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I

Digtrict, alongz with other agencies,
nality in our environment. Accord-

study of what other agencies and
use of alternate fuels for gaso-

Tne purpose of this project is to determine the practicability of using
seousg fuels in the Lisiriet's automcbiles, light trucks and Minibuses.
goecific purcose is to answer the following questions:

l‘
2. tery
3. nat are the
L., Are alternate fuels safe?
II. ERACEGROULID
The following gaseous fuels were studied: compressed natural gas(CNG),
liguefied natural ges (114), and liguefied petroleum gas (LFG or propane).
We attenpted to contact those governmental agencies, fleet operators, and
fuel distributors wano n ran tests or have experience with the opera-
tion c n us fuels, It should
be I chesen to discon-
tin to gascline, they
are and, in many cases,
ref ict's predecessors' ex~
perien dies by others, such
as h Gasecus Fuel Venicles" by
Arth
1T, X
A, Compressed Netural Gas (CNG)
1. L.A. County llechanical Department:
L.A. County has discontinued their tests of CNG in zutomobiles
and light Trucks., They concluded that CHG was not practical
as a vehicle fuel as it lacked the capacity to provide sufficient
mileage range.,
2. Riverside Couniy:
Riverside County phased out the use of CNG as a vehicle fuel
in 1970 as this fuel was not readily available at outlying
locations and it lacked sufficient range for their needs.
Riverside had mzny complaints by drivers of too much loss of
power.
1. Report to the Massachusetts Turnpike Authority, May 5, 1972.
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wo units vhile they
eveloped in the
carburetor, ruptur-
over the engine,
sled that there was

ntly phasing cut the use of all CUG by
3 or is wrecked, it is

35 vehicles on dual fuel systems, gasoline,

oximately tTwo years,

no real problems except that

e a 3 1
the drivers do not want 0 come in for refueling of natural

The District overated one lzrze 50-passenger bus on CHG
from April 1271 to March 1972, This bus had to be fueled

twice a dsy to provide an operating range of 105 miles.
zs also operated 19 Minibuses on dual fuel

systems of coxpressed natural gas and gasoline, These

buses have sccumulated approximately 385,000 miles and

have aver i 3.3 miles per wnit of fuel. The driving

range is sufficient to allow these buses to operate
: ~ ~ : Ey) . .

on natursli gzs alone., 395 of the Minibus miles are
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C. L

GSA is operating 140 sedans on dual fuel systems, gasoline
i s 8

and LG, These vehlcles are agsigned to the LAX motor pool

at 96th and Airport Avenue, near the Los Angeles Airport.

Drivers picking up autvomobiles are instructed in the use
usl fuel systems and are encouraged to use the LG,

Lo

v

of the dual

Once out of vhe area, the driver does what he wants to.
Mr., Herbert Olson, Assistant Director Motor EZquipment, and
Project liznazer, claims it tekes 3 to L minutes to f£ill 13
to 20 gsllon tanks.

Ho fizures are available in the Los Angeles area relative
to cost, miles per gallon, etc. Mr, Olson indicated that
the fuel mileage is the same for LHG as for gasoline. On
January 15, 1973, a flagh fire occurred in z LG vehicle
as a result of a procedural error. This was the first
fire in millions of miles during the last three years.
(For more details, see Section H. Safety, 2. LG, on

age 12.)

State of California, Division of Highways:

Beginniﬁf in 1970, the Division of Highways instituted e

in 25 vehicles; 10 pickups and 15 sedans.

During 19 2, it was necessary to discontinue the IHG in

the ten trucks as they lacked fuel capacity to meke them
o

flexible., The State does not anticipate any expansion of
the ING program, at this tinme.

iquefied Petroleum Gas (LPG or Propane)

1

City of Los Angeles, Transportation Department:

The City discontinued the use of LPG in one of the Council-
nen's zutomobiles during 1972. 7They are presently operat-
ing no gaseous fuel vehicles and have been specifying
diesel, when replacing heavy-duty equipment, and gasoline
for all new automobiles.

3

n the engines of the !Mini-
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Light Trucks and !Minibuses

crniz, Division of Hi~hnraerg:

senflv operating 53 vehicles

o
o,

1n. Ten more LPG fuel vehicles
30 d,Js. Thvae venicles are
se and Riverside Counties.
.ve been more ShCCéSoIUl than those
LPG has the reguired operating
mployees, and has a lower loss
urel gas, LPG is available through=-

ating on LPG but does have
J e onary engines operating on
this n S verating zir raid sirens. These
engines were converwed to propane as the gasoline hzd a
tendency of going stale, creating hard start provlems

~

Since 1970, the County of Riverside has equipped S0 vehiclesy
24 trucks and 56 automobiles, to operate on LPG. These units
are a nixture of Chevrolets, Plymouths, TFords, etc. Tothinz
was done witn the englne parts such zs valves or valve seals
: ersion, Riverside has experienced a
gcreat ceal of problens relating to burnt valves and valve
seats. They have experienced about a 33% loss of power.

of Zecember 11, 1972, a Dodge van failed to
a propane station in Blythe, California.
he -an were open., The Two eﬁnlo; segs drove
Irom the fuel station when one oted to

X i ‘ e
light a clgarsite and the van blew up. The van was a total
loss. The two employees are still in the hospital, badly

The Board of Supervisors grounded the use of propane vehicles
out has since c“anaei their decision and are continuing the
use of propane with the provision that there is to be no
smoking in, on, or about these propane fueled units.

Von's Market, Il Monte, California:

een operating ©5 trucks on propane since
d many problems with cylinder neads,

2lve guldes. These vehicles are averaging
r zallon on propane and are pullirg a

ght of 76,800 pounds.

Von s Iquet has b
1956. Taey have ha
head gaSheus and v
about 3,0 miles pe
gross vehicle weig

One of the adwvantagss tThat Vbn s has in the use of propane
is that this fuel is used as a standby for thelr bake ovens.
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nt, 15 trucks, are eguipred with GMC
All of their sutomoblles are leased
ine, Von's reports no serious problems

. 5, tv of Comm erce:
Certified Grocers operates about 200 vrucks., In 1971, 100
anits ware orers = rene, and the other 100 units on
diegel., Durinz 1972, they phased out 40 to 50 provane units
end have replaced them with diesels., Certified has 40 new
diesel trucks on order to be delivered in the early part of
1973 + nlace LO of the propane units. All new trucks to
be will be equivped with diesel engines.

Cylinder heads =2nd exhaust valves have been a major problem,
Maintenance of the diesel engine is more economical than
-+

predecessors had no experience with the
S t they have had extensive ex-

were opverated on LPG by the Los Angeles
19238 until 1942, Tour Twin Cocach busss
from 1935 until 19L2, A1l 2L buses were
utilize gasoline. During the tinme that
on LPG, cne fire occurred at the Division
d from a disp d crept into an
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Another of cessors was involved with the use of
LPG. The Asbury Za; Trangit System and its successors
operated 36 propane fuel buses from 1951 until 1959. These

L

VILTS were

Two incidents were reported relative to the safety feabure
of using propane. In one incident, a bus caught fire in a
lay-over zone in Hollywood, severely damaging the bus but

ith no injuries to the passengers or to the driver. In a
second incident, a serviceman drove a bus away from the fuel
island at the Glendale Division without disconnecting the
dispenser line. The hose broke and the safety check valve.
failled to function properly, zllowing approximately 2,500
gallons of prouwane to pour cut into the yard. Alert action
by the employees in shutting down all gas fired pilots and
prohibiting buses from entering the yard avoided ignition
and there was no fire,

5



and natural gas offer
sions standpoint The
rnate fuels, anle reduc-~
t which is low in hydro-
The oxides of nitrogen may be
n ﬁecnunlsm in the 01s-

227300 nonoxide
"
1

Znisgions from these ga =ﬂﬂs fuels gpproach the standard
set for 1375 automobiles, but are not lower than those
proposed for 1975 automobiles operating on gasoline as
a2 fuel. Therefore, in terms of reducing automcbile polliu-
tion, it =zopears that the main impact would be obtained
from the conversion of 1970-197L model vehicles to gaseous
fusls. 1875 and laster nmodels could not be converted but
hicl on ol ad uld continue to be used. TFurther
] fokre ission levels of gaseocus fuels
1 4

rehicles can meet the 1975-1976
ulre emission control egquipment

zasoline wvehicles., Therefore,
for conversion after 1975 must
ical, econcmical advantages oOver g£aso-

2. Ixtensive srork is being done by the major automobile manufacturers
in lowering © rission level of gasoline vehicles. The Divi-
sion of Hizhw State of &l;:ornla, ig testing several 13973
Giic auzc;ob le; uipped with &C's 1975 low emissions package,
ineluding a cats ic convertor._  The emissions from these auto-
nobiles meet 75> standards.~ As these vehicles have accumnu-
lated limite ge (about 6,000 miles each), it is impossible
to predict the Tuture emissions. One 1973 Oldsmobile is aver-
aging better than 12 miles per gallon.

oter, Douglas and Aa_elﬂar, Ashok, Tne Benefits and Risks Associated With
Gassous Fueled Venicles, May 5, 1972, p. 19.

derds (Grams/Vehicle ifile)
fonoxide - 3.4 Nitrogen Oxides - 0.4
not apply until 1976.
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1973 CNG ING LPG 1975/76 1973 Automobile .
California : Standard Emission Rating
Standard 350 340 225
CID CID CID
(standard) (inter- (semi-

mediate) compact)

Exhaust emissions from gaseous fuels and gasoline compared to the 1973 and
1975/76 California Standards.

LEGEND: Clear bar indicates lowest emission level; cross hatched bar
indicates variable emission range in those vehicles tested.
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ending on the number and size of tarks
the vehicle's trunk and the miles that

eral government converted to
ne, The LG required an 18

down to approximately $650 each.
tly IIG and, therefore, reguired tw
to fit the configuvation and the size of
T nd allow the sedans =z reasonable operating
ans The State pzid up to $1,200 per vehicle for conversion.

[5G is not available except in certain areas, the volunme
te ' 2 gh to provide sufficient

o
=y o0
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These tanks uge up some of

. T 2T,
is estimated that ING conversions in auto-
0 and §1,200,.

=
D
3

v
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any tenk configurations and various types of
are available, The Petrolane Corporatiocn in Los

asoline - Hone, as the facility is presently available at all
District fueling facilities,

The State of California, Division of Highways, had a CNG fuel-
ing facility installed at Second and Spring Streets in Los Angels,
etween 345,000~350,000.

Thze capital cost of providing a CUG fueling facility can vary
from $12,000-350,000,1 depending upon the number of vehicles, the
carzcity of the tanzs and the fueling rate required. A simple
slow i1l system utilizing two, 35 CFM compressors, driven by
two, 25 H.P, electric motors, with 20 £ill positions, may be

Py XA

e - September 22, 1971 - R.E. Huff to Samuel Black Memo

8




L\» T",O, )

i 3 ng,OOO. The same compressors and
0 sould be uses ] k £i111 system but would require
G fzcilities, brinzinz the cost up to as high as 353,000,
Slow 111 fuelirn e leased for epproximately {550
per month, The ems may be leased for approxi-
netely $1,100-§

Gas and Electrlic Company estin
cility, co“nlehely installed as a

Ty pUins. DlD ng and four <
T

~ ~—

porhood of $175,000,

0‘2«)

o

mber 14, 1972, Mr. Tom Laubach of Petrolane, Inc., estimated
that an 13,000 gallon tank and f elinﬁ dispensers couvld be installed
at Division 3 for approximately $19,615. This tank has & usable
volume of 14,400 c2ilons., This tank may be leased from Petrolane,
Inc, for 3150 per month. Delivery and installation costs of appro-
ximately 3L,500 to $5,000 would have t0 be borne by the District.

nre R anks, with a usable capacity of 2,600
gallonsg could be leased for spproxinately $300 a year.

L ent fuel costs for regular gasoline is
thyl gasoline is 21 cents per gallon.

The State of California, Division of Highways, pay 7¢ per 100
cubic feet of fuel. One hundred cuble feet of CHG is considered
equal to one gallon of gasoline. Thelr studies indicate that

it costs between 3¢-5¢ nex 100 cubic feet to compress. The total
cost of fuel is estimated to be 10¢-12¢ per 100 cubic feet.

H

o

The District has been paying 23¢ per 100 cubic feet o

by &

delivered to our Minibuses.

L)

CHG

3. L.N.G.

The State of Califormia, Division of Highways in San Diego,
California, pays the San Diego Gas and FElectric Company 16¢
per gallon of LNG. This price includes the lease of a
storage facility that contains between 2,500-3,000 gallons
of LG,



eport of AltL
Automobliles, Light Trucks and Minibuses

Hothaway of San D 1ego Gﬂs and Electric Company
; 14

2y could de r Tuel to Los Angeles
1lon, providing the District had a storage
city of 10,000 gallons. The bulk cost at
rer gellon.
)‘%'c IJQ?.GC

The State of California, Div1sion of Higl ”ﬁvs, is peying

11¢ per zellon (no tax) for LPG delivered to Orange County

in 10,000 gallen lots.

Mr. Laubach of Petrolane, Ine., estimates that the cost of
fuel would be ¢2 per gallon, delivered in 10,000 gallon lots
to the Districtls Division 3 yard. In lots of 2,000 gallons,
1PG would cost in the neighborhood of 124-1lL¢ per gallon.,

€]

1’4' i V‘ t
Hzintenance Cost

1. Gesoline - Cost of raintenance for District automobiles, other
then ecciden % damage, 1s less than that of diesel buses, which
is 5 cents per mile,

2¢ ‘g‘w:‘r':.
¥hile exa ures ars not available, uhe State of California,
Division "ﬂﬁ&js, indicated that Uhe cost of maintaining
NG equip vicles is greater than that of gasoline due to

ormace. T%e Dlstrlct'“ e“

proolems
3. L.UN.G.

The agencies contacted indicated that the maintenance of ING
fueled equipment is approximately the same as for gasoline,
The Unilted States CGeneral Services Administration indicated
that the cents per mile maintenance cost was slightly lower
on LHG than on gascline. No figures are available in the

Los Angeles area fTor confirmation.
4, L.P.G.

Most agencies contacted indicated that the maintenance cost of
LPG fueled automobiles was no greater than that for gasoline
fueled vehicles. Riverside County stated that their problems
with valves, including tow charges, have increased the cost of
maintenance above the cost to maintaln gasoline fueled vehicles,
Those agencies operating heavy duty vehicles indicated that the
cost of maintenance of LPG fueled equipment is greater than that
for diesel fueled equipment.

10
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ucins and Hinibuses

"asoline autonobiles
size being 16

UeslielTe

21 sencles contacted indicated that the mileage range of
i : and could be on;* used in conjunction with
tr ct s experience confirmed the results

Tne Genewml Services Administration of the United States government,
indicated that the mlleage range of LIG wms not great enough to
aiTord a sinzle Tuel system. There are insuffi ient fueling
stations to allow the utilization of this fuel in outlying areas.

The Division of Highways of the State of California, indicated

guipped to operate on LG haed sufficient ca-

r recuired mileage in the local area of San Diego.

iy T D 1

Te —Jo:o"e_
Those agencies contacted indicdated that LPG fueled automobile
and light trucks had the capacity to fulfill a regular day's
coeration., Trey also indicated that LPG was available in most
outlying areas.

Performance

1. G=scline - Performance is goed on District automobiles, which

3.

can be aut sted to by thelr ﬁongefity, average of 85 to 100
thousand miles before retirement.

Most agencies stated that their CHG operated vehicles gave poor

performance waich resulted in complaints of poor acceleration,

hard steering, loss of stability at high speeds and poor brakes.
s due to the added weight of the dual fuel system.

Those agencies contacted stated that there was little loss

of power when using I3G. The General Services Administration
T the United Stzates government, utllizes a dual fuel system,

Once leaving LAY, most miles are operated on gasoline. The
Division of Higuways of the State of California, utilizing a
single fuel system, is able to tune their engines to obtain

maxzinum performance on LilG.

e}
~

1

2

11




Report of Alternate Fuszls Tor

Autonmobiles, Light Trucks and Minibuse

L,

ntacted stated that there was little loss
g LPG. Riverside County indicated approxi-~
< power, Any loss of power in 2 gingle
cle mey be offset by obtaining a slightly larger
engine, ”h;s would be equivalent to de-rating the horsepower

PR
of the engine in order to improve enissions.

1. Gasoline - iic safety problems have been reported on District

The Arthur D. Little, Inc. Study concludes thatb:

nks are more likely to explode on impact than
el tanks, Therefore, the rlsk to occupants
antly lower for gaseocus Ifuel systems. However,
al for danmage fron 6591051on to closed struc-
as tunnels, is higher for gaseous systems
since the tanks can bulld up larger amounts of petential
energy prior o ruer,ure.'L

=g l—-"() o 9"

tu ps sy

s : £ GG tanks is very unlikely as these
tenks are co::z;;c:erq to contaln a pressure far in excess of
the normal opsrating pressures. These tanks are also eguipped
with safety Ziscs to relieve the pressure at a pre-determined
amount.

The Arthur D. Little, Inc. study concluded:

1 ta ould only occur from
fire a“d only then if the relief
s or fail to operaie properly. If
4 ruoture in the presence of a fire,
blast vave from the rapid expangion
ting in a deflagration, but not de-

tonaulo”.-

The Districi's experience of three minor explosions in engines was
the result of the factory leaving flame arresters out of the
positive cranxcase ventilation line to the carburetor intake.
This can only be considered as a man failure and should not

be construed es fallure of the gas system. Likewise, the two
fires that occurred on the CliG-Gasoline vehicles operated by

the State wers the responsibility of peovle. The build up of

1. Arcthur D, thul 25 I“b. Study, Tne Benefits and Risks Associated With
2 : 192 D. 75
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line 11 ine, from the pump to the carburetor,

if the proper equirment had been used.
Sery that equipmant and systems be pro-
alled to insure zdeguate safety.

e5 Administration of the United States
4 onz fla sq flve afu r millions of miles

of cperation, Prelimin

driver had C“ﬂ“aa 3 manu T

O overcome a ct:; a" conaltlon. A procedure not recommended.

Vapor filled the trunk compartment and seeped into the passen-

ger area, Then uﬁe d*i ve turned on the ipnition, & flash fire

occurred, blowing out the windows. The driver was treated

in the hoDPAUal for shock and released the following day.

T e
government repox t
re

LG tenks generally have an operating pressure of 20-30 PSI
and are of sufficient thickness to prevent any real hazard
of explosion except Irom external Tires.

It would appear that well designed, properly installed and
meintained systems are as safe as gasoline gystenms,

Lc?s‘.’fo

The Arthur D. Little, Inc. Study states:

Records of that explosion can
occur from exsternsl heating under extrenme conditions
if the reli re inadequate. It is
an infrequ system is properly
designed

The probabllity of an explosion of the tank is almost mil,
The real danger exists from the fact that LPG is heavier
than eir and, in the event of a leak, this fuel puddles
and may creep alonz the ground until it is dissipated or
is ignited by an external {lame,

The Chicago Transit Authority had a fire in which two

buses were destroyed, A propane bus, while being fueled

at the service station, was struck from behind by a diesel
bus, rupturing a fuel line., The fuel spread across the
pavenent entering the diesel bus and apparently was ignited
by the spark of a heater nmotor which was in onerutlon. These
frealk sccidents can and do happen.

1. Arthur D. Little, Inc. Study, The Benefits end Risks Associated With

Gaseous Fueled Vehicles, 2y 5, 1972, p.75.

13



AGENCY FUELS

SCRTD Gasoline

U.S. Govt. Dual Fuel(CNG
G.S.A. Gasoline)

U.S. Govt. ‘Dual Fuel(LNG
G.S.A. Gasoline)

State of Cali- Dual Fuel(CNG
fornia, Div. Gasoline)
of Highways

State of Cali- LNG(Trucks)
fornia, Div.
of Highways

State of Cali- LNG(Autos)
fornia, Div.
of Highways

State of Cali- LPG
fornia, Div.
of Highways

City of L.A. Duel Fuel(CNG
Transp, Dept. Gasoline)
City of L.A. LPG

Transp. Dept.

L.A, County
Mech. Dept.

Dual Fuel(CNG
Gasoline)

Riverside Dual Fuel(CNG
County Gasoline)
Riverside LPG

County

Von's Mkt, LPG

Certified LPG

Grocers

Latest Esti- ING

mate to Dist.

PROBLEMS
None reported

Difficult to
get driver's
to get CNG

Difficult to
get driver's
to get LNG

Poor perfor-
mance

Insufficient
mileage

Limited to San
Diego area

Insufficient
mileage, poor
performance

Insufficient
mileage, poor
performance

Insufficient
mileage, poor
performance

30% loss of
power, consider-
able burning of
valves, seats
end pistons

Cyl. head gas-
kets and valves

Cyl. head and
valvesn

RESULTS

Status quo

Status quo

Status quo

Not flexible

Status quo

Recommended
discontinuance

Only 1 unit
tested

Recommended
discontinuance

Recommended
discontinuance

Supt, recom-~
mended discon-
tinuance to
board

Status quo

Recommended
replace with
diesel

I. COMPARATIVE
ACTTION
Continuing use

Continuing use
Continuing use

Discontinuing use
by attrition

Discontinued use
Continuing ?se
Expanding program
. Discontinued

Discontinued

Discontinued
Discontinued

Continuing use

Continuing use

Phasing out
Replacing with
diesel

ANALYSIS
COST/CONVERSION  COST/FUEL COST/STATION MPG/100 CU. FT,
- «17-.21 per gal. - 11.8 upG
$250-$300 - - -
$650 NA Fuel dispensed *NA
by San Diego Gas
and Electric
$250~$300 L07-100 cu.ft.  $45-$50,000 8-9
.03-,05 to compress
.10-,12-100 cu.ft.
\
$800 .16 Facility furnished *NA
by San Diego Gas
and Electric price
$1,200 .16 ‘Incl, in fuel 12-13
$450 .11 No tex $9,000 + labor 12-13
- Purchased fuel at public stations -
260 small units ,1b $4,000 for hardware 10-12
L60 lge.sedans Toank incl, price o
fuel
- - - 3.0
$900 18,20 100,000-$175,000
Depending on use of used equipment)

50- $500-sedars

L09-.1h $ 19,165

RAIIGE

200-250 miles
Insufficient as
pendent fuel

Insufficient as
pendent fuel

\

Insufficient as
perdent fuel

Insufficient as
rendent fuel

inde-~

inde-

inde=-

inde-

36 gals.~ 0O miles

30 gals.- 50+

Insufficient
pendent fuel

Insufficient
pendent fuel

Insufficient
pendent fuel

Compacts 130
Large sedzns

#NA - Not svnilable

s inde-

as inde~

zs inie-

miles
230 riles
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ined, The use of these

ow exhaust emigsions.,

to obtain meximum resulits., Usually, a com-

betwesen emissions and performance, such as,
ste ernloyed or when the ignition advance mecha-

£ removed Lo obizin lower emissions of oxides of nitrcgen.

84
D O i
3 D

;1;.
M =

hough current models do not mest 1575 Enlssion Standards, they

: tandards which represent a substantial improvement over
rts nmodels. Gasoline powered vehicles thus provide the
economy and safely, along with positive environ-

i3

oo
D O <

CEG does not afford sufficient range to be used as an independent
system., When co“n' ed with gasoline, a compromise must be made in
the tuning, The result is poor performance, loss of power and

DOoTr economy whan overating on natural gas as well as poor emissions
c acteristics under certain circumstances., Furthermore, the =x-

c Il

the Tanks mey render autom owles unstable at high

The cost of operating and maintaining this system is higher than
for gasoline fueled vehicles.

L.N.G.

LHG has sufficient range to be used as an indepsndent system, pro-
viding that the - ehlcle has a large fuel tank. The scheduling of
the vehicle must gllow the vehicle to rsturn to its home base for
fueling, as this fuel is not available at most outlying areas. As
en independent system, natural ges resulis in the lowest exhaust
emissions of any Tuel tested, '

The conversion cost to LNG is far greater than the other gaseous
fuels mentioned in this report.

The estimated cost for a fueling facility is higher than the other
fuels, Mr, Paul Hathaway of San Diego Gas and Electric estimates
that a 10,000 gallon LIG tank will cost $40,000. The complete
"closed fueling” system for a limited number of vehicles will cost
epproximately $175,000.
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Present cost of ILNG delivered to Los Angeles is between 18 and
20 cents 1 lepending on the volune of fuel., Bulk LIG
nay be Szn Diezo &t 15 cents a al;on. The price
of LG o] e 3 slizhily vhen it becomes available in
large quantities in the Los Anceles arsa. Therefore, it may
te concludisd that the cost of LG in Los Angeles ranges from
slightly below the cost of gasoline o a cent or two above.

The Arthur D, Little, Inc., Study s

as consumption has exceeded the
discoveries of nsw reserves in the "proved” lﬁssifi—
cation. With d?ﬁ& e2sing st more than 5% per year,
the future of the na ural gas industry is critically de-
pendent on uhn discovery of new reserves. New discoveries
cannot immediately relieve the situation, so natural gas
will be in short supply throughout the decade and, parti-

cularly, in the mid-sevent ¢es.L

Since 1953, natur al

]
;.L
}_J
*s
"5
\1

Arthur D, Little, Inc., as well as other studies, indicate
that after 1575, 1“n*oved supplies from Alaske and Canada,
imported LIiG and synthetic natural gas are only sufficient
to keep race with projected reguirements.

In the event of 2 nat ional emergency, forelgn supplies of
natural gas would b *u stionable and domestic supplies,
undoubtedly, Would be inadegquate.

D. LIP.G’

LPG has been in use as a reliable vehicle fuel for over 4O
years, 1t can compete with gasoline, but not diesel, re-
lative to maintenance and operating costs. It is a low
emission fuel, but with present technology, cannot meet the
1975 requirements. LPG tanks are avallable in various sizes
and configurations so that, in most cases, they may be located

o

outside of the trunk compartment of automoblles.

This fuel is available in most areas throughout Southern Cali-
fornia. Vehicles operating on LPG could be fueled at public
service stations in outlying areas.

1. Arthur D, Little, Inc. Study, The Zenefits and Risks Associated
With Gaseous Fueled Vehicles, lzy 5, 1972, p. 40,
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Report of Alternate Fuels for
Automobiles, Light Lrucks and Minibuses g

es indicate 2 trend to either
h
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1 (D

not purchase Y oz e
equipped, It appears that the reason
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than those that are gssoline
s for this decision include:

1. Lack of zdeguate range

2. Poor fuel econcuy

3. Memintensnce provlems

4, Doubtful emission irprovemént

5. Cost of new installations and fueling facilities

6, Doubtful future supply of natural gas
Furthermore, currently avallable gasoline engines are substantially

el

improved over clder mcdels and there is every indication that the
try is well on its way to finalng solutions to the emissions

5
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capital anesbnent, at this time, which would be
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The commitiee, therefore
indicate otherwise, that the J;sv‘lct continue to purchase gasoline
nd

equlpped automebiles and

the Minibuses which operate in the

It is further recommen: <
ense, downtown area, be equipped wi

more congested, pede
propane systems in o
and operational charact

0N (D
Qt ct

t
istiecs of this fuel,

T2, e «

George-H. Wells Peter Drake

Deputy General Superintendent _ Cperations Administrative Analyst

of Malntenance and EZquipnment
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cles or at least To sit tight and

soline engines, $ therefore,appears unwise to make

Lo convert either new or old automobiles and trucks

s, reccxmends that, unless future developments

ake maximum advanbage of the emissions
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aseous Fueled Vehicles,
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Savinzs, May 1971,
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Los Angeles City, Transportation Department
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Highway Department, State of Caiifornia

General Services Administration, United States
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APPINDIX B
State of California

AIR RESOURCES BOARD
Reduction of Air Pollution by the Use of
Natural Gas or Liquified Petroleum Gas Fuels
for Motor Vehicles ‘ R

~ March 18, 1970

Basic Properties of Gas Fuels

Natural gas and liquified petroleum gas {L.P.G.) fuels are gases rather than liquid at normal atmospheric temperatures and
pressures. This is in contrast to the usual fuel for motor vehicles, gasoline, which is liquid at normal temperatures. Natural
gas and L.P.G. as commonly marketed are mostly methane and propane, respectively. Some physical properties are listed

below:
_ liquid
boiling point heating value specific
OF Btu/lb Btu/gal.  gravity _
Gasoling , 100 20,500 123,000 0.7 S
“"Methane - 259 23,900 61,000 0.3
Propane -44 21,700 91,000 0.5

Note:  Methane produces 100,060 Btu/100 cubic feet, which has been taken to roughly equal one gallon of gasoline,

Gaseous Fue] Conversions

Vehicles can be modified or “converted’ to operate on Natural gas or L.P.G. Such a conversion comprises a carburetor,
pressurized tank, pressure regulator, shutoff valve and lines, The special carburetor to handle the gaseous fuel must be
carefully tailored to obtain low emission results. Low emissions will not result by making a conventional conversion to these
fuels, This fact makes necessary approval of these special carburetors and modifications by the Air Resources Board. Some
gaseous carburetors are designed to replace the gasoline carburetor and some are designed to add to it so that “dual-fuel”
operation can be maintained. Such vehicles can then be operated on either the gaseous or gasoline fuel,

Emission Test Results

Shown in the table below are recent Air Resources Board’s emission test results from three liquified patroleum vehicles and

three natural gas vehicles adjusted for low emissions.

'vehicle emissions in grams per mile
fuel  make year . HC €O NOy
L.P.G. Chevrolet 69 : ..+ 056 29 045

Chevrolet 70 : .- 0.48 29 056
Oldsmobile 65 } - 025 126 11
- Natural Chevrolet 68 : - 071 34 06
gas Jeep 69 0.51 1.8 0.55
Ford 69 B 0.82 45 048

"Emlssion data from both systems show good potential for meeting 1975 standards, Howaver, more dats are needed to
establish the capabilities of the systems when applied to & large population of vehicles, It is planned to continue State fleet
emission tests on both systams. ’
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APPEIDIX C

v.;Septgmber 28, 1971
Samuel Black - - .. - - ) ’ . ‘ A ‘ RE R
R. B. Huff | |
?atuxax Gas Qegueglnn Lstxﬁates ddd Bld From.Dual Fuel(Systems,
nc,

R

Natural Gas Re:uellng racxllty EStINQtQ for 19 uuses @ 1, 243

é

22

c.f. of CNG each for.a total of 23,617 c.g..i-; fy
Elsctric Ccmpressors:‘ S S k{'f '>‘ AR
Two 35 c¢.f.m. compressors installed ,‘ " $ 8,700
Meter set assembly ' -0 150
Roducing regulator - 160 - !
ylplﬂg manlfold (20 out;eas) 03,000 '
Slow £ill, 5.6 hrs.for 19 buses . $12,010  $900.74/mo.
Engine Compressor: . |
100 c.f.m. rebuilt engine and compressor _
installed : .$ 7,700
Meter s3ct assewmbly 150
Reducing regulater 160
Piping manifold (20 outlets) 3,000
Slow fill, 3.8 hrs. for 19 buses $11,010 $825.74/mo.
10,093 if» reserVOlr.: ‘ 2,200
Quick fill for 2,4 buses - 814,210 - $1,065.75/mo.
23,750 c.i.w;css:v01r.:gl _'{{ft 7,635
Quick £ill for 6.3 buses’ .7 $19,645  $1,143.45/mo.



T .
Septomber 48, 14/1

Natural Gas

ALDEIDIL ¢

24,872 c.f. veservoir: s 8,620
Quick £ill for 6.1 buses = o ‘_5 ;t‘$l7,630
43,500 c.f. roservoir: - "k" “f:-, 8,900 .
Quick £i11l for 12.9 buses . $20,910

CNG cach for a total of 36,062 c.f.:

79,199 c.f. resorvoir: f f.T';:;j;;f-44,341
Quick £i1l for 20 buses . - . $53,351
REH: jc | RN
. e

BElectric Conpressocrs:

Two 35 c.f.m. comproessors installed o $ 8,700
 Meter Set Assembly . B ‘j'ﬁ_ o ‘150
" ‘Reducing regulator - _ ’”_”-;ﬁ‘~;f 160

“Slow £ill, 8.5 hours for 19 buseS:ﬁ@? 3f§;Q$ 9,010

Refueling Facility Bid Price for 19 buses @

$1,322.24/m

$400.00/wo

1,898 c.fe

$1,626,23/m
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APPEIDIY D .
‘ LY
L ]

Use of smng-free propane gas fuel
to operate AR Riverside County-
wned vehicles wa3s ordered hy su-
pervisors despile a fire which de -
stroved a van vehicle last sveek in
Blytie, Two county emnployes suf-
fered burns in the {ire, believed to
have been touched alf by a cigaret

whén LG gas fumes e:«:ancd hp- ¢

cause of faulty fuelinz. Aftrr the
fire, the ecountyv's car ponl superin-
tendent azked that the fleet he re-
converted to nnerate an gasoline, In-
stead, supervizsors ordererd that eaen
vehicie he certified az:ala helare be.
ing put intn nperatinn and that
sminking be prohibiled in or n2ar the
vehicles,
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Comoiled from the tos Anacles Times, the Los
Anzsles Times.Washinaton Post News Service and
ainr wlive ang temantary news agencies,

An experimental car exploded and
courned in a2 federal government
king ot in San Diego when leak-
watural mas weed oe fvel as a
ns to reduce oiv poilution was

gnited, presumably from a spark

‘hen the driver fvrned on the ignis

tion switeh, Jozo ML atrasah, 203,

win was burned on the hands and

face. ezcaped from the vehicle by

climbing through a broken window.

The blast occurred in tha General
. Service Administration's Jot.

25




