Y XY 10N DRDRYN DIXOIMVIN NPIthA
T SY AP DY PNY AMIANHN MM LINOWA INRY DINYIN DPINYN DITDIN DY TND
ot v) Santa Barbara Metropolitan Transit District (MTD)-3 b2wpnin npnnnn
{D5NYN DN YW arnaNa 9 a3 Yy Santa Barbara MTD-av
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Electric Bus User Survey Major Cost Matrix

US

'ype ‘B Type 'C': Type D% Type 'EX:

Capital Cost
High |$88,000 $169,000 [$195,500 [$240,000 |$250.000
Low |$78,000 $128,000 [$140,000 |$199,050 |$140,000
Avg.|$83.000 $136.270 |$159,180 |$226,350 |$195,000

Battery

Capital Cost
High |$6,800 $15,000 |[S12,000 |S$13,630 $12,400
Low|$5,000 $9.800 $9,000 $13,650 $12,000
Avg.[$5.150 $12.200 |$10,850 |$13,650 312,200

Bus

Maintenance

Cost
High 538,400 $69,120 |$68,900 544,800 $57,200
Low|S12,800 $30,000 |8$35,600 |S$14,590 57,200
Avg.|S18,420 $61,420 |S58,500 834,730 $57,200

Battery

Maintenance

Cost
High|$51,360 $37,600 |339,220 |[S68.230 $28.000
Low| 34,800 §7,440 $17,291 568,230 $28.,000
Aveg.| 544 700 $33,330 |$20,360 |$68.250 $28.000

Type A - Mini-bus 22 ft, 16 Passenger.

Type B - Multi-Purpose Open Passenger Shuttle/Trolley, 22 ft, 22 Seat.
Type C - Transit Bus, 22 ft, 22 Seat.
Type D - Transit Bus, 30-35 ft, 25-30 Seat.
Type E - School Bus, 72 Seat (48 Adult Passengers)

NI TUND
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Life Cycle Cost Model Results

Type'D!:: Type 'E" - Type 'F" Type

Cost Category Electric | Electric | Electric Diesel Diesel Diesel Diesel -
Minibus Muli- Transit Transit School Transit Transit Transit School
22FL Purpose Bus Bus Bus Bus Bus Bus Bus
16 Seats Open 22 Fr. 30-35FL | 72Seats | 22-25f 30 ft 351t 72 Seats
Shuttle/ | 22 Seats 28-33 (48Adult | 22 Seats | 29 Seats | 34 Seats | (48Adult
Trolley, Seats | Passenger Passenger
22ft .| Capacirty) Capacity)
228eats
Capital Costs | J
Bus 383,000 !3136,370 3159,180 {$240,000 [$195,000 |$100,000 |[$170,000 |$220.000 jSﬁ0,000
Battery $5.150  |$12,200 |$10.850 |S13,650 |S12.200 |SO $0 $0 S0
‘ Taxes/Fees 36,170 |$10,400 |S11,900 [S17.750 [S14.500 |S7,000 $11.900 |3$15,400 |54.200
E Sub-total $94.320 [%158,970 ’5181__930 | $256.800 |$221,700 |$107,000 |$181,900 |$235,400 |$64.200
| |
Recurring
Costs
| ( Power/Fuel 1.45 1.35 1.5 1.75 1.8 6 5 | 4 6
Consumption) | Kwi/mi | Kwh/mi | Kwh/mi | Kwh/mi | Kwh/mi | Mijeal. Mi/gai. | Mijeal Mi/gal.
Sub-total 514,500 $13,500 |$15,000 |[S17,500 |$18,000 [$23,400 [$28.000 $31,100 1$23,400
Power(fuel)
Costs
Bus Repairs/ |$18.420 (861,420 [$38,500 |[S34.730 |$57,200 |$75,000 $91,000 |3$94,000 |S$57.200
Maintenance
Battery $44.700 |$33,330 [$20,360 |S68.250 [S$28,000 |[-O- -0- -0- -0-
Repairs /
Maintenance
Hisurance | $20,000 i $20,000 :SZ0,000 520,000. |$20,000 |$20.000 |$20.000 [$20,000 |S$20.000
i
\
Periodic
Costs
Brakes 52,500 ! $2,500 $2,500 $3.000 33,000 $4,000 54,800 54,800 $4.800
Tires 54,760 $4,760 $4.760 7.140 $7,140 54,760 $7.140 $7,140 $7.140
Batteries 513,230 |S$31.330 |$27.860 |S$35,050 |$31,330 |-0- -0- -0- -0-
Maintenance |$103,610 |$153,340 |$133,980 |$168,170 |$146,670 |$103,760 |$122.940 $125,940 | 589,140
Sub-Total
(less power)
| | |
Salvage :
Vaiue (10%)
Bus 158,300 1$13,640 [$15.920 822,640 |$19,500 |$10,000 } $17,000 |$22.,000 {$6,000
| |
Total Life $204,130 18312,170 |$314,990 | 3419830 |$366,870 |$224,160 |$315.840 |$370,440 |$170,740 ;
| Cycle Costs f

- 15 -
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Capital Cost ; $0.29
/ Mile ;
Power Cost/|%$0.07 ’30.07 $0.08 $0.09 $0.09 $0.12 $0.14 $0.16 $0.12
Mile !
Maintenance | $0.52 ;30.76 $0.67 $0.84 $0.73 $0.52 $0.61 $0.63 $0.45
Cost / Mile '
Total Cost/ [$1.02 131.56 $1.58 $2.10 $1.83 $1.13 $1.57 $1.86 $0.86
Mile !
Total Cost/ |$0.06 180.07 $0.07 $0.07 $0.04 $0.05 $0.05 $0.06 $0.02
Seat Mile |
Notes:

1) Total Life Cycle Cost = Capital Costs + Power Costs + Maintenance Costs - Salvage Value

2) Capital Cost / Mile =(Capital Costs Sub-total - Salvage Value) / Miles
3) All mileage based on overzll life of 200,000 miles for bus (assumed)
4) Number of seats for school bus based on adult passenger seating capacity

33N 200 AN PO FWNN MNIPN
MY IPMYNYN AN MY AMAY D»YNYN DTN NIAY NSANNT NN NYPYn -

058N DTN

82 ¥ APNNRN MMOY 1 NDNRNN AYPYN3 10, TIND T3 PO AINAn 1asnn mby -
TTNND DYND WY N1 NONN TATA-5P2 [ IMN-YIN N0, DNTPNN DMDN DIMINNT YN ww
2YNYN DIOINT YINWR MY SW TPmynwn
DYDINIIAND DXODIVIN INWH DPHNYN DI TIY TPMPIYA 12N (POT IN) TOYWNRN MOY -
TINN NI D200 MYV pOIDNN N YDYM YImwn MIYON :IMpyY Mo MnY S
TN 2WON DY NPANNYN MNSIN D590 PN 9 nDIV .0»HNYN DITIND AN 101
.8 15200 NP NRNYND 2IWND DMMN 53 .0»5NYM DPIIPRIIANP DIOIIVIN NIAY MNVNA

.DPDIMNIANPY DYINYN DIDITIDN YT BY NN NMY INNYR .9 Y30

School Bus Transit Bus Transit Bus DIVIND ND
72 Seats 30-35ft 22-251t
48 Adult Passengers 28-34 Seats 22 Seats
Pita| »Ynwn 1 dbnwn 5T dnwn
nomMs
6.3 1.8 7.6-95 1.75 6.3 1.5 TTUND
kWh/mile

-16 -




,OPIINVNIANP DXOIOWN DY NN M3 DY T3 0PHNYN DOIIIDIN Y npnnnn mYy -
WHYN OIMILIN DY DYY5ONN M .Daxn DabnMm APRNAR Y mmax mndy apy apiya
N0MWI ONPRNN MBY 120 21900 MY W DT Y10 BY DIOIN INWD 1N 1390 DWIwe
DN (regenerative braking) 3 Aya Dxasn DPYOI VINdWA (8 MYaV NXY) AN
35971 52 Y NDIN NTMNY OB DN dHYN

OYUNYN DXOIIVIN DY ONPTNY 1IN ¥ Dmin mYaba-1900 NOWRN SY MINNINN NNY
IN/Y PY2 20D N2MND NV YT ANAN NYTAN DPNN NANA ANDN MIANN mwd
JUPNRND N0 PN DIDWN AL

"1 MV 107 DNYN 259 DY NDDINN DM Y1193 AMAND NN NSYON NN TaD oMt
IMINDN NYNA JIANWND NOWHN DI DAN ,MPOWY ANYT D02 5V NI N 2973 Yinown .oMmMN
,PRAXTITELE mxpaw ,iInnn (121 DOmoR 1 0n) RATP - 0719 1ovoiona svnassn
[ 10,117 ,007n 6-1 D221 50 DY ,BPN A5 DY INSN)

1279 DY DNON MNI Dwnd ,DYONYN DOOIIDIN NHYSNN MDIPR VPANY vITAD WNTD N3
DMDNINIANP 27 00D T MN MY OY TSIV PN 10

MW Npa onbyanw yan ,[7,3] 27naNa 0»9RUN DXDIVING YINWN POINY b owb v
DWONN WONI MMMBYN MO MM DY TND 11PN N3RS M

D95PUN DITIZIVIN DY 11D Y INYNI MI9N

YD NN MY DX NNZ TN DY 1WA N YN (ONOBYN (BNTEIVIN DY MDY VN3
NN ANIAINNN DY MmN eind o D DMYN NOMI MNT DI NTHNI TNNN
DIIDIN DY NO MNF TOYN NN 1Y MND DIN DY ANMm 119N DYOIIOIN DY nopann
NYTN TINOIN MN2AD 03 1297 DIIND NI WIN N PAD? 2¥Y YIDIINY NONN I N TR
SONYN POTY NN DY MIN-YAN 2NN - O30 0MTPNND PIY YINI DMK 128580 DY

A0 DM AN DY OINY ON PN IN5M onn S oMpn D1advn

SI0%0 NN THND AYIN INIPY DIOIDIVING VoM B0 D Podnn -

STRST IPDN ,BNANPRANY 1Y DY DIDWING W -

DY DIIVIND NN 129 (DOXISDY D%) DTN M NS -

NOND IPITPY ST DPINAING NI ININT DIDITIVIND M YD Ton by DM NI -
APTA ¥ AbvAa

NV MPAN NP MDINDY TPIPY NI OMY NIP0) MNINT DLIODIN DY iPYNIND NN
DY A8D VO NN DY OWAIYT DN TIZIDINA DY

P INDWYS MM VI ,DIIOIND DY 1Y MW P 2230 D VHN® NOK DD OWN3 -
YITIN 010790 YO y$hian

MPYOM P2 PO AN 5332 BMTB 1T MW 1P SHRWNN DIIvIND ¢ anbyon Ten -
TIMNIND MOPNT ,NNNND TN DY DRTHIN PID DYDY 1NN DY DTN DININ NYaW
A2 103 DN 1PN

PO DY IND N NI DY INVOUT NN TIVND NI DY TR MO IITO ¥8ab O -
IONYN DINDIN DY OYINN OB 1NV

ADYAPY DIVYITIVING 1WONI NON N YW NOMIN GPNY TIND v

-17 -



MIPONY 01990 .8

oypavin bnv , Volvo 11 ,Mercedes-Benz 10 , 090 NN DXOMIOING 08 ¢ Sv Dnyt .1
JPDNY RPN DHORYND MNP OPTIVIR MTN NHNTI M2 7 TaN? S DMpin
1Y Y .OYYNYND OYLINIAND DTINVIN NIDNI MPOW 1P¥ MIIN ,DIBN P
NATN MOY 1237 YWIPNP YN MY PN M 1Y 0110 S 2 nHava v b0 mman
OWNIM 7 OIYNYNY DPONIOIN

ONPNIPTI ONYN DINDIND OOOMPIN, DDA NYOIN "NMY0NI MOON MpPr1a w2

DNYRIBNT NYPNNT NOUEN THNRY 122 017 1 'oN 1P Mbonn by amAann .20 'om 1 ron

1TY MNA N0 030 20 'ON P DY DA MNINN .20 'ON 1P INY Ny DNLVPp

119N OYMIWANDN TUNYN MINT 71730 NYIN 037 1000 DY ADT Mnd 3y Mbopn

DYOIIVIN P INVAD DYTIND MIYONY 237 2ODND 3N 307 Y021 DYV DIVIND
A5NYN DIIOIN 1720 O»DIRIanp

DYDIIVIN DOV NV NIOWL JMN AN AN (A7 DN DY2 N Nhx nan pa .3
Specialty Vehicle Manufacturing Company (SVMC) non nNt n1an X2 o»onwn
SVMC bw obnwnin DyoOmIvINn nNowns 377N 0M9NYN DYOIIDIN DY D11n sen
DXTN 0P DISWOW :DINIT OMNTI DY NI DMINDD DN IV yroan ymbond
/0 9.4 - TIN) 5131 OY1D MM DIIN (22 - NN MMPN 190N /N 6.7 - TMN) 5122

{28 - MW MMPN 10N

12 TAYD 51 5122 OXTY DINDIRY Y21 1900 DIDIIOWND DY DY 0NN INnenn 4
MPYON 12 N0 MV) 20 70N NSO My 9-2 131 1 'on Mdona miyw 12-5 7y men
1'0om Mbona myw 9-2 TV MWD 1P3 Mayd 51 5131 DY DIOIN ;(07P 64 - 145 19N
VIR N0 (D7D 64 - 113 171 MPYON 192 IMPDI NNY) 20 'ON NDON3 MY 7-3 T
NHT MPPO P OOMDIND TIPDIN MY 1N 271N HNANNN MAana Hoh DOvINa
1P 105 - 120-2 190

NIWONND V2NN NYPDIN MM50NY TMIMND 1D DT OYIINT DY D meinn S
ynna abnend onb

Y NOvIVY DPNNM DTN M2 NWIN ,THPAYAN NISNA 1915 09HNRYN DXDIIVIN IPINN. .6
DY OINGD DA 90N IPY L, NONT VT DY 1D TY 103N IPRNAN 230 DD
IND YN DTN M DNYON TNANDN MIINT Y3 NNY DIREDIN OPIDUYN DIODIIOIN
IND ST DIIVIND DY MY UNT NN NN POPID Y19 :MININ HPIPIn mMaron snw b
I NUMOY DMNMN ADON DOIMIVIRD *PITIA DY INY N0 MMYPN NTIAY IIND
50%-9 TY ¥NIND DD NRTIN NND IPY DENVIN DY INUND NN MUY

=5 NN DAZYONY ¥ DYINYN DMNAIIND YWD DY 1DabI-1ov Aoy T
;DYDY DIDIIVING DN DIMNI MND DT INNon -
DIDETIOIND WD TN -
;03N WA TN -
DO DY NNUND NS MMmMynwn Hnnon -

-18 -



DMONYN DXODVIN DY APRNNN MbM MASNNAN PNN DYPYNY Prsd v Nt DY T
DN DY MM MDY APy 9P ,DPIINIIAND TIDIVIN DY NN 555 7172 miman
TATN-DP ,PIN-YAN 0D ,0DTPIN OMIDN DMI8NI LINY .Dxasn nobnm mndbnnn

IONYVN DINVIND YINKN MbY DY mynwn ATInd s My 1M monn

TIPNYON IPION N2MNI NI INMDN NN MWD DPINIYN B*OIIVIN D¢ DnPTh
DTN AN/ TS TPI0I N2MINT NOVY YD ANAY ,DYWN 302 RN MPN 19vD
AYNUN DIVIN NOYOIN MNPNR DPORY ¥OXTAD ¥ NI DNIN TPNRIYD PP Domn
327 5005 Mt AN D0 DY INY MYV PN YR 1071 DY DMDN Na Senb

OPONIANp

MINNY AN MIWH NP DIOYITY Y1 I7AIND DPHIYN DXDINDING Viddwn PO
.DWONN WONI MmN MDY MNH DY IND 1avn

TNDIN MHYTIN AR NNAS 7NN DY 2N DR YIND D¥ONYN DV DINVIN DY M0 N8
ANIANDN D¢ NN oND M D 0YIYN 1O MIND DI DTN TN Y
9¥0M N 12Y MNA N 55D nnnm X DD SY nooiann Mmaen

NN DY MN-YAN N3N0 OY 1120-D102" ONYN DIIDIN DY DIONP NNOY NNYTY I
MO0 RO NNOY FPAY PN NMNY TIT AN WD 153 005w mbown por
LPI00N MYNTA B9 DY (DPVMONP) DY NIPY AT BT M9 it DINNA MNTPIN

S Dnwnin anan TNy

-19 -

10

11



9T v .9

T .DYOIIIND HFA%N RONVN M .717a% 2-1 YT 10N 0 PESpoI b (1
JPI00N 10N DNIBY TOW ,27.12.1995-0 1IN %A DY 1N May 10,2 1on DN
1996 VOMIN

2) N. Advani, Life Cycle Cost Analysis for Electric Buses. Final report prepared for
CALSTART Santa Barbara Country Air Pollution Control District California
Energy Comission, 31 July 1996.

3) P. Griffith, Four-Year Report on Battery-Electric Transit Vehicle Operation at the
Santa-Barbara Metropolitan Transit District. Report No. FTA-CA-26-0019-95-1
prepared for Federal Transit Administration, May 1995,

4) ECB - Environmental Concept Bus, Volvo, 1996.
5) Baubeschreibung - 0405 N2-H, EvoBus GmbH, Mercedes-Benz, 1996.

- INSVID PN NMT 23 A5 SHHYN 27 SY DDIN NYON 1P SW MO IpYTa N0aON (6
1996 IMOPIN AMYA KRS YNNIV DONMP

7) T.M. Fowler, M.A. Euritt and C.M. Walton, Electric Bus Operations:
A Feasibility Study, Research Report 60057-1, Center for Transportation
Research, University of Texas at Austin, USA, May 1995.

8) J.K. Nor and V. Pavlovic, Ultra Rapid Battery Charging: Charge Time,
Efficiency, and Battery Life Considerations. Proceedings of the 13th Intern.
Electric Vehicles Symposium, Osaka, Japan, October 1996.

9) D. Sperling, Future Drive. Electric Vehicles and Sustainable Transportation.
Island Press, USA, 1995.

10) Y. Zvirin, Visits at INRIA, near Paris - PRAXITELE. Programme, June 1996,
March 1997.

11) M. Parent and P.Y. Texier, A Public Transport System Based on Light Electric
Cars. Proceedings of the 4th Intern. Conf. on Automated People Movers, Irving,
USA, March 1993.

0D H99N

N0 OTPNN WPNND PINI Y TOWMI DRI ININTD NN ITHN - TTIN" *T DY Y900 Wpnnn
LMD WK DY 0D TN WIND MTID NN .NDWVIN NI NDMNN DY DMNIND DY DXNIN NN
MY NOTIN DN PNIST W MY NN MDA NSNRN LY APRINM NS P N NTTNN mTne
DNIDY AINY IOV DPPHNG YN, AN apy Y adnven NI NMYN DY ,PR0Nn OXDD ,pYn
MO Y MV IMYN DY PUND 200 OTINN PN 12

0 DYON MPYI NN NATD AN DY DA PIOD TN YTIIY INXD RTNYD AN
0%

-20 -



N Hha)

DTN OPORYN DTNV MMIDNI0I MPOWN ManS MmN Sy mnnT
20N OIS - FTANT DY DODIAIDINGD 2N

AT DYONYN DITIOIN 29N

(ETVI) o»5nwn pyam 9pnb 11om0

DYONYA DI MYWONN ANANH N

D3N YO MIWN - DMHRYN DTIIIRD TS NI

-21-



- Technion - Israel Institute of Technology
¥ Faculty of Mechanical Engineering

Fax 0049 - 621 - 393 2935

January 2, 1997
Mr. Reinhoid Licht
Sales Department, Mercedes-Benz
Manheim, Germany

Dear Mr.Licht

The problem of air pollution due to emissions from vehicle engines is becoming more and
more severe in Israel. Therefore, there has been increasing interest, and initiation of some
activities, related to the possible use of public transportation which does not pollute the
urban environment. As you know, the public transportation in Israel is almost entirely
based on vehicles with diesel engines, the bulk being diesel buses.

We at the Technion are carrying out a comprehensive study, supported by the Egged Israel
Transportation Cooperative, to investigate the state-of-the-art and the main worldwide
tendencies in the area of electric and hybrid propulsion for buses. This study includes
accurmnulation of up-to-date technical and economical information and data on other related
aspects and on world experience about use, fleet tests, etc. of electric and hybrid buses.
Another part of the work is a preliminary design of a field/fleet test with electric bus(es).
Mercedes-Benz is the main and largest supplier of buses to Egged. It is therefore natural
that we, working together with Egged, ask you for the following information. In particular,
it is very important for us to obtain information about availability of electric or hybrid bus
prototypes (with technical data) and the possibilities of their participation in such field/fleet
tests in selected Egged routes.

We are about to begin the stage of a techno-economic evaluation of using electric and
hybrid buses. It would greatly help us if you could send us, as soon as possible, the
following information on:

1) Cost estimates of electric and hybrid buses (compared to conventional equipment).

2) Possibility of modifying conventional buses to electric or hybrid, and cost estimates, if
applicable.

3) Technical data and cost estimates of recharging equipment.

4) Data and/or forecasts about introducing and operating of maintenance systems for
electric and hy