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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
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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
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- 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 hybrid buses, including investment and operation costs.

5) Data and cost estimates about required training of manpower.

Any other relevant information that you would send will be appreciated,

We look forward to here from you soon. Your help and cooperation will be very much
appreciated by us and by Egged.

With best wishes to a happy new year,

Yours Sincerely,

Professor Yoram Zvirin
Head, Internal Combustion
Engines Laboratory

cc.. Prof. A. Bentur, Technion Vice President for Research
Prof. A. Seginer, Director, Neeman Inst. for Research, Technion
Mr. S. Ben Axi, Chief Vehicles Engineer, Egged

Technion City Phone: (972 4) 829 2070
Haifa 32000, Fax: (972 4) 832 4533
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Technion - [srael Institute of Technology
Faculty of Mechanical Engineering

January 5, 1997
Mr. John Powell

Executive Director Y23

Electric Transit Vehicle Institute Fax 001 622 0744
1617 -B Wilcox Boulevard

Chattanooga, TN 37406, USA

Dear Mr. Powell

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 poliute the
urban environment. As you may 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, the
biggest Israeli public transportation company (about 5,000 buses), 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 accumulation 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).

Your organization is well known as playing a key role in the development of electric bus
technology and in the creation of markets for it. The experience of your "living laboratory"
is unique and deserves thorough learning. It is therefore natural that we, working together
with Egged, ask you for the following information:

1) Costs of electric and hybrid buses.

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 about introduction and operation of maintenance systems for electric and hybrid
buses, including investment and operation costs.

5) Data and cost estimates about required training of manpower.

6) Safety requirements for personnel working with electric buses.

Any other relevant information that you would send will be appreciated.

We look forward to here from you as soon as possible. Your help and cooperation will be
very much appreciated by us and by Egged.

With best wishes to a happy new year,

Yours Sincerely,

X 2t e
Professor Yoram Zvirin
Head, Internal Combustion
Engines Laboratory

cc.: Mr. S. Ben Ari, Chief Vehicles Engineer, Egged

Technion City Phone: (972 4) 829 2070

Haifa 32000, Fax: (972 4) 832 4533
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Technion - Israel Institute of Technology
Faculty of Mechanical Engineering

&l

January 5, 1997
Fax: 001-310-904-3439

Mr. Don Duffy, President
Specialty Vehicle Manufacturing Corp.,
9250 Washburn Road, Downey, CA 90241

Dear Mr. Duffy,

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, the
biggest Isracli public ransportation company (about 5,000 buses), 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 accumulation 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).

Your company is well known as an established electric buses manufacturer. 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 buses and their technical data. _

We are about 1o 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) Costs of electric and hybrid buses.

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 hybrid buses, including investment and operation costs.

5) Data and cost estimates about required training of manpower.

and hybrid buses, including investment and operation costs.

Any other relevant information that you would send will be appreciated.

We look forward to here from you soon. Your help and cooperation will be very much
appreciated by us and by Egged.

With best wishes to a happy new year,
Yours Sincerely,
Professor Yoram Zvirin

Head, Internal Combustion
Engines Laboratory

cc.: Mr. S. Ben Ari, Chief Vehicles Engineer, Egged

Technion City Phone: (972 4) 829 2070
Haifa 32000, Fax: o (872 4) 832 4533
ISRAEL - 24 -



Technion - Israel Institute of Technology
Faculty of Mechanical Engineering

January 5, 1997
FAX 001-205-882-4871

SCI Systems, P.O.Box 14460,
Huntsville, AL 35807

Dear Ladies/ Sirs,

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, the
biggest Israeli public transportation company (about 5,000 buses), 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 accumulation 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 desi gnofa
field/fleet test with electric bus(es).

Your company is well known as an established manufacturer of charging equipment,
obviously needed for electric buses both in regular service and in field tests. 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 such
equipment intended for charging batteries of electric buses, its technical data and cost.

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 also send us information (in case you
have it) on:

1) Costs of electric and hybrid buses.

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

3) Technical darta and cost estimates of recharging equipment.

4) Data and/or forecasts about introducing and operating of maintenance systems for
electric and hybrid buses, including investment and operation costs.

5) Data and cost estimates about required training of manpower..

and hybrid buses, including investment and operation costs.

Any other relevant information that you would send will be appreciated.

We look forward to here from you soon. Your help and cooperation will be very much
appreciated by us and by Egged.

With best wishes to a happy new year,

Yours Sincerely,
\ PR
/Z‘@M
Professor Yoram Zvirin

Head, Internal Combustion
Engines Laboratory

c¢c.: Mr. S. Ben Ari, Chief Vehicles Engineer, Egged

Technion City Phone: (972 4) 828 2070
Haifa 32000, Fax: (972 4) 832 4533
ISRAEL ‘ -25 -
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Technion - lsrael Institute of Technology
Faculty of Mechanical Engineering

February 14, 1997
Mr. Paul Griffith
President,
Electric Transit Vehicle Institute ax 00 5 4794
Santa Babara, California

Dear Mr.Gniffith

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

We at the Technion are carrying out a comprehensive study, supported by the Egged. the
biggest Israelt public transportation company (about 5,000 buscs), to investigate the state-
of-the-art and the main worldwide tendencies in the area of electric and hybrid propuision
for buses. This study includes accumulation 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 1s a preliminary design of a
field/fleet test with electric busfes).

Your organization is well known as playing a key role in the deveiopment of electric bus
technology and in the creation of markcts for it. Your experience is unique and deserves
thorough lcarning. 1t is therefore natural that we, working together with Egged. ask you tor
the following information:

1) Costs of electric and hybrid buses.

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 about introduction and operation of maintenance systems for electric and hybrid
buses, including investment and operation costs.

35) Data and cost estimates about required training of manpower.

6) Safety requirements for personnel working with electric buses.

and hybrid buses, including investment and operation costs.

Any other relevant information that you would send will be appreciated.

We look forward to here from you as soon as possible. Your help and cooperation will be
very much appreciated by us and by Egged.

With best wishes to a happy new year,

Yours Sincerely,

ﬁg}zanwu G

ofessor Yoram Zvirin
Heud, internal Combustion
Eangincs Laboratory

cc.: Mr. S. Ben Ari, Chief Vehicles Engineer, Egged

Technion City
Haifa 32000,
ISRAEL

(972 4) 829 2070

- 26- (872 4) 832 4533
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Mercedes-Benz

Omnibusse
EvoBus GmbH, 68301 Mannheim
Technion - Israel Institute of Technology
Attn. Prof. Yoram Zvirin
Head, Internal Combustion
Engines Laboratory
Technion City
Haifa 32000 Tg';;f;nm Telefax
( } 740- 29 01 {06 21) 740- 29 35
ISRAEL
thr Zeichen, Ihre Nachricht vom Unser Zeichen, unsere Nachricht vom Bearbeiter Datum
MNE3 Licht-te/16 06.03.97

Alternative Propulsion Systems

Dear Professor Zvirin,
First of all we would like to appologize for our late answering of your inquiry for information.

Please find attached hereto a wide range of basic material, which should cover the
technical aspects of environmental friendly technologies in brief.

Electrical drive relular service buses

O-Bahn in theory and practice

Regular-service buses, wheelhub drive

Alternative propulsion concepts

(showing all technologies available at least on prototype basis including the ,Fuel Cell*)
Natural gas low-floor buses

Baubeschreibung 0 405 N2-H, Hybrid Bus (in German language available only)
Blockschaltbild Hybrid-Bus

Spezifischer Energieinhalt von Traktionsbatterien im Vergleich zu Dieselkraftstoff
Photo of prototype 0 405 NUH

We strongly hope that this literature/leaflets can give you an overview about the future
developments in this field of alternative concepts.

1. As far as costs are concerned, we are very hesitant to pass such factors to the public as
most of the technoiogies are more or less in a prototype stage. The future acceptance of
the market might lead to real commercial prices depending on production and sales.

- 28 -
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Examples to demonstrate factors could be:

- City-bus with compressed natural gasdrive (CNG) additional DM 90.000,-/unit.

- City-bus (2 axle) with wheel hub drive additional DM 130.000,-/unit.

- For hybrid technology no prices have been published yet.

- A ,standard 0 405 GTD articulated trolley duo bus shouid cost approx. 120 % on top of
the regular complete buiit up German unit in diesel execution. Obviously this system
needs electric overhead lines with its own cost factors.

2. The practical possibilities to convert conventional Diesel buses into ones with electric or
hybrid drive is not feasible nor recommendable. In other words, if new systems should be
introduced one should start with new vehicles.

3. Recharging equipment for hybrid buses is not needed as the batteries are getting
recharged by the generator integrated into the system.

4. To maintain electric drive or hybrid buses generally the same standard equipment can be
used as for any other electric motors pius specific items for the bus technology.

Batteries, after they passed their life, span have to be replaced by new sets which can be
considered as very expensive. Technology of batteries is not as advanced as the
automotive industry wishes to.

Training and man power needed always depend on what kind of know-how is available in
the beginning of the introduction of such systems.

You may allow us coming to an end with our comments regarding your appreciated inquiry, we
repeat that the technologies are available in our house but not so far advanced that we can
deal on commercial basis due to the absence of quantities to be absorbable in the world wide
markets. However, Mercedes-Benz is convinced that alternative concepts have to be worked
out for the future in order to solve specific or even global environmental problems.

We herewith shall announce to you that in the exhibition of the 1997 UITP-congress held in
Stuttgart, Germany, between 2nd and 6th of June our company shall have the pleasure to
present a big portion of our actual research know-how including the first demonstrator bus
working on basis of a fuel-cell. You should not miss to participate in this event.

We hope having been of assistance to you so far and that our attached material will give you
the right impression of our efforts to assist in saving our environment.
Yours faithfully

EvoBus GmbH
Mercedes-Benz Omnibu

‘L(U\ (% .

Licht Pawletzki | Encl.

cc.  Mr. Ben Ari, Egged
Mr. Stockman, Colmobil
- 29 -
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VOLVO

Volvo Bus Corporation
Géteborg, Sweden

Professor Yoram Zvirin
Technion City

HAIFA 32000
ISRAEL

Your reference Qur reference Telephone indialling Date

80300-rf7006be  +46 31667100 1997-01-20

Dear Professor Zvirin
Thank you for your letter regarding hybrid-buses.

The ECB-concept is a very advanced driveline which may be available to the market
earliest within 4-5 years. The main reason for this late availability is the
turbogenerator, which is a new product not yet fully developed for automotive use.

Following your specific questions my answers are as follows:

1. Cost estimation of electric and hybrid buses. Pure electrical buses driven of
batteries will not be a realistic alternative, as the capacity of today’s batteries are
still too low. Pure electric buses can than only be sc. trolley buses, which are
available today at a very high premium price. Volvo are not supplying these
types of vehicles, even if we together with certain body builders can supply a
chassis which can be used as a base for a trolley bus.

We believe that hybrid buses will be attractive for the future but there are still a
big amount of work to be done to find and develop the best energy storage
system. If this will be batteries, flywheels or supercondensator is too early to tell
today.

The additional cost for a hybrid vehicle consists of the cost for:

- generator

- electrical motors

- electrical management system

- energy storage

- auxiliary equipment like power for:
- &ir COIMpIessors
- power steering
- A/C, if specified

At this early stage there is no cost estimate available for these components in a
production volume.

Postal address Teiephone Teiex Telefax Reg. No.
S-405 08 Gdteborg Switchboard Nat. 031- 66 80 00
Sweden Switchboard Int. +46 31 68 80 00 27000 volvo s +46 31 5368 08 £56167-3826

Reg. office
Gétedorg,
Sweden



For prototype quantities the cost is approximately 700.000 USD for the system
Volvo has selected.

2. To convert existing buses to hybrids is not recommended. Most likely it will be
more cost effective to build new buses. The value of the conventional bus will
be negligible compared to the cost of conversion.

3. Recharging equipment will be of minor cost. Specially as pure electrical battery
buses not are realistic. .

4. Maintenance systems for hybrid buses will most likely niot be too demanding.
The electrical components are estimated to have a long life and low maintenance
requirement.

5. Training of workshop personal is very important as the electrical systems will
have high voltage, up to 600V. Also the electronic management systems will
demand high skills in electronic controls.

The drivers we expect will only require minimal training.
As you probably understand from this letter we are just in the beginning of a new
era of bus-design, in which Volvo spends substantial amount of resources. There is
however a big number of uncertainties which still remains to be resolved until we
have products ready for the market.
Thank you for your interest in these futuristic concepts.

Best regards

VOLVO BUS CORPORATION ,
Quality Development and Advanced Engineering

/x

agnar Fast ¥
ce President
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| SIPECIALTY VEHICLE |
| MANUFACTURING CORPORATION

+1) WASHBURN ROAD, DOWNEY, CALIFORNIA 90241 -(310) 804-3434 FAII(310) 904-34739

FAX TRANSKX TTAL

DATE: 1=2307 *
- Professor Yoram Zvirin
ATTENTIONM .
Techniop
I 0711-972-4832-4533
D
FRONM: B Delcy
SYMC FAX &: (31@) 904-3439
NUNBER CF PAGES INCLUDING THIS SHEET: 5

Thank you for your letter requesting information about our urlan
route type vehicles, particularly buses. We are including wi:h
this fax some basic information about our activities. We've
included a spec sheet on several c{ our buses for your perus:i.
One of our key shareholders and founders, Mr. Al Sweet, has %Z.en
an active supporter of Technion over the years. I was pleaszd
to be able Lo forward a copy of your letter to Mr. Sweet, We
look forwsrd to working with you ar.d ~GGED as you evaluate tlreo
possible i.se of wlectric buses in your communities.

o



ENERGY EFFICIENT
ENVIRONMENTALLY FRIENDLY

BUSES H TROLLEYS l VANS B TRAMS

THE WORLD’S LARGEST
PRODUCT LINE OF
ELECTRIC BUSES,

TROLLEYS, SHUTTLES

TRUCKS AND TRAMS!

Speclalty Vehicle Manufacturing Corporatlon has developed the
most extensive prociict line of Electric Buses, Trolleys, Shuttles,
trams, and Delivery Vehicles ot any company in the world.
SYMC/AVS have in operati »n or the natlon’s streets more buses
and trolleys than all other manufacturers combined. Should you
be considering adding these ereigy efficient, environmentally
responsible vehicles to your ficet, turn to the experts...

SVMC/AVS! We have the experience and the produet line to meet
your needs,

MODEL 5122
@ SHUTTLE
§ 22 SEATED
PASSENGERS

MODEL 3122
TROLLEY

21 SEATED
PASSENGERS

MODEL 5122
BuUs

22 SEATED
PASSENGERS

MODEL 4122

SHUTTLE
18 SEATED %-i
PASSENGERS o7

MOLH:. 5129 BUS
28 SEATED PASSENGEHRS

B MODEL 5132
SCHOOL Bli § 54 PASSENGERS

W G o ‘
MODEL 8118 BEE
DELIVERY f /

VAN

MODEL 4146 ‘mnu 46 PASSENGERS

SPECIALTY VEHICLE MIG. CORP.

9250 Washburn Rd., Downey, '>A 90241
TEL. (310) 904-3434
FAX (310) 904-3439
SVMC@worldnet.att.net

THE VEHICLES TO TRANSPORT THE WORLD INTO AN
ENERGY AND ENVIRONMENTALLY RESPONSIBLE 24ST jl__l}ENTUR‘!




SPECIALTY VEHICLE

3= MANUFACTURING CORPORATION

925C WASHBURN ROAD, DOWNEY, CALIFORNIA 90241 (310) 804-3434 FAX (310) 904-3439

LETTER FROM THE PRESIDENT

Greetings,

The urban route type vehicle of the 21st century will be powered by an electric motor!
Six years ago when SVMC first began its commitment to and investment in electric
vehicles, it did so for one reason, and one reason only.. MERIT]I

At that time, no one was talking about legislation, mandates or incentives to bolster tse
developtiert of marketable electric vehicles. In fact, SVMC knew of no entity either
interested in, or promoting electric route type *ehicles. SVMC set its course in pursuit of
route typz vehicles that are competive with trzditional diesel buses because the technn(ogy
was ripe for the application. Why should urban transit fleets continue to pollute the zir we
breathe when the technology exists today to provide economically feasible zero emission
vehicles! ;

For us, the reasons for pursuing this mission were many:

o ‘The electric motor is 90+% energy efficient, according to recent ARPA studies.
The internal combustion engine is approximately 20% energy efficient. .
©  The torque curve of an electric motor is ideal for propelling an urban vehicle. So
- Zaral that it does not require an expensive and complex, energy consuming -
- ‘rausmission like an internal combustic: engine. ‘_'
o The electric motor uses a renewable 2r.zy, electricity, which can be geneig.i ed
by hydro-electric, wind and solar. In the 21st century it can significantly
decrease our dependence on imported il - an issue of considerable importaiice
. in terms of national security. |
0 - According to Boston Edison, the electric utility industry tells us that without
- spending one dollar on an additional power plants, they can charge the batteries
* of approximately 30,000,000 electric vehicles if the vehicles are charged in the
off -peak hours when power plants have considerable excess capacity. -
0 The electric vehicle uses no energy when the vehicle is not moving. Urban buses,
trolleys, and delivery vehicles may bz in a static condition as much as 50% o= the
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time, in traffic, stopped at traffic lights, embarking and disembarking passengers

- and cargo. All the time they are consuming precious fossil fuel, even though

they are not moving their “payloads” forward. This is a bizarre concept, not to

, mention a criminal waste of energy. _
-The process of accelerating a vehicle from a standing start, over coming th

inertia of the vehicles mass, consumes considerable energy. In urban driving -

- You must stop every block or two, the builk of the energy to accelerate the

“~ehicle is squandered and burned up by the breaking mecharism and released

as heat into the atmosphere. With an electric propulsion system, the motor is
converted into a generator; when slow:ns the electric vehicle down, some of

. the energy is recaptured and put back into the batteries. This is known as

regenerative braking.

- The electric vehicles quiet operation can greatly reduce noise pollution in our

congested cities, improving the quality of life for all.
The substitution of the internal combustion engine with the electric motor ¢zn
eliminate millions of pounds of pollution from our cities air. This will lead not

only to better quality of life but also additional savings in health care costs for
~ ailments and diseases caused by internal combustion engine exhaust. i

Over five years of experience of SVMC electric buses in service demonstratas

. energv cost savings in excess of 60%, and maintenance cost savings of almost
- 50%.

Finally, electric bus operations have resulted in attracting ridership to city f12nsit

- bus operations that was not there when intemal combustion buses were in

service. For example, the City of Santz Barbara has reported a 10-fold incre ase
in ridership on their ‘mainstreet’ bus routes since SVMC’s electric powered
buses were introduced in 1992. 'We know that people like to ride in SVMC;s

electric buses. The residents of cities such as Santa Barbara (CA), Chattanuoga

(TN), and Phoenix (AZ) have demonstrated that they will support a bus or

- shuttle that is environmentally responsible and energy efficient because it is 2n
- enjoyable experience. They feel good about riding an electric bus.

Take all of'these factors into consideration and electric route type vehicles make sense
now! Cestz aly, as the demand for these vehicles continues to grow we can expect 1ew
- technologies to make these vehicles even more appealing. :

SVMC made the decision to move forward on electric oute type vehicles because it
makes sense. We truly believe that zero emission vehicles are the future of urban
transportation.
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S.V.M.C.

9250 WASHBURN Rd.
DOWNEY, CA, 90242

General Specifications of Electric "Route Type" Vehicles Designed and Manufactured by
Specialty Vehicle Manufacturing Corporation

* Efficiency and Fange are hea;
** At a Discharge Rate of 6 hours

o,

B

S | MODELS
e-mall: SVMC @worldnetatt.net 5192 _. 5131 3122 “ 4146 8122 5134
VehicleType & MedumBus || Bus : Trolley | 0 enTram | Delivery Van Transit Bus
Fo_‘mwgnm Dwg A |F 2556 | NHMWIIEI - Mmtwu T . 2526 ] 2851 _ L 2547 o
Range (miles) * | 40t090 401070 401080 | 351060 w070 | 401060
Max Speed (miles/hy) a0 44 40 15. 55 55
Dimension: Length (1) 22 at | 22 | PC: 22123 1 Tot 46 195 24

Width (in) 92 96 81 80 a0 85

Height (in) 89 102 110 99 109 117
Sealed Passengers 22 28 21 PC:18 / Tr2s n/a 44
Storage Capacily (R3) n‘a nfa n'a wa 454 n/a
Turning Radius (1.} , 31 - 41 . 30 27 30 42
GVWR (ibs) k—_ 17,000 22,000 17,000 PC: 12,000/ Tr; 9,000 12,500 24,500
Recharging Time {ic; 6lo8 . - bBlob : GtoB H gloB GlcB 6o
Power of Charger (##) I 12,8 12,8 12,8 | 12,8 128 12,8
Charger Max. Input at 208 V (A) 50 50 50 50 50 50
Charger Type Ferromagnetic Ferromagnetic Ferromagnetic Ferromagnetic Ferromagnetic Ferromagnetic
Battery Type Lead Acld Lead Acid Lead Acid Lead Acld Lead Acld Lead Acid
Baltery Capacily (Amp.hr) * 3251200 260 325 122 90x2 122x2
Battery Power (kWh) ** 70.2 83.2 70.2 40 57.6 78
Baft. Power Avallable (kWh) ** 56.2 66.5 56.2 32 48 62
Number of Batferies 4 1 4 1 1 S
Number of Cells — 1087160 160 108 40 modules of 8 V 54 modules of 12 V 80 modules of 8V
System Voltage (Vdc) 216/320 320 216 320 324 320
asiur Type : i oisg T T I - S - ¥ T~ A
Vehicle Efficiency (kWhv/mi) *® = 121006 141008 1.210 0.6 0.910 0.55 1.2to 0.55 1601
Air Cortticner __:. Optionl - Optional € tional no Optional Optional
Hybrid Propulsion System |.__ Optional - ogﬂnm. ] O._ummm_lm“ | - ,.ouaoam_. L i l&%o:m" Ouma:m._

Teci2d by operating coryations and g Saining
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ELECTRIC TRANSIT YEHICLE INSTITUTE

January 27, 1997

Professor Yoram Zvirin

Head, Internal Combustion Engines Laboratory
Technion

Israel Institute of Technology

Technion City

Haifa 32000, Israel

Dear Professor Zvirin:

I received your fax several weeks ago and apologize for not responding sooner. The
Electric Transit Vehicle Institute spent the better part of the month working on project
proposals for the Defense Department on electric vehicle technology.

Please accept the following answers to your questions, with attachments as
appropriate.

1.

Cost of electric and hybrid buses

Presently there is very little detail available on the cost of electric buses due to
the fact that, the industry is still quite young. Additionally, the only two
agencies that have any real experience with electric buses are continuing to
operate those purchased four years ago and, therefore, the “lifecycle” has not yet
been determined.

The few studies that have been completed indicate that, at this time, the cost of
maintaining an electric vehicle is more or less comparable to that of an internal

- combustion vehicle. However, a great deal of that is a result of “technology

cost” and even as we speak, operating costs for electric vehicles are lowering.

We continue to believe that, within a few years, fleet operators will be able to

- maintain electric buses for one half the cost of an internal combustion engine.

We have not, at this time, received any data on the cost of electric hybrids. -
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January 27, 1997

2,

Possibility of modifying convention buses to electric or hybrid, and cost
estimates, if applicable.

There is a company in Connecticut , GLD Associates, Inc., 157 Hunter Drive,
West Hartford, CT 06107, who has developed a retrofit kit to convert a
conventional diesel bus to an electric hybrid. You may wish to contact them for
cost estimates and performance data.

Another company, Columbine Bus Company, is also beginning to develop
conversion kits for a diesel bus. For information regarding their kits, please
contact Mr. Carl E. Lourance at 303-444-0569.

Technical data and cost estimates of recharging equipment

Again, we do not have any technical data on charging equipment, other than
general specifications from different types of charging units. Chargers can cost
anywhere from $3,000 - $10,000 for buses. Attached please find a list of a couple
of the charger manufacturers and the contact/address for obtaining further
information.

Data about Introduction and Operation of Maintenance Systems for Electric and

Hybrid Buses, Including Investment and Operation Cost

There is no other empirical data about introduction and operation of
maintenance systems.

Data and Cost Estimates About Required Training of Manpower

This has been an area of tremendous disappointment in the transit community
for a number of reasons, not all of it the responsibility of the manufacturer. Very
little training is currently received by fleet operators of heavy duty electric
vehicles which, coincidentally, is one of the projects that we just developed for

submission to the government.

Training currently is provided by the vehicle manufacturers after the buses are
received by the transit system and the cost for such training are included in the
purchase price of the vehicles.
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Page 3
January 27, 1997

6. Safety Requirements for Personnel Working With Electric Buses

;  The manual provided to the transit operators from the vehicle manufacturer

~ outlines a number of safety steps that need to be taken while working on an
electric bus. The most important involve wearing safety goggles, rubber gloves
and an acid proof apron. There are also safety signs on the buses and, naturally,
all transit maintenance employees are consistently reminded that the “fuel” on
an electric bus is much different than that of a diesel.

Please also find enclosed a copy of the Santa Barbara four year report which will
give you some technical information regarding the operation of electric vehicles
in Santa Barbara. We caution against interpreting too much of the report as the
topography and climate of Santa Barbara, along with the fact that these vehicles
represented the very first ones operated, suggest that the report is more
interesting than informative.

I have aiso included a few other items which may assist your efforts.

I hope we have been able to answer some of your questions. Please do not hesitate to
contact us if we can be of any further assistance.

Good luck and Happy New Year to you also.

Sincerely,

/]ohn W. Powell

Executive Director

JWP /cyt

enclosures
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Advanced and Industrial Battery Group

ISRAEL INSTITUTE OF TECHNOLOGY
Technion City
Professor Yoram Zvirin

HAIFA 32000 ISRAEL

EVD/098 /97
Romainville, February 14th 1997.

Attention : Mr Yoram Zvirin

Dear Sir,

Our colleague, G. Gould from SAFT America send us your letter dated January 5, regarding
an inquiry for various cost and data on electric or hybrid buses.

The US market have been more receptive to E-bus or hybrid buses and Saft have participate in
most of the project. Although we are in contact with all bus manufacturers, our knowledge is
limited fo the baltery system we supply to the OEM.

You have to be aware that all sample conversions or prototypes of the buses that have been
made were of a unique design and quantity were very limited.

The name in the US are :

* APS

* BlueBird
* Orion

* Nova

| suppose you can contact them directly and get the necessary details from they past or existing
experience,

If you come across a battery need for your project, | have enclosed an EV brochure for your
information.

Best Regards,

Marketing Director
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JAN 28 *97 11:41 FR BLUE BIRD EXPORT/GSA 912 474 9138 ™ ~**"§15°374 513g ~.01/01

BLUE BIRD

January 28, 1997

Technic: {5rael Institute of Technology Transmitted via facsimile

Faculty of ilechanical Engineering 011-972-4-832-4533 : |
Technion City ,
Haifa 32000 ;
Israel

ATT: y Professor Yoram Zvirin

REF- Electric Bus Inquiry--Your Letter of January 5

Dear I‘éofessor Zvirin,

Thank you for your letter to Mr. Roland Gray requesting information regarding the Bl ue
Bird elvctric bus program.

Under sepzrate cover we are sending you product literature describing Blue Bird's elec:ric
bus program. Please note that we are currently building electric busses only for the U. 3
and Canada. We do plan te offer electric units overseas but only after thorough test,mg n
our domestic markets. This process may take zevexal years.

We suggest you contact ’rofessor Arie Lavie for additional information. Professor Laviz
has visited Blue Bird twice and is very familiar with our clectric bus program. He can be
cont.acted at the following:

Professor Arie Lavie

Creative Technologies Israel Ltd.
Jerusalem

Israel

Telephone 972-2-867-473
Facsimile 972-2-861-788

Thank you for your interest in the Blue Bird electric bus program, i
=6sh regards, ,
Mark d, Weldq

Manager, Intematxona.l Business
Development

BLUE BIRD CORPORATION

3920 Arkwright Road = P. O. Box 7839 « Macon, Georgia 31210
(912) 757-7100 » Finance Fax: (912) 4749137 « Sales Fax: (912) 474-3138
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NORVIK TRACTION INC. 2486 Dunwin Drive, Mississauga, Ontario Canada LSL 1.9

—® Tel (S0S) BR2B-7700 Fax (S05) 828-7715

January 14, 1997

TECHNION

Israel Institute of Technology
Faculty of Mechanical Engineering
Technion City

Haifa 32000

ISRAEL

Attention: Professor Yoram Zvirin
Dear Professor Yoram Zvirin:

Thank you for your letter of January 5, 1997 inquiring about Norvik’s charging technology and its
products.

As requested, we enclose an informational package on Norvik and some of our technical papers
that may be of interest to you.

After reviewing same, piease do not hesitate to call so that we may answer any questions you
may have.

Yours truly,

NORVIK TRACTION INC.
Per:

L

Vice-President, Sales & Marketing

JViig

Encl.
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SCI SYSTEMS

8600 South Memorial Parkway * P.0. Box 1000 » Huntsville, AL 35807  (205) 882-4800 » FAX {205) 882-4652

January 31, 1997

Professor Yoram Zvirin

Head, Internal Combustion Engines Laboratory
Technion - Israel Institute of Technology
Technion City

Haifa 32000

Israel

Subject. EV Charge Equipment
Ref: Your 5 Jan 97 letter.

Dear Professor Zvirin:

I am pleased to have the opportunity to discuss SCI's electric vehicle (EV) charge
supply equipment with you in response to the referenced letter. Please accept my
apology for the delay in response. Apparently, your initial fax was not forwarded to the
right person. Your letter then went through many hands until it reached me for
response.

As a lead-in statement, | would like to clarify the perception that SC| makes chargers
for electric vehicles. SCI's products are conductive charge supply stations which
provide electric power to EV on-board chargers. The main purpose of our supply
stations is to provide electric power safely to the vehicle. We have a Level 1 portable
station that operates on 115 volt, 12 amp maximum system. Application of a Level 1
device is to carry in the car as a personal backup supply device. Qur Level 2 station is
a 220 volt, 32 amp maximum unit that is intended for private wall mount or pedestal
stations for individual EV charging. Both of these devices are built to the electrical,
Underwriters Laboratories (UL), automotive, and Federal Trade Commission codes of
North America. At this point, we do not have a Level 3 fast charge, commercial
deployment station because the infrastructure for such a device does not exist at this
time in North America.

As stated, our supply stations provide power safely as described in the following Level
2 device write up. The device has a UL listed connector which has no power when it
sits on the charge station, and is covered with a positive locking cover plate. In
addition, the cable is UL listed. When the connector is plugged into the vehicle, an
internal pilot signal makes a hand shake from the vehicle on board charger and our
charge station before power can be applied. When in operation, our system megls.

LSJIS0 S0017EN 29001
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exceeds the system requirements and the personnel protection equipment
requirements of UL codes. Highlights of our Level 2 supply, Gen |l safety features
include:

* A flexible cord with double insulation and shielded cable.

* A charging circuit interrupting device that continuously monitors the differential
current among ali of the current-carrying conductors and rapidly interrupts the
charge circuit should a predetermined fault level occur.

* A ground fault monitor that rapidly interrupts the charge circuit should it detect
fault in the ground lines.

* An isolation monitor that monitors the electrical insulation for a fault event and
rapidly interrupts the charge circuit should an event occur.

* A self check monitor that periodically checks the operation of the isolation
monitor and stops the charging process should a problem be detected.

As you can see, safety is the main purpose of the station. The station is more
complicated and significantly safer than just plugging an electric dryer into the house
receptacle. | have also included a write-up on our Level 1 and Level 2 device.

Status of our stations is as follows: The UL testing on a production Level 1 device is
approximately four months away. UL testing of a Level 2 device should be completed
by early March 1997. The Level 2 station is considered an “indoor” site because some
of the internal components are not rated for thermal build-up caused by exposure to
direct sunlight. SCI plans to make a Level 2 station for an outdoor site, but in the
Generation |l configuration. The Gen 2 unit will automatically start charging when the
connector is plugged into the car. We are finalizing the details of the product’s
operation based on our marketing data. Planned time frame of availability is projected
to be in late third quarter 1997. We also have a prototype of an outdoor device in a
pedestal mount configuration in development. Our plan is to demonstrate the outdoor
pedestal unit in February. Assuming all goes as planned, we will start work with at
least two automotive manufacturers to make evaluation units and initiate UL testing.
The pedestal outdoor unit could be available as eearly as third quarter 1997.

SCI marketing strategy on these devices is relatively simple. We will provide a very
user friendly station that is the most cost effective when in production.

In reference to your letter, | can provide the following answers:

1. Costs of electric and hybrid buses - SCI does not participate in the bus business so
we cannot offer any information.

2. Possibility of modifying conventional buses - same answer as 1.

3. Technical data and cost estimates of recharging equipment - The actual on-board
chargers are not our business so we cannot offer any information. Our Level 2 supply
station is in the range of $1800.00 today in small quantities. Projections on production
volumes expect to reduce this price by a factor of approximately three.

4. Data and/or forecasts --- maintenance systems on buses - same answer as 1.
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5. Data and cost estimates -— training & manpower on buses - same answer as 1.

I hope that this information is of use to your studies. Should you have further need of
information, please contact me at 205-882-4583 or Fax 205-882-4652. If | am not
available, please contact Chuck Tomajczyk (Marketing Manager, International) at 205-
882-4822.

Sincerely,

Aavin D) Qs )

David V. Oltman
Marketing Manager
Industrial Programs

cc. C. Tomajczyk
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1408 Courtesy Road High Point, North Carolina USA
& 910-841-5750 * fx 910-889-2589
Date: 15 January, 1997
To:  Professor Yoram Zvirin, Head, Internal Combustion Engines Laboratory
From: EdMiranda
Copies.. J.iv Bannon
Subject : Yr. Letter/fax of the 5 January 1997
Re: Letter addressed to Mr John Thomas III, President
Electric Bus
Dear ? ofessor Zvirin,
Thanl: you very much for your communication requesting additional information on our electric bus .

We are somy to inform you that we are unable to provide you details regarding our electric powered
bus. This project has been postponed given the performance .

We do offer a natural compressed powered engine bus which is extremely efficient in clearing up the
polluticn problem.

Please review and communicate directly if you have any further interest .

Thank you for your interest in Thomas Built Buses, Inc.

Sincercly,

/
. ,

Ed Mraada
Internztional Sales Manager
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