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FOREWORD

In recent years it has become clear that the community
will not accept the continually rising levels of air pollution
being caused by motor vehicles. One way of tackling the problem
is to introduce alternative road vehicle technologies; some of
these alternmatives also offer potential gains in terms of energy
resources, This report is one of two that have been prepared in
the BTE to review the state of knowledge in this field and to
indicate the magnitude of possible benefits (the other beiug

a report on electric cars).

This report, dealing with liquefied petroleum gas,

has been prepsred by Mr L, Lawlor.

(J.H.E. Taplin)

Director
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SUMMARY

Estimated Australian reserves of liquefied petroleum
gas (LPG) are sufficient for 80 years supply at the present
rate of extraction. If used within Australia this would permit

a maximum of 14 per cent of motor vehicles to be converted to LPG.

The considerable Australian reserves of LPG offer
some scope for increased consumption by motor vehicles.
However, distribution installations and vehicle mounted equip-

ment are expensive,

LPG engines have operational characteristics broadly
comparable to petrol and diesel engines and can be tuned to
produce significantly lower levels of pollutants. However,
tuning to minimise pollution is incompatible with tuning for
maximum power and economy, so the practical effects of a wider

use of LPG in urban motor vehicles may not be great.

Examination of the value of converting existing engines
to LPG at present prices shows that most truck and car owners
in Melbourne would benefit “inancially. In Sydney, heavy truck
operators and car owners travelling large annual distances
would benefit. In each ¢’ “+, State and Local Government

authorities would also benefit, but to a lesser extent.

Users would only obtain these benefits if LPG were
to continue free of excise. Should an excise be imposed, LPG

would cease to be competitive with petrol.

From the general social viewpoint, there is not a
strong case for substantial conversion to LPG; the case rests
mainly on some reduction in air pollution, but there has been
insufficient measurement to establish the magnitude of this
benefit.



CHAPTER 1 INTRODUCTION

In Australia, as in most other advanced ccuntries,
the level of pollution in major cities, much of it associated
- with motor vehicles, is a matter of serious concern. There are
many ways of improviﬁg the situation, and well substantiated
advice is required on the implications of various measures. One
possible measure would be the increased use of liquefied

petroleum gas (LPG) as a substitute for petrol.

Consideration of expanded use of LrG must necessarily
take some account of the implications for fossil fuel rescurces,
which itself is a matter of considerable public concern. Hence
this report deals with fuel supply, demand and pricing so far
as these are immediately relevant to the merits of LPG as a

vehicle fuel.

LPG has been used overseas as an alternative fuel for
many years, although on a small scale. However, there is a
lack of authoritative information on the relative engineering

and pollution characteristics of LPG and petrol,

The report examines the costs and benefits wnhich may
be expected from conversion from petrol to LPG, first from the
user's viewpoint and then from the viewpoint of the nation as
a whole. In particular, the performancesof petrol and diesel
engines converted to LPG are examined to assess differences

between engines in terms of power and emissions.

Annexes D and E present tabulations of break-even
calculations for private, commercial and government operators
over a wide range of possible variations in LPG usage, fuel
costs, engine size and annual travel distance. These have

been made for wvarious categories of motor vehicle.

The report also investigates the nossible effects
of extensive use of LPG by vehicles in capital cities.
Particular attention is given to increased investment in bulk
storage facilities, tranmnsport equipment, retail outlets and

vehicle mounted conversion equipment.



CHAPTER 2 LTQUEFIED PETROLEUM GAS
DESCRIPTION

ﬂydrocarbon gaSes'assobiated with petroleum in its crude
state range in composition from pure hydrogen to heavier hydro-
carbons‘which are only partially vapourized at ambient temperature
and atmospheric pressure. A similar variety of gases 4lso results
from the processing of crude o0il or petroleum fractiéns in refineries.
Hydrocarbon gases may also be manufactured specifically from liquid

hydrocarbons(1).‘

T@é‘term LPG is generally used to describe petroleum
derived hyd%ocarbbns which are vapours at normal temperatures and
pressures, %ut which may be liquefied by light compression to occupy
a much‘smalier volume. The main constituents are propane and bﬁtane,
but the composition varies with the source. Where obtained from an
oil or gas field, LPG does not contain propylene or butylene, but

LPG produced by refining crude o0il may contain both of these.

Tbe presence of more than about 5 percent of propylene
and/or butyiene in LPG renders it unsuitable for automotive use.
Further, LP¢ for motor vehicles must be of reasonably constant
composition; since the fuel mixing device (analogous to the carbu-
rettor)‘in % gas engine is designed to mix fuel and air in a set
volume ratié. LPG suitable for automotive use contains a high
percentage @frpropane, generally‘95fpercent or more. The physical
propérties of propane are ‘compared with those of mofor spirit (98

octane) in Table 1.

In Europe, LPG is generally obtained from petroleum
refining operations, while in North America the bulk of LPG is
derived from natural gas liquidé. This has resulted in the two

distinct LPG consumption patterns indicated in Table 2, which shows

(1) Modern Petroleum Technology, Applied Science Publishers (UK)
1973. Chapter 13.




that in Europe its use as a domestic fuel and gas industry feedstock
has far exceeded its chemical utilization, while in North America
LPG is largely used for domestic heating and as a chemical feed-

stock.,
PRODUCTION AND CONSUMPTION

In Australia, most of the LPG is obtained in association
with crude o0il and natural gas from Bass Strait and other gas fields,
while the remainder is a by-product of oil-refining operations. The
LPG derived from natural gas can be regarded as a by-product of the
process of supplying dry natural gas (i.e. gas excluding the easily
liquefied hydrocarbons) to metropolitan and other gas distribution

systems.

The bulk of the LPG produced in Australia (as a direct
result of natural gas and crude o0il production) is exported to
Japan. In 1972-73 a total of 10.52 million barrels (872,000 tonnes)
was exported; this represented 72 percent of total Australian
extraction. Australian refineries produce LPG in the normal course
of their operations. In 1972-73 LPG produced in this manner was
3.99 million barrels (331,000 tonnes) equivalent to 95 percent of
Australian consumption for the year, and 1.5 percent by weight of
total marketable refinery products out-turned during the period.

Y

Table 3 shows the growth over the last few years of the
Australian market for LPG(1). The major Australian use is for
domestic heating, small portable heating appliances, industrial
heating, and metal cutting, with some limited automotive applications
in fork 1lift trucks (where high emissions of carbon monoxide are a

hazard) and for cars and trucks.

(1) Fuels Branch, Department of Minerals and Energy, Australian
Petroleum Statistics, 1972-73.




.

MARKETING AND DISTRIBUTTON
‘ \
‘The marketing of LPG in Australia is characterised by a
small numb%r of primary outlets, which serve major users ﬁith a
significan% storage capacity of‘théir own, and a very'lérge number
of small cépacity secondary outléts, which serve low volume users
such as ca%avanners. Even for relatively large users the supply
arrangemenﬁs for LPG are not entirely satisfactory. This was
brought ouﬁ in evidence provided in 1971 to the Senate Standing
Committee 4n Primary Industry‘andrTrade(1). The conclusions of the
Senate Comﬁittee (Annex A) drew particular attention to the problems
of shortagés and higher costs as a result of refinery shut-downs,
inadequate%storage facilities and the variability of consumption and
production.|
it was announced in 1973 that the Broken Hill Proprietary
Company'Lti and the Shell Company Australia Ltd were forming a com-
pany, Shel1-BHP Autogas Pty Ltd,ito market LPG for automotive
use(z). PAesent'plansrare understood. to include 24‘reseilér sites
in VictoriJ, and a lesser number in New South Wales. Other oil
companies aﬁd‘state gas authorities can provide LPG for automotive

use through a smaller number of outlets.

AUSTRALTAN RESOURCES

Ajpreliminary,aSSessment‘of fhe level of Australian LPG
reserves isjset out in Table 4., The quantities shown may be taken
as a‘reasonhble estimate of the current reserves in the 'proved plus

provabie' c?tegory, which represents the gas directly recoverable

from the oil and gas resevoirs which have been discovered to date.

(1) Senate§Standing Committee on Primary and Secondary Industry and
‘ Trade, Report on Availability of Liquefied Petroleum Gas,
December 1971,

(2) The AuStralian Financial Review, 31 July 1973,



The total reserves of 1,133 million barrels (equivalent to 94
million tonnes of LPG) represent 80 years supply at the 1972-73
rate of extraction. Australian consumption of LPG could rise to
more than three times its present level before equalling the
1972-73 total of LPG produced from refineries and in association

with natural gas extraction.

At present the level of market demand for major petroleum
products determines the volume of natural gas production and the
composition of refinery output. The quantity of LPG produced as a
by-product of these operations is variable and not subject to direct
control. Because LPG production exceeds domestic consumption the
surplus is exported, but an alternative course would be :to pump
the excess back into the natural resevoirs. However, this has a
cost and pursuing such a policy would imply a very high future value

for the LPG,.
FUTURE TRENDS IN CONSUMPTION

The Fuels Branch of the Department of Minerals and Energy
has issued a forecast of energy consumption of primary fuels over
the period to 1984~85, which shows a 71 percent increase in domestic
LPG consumption, from 4.03 million barrels in 1973-74 to 6.88
million barrels in 1984-85. This represents an expected growth

rate of 5 percent per annum over the period 1 .

These estimates have been based on the assumption that the
rising trend in LPG consumption of the last few years will level out
over the forecast period, and that reticulated natural gas will
displace the LPG currently used for town gas supply from 1975
onwards. No provision has been made in these estimates for large
scale automotive consumption of LPG. The estimates are based on
a total Australian energy forecast of a 72 percent increase in

total petroleum fuel consumption between 1973-74 and 1984-85.,

(1) Fuels Branch, Department of Minerals and Energy, Forecast
Consumption of Primary Fuels, 1972-73 to 1984-85.
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STORAGE

LPG is stored and transported as a liquid, liquefaction

being achievéd by either coipression or refrigefation. Storage
vessels are either thick walled steel spheres or cylinders, which
have a desigé pressure of 1760 kPa (255 psi) and are built to a
test‘pressuré of 3310 kPa (480 psi), or insulated steel or aluminium
containers, located either above ground or in the ground, and which

maintain a témperature of about minus 4500.

LﬁG is transported by pipelines, or by road or rail in
tank cars, and is pressurised to maintain it in the liquid state
at the highest ambient temperatures likely to be encountered. It
is carried ih specially equipped ships as a refrigerated liquid at

- |
atmospheric pressure.

Séate legislation generally covers the storage and
handling of LPG. Pressure vessel codes apply to the design and
construction}of storage vessels and inflammable liquids legislation
generally co?ers the siting and safety aspects of storage tank
installationé The Standards Association of Australia has issued

two Standardé relating to the use of LPG(1’2)_

|
|
i
I
|
!
|
I
|

(1) SAA Code for the use of Liquefied Petroleum gas in internal
combustion engines, No. 1425/ 1973, SAA, 1973.
1

(2) SAA Liquefied Petroleum Gas Code, No. CB 20/1971, SAA, 1971
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CHAPTER  OPERATIONAL CHARACTERISTICS

PETROL ENGINES - OPERATION ON LPG

Fuel Supply

LPG can replace super grade (98 octane) or standard grade
(89 0ctane) petrol as the sole fuel in an internal combusion engine;
these engines can be equipped to run alternatively on LPG or petrol,
or on LPG only. Eguipment for the LPG opefation of petrol engines
consists of a storage tank for the liquid, fuel lock valve, pressure

regulator and a gas—air‘mixing device on the intake manifold.

The original carburettor is removed for operation solely
on LPG and is replaced by the gas-air mixer. In operation, the
LPG fuel system draws liquid from the tank by means of a valve in the
gas-air mixer which is controlled by the driver, and passes it through
a vacuum fuel lock which prevents the flow of fuel when the engine
stops. The liquid is then heated by coolant water in a liquid-to-
gas converter which regulates the outlet gas pressure in‘accordance
with engine demand. The gas-air mixer measures air flow and meters
the flow of gas into the ergine air stream.to provide a uniform
air-fuel mixture over the entire engine and speed range. A schematic

diagram of a typical system is shown in Figure 1.

During the LPG operation the mixture fed to all cylinders
of an LPG engine is entirely gaseous, as distinct from the use of
petrol where a mist of air, vapour, and liquid droplets is fed to
the engine. 1In the latter case, the composition of the mixture
varies due to deposition and revaporization of liquid in the inlet
manifold. Consequently, an LPG engine may be operated with a leaner

fuel-air mixture than is used for a petrol engine.

" In the case of dual-fuel operation the origihal carburettor
is retained, the gaseous LPG is injected between the carburettor and

the air intake filter through a gas-air mixer, and a control is



1
i
i
!
|
i
[
|

provided to change from petrol to LPG operation.

Engine Peformance

Tests have been carried out in the United States on petrol
engines converted to LPG operation(1). The tests covered ecénomy,
performance, compression ratios and anti;knock quality in three test
éngines. The engines were a V6 of 7;8 litres capacity and compression
ratio of 7.3, a V8 of 9.0 litres capacity and compression ratio of

8.5; and a V8 of 6.8 litres and a compression ratio which was

variabie from 7.5 to 11.5. Some of the conclusions are as
follows: ‘
1. At a given compression ratio and using currently

available Vapourizers and carburettors, the engines developed
3.5 to 5 percent less power on LPG than on petrol, at high engine

.speeds.

2. Cpmpared to petrol, the use of LPG reduced brake
specific fuel consumption (lb/bhp hr) by up to 12 pefcent at
low speeds. :At high speeds, LPG reduced fuel consumption by up
to 9 percent. On a gallon basis, hoWever,‘the engine uses more

LPG than pet}ol because of the lower specific weight of LPG.

3. I# two engines with compression ratios of 7.3 and 7.5,

the LPG Seleéted for the program had anti-knock values far in

excess of engine requirements. Therefore the compression ratios

|

could have been increased.

|
|
|
|
i
|

(1) Adams, W.E. and Boldt, K. 'What Engines say about Propane Fuel

Mixtures', Paper 938 C, SAE National Transportation, Powerplant

and Lubricants Meeting (USA), October 1964.



4. As the compression ratio of one engine was increased
from 7.5 to 11.5, power increased 12 percent and brake specific
fuel consuniption decreased 11 percent when using LPG. Approximately

the same changes were noted when using petrol.

5. One engine showed essentially no difference in the
minimum spark advance for best torque between LPG and gasoline.

The other two engines showed some difference between the two fuels.
Where a difference existed, the engines required less spark advance

on LPG at high speeds.

6. In order to take full advantage of the high anti~knock
quality of LPG, it is important to keep intake air temperatﬁres as
low as possible. Knock-limited spark advance was lowered onedegree
for each 5.500 rise in intake air temperature in the range of

38 to 79°C.

These tests were carried out with munifold heat exchangers

blocked when operating on LPG.

The power loss at high speed with LPG is caused by the
fact that LPG enters the airstream as vapour, while petrol enters
as a liquid. The LPG vapour displaces an equal volume of the air
entering the cylinder. As the mixture is-made richer for higher
power output the additional fuel causes a powcer loss because the

airflow is reduced.

The conditions for a liquid fuel, such as petrol, are
quite different. Liquid fuel takes the latent heat of vapourization
from the airstream. As the fuel-air ratio is enriched for
maximum power, the additional fuel being vapourized tends to
lower the mixture temperature, thereby increasing the air density.
The fuel that is not vapourized enters the combustion chamber as
a liquid, thereby displacing very little air. The combined effect

of these two factors is that there is little change in airflow.
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TLus, while the energy content of a cubic foot of
homogeneous mixture is constant for a wide variety of hydrocarbons,
the temperature of the charge and fhe amount of entrained liquid.
both tend to change the energy content on a voluﬁe bésis. As
mixtures are enriched beyond the fuel-air ratio for best torque;
the power output with LPG will continue to decline, whereas for
petrol, power output will remain neafly constant for a wide ramnge

of fuel-air ratios.
DiESEL ENGINES - OPERATTION ON LPG

LPG cannot serve as the sole fuel for diesel engines

unlesSlthey‘are considerablyrmodifiéd. The compression ratio,

"cylinder head and fuel injection‘sYStem‘must be completely changed.

Diesel engines can be reb@ilt or designed solely for LPG operation.

One conversion method which has been used is to reduce the
compression ratio, increase the displacement, remove the fuel
injection equipment and install spark plugs so that LPG may be
injected in the induction manifold. K This method has been employed
by Daimler—éenz in a recent experimental bus utilizing natural gas.
The‘engine,%although using compqnenté common to other Daimler-Benz
diesel engi%es, was designed specifiéally for natural gas and it
appears. to %e a high compression, spark ignition engine rather

than a dieéel engine 1 .

Tﬁere are twd methods of introducing LPG into distillate—
fuelled dieéel engines(z). Intfdducing gas throughout the entire

load range is described as 'coarse control', whereas if it enters

the engine énly under heavy load, it is described as 'fine control'.

(1) Communications with Dr Kraeft, Daimler-Benz Aktiengesellschaft,
Stuttgart, F.R. Germany.

(2) Lyon, D., Howland, A.H., and Lom, W.L., 'Controlling Exhaust
Emissions from a Diesel Engine by LPG Dual Fuelling'; Paper
C 126/71, Symposium arranged by the Automobile Division and
The Combustion Engines Group, Instiwtion of Mechanical Engineersg,
London, 9th-iith November i1971.
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A typical 'fine control' system consists of a storage
tank, pressure regulator, flow control valve and an exhaust gas
temperature sensor. In operation, the LPG is drawn from the tank,
piped to the regulator and warmed by éngine cooling water. This
vapourises the liquid in readiness for induction into the engine
air intake éystem. Liquid flows into the regulator through the
action of a thermal switch installed in the exhaust manifold which
operates at a present exhaust temperature. A decrease in exhaust
gas temperature will open the switch and stop the flow of liquid

from the storage tank.

The regulator delivers gaseous fuel to the engine intake
manifold at 28 kPa (h psi) and the amount of fuel is determined by
the depression in intake manifold pressure. At high load, the

added amount of LPG fuel is a function of driver demand for extra

power,

The air-fuel ratio within the intake manifold and
cylinders is too high to cause compression-ignition of the air-LPG

mixture prior to injection of the diesel fuel charge.

Engine Performance

Fuel consumption under coarse control is less efficient
under part load conditions than when operating with distillate
only. Dual fuelling using the fine control method makes it possible
to obtain fuel efficiency improvements under heavy load while

avoiding the poor efficiency of coarse control under light load.

Dual fuel operation can be effected in two wavs. Under
one system, the maximum diesel fuel supply is reduced by 25 per cent, and
the LPG is allowed to enter the air supply in proportions necessarvy
to restore the original power. The purpose of this approach is to
reduce smoke and exhaust emissions. Alternatively, LPG can simply
be added to the normal diesel fuel supply, in which case there is

an increase in the maximum power output of the engine,



- 12 -

CHAPTER 4 = ECONOMICS OF CONVERSION: THE USERS' VIEWPOINT

|
|
i
|
|
|
|
i
|
I
|

From the user's viewpoint, the following economic -
considerations are relevant in choosing between LPG and

conventional fuels:

(i) coét of Conversibn fd LPG
(ii) icomparative fuel Qosts
(iii) comparative‘énginé and fuel Systems
maintenance costs '
(iv) comparative engine and equipment salvage

value

CONVERSION COSTS

Conversion costs are affected by the volume of conversion
work, Typical conversion costs at the present time range from

about $400 to $600 per vehicle.

;The vériables which affect the cost of conversion include
the size and number of fudl tanks, the length of manifold, the
capacities of the fuel 1oék, liquid-to~-gas converter and gas-air
mixer,rand whether or not dua1¥fue1 operation is required.

The physiéal layout of the vehicle itself will affect the ease

with which the installation can be carried out.

It is anticipated. that vehicle mounted LPG equipment

will have a long life. A period of 20 years has béen assumed
: | ‘ 1) )

in one American study( ). When selling LPG powered vehicles,

owners would be able to restore the original petrol equipment.

" and fit tﬁe LPG equipmeht to another vehicle at small cost.

(1) Carson, C., Operating Experience with Trucks and Automobiles
Fuelled with Propane , ASTM Special Technical Publication’
525, American Society for Testing and Materials, 1973,




FUEL COSTS

Because of the need for expensive static and mobile
facilities for the storage and transport of LPG, its cost
is dependent on the distance from the distribution point.
Current retail prices are about 21 cents per gallon in
Melbourne, 22 cents per gallon in Adelaide and 31 cents per

gallon in Sydney.

The retail price will be higher in inland areas.
In Canberra, for example, it is expected that transport costs
of 10 cents and storage costs of 2 cents would be added to
the Melbourne price. The range of discounts offered to various
classes of LPG users is much narrower than for motor spirit,
probably because LPG is mainly sold to bulk users through a

much smaller number of outlets.

Melbourne retail prices of petrol, LPG and distillate,
per unit of energy ($ per megajoule) are compared in Table 5.
In these terms, LPG fuel cost is 64 per cent of distillate
cost, and just over half the cost of premium petrol. Since
available data suggests that on a volume basis, the fuel con-
sumption of vehicles operating on LPG is at least 10 per cent
higher than for vehicles operating on petrol or distillate, the

effective saving to operators is correspondingly less,.

Furthermore, as can be seen from Table 5, the cost
advantage held by LPG over motor spirit and diesel fuel is
almost entirely due to the absence of excise duty on the sale
of LPG. This situation could change in the future, especially

if LPG becomes a more extensively used motor fuel,

In considering the effective cost of LPG to the user,
it is important to recognise that distribution points are at
present very restricted compared to petrol outlets. While it is
unlikely that the multiplicity of petrol outlets is an economic
optimum, nevertheless, there would have to be a considerable
aumber of LPG distribution points if major inconvenience to

users were to be avoided. In some cases, it may not even be
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practicabfe to distribute LPG through existing service stations
because of safety regulations which govern the distance of LPG
storage tanks from property boundaries. The cost of 1nvestment
in new or extended retail outlets would ultimately fall on

consumers.

It has been assumed that individual sales of LPG
would‘be comparable to present motor spirit sales, with con-
sumers purohasing small quantities at frequent intervals. On
the other hand, if LPG use were confined to bulk users with
their own or hired:storageg the need for a large number of .

reseller sites would not arise.:
MATNTENANCE COSTS

" There is insufficientvekperience to permit an accurate
estimate to be made of improvements in the maintenance and
life of equipment converted to LPG operation. Annex B sum-
marises the experience of several operators of LPG powered
vehicles. (Maintenance data are only available for one of

these users)

Some users, as well as several conversion equipment
manufacturers, have claimed reduced maintenance costs and
increased‘engine life with LPG‘operation. As both maintenance
and engine?life‘are strongly affected by‘specific maintenance
proceduresiand standards) it is not possible to quantify these

claims except by reference to particular cases.

(1)

: The‘maintenance advautages which have been claimed

are as! follows:

. no fuel pump
. no fuel pilferage
1ncreased spark plug life
. reduced cylinder ring and valve wear

; increased lubricating oil life

(1) qaipacnr; Antri.a‘nq Nows Teqnpq No, 1 and No. 2, South
Australian ‘Gas Company.




-15 =

. rbduced carburettor maintenance

. increased engine lifé

The reasons given for these éd%ahtages are:
negligible gum and carbon deposits
no oil dilution or contamination

. improved dppér cylinder lubrication

. smoother’ and slower burning fuel
(1)

equipment states that there are certain maintenance costs

On the other hand, a major supplier of conversion
associated with the use of LPG, particularly if engines are

adjusted to obtain minimumn exhaust emissions:

. Increases in the heat range of spark plugs
decrease hYdrocarbon erniissions, but also decrease
plug 1life.

. A wider spérk plug gap decreases HC emissions,
but also decreases plug life and degrades
starting performance.

. Valve seat wear increases with the use of LPG.
¥kt is best to use stellite seats and special

hard valves.
WEIGHT PENALTY

Details of the weight of LPG fuel tanks are set out
in Table 6. The majority of vehicles converted to LPG operation
retain their petrol tanks after conversion. In passenger cars,
these tanks are usually retained to permit dual fuel operation
and ready e¢onversion back to the original condition for resale,
when the LPG equipment would be removed. Most trucks provide
sufficient space for mounting the LPG tanks without removing

existing petrol tanks.

(1) Brooklands-Machins Pty Ltd; various marketing reports and
operational manuals, Australia.
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Passenger cars would usually retain the petrol
carburettor, while most trucks"would have this item removed
sincé they would operate on LPG only. Thus the weight of LPG
equipment woold e in most cases an addition to vehicle weight.

Assuming a nominaltpassenger vehicle weight of 1.5
tonnes, Table 6‘ showe that ah’average fuel tank would represent
an additional 2 percent in vehicle weight. With the variations
in engine‘size and in vehicle shape and length, the weight of
the gas- aﬁr mixer and ancillary equipment, the manifolding and,
the mount%ng brackets would: comprlse a variable but ‘small Welght.
The extra weight of the LPG’ equlpment would be offset to a
limited extent by the lower der51ty of LPG fuel

BREAK-EVEN POINTS FOR CONVERSION

To investigate the savings to owners of petrol vehicles
converted to LPG, calculatlons were made to relate the present
value of future fuel sav1ngs to the cost of conversion. (No

other costs or beneflts were con51dered).

The parametric model, which is described in detail
in Annex C, cbvers four user oategofies (general public; medium
transport operators, State and Local Government, and Australian
Government), based on the relative prices paid for petrol.
Vehicles are divided into light vehicles (Category A), trucks
under 4 tons carrying capacitg (Category B)'and trucks in excess
of that capa01ty(CategoryC) ‘Two different prices for LPG
are incorporated (representing in thls case Sydney:and Melbourne
prices) ané one petrol price for each user cétegofy; | .

Tﬁe results are in two parts:

. break-even annual distances for alternative fuel
| consumption ratesjand ]
. break-even petrol-LPG price differentials for

icd annual distances travelled per velicle.

- (1) These categories were derived from the Survey of Motor

Vehicle Usage, Australian Bureau of Statistics, 1971,
which used imperial units of capacity.
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As far as the first set of results is concerned, the
calculations set out in Annex D contain data for the 144 sets
of parameter combinations for vehicles of average fuel consump-
tion. One set of fuel cost differentials has been extracted
and plotted graphically in Figure 2. These show the current
situation, with the actual cost differentials applicable to
the various user categories. Only three of the four user categories
are shown, as there are no break-even distances for the Australian

(1)

Government

The break-even calculations are presented for each
vehicle category, with separate graphs for Sydney and Melbourne
LPG prices. The fact that the plots for each vehicle category
on any given graph do not coincide shows the differential effect
of the higher conversion cost of vehicles in Categories B and C
and the increased fuel savings due to the higher fuel consumption

associated with these vehicle categories.

Within a category the break-even distance is sensitive
tc the period of calculation (i.e. the assumed vehicle life

remaining after conversion) and the discount rate.

Taking the three graphs for Melbourne together, it
can be seen that the break-even distance is least for the genera”
public and greatest for the State and Local Government categories
for a given combination of parameters. This is due to the greater

price differential applicable to the general public.

Comparing the graphs for Melbourne with those for Sydney,
it can be seen that the break-even distance will be greater
in Sydney, for a particular category of vehicle, due to the smaller

fuel cost differenritial.

The graphs for each category may be extended in either
direction to obtain data for vehicles with higher or lower than

average petrol consumption.

(1) The present price margin in favour of LPG is due entirely
to the excise tax on petrol, which the Australian Government

does not pay.
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furning to the break-even fuel cost differential
results, three graphs are presented in Figure 3 for the State
and Local Government owner category, ‘for the average petrol
consuuptlon of each wvehicle type. "On any one graph it will be
seen that the greatest cost differential for a given annual
travei distance is associated with the combination of higher

discount rate and shorter period of time.

Results for three levels of fuel cons nption for

each vebicle type are shown in Annex E.

Taklng vehicles of average fuel consumption only,
vehicles of Category C break even at a lower cost differential

than - vehlqles of Categories A and B at any travel distance.

Eor similar vehicles with the same fuel consumption,
break—even‘cost differentials for a given annual travel distance
for the general public and medium transport operators are
respectively 1.5 and 0.5 cents per gallon (0.3 and 0.1 centsv
per litre) greater than for the State and Local Government
category. For the Australian Government, the differential is
2 cents per gallon (O.h cents per litre) less. Thus the graphs
for the State and Local Government cost differentials can be
used to read off the differentials for the other three owner

categories.

@ased on the current price paid for petrol, a differ-
ertial of}at least 2 cents per gallon (0.4 cents per litre) is
necessary%for Australian Government vehicles to show break-even
distances?of under 70,000 kilometres per annum; this differential
would onlf justify conversion of the heaviest trucks owned by

the Goverﬂment.‘

To sum up, on the basis of present fuel price differ-
entials, the calculations suggest that for almost all privately
owned vehicles in the Melbourne metropolitan area, it would

pay the owners to convert to LPG. Tleavy trucks would break even
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by travelling 3,000 km a.year for approximately 6 years,

while for light passenger cars, the distance would be 17,000
km a year for the same period. For medium transport operators
and State and LocaléGovernments, the annual distance for heavy
trucks would be 4,000 km, and 25,000 km for light passenger

cars.

In Sydney the break-even distance for heavy trucks is
between 5,000 and 10,000 km per year for the different owner
categories. For light passenger cars the distance to break-even
over 6 years ranges from 27,000 km for the gemeral public to
58,000 km for State and Local Governments.
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CHAPTER 5 ECONOMICS OF CONVERSION:
"THE NATIONAL VIEWPOINT

The conclusions presented in the preceding chapter

relate toithe'eCOnomics of cbnvérsion on the baéis of relative
|
fuel pric@s now confronting the user. However, these prices
‘ |
do not reﬂlect‘the true cost to the nation of consuming one

fuel rath%r than another, because:

., petrol and distillate prices include an excise

tax, which is currently not levied on LPGj

e relative fuel prices, even before excise, are

not freely determined in the market (that is,

they are administered); and

relative fuel prices do not reflect the 'external
costs' associated with their consumption, partic-

ularly the effects‘of atmospheric pollution.

PRICES

‘ Althéugh the retaii COét of LPG per unit of energy
is éubstanﬁially cheaper than petrol and distillate, Table 5
sliows thatfthis is entirely due to the fact that the latter
fuels attrgct an excise tax whereas I.PG does not at present,

In fact, the comparison of wholesale prices before excise shows
that, as aﬁ October 1973, LPG was marginally more expensive

than premiﬁm grade petrol and substantially dearer than standard
nrade petrol and distillate. On the other hand, if most
Australian}LPG were to be consumed do:esiically, the price (before
excise) wopld presumably be lowered, to replace the apparent
policy of obtaining a relatively high unit return from a small"
volume of @omestic sales and a lower unit return from a greatef

volume of exports.
EXHAUST EV&SSIONS

A severe external or social cost of using motor vehicles
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arises from the effects of exhaust emissions. Using LPG is one
means of reducing the atmospheric pollution that results from

these emissions.

Because of the difference in the methods used to
specify emission test procedures, there is no direct way of
comparing the petrol, diesel and LPG engines. Furthermore, some
published reports provide widely differing results in spite of
the fact that the tests were conducted in the same manner. For
these reasons, the data presented in this report should be
treated as only a qualitative expression of the emission

reduction that could be expected from LPG.

Comparisons of Petrol Engines with Propane and Natural Gas Engines

An extensive series of tests has been carried out by
the Automobile Club of Southern California(1 . Road service
vehicles converted to use either LPG only, or to use both LPG
and petrol, were compared for a range of operational parameters
with a control group of petrol powered vehicles. Apart from
one Dodge Coronet (5.2 litre engine) all the test vehicles were
Ford Rancheros (4.9 litre engines) of model years 1969, 1970
or 1971,

The vehicles were tested through the California Seven
Mode Cycle on a chassis dynamometer. Sufficient data were
obtained at four mileage intervals to provide the information

presented in Tables 7 and 8.

Compared to petrol powered engines, emissions from LPG
engines are much lower, especially in carbon monoxide (CO)
content. CO levels are a little higher for LPG in dual fuel
engines than for LPG in single fuel engines, due to the need for
a slightly richer mixture for good idling. Dual fuel operation,
however. nrodices less unburned hydrocarbons (HC) and nitrogen

oxides (NOx) than LPG single fuel operation.

(1) Kramer, M., Bintz, L.J. and Tappenden, T.A., LightDuty
Fleet Experience with LP Gas Engine Fuels , ASTM STP 525,
American Society for Testing and Materials, 1973.
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1The U S Bureau of Mines has conducted experiments
tojdéferm;ne'emiSSions from three vehicles driven threugh
a simulatgd city driving cycle(1). The vehicles were chosen -
to repres%nt six cylinder engines in light delivery service;
medium si%ed eight cylinder high production‘enginee,'and

! . .
medium Siged“engines common in general utility service.

‘They were tested on a chassis dynamometer and were
operated Fhrough the Seven Mode Federal Test Cycle (USA)

from a co#d start using each of the fuels, petrol, LPG and
natural g%s.‘ Emission data for all three fuels are included
in Table é for comparison purposes. The large variations in
emission berformance of the three engines using the same fuel

should be noted.

Two other direct comparlsons between petrol and LPG
engines are shown in Figure 4 and Table 10. The fact that the
data hdve‘dlfferent units of emission, parts per million and
percent in Figure 4, and grams'pef mile in Tabie 10, altheugh
the two teets were eonducted to fﬁe eame specification, is an
indicatieﬁ of the difficulfy of comparing the results of
published reports. Although the data of Tables 7-10 are taken
from two different test cycles; they support the general con-
clusion common to all reputable tests: the use of LPG produces
less emissions than the use of pefrol in motor vehicles,
However; the data of Table 11 shew that the use of LPG or natural
gas, in 1tself w1ll not necessarlly result in emission reduc-
tions suff1c1ent to meet 1975 U S Federal Standards.

Comparingipetrol Engined with Diesel FEungines

:The available comparisons between petrol and dlesel
engines ape‘not espe01ally‘re11able as tnere are virtually no
supportiné‘data concerning-engine design and performance. Table
12. illustfates these comparisons. The opern. chamber diesel
engine produces far 1ess CO and HC than petrol engines but the

generatlon of NOx is 51m11ar.

(1) Allsup, J.R. and Fleming, R.D., Emission Characteristics of
Propane as Automotive Fuel, Bureau of Mines, U S Department
‘of Interior. ‘ L ' ‘
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The prechamber diesel enging has a much superior emission
performance with reduced NOX production. The prechamber concept
has for many years proved the value of the combustion principiles
now being redeveloped in the stratified charge engine. Diesel
engines, on balance, seem to have more acceptable emission qualities
than comparable petrol engines for particular types of service.

However, the comparison is complex and is not pursued in this report.

Diesel Engine Conversion

The only information available on converting diesel
engines to use gaseous fuel relates to the Daimler-Benz 11-litre
natural gas engine derived from the OM4O3 diesel engine. The tests
were conducted in accordance with the 1975 California specifications

for diesel engine emission tests,

The results are shown in Figure 5, which compares a
production diesel engine, an experimental low emission diesel
engine and the natural gas engine., The emissions are comparedeith
California standards to be effective in 1973 and 1975. Note that
the units of emission are gm/bhp hr, a more useful figure for

comparing vehicles with widely varying performance requirements,

Figure 5 also shows the fuel penalty paid by the two
low emission engines when used in suburban bus service. The natural
gas engine suffers a 15 percent increase in specific energy
consumption when compared to the production diesel engine. The
experimental diesel engine pays a 5 percent power output penalty

to meet the 1975 California standards,

Diesel Engine Dual-Fuel System

Tests have been carried out on the performance of a
diesel dual-fuel conversion kit marketed in Australia. Although
the tests were primarily concerned with power development and smoke,
exhaust emissions were also measured. The data on smoke and power

are shown in Table 13, The conditions of the test were not stated(l).

(1) 'LPG has Message for Diesel Engines', Truck and Bus
Transportation, July 1971.
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%These‘tests indicate that the dual-fuel system can
increase ﬁhe horsepower of a standard engine by 28‘percent4and
reduce sm&ke‘output at the ‘same time. The consumption bf LPG,
although ﬁot given, was compensated, t0‘some’extént, by a reduction
in distiliate consumption of some 22 percent relative to the '

standard engine.

The wide frange of smoke output indicated that proper
adjustment of the diesel fuel system is required or the addition
of the LPG system can result  in inereased, rather than reduced

smoke,

RELATIONSHIP BETWEEN EMISSIONS AND PERFORMANCE

The principal exhaust gas pollutants, CO, HC and NOX,
are formed during a complex chain of reactions within the
combustioﬁ chamber and in:- the eihaust manifold. The principles
employed fo'reduce these pollutants are the same whether the fuel

is distillate, petrol or LPG.

;CO and HC are the results‘of incomplete combustion which
is caused%by rich fuel-air mixtuyes and reaction quenching at the
cooler coﬁbustion chamber walls., NOx is produced as a result of
high flame temperatures followed by rapid cooling during gas
expansion;‘ The production of NO_ is related to the combustion
temperatures, the compression ratio and the ratio of cylinder
surface afea to ‘cylinder voldme. The particular adjustment of air-
fuel ratié'and ignition timing has a strong effect on the total and
relative 4mounts of pollutants.‘ A lean fuel-air ratio will reduce
the propoftion of CO and HC but will increase the flame temperature
and the production of NOx. At extremely lean mixture ratios the
amount of all pollutants will be reduced but engines will suffer a
" very considerable power loss; in addition, petrol engines will

suffer from misfire and hard starting.
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LPG can be mixed with air in a very lean air~fuel ratio
because the gaseous fuel is uniformly mixed with the intake air
and because the vapourization and recondensation problems encountered
with petrol do not occur. With gaseous fuels the air-fuel ratio
will be maintained throughout the induction system and the combustion
chamber., These emission advantages are especially important during
cold starting and initial running, during whic.a lie petrol engines

require extremely rich mixtures for satisfactorv combustion.

A second property of LPG is also imporiant: the octane
rating of propane mixtures is considerably iigher than for premium
grade petrol., Using LPG it is possible to use higher compression
ratios, which provide higher power per unit of displacement and

higher thermal efficiency.

Both the gaseous nature and octaiie rating of LPG indicate
that engines designed to operate on LPG witih minimum pollutant
generation should have a larger displacement and a higher compression
ratio than a petrol engine of the same power. Such engines have
higher torque at low engine speeds. The extra area under the
torque-speed curve permits better utilization of the given gear

ratios and consequently better low speed acceleration.

Petrol engines couverted to the use of LPG can be tuned
to maintain very nearly the same effective power as with petrol,
but this can be done only by incurring the penalty of increased
exhaust emission. They can be tuned for one of the following:
maximum power, minimum fuel consumption, or minimum exhaust emission.
The air-fuel ratio and ighition timing must be adjusted differently

to obtain any one of these mutually exclusive objectives.

The influence of the air-fuel ratio and ignition timing
is best shown diagrammatically, Figure 6 presents the effect of
these two variables on engine economy. Figure 7 presents the effect
on engine power., Minimum economy and maximum power are obtained
by different timing within the range of 30° and 40° BTC. Minimum

fuel consumption is obtained when the air-fuel ratio is 17:1 and



i, - 26 -
|
r i
maximum pow%r ¢ccurs over a range of air—fuel ratios as engine
speed chang@s. "For the engine,testeq the optimum air-fuel ratio

ranged from 14:1 to 17:1.

fhe effect of these tWO‘vafiables on exhaust gas emission
is shown itiigures 8 and 9. An air-fuel ratio of 17:1 and an
ignition tihing'of 350 BTC, although resulting in nearly maximum
fuel economy, does not result in minimum pollutant production. At
an air-fuel ratio of 17:1 the generation of HC is very nearly
minimised, but the production of NO_ is a maximum,
‘The trade-offs between power, economy and emissions

are best seen by examination of Figure 10 which summarises the

results of |a vehicle test conducted in accordance with the Seven-
Mode U S ﬁederal Test Cycle, With standard ignition‘timing and an
air~fuel r%tio in the range of 18,5 to 19.5, the total pollutants
are minimi%ed at the expense of slightly increased fuel consumption

and a 50 percent reduction in acceleration.

As a practical matter it is improbable that commercial
operators would tune for minimum emission in view of the significant
loss of po&er and the reduced economy associated with this objective.
The same may well be true for car owners generally; However, even
with tuning for maximum power, emission characteristics would be

somewhat better than for petrol engines.
IMPLICATIOﬁS OF A LARGE SCALE CONVERSION TO LPG

Aside from the micro-economics of using LPG as a motor
vehicle fuel, it is worth}reflecting on some of the wider economic

implicatiohs of a large-scale conversion to LPG usage,

The consumption of motor spirit in Australia during
1972-73 wa$ some 72,4 million barrels, equivalent to 18 times

the outpUtfof LPG from Australian refineries, and 5 times total

extractiong‘when exports of LPG are included(l)., It is obvious

(l) FuelsjBranch, Department of Minerals and Energy, Australian
Petroleum Statistics, 1972-73.
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that, based on Australian resources, LPG cannot immediately replace
motor spirit entirely as an automotive power source. The current
level of extraction indicates an upper limit within which present
domestic demand and potential motor vehicle demand would have

to be met,

The quantity of LPG exported in 1972-77 would have been
sufficient to power 14 percent of the Australian vehicle fleet ‘
in 1972, The corresponding volume of motor spirit replaced would
have been double the 1972-73 import level., It would reprewent
9 percent of the estimated 1979-80 motor spirit requirements for

1)

Australia .

As a basis for calculation, it was assumed that LPG
would replace parf of the motor spirit market in capital cities,
where the community benefits of reduced air pollution would be
most important. A market penetration was assumed on the basis of
the conversion of 10 percent of motor vehicles presently recorded as
garaged within 15 miles of their registration address, in each
capital. The distribution, based on 1971 figures, is shown in
Table 14. In total the vehicles represent 5 percent of Australian

motor vehicle registrations.

Table 15 shows the quantity of LPG which would be used
by the converted vehicles, Due to the large numbers of passenger
cars, Category A vehicles would have by far the highest consumption
of fuel., Trucks with carrying capacity of over 4 tons, with their
higher than average rates of fuel consumption and of distance
travelled, Would have a higher annual fuel consumption than trucks

with under 4 tons carrying capacity.

The LPG consumption for Category A vehicles alone would

be almost equal to the 1972-73 level of refinery production, The

(l) ruels Drauuh, Department of Minerals and Energy,
Consumption of Primary Fuels, 1972-73 to 1984-85,

Y
foieCasSu
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total demand for the three categories would be 92 percent of all

LPG consumpfion in 1972<73.

Aﬁ preSenf,:major facilifies for LPG storage are located
only in MelBourne and Adelaide, although plans are understood to
be in hand for the provision of such facilities in Sydney. The
assumed autémotive demand would reqﬁire a large scale increase in
existing buik storage fapilities, togéther with major new facilities
in Perth,ané Brisbane, at least.

Aé'well‘as extending‘majof storage facilities, there
would need éo be a doubling of fhe land énd sea transport of LPG.
Land transpért wculd serve particular bulk movement by road aﬁd rail
from centreg of production, asrwell as the transport of LPG within
each city té supply retail outlefs.‘:Sea transport would continue

to be used for,large scale interstate movement.

With the average numbér‘of vehicles per reseller outlet
being 285 aé at 30 June, 1972, over 900 reseller stations would be
needed to séll the fuel to consumers. This is equivalent to 5 per-

(1)

cent of‘Ausﬁralian reseller sites . However, some economies due
to outlet r%tionalization could be expected in a large scale ‘
feplacement?program. This would not be true for the many government
and other tfansport agencies which are already bulk fuel users.

They could be expected. to become bulk users of LPG, with correspond—

ing additional costs for conversion of their bulk storage facilities,

A further implication of the introducﬁion of LPG,ihto
the motor véhicle‘fleet would be  the supply and inStallation‘of
conversion équipment. At currént price levels, providing such
equipment o@ a changeover basis fof the 10 percent of vehiclés

garaged in dapital cities would cost some $106 million.

(1) Petroléum‘Information Bureau, 0il and Australia, 1972.
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In general, the costs of conversion and re-structuring of
the distribution system would be minimised if an expansion of
LPG sales were in step with the growth of the total motor

vehicle population.

There are other considerations which relate to a
significant level of conversion to LPG usage. For example,
reseller sites would be necessary at least along major inter-city
roads, dual mode engines would be necessary tor vehicles which
were expected to travel far from LPG outlets, and a substantial
retraining of maintenance personnel in new repair and overhaul
procedures would be necessary. While much of the conversion
equipment is at present imported, the prospect of providing
such equipment for a quarter of a million vehicles points to
the possibility of Australian designed and manufactured

equipment.
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CHAPTER 6 | | CONCLUSION
praaeR o | o LONLLUDIUN
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ﬁstimated Australian reserves of LPG are sufficient for
80 yearsrsupply at the present rate of extraction. If used within

Australia this would permit a max1mum of 1& percent of motor vehicles

“to be converted to LPG.

The parametric model shows that thereris a range of values
of the selected parameters over Wthh it would be economic for owners
to convert particular classes of vehicles to LPG operation. The break-
even p01nt 1s highly dependent on the fuel cost differentlal fuel

consumption, annual distance travelled andvlife of the vehicle.

The calculations suggest that; from the user's point of
view, and at%present relative prices, a large proportion of Vehicles
in'Melbourne%couldvprofitably be converted to LPG. It would be
worthwhile fpr many truck owners in Sydney, but not nearly as advant-
ageous for passenger cars in thatrcity. The merits of LPG, from the
private cost?point of view, are attributable to its exemption from
excise, rather than any intrinsic superiority over other fuels. If it
were to become a significant automotive fuel, this particular merit
would almosticertainly disappear. Distribution costs would also tend
to rise. On the other hand, the wholesale price of LPG (before excise)
could probably be lowered if all of Australia's production were used

within the country.

From the national point of view, the main consideration is
the likely effect on pollution in urban areas. Available data show
some degree pf improvement when certain engines operate on LPG.
However, prohlems of loss of power and reduced fuel economy when oper-
ating on LPG%make it unlikely that users would have motor engines

tuned to minimise pollution.
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All motor vehicles, whatever their fuel, will have
their emissions controlled by strict regulations to come into
force in 1975 (covering hydrocarbons) and 1976 (covering carbon
monoxide and oxides of nitrogen). With its sealed fuel tank,
the LPG powered vehicle has an advantage at present over petrol
powered vehicles from the point of view of hydrocarbon emission.
Testing would be helpful in comparing LPG operation with petrol

operation under these new regulations.

Despite the fact that the present Australian market
for LPG is small and only growing slowly, breakdowns in supply
to major users have occurred over the last fo. years. These
supply problems have been caused in part by ti.ie considerable
expense and consequent limited availability of LPG storage
facilities. Unlike motor spirit which can be stored at
atmospheric pressure and temperature, LPG usually requires
either refrigerated or high pressure storage equipment. This
could be a significant deterrent to conversion by existing bulk

users of motor fuel,

While LPG can be used in place of motor spirit in
internal combustion engines, it has scme disadvantages. It
produces less power per unit volume of fuel compared with motor
spirit although it has greatl r energy per unit mass. LPG
conversion equipment increases passenger vehicle weight by
several percent. There is a difference of opinion in the
literature on whether overall maintenance costs are reduced

with LPG.

The possibility that vehicles may be designed specific-
ally for LPG has not been addressed directly in this report.
Although such engines would clearly have better characteristics
than petrol engines converted to LPG operation, the current fine
balance of favourable‘circumstances on which expanded LPG usage
would rest makes it improbable that special LPG vehicles will
become generally available. In any case, the differences in

characteristics are unlikely to alter the general conclusions

presented in this report.

To sum up, the widespread adoption of LPG for motor
vehicles will be conditional on the cost differential with petrol.
From an overall social point of view, there is not a strong case
for substantial conversion to LPG; it rests mainly on the

moderate reduction in air pollutiom that would result,
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SUPPLY PROBLEMS

In 1971 the Senate Standing Committee on Primary and
Secondary Industry and Trade examined a petition from the
Shoalhaven:Shire Council, NSW, into the supply of LPG to the

Australian market.

LPG was supplied to the ‘Council gasworks for conversion
to gas for supply to consumers, and the Council was concerned with
the high cost of shipping relatively small tonnages to Nowra
during periods of peak demand and at times of scheduled and’
unscheduled refinery shut- downs. The Senate Standing Committee
came to a number of conclu51ons regarding the Council petition,

those of general relevance to this paper are set out below

(1) 'Periodic short term shortages of LPG do occur within
States as a result of refinery shut- downs. These shut-
downs may be scheduled or unscheduled and the evidence
shows that in New South Wales they do lead at times to
sericus shortages of supply of LPG. This situation strongly
suggests‘the desirability of close liaison between refinery
producers of gas in order tc¢ avoid, asrfar as possible,
simultaneousrshut—downs.{

(ii) 'It appears that inadequate storage facilities are held by
refineries, distributors and consumers, having regard to
supply/demand variables. It would seem that retailers/
consumers have a particular responsibility to ensure that
they maintain sufficient buffer stocks of LPG to tide them
over unexpected shortages. "Increased retailer/consumer
storeges could also be expected tc reduce the unit cost of

gas nurchased’from distributors.'

(iii)'Variability of consumption of LPG in some areas is making
demands upon the LPG distribution'industry such that the

gas is being supplied at'an uneconomical cost during some

(1) Senate;Standing Committee on Primary and Secondary Industry
and Trade, Report on Ava11ab111ty of Liquefied Petroleum Gas,
December 1971. S ) ‘
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periods. The Committee notes again in this regard the fact
that it has been necéssary tc import LPG into Sydney from
other States during times of severe shortage of supply ex
Sydney refineries and that the cost of such imports has

been high.'

(iv) 'While the production of refinery LPG balances the
Australian consumption of the gas, there appears to be
substantial capacity within refineries to produce more
LPG should demand warrant it. The Committee recognises
that such producfion will be governed largely by the

economic opportunity in producing more LPG .'

The final comment of the Senate Committee, (iv) above,
suggests that it will be possible for Australian refineries to
produce increased quantities of LPG which would be an addition to

0il and gas field reserves.
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CO0ST EXPERIENCE WITH LPG CONVERSIONS .
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City of Unley, South Australia — 1971<1)

Bedford KGL truck fitted with Evans garbage compactor
body; Century LPG conversion equipment installed by
‘Sagasco. ‘

2Fue1'Tests

} Petfol'(2802‘miles) 3.72 mpg

LPG (2861 miies) 3.34 mpg
Costs
 Conversion $300 |
‘ LPG -~ 20 cents per gallon
i ' ' Petrol 4Q cents per gallon

! ' Miles per year

8,000

(2)

Chicago Transit Authority, USA

Total miles by LPG buses - 716 million.
Period of experience - 19 years,

Results of A.D. Little study - 1960:

A.D.L. compared CTA costs for diesel and LPG buses

A.D.L. assumed fuel costs to be:

LPG - 7.5 cents per US gallon
Diesel - 10.5 cents pér US gallon

A.D.L. computed annual operating costs as follows:

Assumed Bus Life ' Cost - US cents/mile
LPG Diesel
12 years 13.45 - 14.35 16.50

18 vears 12.76 - 13.82 15.75
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City of Rocky MQuntains, South Carolina, USA (Police Department)(B)
Cost per vehicle per year over 10 yvear 1life.
Petrol - fuelled LPG - fuelled Difference
Fuel $256.00 $216.00 $37.00
0il . 7.56 3.78 3.78
0il filter 13.50 6.75 6.75
Spark plugs 32.48 9,28 23.20
Maintenance 200.00 100.00 100.00
Fuel pilferage
(10%) 25.60 - 25.60
$535.14 $338. 81 $196.33
(&)
NRMA Passenger Car Tests
The NRMA tested a 1968 Hclden HK automatic equipped with
186 CID engine, commencing April 1970.
Car converted to LPG using Impco equipment; conversion by
ATECO Pty Ltd, Sydney NSW,
Test Results:
LPG Petrol
Miles driven 14,062 14,062
Fuel consumption,
total gallons 1,035 692.6
Cost per gallon; cents 25,25 46,1
Total fuel cost; dollars 258.75 319.29
Fuel cost; cents per mile 1.84 2.27
0il consumption; pints per
1,000 miles 1.33 1.33
Total cost of oil; dollars 6.27 20.55
Total fuel and o0il cost; cents
per mile 1.8846 2.4166
Acceleration: 0-50 mph; sec 9.4 9.0
top gear 30-50 mph; sec 9.4 7.0

0il life, as determined by Ampol tests,

would be at

least 15,000 miles for LPG-fuelled vehicle.
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Weigﬁt of equipment for LPG to provide 400 mile range:

régulator, carburettor, etc, | 32 1lbs
1 . : ‘
Zitanks 112

fuel | 120

TOTAL 264 1bs .

Weight of equipment for petrol to provide 360 mile range:

20 (estimate)

eduipment
tanks . 30 (estimate)
fuel (16.5 gallons) ‘ 129

Sources :-

(1)
(2)

(3)

(4)

TOTAL 179 1bs

Fisher, C.L. , Report on Operating Test with LPG, City
of Unley, South Australia ‘

Denny, Luxon, Hall, - Handbook Butane - Propane Gases,
Fourth Edition, Chilton Company, Los Angeles, 1962

"Svoboda, E.J. , Use of LP Gas for the Control of Motor

Vehicle Air Pollution , Marvel-Schebler Division of Borg
Warner Corporation, USA

ﬁWhat to Expect with LPG in Fleet Car Fuel Conversions',
Truck and Bus Transportation, August 1972.
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PARAMETRIC MODEL

BASIC CONSIDERATIONS

A parametric model, in the form of a computer program,
was designed to investigate the level of savings which would
accrue to owners of petrol driven motor vehicles converting to
LPG operation. It was designed to take account of two
different prices for LPG, representing costs +toc various users
in the cities of Melbourne and Sydney. The basic assumptions

of the model are:

. the costs of LPG and premium motor spirit will

remain constant for the period of calculation;

. there will be sufficient supplies of LPG to
permit the vehicle to operate on LPG for the

period of calculation; and

the LPG equipment will remain on the vehicle for

the period of calculation.

The model assumes one price for petrol for each
category of consumer, As premium (98 octane) spirit comprised
83 per cent of motor spirit sold in 1972-73, the price of this
fuel was used in the model(1). The effect on users of standard
(89 octane) spirit, or any other price of petrol, could be

obtained by running the model at the appropriate price.

Savings calculated by the model are confined to fuel
purchased by the vehicle owner, while the only cost considered
is that of converting the vehicle to LPG operation. The model
does not take into account social costs or benefits relating to
effects such as air pollution, nor is the impact of general

vehicle running costs included.

(1) Fuels Branch, Department of Minerals and Energy, Australian
Petroleum Statistics, 1972/73.




- 38 -

PARAMETERS qSED

The parameters used in the model cover four user and
three vehicle categories and are set out in Appendix C1. It was
necessary to make a number of assumptions concerning the various

parameters; these are discussed below.

Vebicle Type

‘VVehieles of Category A comprise paesenger cars, station
wagons ahd light commercial vehicles, which have similar average petrol
consumption.§ The figures for petrol consumption were taken from

Table 14 of &he,Australian Bureau of Statistics, Survey of Motor

Vehicle Usage, 1971, Trucks were separated into carrying capacities

under and'over 4 tons; also on the basis of petrol consumption
(categories b'and\C'respectively). ‘'The categories- 'Other Truck

- Types' and 'ﬁotor Cycles' used in the ABS Survey were not considered.

|
}
i

Cost of Cbnversion tg LPG Operatioh
' Price lists for engine and fuel tank conversions were
obtainedzfro& firms which specialise in this type of work. The costs

‘selected‘arejtypical for vehiclesVin‘each,categoryf

Fuel Consurption Penalty

;Users of vekicles cecnverted to LPG operation report a
wide variation in fuel consumption figures as compared to previous
petrol consumption (Annex B), Part of this variation is due to the
‘differing physical properties of LPG and petrol. Part of the variation
carn aiso be explained bv driver behaviour, vehicle loading, and traffic
ccnditions."In the cirbumstances,ra uniform penalty of 10 per cent
was considered the minirmum appropriate figure for application to the

assumed petrol consumption figures.



Present Fuel Consumption

These figures were based on Table 14 of the Survey of

Motor Vehicle Usage, which gives petrol comnsumption figures for a

range of vehicle types. Since the petrol consumption figures for
the vehicle types of Category A are similar, the consumption
figure for motor cars and station wagons - 23 miles per gallon -

was taken as the average for Category A.

Trucks with under 4 tons carrying capacity have an
average petrol consumption figure of 14 miles per gallon. A weighted
average petrol consumption was calculated for Category C. The average
petrol consumption figure for each vehicle class was varied up and
down by 50 per cent to cover expected variations in vehicle perform-

ance and driver behaviour.

Fuel costs by Owner Category

Fuel costs are based on the relative prices paid for
premiﬁm grade motor spirit. At one end of the cost scale is the
‘General Public!; it was assumed that the average retail price in each
of the cities Sydney and Melbcurne was appropriate for this category.
Premium spirit is supplied to service stations at a 'retail wholesa.s’
price € to 7 cents below retail price; large users of petrol can
obtnin a discount of 4 cents per gallon from the retail wholesale
price., The category 'Medium Transport Operator' was defined as those

users who can obtain petrol at this discount.

State and Local Governments are required to pay customs
and/or excise duty on fuel purchased for motor vehicle use. In view
of the considerable number of vehicles operated by these agencies,
they were defined as a separate category. The average of State Tender

Board Prices for bulk fuel was used for this category of user, in

each city.

The Australian Government does not pay customs or excise
duty on motor fuel. Therefore the average contract price for bulk fuel

in each city was used for this category.
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|
|
|
?here is a censiderable difference between the price of

LPG in Melbourne and Sydney. The retail price for LPG in Meélbourne is
around 21‘cen¢5‘per gallon (4.6 cents per litre). Large commercial:
users can expéct to obtain sﬁpplies at about 18 cents per gallon
(4.0 cents per 1itre). It was assumed that State and Local Governments
and the Austrélian>Government—would'be'able to obtain supplies of LPG
at a discountfof 2 cents below this price;i.e. at 16 cents per gallon
(3.5 cents per litre). In Sydney it is expected that the retail price
for LPG will be 31 cents per gallbn (6.8 cents per litre). In the
model the difference of 10 cents per gallon between Melbourne and
Sydney prices;is maintained for each owner class.

\

\

Period of Calculation
[

Studies carried out by the Tariff Board indicate that the
expected life of a commercial vehicle with gross vehicle weight
(GVW) exceedlng 6,000 1b (2 700 kg) is of the order of 17.5 years( )
While flgures for the expected 1life of passenger cars and commercial
vehicles w1th less than 6,000 1b (2 700 kg) GVW are not available, it
is expected that thev would be con51derahly less than this figure. It
has been assumed that a period of 12 years would be a reasonable estimate.
There are no gfficial figures available on the average period‘for which
the first ownér of a motor vehicle retains ownership, but after
examining vehicle registration statistics it was estimated that this
period would #e about four years.

|

ihe model c.n use dny period of time for calculating the
Vprofitabilityjof converting to LPG operation. The maximum period for
calculation ié'of course the expected life of the vehicle. The
calculations bresented in Annexes D and E use periods of four and eight years,
representing approXimately one third and two thirds of the expected
life of passenger vehicles and light cbmmercial‘vehicles, énd one
quarter and ore half of the life of heavy commercial vehicles. The
position 1is t?ken that the first owner‘will decide wkether or not to

e L“C oni the bagcis of the period that he expects to retain

convexrt

(1) Tariff Board - Industry Economlcs Branch, The Demand for Commercial

Veblclesu August 1973
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the vehicle, that the equipment will have no salvage value, and

will not add to the value of the vebicle when he sells it.

Interest Rates

Rates of seven and ten per cent were used in discounting
the value of future fuel-cost savings. Together with the periods of
four and eight vears, the two interest rates permit an assessment of the

sensitivity of the caliculations to these factors.
COST COMPARISON

The model compares the initial cost of conversion with
the discounted stream of cost savings due to the fuel price different-
ial, for a range of specific circumstances of vehicle type, owner
category, city of operation, discount rate and period of czlculati on.
The simplifying assumption is made that fuel cost savings accrue only
at year ends. No allowance is made for the mainterance cost of PG
equipment on vehicles as it was assessed that overall mainterance costs
for petrol and LFG vehicles are comparable. The output of the model

is the net present value of ccnversion under the specified circumstances.

Two sets of calculations are made. Firstly, distances
are established for which the present value of savings is either zero
or $500 for specified séts of cost variables. For the fuel costs,
differerces in price between petrol and LPG are taken as positive whken
the cost of petrol is greater than the cost of LPG per unit volume.
These cost differentials are tabulated in steps of 1 cent per litre,
as well as for the actual differences between the costs of LPG and

petrol which now apply in Sydney and Melbourne.

In the second set of calculations, cost differentials
‘are established for a range of fuel consumption for each vehicle type,

using current fuel prices in Sydney. and Melbourne and specified annual

travel distances.
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RESULTS

h portion of the calculafions are presented as computer
printout in Annexes D and E. ‘Selécted results are shown graph-
" jically in Figures 2 and 3. ‘Thé‘first part of the selected results
shows break-even distaﬁCes,‘apd‘the secend part shows the break-

even fuel cost differentials..
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Appendix 1

PARAMETERS USED IN FUEL COST SAVINGS MODEL

There are three vehicle categories and four owner

categories.

Vehicle Category A

Vehicle type: Cars, station wagons and light commercial
vehicles
Cost of conversion to LPG operation: $400.00

Fuel consumption penalty: 10%
Present petrol consumption of vehicle type:

4,07 km per litre (11.5 miles per gallon)
8.14 km per litre (23.0 miles per gallon)
12.21 km per litre (34.5 miles per gallon)

Vehicle Category B

Vehicle type: Trucks, rigid and articulated, carrying

capacity under 4 tons
Cost of conversion to LPG operation: $450.00
Fuel consumption penalty: 10%
Present petrol Consumption of vehicle type:

2.48 km per litre (7.0 miles per gallon)
4,96 km per litre (14.0 miles per gallon)
7.44 kin per litre (21.0 miles per gallon)

Vehicle Category C

Vehicle type: Trucks, rigid and articulated, carrying
capacity over 4 tons.

Cost of oonversion to LPG operation: $600.00

Tuel cousumption penalty: 10%

Present petrol oonsumption of vehicle type:

1.35 km per litre (3.8 miles per gallon)
2.70 km per litre (7.6 :iles ver gallon)
4,05 km per litre (11.4 niles per gallon)
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:
2
|
|
|

\
Owner Category 1:
\

|
- General Public

Fuél coSts:

Petrol: 11.86’cents:per litre (53.9 cents per gallon)

LPG: ‘ -

(Sydney) 6.82 cents per litre (31.0 cents per gallon)
(Melbourne) 4.62 cents per litre (21.0 cents per gallon)

Owner Category 2:
- Medium Transport Operator
Fuel costs:

;Petrol: 9.37 cents per litre (42.6 cents per gallon)
| LPG: o | '

kSydneY) 6.16 cents per litre (28.0 cents per gallon)
(MklbOurne) 3.96 cents per litre (18.0 cents per gallon)

|
I
g

Owner Cateéory;j:

- Sthte and Local Government
i
Fuel costs:
fPetrol: 8.32 cents per litre (37.8 cents per gallon)
‘; >“- . P
KSydney) 5.72 cents per litre (26.0 cents per gallon)
(Melbourne) 3.52 cents per litre (16.0 cents per gallon)

| ‘
Owner Category 4:

- Adstralian Government
c ‘
Fuel costs:
fPetrol: 3.45 cents per litre (15.7 cents per gallon)

|
- LPG: o , ‘ ,
(Sydney) 5.72 cents per litre (26.0 cents per gallon)
(Melboﬁrne) 3.52 cents per litre (16.0 cents per gallon)
Period foﬁ which present value of~savings calculated

-~ lLlyears -

- _nyears_
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Discount Rates
- 7%
- 10%

Cost differential between one litre of petrol and one litre of
LPG
- Minimum to maximum with up to three steps of 1 cent per

litre (4.5 cents/gallon)
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ANNEX D

This Annex contains'cbmputer calculations of
diétances requifed to break even énd to earnr$500 surplus
for vehicles bf‘average fuel consumption. Calculations for
Ausfraliaﬁ Government vehicles have been omitted since fuel

cost différentials are negative,
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ANNUAL LISTANCES REQUIRED TO BREAK EVEN AND TO EARN $500 SDRPLUS.

VEHICLE TYPF eeeecesessasee CAES, STATION WAGONS, ETC.
CWNEE CATEGOEY evoseeeveeess GINERAL PUBLIC.
FUEL CCNSUMETION weweeeeeas  8.14 KM s LITRE
FUEL CCS1IS:

PETROL eevoeennes weee. 11.86 CENTS / LITRE

LEG (SYDNEY) eeevenecn 6.82 CENTS , LITKE

LEG (MELBGUENE) ..... 4.62 CENTS , LITRE
CCNVEBSION TO LEG veuwewee.. 3400
LPG CCNSUMPTION PENALTY ... 10 %

PERIOL LISCT COST DIFFTL A NNUAL DI S TANTCE
RATE (CENTS/ TQ EREFAK EVEN FO- $500 SUERFLUS
(YES) (%) LITRZ) (KM.) (KM.)
4 7.0 1.0 xEk *xk k
Z.0 54799 213298
2.0 45471 102311
* 5.0 22057 496298
*x 7.2 14182 31910
4y 10.0 1.0 * Xk * %
2.0 101299 227923
3.0 4858¢ 109326
* 5.0 23569 53032
*¥ 7.2 12154 38097
8 7.0 1.0 FHk * ok
2.0 53774 120993
.0 25793 58035
* 5.0 12512 28152
% 7.2 BO4LY 18100
3 10. 0 1.0 W kK
2.0 c0189 135425
3.0 23870 64958
x 5.0 U004 31510
2% 7.2 3004 20260
KOTZ=: * .. FUEL PRICE DIFFERENTIAL (SYDNEY)

*% .. FUEL PRICE DIFFERFNTIAL (MELBOURNE)

#=x% .. AFTER TAKING INTO ACCOUNT FUEL CONSUMFETION
FENARLTY GF 10%, THE FUEL COST DIFFERENTIAL
EECCMES NEGATIVE; DISTANCES ARE NOT
CELCULATED IN SUCH CASES.

10 KM s LITERE = 2B.2 MEG
10 MPEG = 3.54 KM/LITRE
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ANNUAL DISTKNCES‘BECUIRED TO EREAK EVEN AND TO EARN $500 SUORPLUS.

VEAICLE TYPE eeeeeeaesss.-o CARS, STATION WAGONS, ETC.
CWNES CATEGOKY eveeweeossees MEDIUM TRANSPORT OPERATOR.
FUZL CCNSUMETION eeeevesees 8.180 KM / LITRE
FUSL ©CST3: , :

"PFTHROL vevsveeneeeasses 9.37 CENTS / LITRE

LEG  (SYDNEY) wisseesas: 6416 CENTS / LITRE

LPG (MELBODENE) eceesw 3.96 CENTS s/ LITRE
COCNVEKRSICN TC LEG eavuvasas $UOO ‘
LPG LCJ“UMPEION PENALTY .o 10 %

pPol-10D EISCT COST DIfFTL A'NNU 2L DISTU BANTCE

RATE (CENTS/ - TO BREAK EVEN FOR $500 SUERPLUS
{YR5) (%) LITER) L (KM.) (KM.)
i .
4 7.0 1.0 585720 1326870
| 2.0 76110 171247
| S 3.0 40680 91530
w302 37057 83379
 xx S.4 19171 43136
\ ‘
4 10.0 | 1.0 630151 1417840
2.0 81328 182988
3.0 43469 97805
* 3.2 3959¢ . 89096
4 5.4 20486 46094
8 7.0 1.0 334517 752664
2.0 43173 67139
3.0 23075 51920
x 3.2 21020 47296
#% 5.0 10875 24469
8 10.0 1.0 376419 842443
| 2.0 48323 108726
2.0 25828 58113
% 3.2 23528 52938
x4 .4 12172 . 27387
HOTZ: % .. FUEL PRICE DIFFERENTIAL (SYDNEY)

#% .. FUEL PRICE DIFFERENTIAL (HELEOURNF)

28.2 MPG
3.54. KM/LITRE

10 KM / LITRL
10 MEG
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ANNURL DISTANCES5 REQUIRED TU BREAK EVEN AND TC EAEN $500 SURPLUS.

VEHICLE TYFE evessscnvesses CARS, STATION WAGCNS, ETC.

OWNER CATEGORY eveeeeeewn.. STATE,
FOEL CCNSUMETICN weveceeeas  8.14
FUEL COSTIS:
PETEOL ceeevonceveaeaa  B8.32
LPG  (SYDNEY) eewuweese 5.72
LPG (MELBCURNE) <es..  3.52
CONVARSICN TO LEG eeeeeae.. 3400
LPG CCNSUMPTION EENALTY ... 10 %

PEXIOL LISCT COST DIFFTL

RATE

(IRS) (%)
4 7.0
4 10.0
8 7.0
8 10.0
NOTE: *
e

A NNDUA AL

(CENTS/ TO BRCZLAK EVEN
LITRE) (KM.)
1.0 358677
2.0 70268
* 2.6 47399
3.0 38949
*x 4.8 216711
1.0 383269
2.0 75086
* 2.6 50649
3.0 1618
*% 4.8 23093
1.0 203456
2.0 39853
x 2.6 26887
3.0 22G¢3
=% 4.8 12258
1.0 227728
2.0 tge14
* 2.6 30094
3.0 24729
*%x 4.8 13721

LOCLL GOVERNMENTS
KM s L1TRE :

(INCL.

CERTS / LITRE
CENTS / LITRE
CENTS / LITRE

DISTANSCE
FOR $500 SUEELUS
(KM.)

807024
158103
106049
87636
48625

862356
168943
113962
33644
51958

457784
69683
60496
49711
27582

512388
100381
67713
55641
30872

FUOEL PEICE DIFFERENTIAL (SYDNEY)
YUEL PHICE DIFFERENTIAL (MELBCURNE)

10 KM s/ LITRE = 28.2 MEG

10 MEG

"Hou

3.54 KM/LITRE

EXCISE) .
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ANNUAL CiSTANCES REQUIRED TO BREAK £VEN AND TO EARN $500 SURPLUS.

VEHICLE TYPZ weeecevecaseees TROCKS, CARRYING CAPACITY UNDER 4 TCNS.

C¥NEG CRTEGCEY eceeoaascees GENERAL PUBLIC.
FUEL CCNSUMETICN <vvevvesss. U4.96 KM / LITRE
FUEL CCSTS: ’
EETHKOL weeeaveeesacsaacas 11.86 CENTS s LITRE
LEG  (BSYDNEY) wevcucns 6.82 CENTS 7 LITRE
LEG (MELBCUYXNE) eoeau. 4.62 CENTS , LITRE
CONVFEGSION |TO LEG suvwvesos $850
LYG COUNSUMETION PENALTY ... 10 %

PAKIGE LISCL CGST DIFFTL

A NNUAL

DISTANCE
FOK $500' SURPLUS
(KM.)

* %k
137191
65805
37921
29524

*k ¥
146597
70317
34109
21931

* K
77821
37327
16107
11642

* k¥
87104
41780
20267
13031

RAT 2 (CENTS/ TO BREAK EVEN
(Y25) (%w LITRE) (KM.)
y ‘7.q 1.0 Ckdok
| 2.0 64985
| 3.0 31170
| * 5.0 15120
SRS T B 9721
i 1.0 1.0 L ks
i z.0 69440
| 3.0 33308
| * 5.0 16157
f *% 7.7 10388
3 7.0 1.0 on
; 2.0 36862
| 3.0 17681
| * 5.0 8577
: ¥k T.2 5514
g 10.0 1.0 A
2.0 41259
3.0 15790
* 5.0 960C
ik T2 6172
NOTE: * .. FUEL PRICE DIFFPERENTIAL (SYDNEY)
*% .. FUEL PRICE DIFFERENTIAL (MELBOURNE)
kK oo

FENALTY OF 10%, THE
EECOMES NEGATIVE;

CALCULATEY IN SUCH CASES.
10 KM s LITEE 28.2 MPG
10 MEG

AFTER TARKING INTO ACCOUNT FUEL CONSUMPTION
FUEL COST DIFFERENTIAL
DISTANCES ARF NOT

3.54 KM/LITRE



ANNUAL CISTANCES REQUIRED TO BREAK EVEN AND TC EARN $500 SURPLUS.

VEHICLE TYPE veoeseesseacocese TRUCKS, CARRYING CAPACITY OUNDER & TCNS.
CWNER CATEGCHRY evecaseseess MELIUM TRANSPORT OPERATOR.
FUEL CCNSUMETION ceeenencas 4.95 KM / LITRE
FUEL CCSTS:
PETROL eoceescsncccascees 3.37 CENTS / LITKE
LEG (SYDNEY) ceeneeen 6.16 CENTS s, LITRE
LEG (MELBCUERNE) eeee. 3.96 CENTS / LITRE
CONVEXSICN TC LEG .seeseceesse 3450
LPG CCNSUMPTION PLNALTY ... 10 %

PESRIOD LISCI COST DIFFTL A NNUAL DISTANCTE

RATE {CENTS/ TO EREAK FVEN FORK $500 SURPLUS
(IRS) (%) LITRE) (KM.) (KM.)
4 7.0 1.0 404254 BE3426
2.0 52173 110144
3.0 27886 58871
*x 3.2 25403 53628
¥ S.4 13142 27744
4 10.0 1.0 421973 911943
2.0 55750 117696
3.0 297¢8 62907
* 3.2 27144 57305
% S.4 14043 29647
8 7.0 1.0 229313 484105
2.0 29545 62479
3.0 15818 33394
* 3.2 14409 30420
% S04 7454 15738
8 10.0 1.0 256665 541850
z.0 33125 69931
3.0 17705 37317
¥ Za2 16128 34049
% S.l 3344 17615
NOT R % e FUFL PRICE DIFFZaENTIAL (SYDNEY)
¥4 oo FUEL PRICE LIF¥FrEREINTIAL (MELBOUKNE)

10 k¥ s L1ivbpE = Z8B.2 MFG
10 MPG = 3.5U4 KM/LITRA
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ANNUAL DIST?NCES REQUIRED TO BREAK EVEN AND TC EARN $S5C0 SURPLDS.
VEHICLE TYP? weceesaeceovaes TRUCKS, CARRYING CAPACITY UNDER 4 TONS.
 OWNER CATEGCRY .eeevee-ocns STATE, LOCAL GOVERNMENTS (INCL. EXCISE).
FUEL‘CCNSUHFTICN eesensanss 4.96 KM / LITRE

FUOEL COSTS:| - a : :

PETROL veescsssaaasaas 8.32 CENTS s LITRE

LEG (SYDNEY) ecaweaes S5.72 CENTS s LITRE

LEG (MELBCUENE) <ceeo 3.52 CENTS s LITRE
CONVERSICN TO LPG esasaesss $U50 SR
LPG CCNSUMPTION PFNALTY ... 10 %

PERIOD LISCT €CST DIFFIL A NNUAL DISTANTC CE

RATE  (CENTS/ TO EREAK EVEN FOR $500 SURPLUS
(YRS) (%) "~ LITRE) © L (KM.) '  {(KH.)
4 7.0 1.0 245875 519069
| 1 2.0 - 48169 ’ 101690
| * 2.6 32492 68595
| 3.0 26699 : - 56366
| %% 4.8 14814 : 31275
4 10.0} 1.0 262732 554658
5 2.0 51471 - 108662
| # 2.6 34720 73299
| 2.0 . 28530 © 60231
| x% 4.8 15830 33419
8 7.0 1.0 139472 294441
2.0 27323 57683
| # 2.6 18431 38910
| 3.0 15145 31973
| % 4.8 8403 © 17740
8 10.0 1.0 156108 329562
2.0 30583 - . 64568
* 2.6 20630 x 43552
| 3.0 16952 - 35787
%% 4.8 9405 19857
NOTE: % <. FUEL PRICE DIFFERENTIAL (SYDNEY)

#% .. FUEL PRICE TIFFERENTIAL (MELBOURNE)
10 KM s LITKE = 28.2 MPG
3.54 KM/LITRE

10 MEG

it
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ANNUAL LISTANCES REQUIKED TC EREAK EVEN AND TC EARN $500 SURPLUS.

VEHICLE TYPE weseeeeseesses TRUCKS, CARRYING CAPACITY CVER 4 TONS.
OWNER CRTEGORY <eeesesaaseea GENERAL EUBLIC.
FUEL CCNSUMETION veeaceoncas 2.7C KM s LITRE
FUEL CCSTS:
PETROL eavesescaceacss 11.8: CENTS / LITRE
LEG (SYDNEY) ceeavasns 6.52 CENTS s LITKE
LEG (MELBGUENE) .cevw.. 4.62 CENTS /s LITRE
CCNVERSION TO LEG eeseeeess $600
LPG CCNSUMPTION PENALTY ... 10 %

PERIOD L[ISCT COST DIFFTL 4 N N U AL DT sTHANCTE
RATS (CENTS/ TO EREAK EVEN FOR $500 SURPLOS
(YRS) (%) LITRE) (KM.) (KB.)
4 7.0 1.0 *k* * k%
2.0 47166 B6472
3.0 22624 41477
* 5.0 10974 20120
% 7.2 7C5¢6 12936
4 10,0 1.0 KK EE
2.0 50400 22401
2.0 24175 Ly321
* 5.0 11727 214883
23 1.2 7540 13823
8 7.0 1.0 ¥ ok T
2.0 26755 49051
3.0 12833 23528
* 5.0 5225 11413
% 1.2 4002 7338
8 10.0 1.0 Sk ook
2.0 29946 54902
3.0 14364 26334
x 5.0 6967 12774
% 1.2 4480 8213
NOTE: * .. FUFL PRICE DIFFERENTIAL (SYDNEY)

*% .. FUEL PRICE DIFFERENTIAL (MELBOURNE)

%% .. AFTER TAKING INTO ACCOUNT FUEL CONSOMPTION
EENALTY GOF 10%, THE FUEL COST LIFFERENTIAL
EECOMES NEGATIVE; DISTANCES ARE NOT
CALCULATED IN SOCH CASES.

28.2 MEG
3.54 KM/LITRE

10 KM , LITRE
10 HMPG

ol
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ANNUAL DISTENCES REQUIRED TO BREAK EVEN AND TC EARN $500 SURPLUDS.

VEHICLE TYPE +eveeeensesass TRUCKS, CARRYING CAEACITY CVER 4 TONS.
CWNEF CATEGCRY ceeeeesease. MEDIUM TRANSPCRT CPERATOR.
FUEL CCNSUMETICN cececcanas 2.70 KM 7 LITRE :
FUEL CCSTS: o

PETHROL wececevsssncaneas  9.37 CENTS / LITRE

LEG (SYDNEY) ........ ~6.16 CENTS / LITRF

LPG (MELBCURNE) eeeee 3.96 CENTS / LITEE
CONVERSICN TC LEG eeuven... $600 ‘
LPG CCNSUMPTION PENALTY ... 10 %

l ,

PERIOD TISCT COST DIFFTL &2 NN UOAL D ISTA ANCE

RATE | (CENTS/ TO BRFAK EVEN FOR $500 SUEPLUS
(YRS) (%) LITRR) (KM.) (Kn.)
4 7.0, 1.0 ;293811 537920
; 2.0 - 37868 65424
3.0 20240 37106
: 3 3.2 18437 33602
! % S.b - 9538 17487
4 10.0 1.0 313528 574802
2.0 LouGsY 74184
3.0 21627 39651
% 3.2 19701 36120
%% S.U 10192 18686
8 7.0 1.0 165437 305134
2.0 21480 39381
3.0 11481 21048
¥ 2.2 1045€ 19174
% 5.4 5410 9919
8 10.0 1.0 186289 341531
' 2.0 24042 © 44078
3.0 12850 © 23559
# 3.2 11706 21461
#% 5.4 - 6056 11103
NOTE: * .. FUEL PRICFE DIFFERENTIAL (SYDNEY)

%% .. FUEL PRICE [IPFERENTIAL (MELBOURNE)

28.2 MPG

10 KM s LITHE
3.54 KM/LITRE

10 MPG

o
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ANNUAL L[ISTANCES REQUIKEL TO BRIZK EVEN AND TO EAKN $500 SURPLUS.

VEHICLE TYPSZ TRUCKS, CAREYIQG CAFACITY CVER 4 7TONS.

CWNEF CATEGORY eeeveesssaas STALE, LOCAL GOVERNMENTS (INCL. EXCISE).
FUEL CCHNSUMETICN eeicacanas 2.70 KN / LITRE
FUEL CCST3:
PETEOL ceecaseoaboanens 8.32 CENTS s LITRE
LEG (SYDNEY) ceacnces 5.72 CENTS / LITRE
, LEG (MELBCUGNE) seses 3.52 CENTS s LITKE
CONVERSION TO LEG eeeeecsss 5600
LPG CCNSUMETICN PBENALTY ... 10 %

PERIOD LISCT C0ST DIFFTL A NNURL DI STANTCE
RATE (CENTS/ TO ERTAK ELVEN FOR $500 SURFLUS
(YRS) (%) LITRE) (KM.) (KM.)
4 7.0 1.0 173457 327172
2.0 34961 640996
* 2.6 2383 43236
2.0 1937¢ 35528
#% 4.8 10752 19713
4 10.0 1.0 130693 349€04
2.0 37358 58430
% 2.6 25200 46200
Z.0 20707 37964
*x 0.8 11489 21064
8 7.0 1.0 101229 185583
Z.0 13831 36358
* 2.6 13371 <4525
3.0 10992 20153
*x U.8 6509 11182
8 10.0 1.0 113304 207725
Z.0 22197 40695
* 2.6 149713 27451
z.0 12303 22857
%k 4.8 6826 12516
NOTE: * FUFL PRICE LCIFFERENTIAL (SYDNXY)
¥ % FUEL EFRICE LIFFEZRENTIAL (MELBOURNE)

10 KM
10 MEG

/ LITRHE

MEG

2

.2
.5t KM/LITIRRE
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{
ANNEX E

'~ This Annex contains computer calculations of

‘fuel §ost'differentials required to break even for a range

of fuel consumption.
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COST DIFFERENTI2L REQUIRED T0 EREAK EVEN.

VEHICLE TYPE eeaccesesessss UARES, STATION WAGONS, ETC.
OWNER CATEGORY ecasvesssnes GINZRAL PUBLIC.

PEEMIUM SPIRIT CCSTS secess 11.8¢ CENIS s LITRE
CCNVERSICN TO LEG <eseaswees $40C

LPG CCNSUMPTICN EFENALTY ... 10 %

EEEM. FUEL ANNURL DIST. GLIFFIL. TC PERIOL DISCT.
CONSUMETION TRAVELLED BEERK EVEN RATE

(K4 / LITKE) {KM.) (CENTS/ (YRS) (%)

LITEE)

4.07 10000 E.45 4 7.0

10000 5.75 4 10.0

10000 2. 56 8 7.0

10600 3,85 3 10.0

50000 2.7 3 7.0

40000 2.25 4 10.0

10000 1.76 8 7.0

46000 1.77 8 10. 0

70000 1.70 i T

70000 1.75 4 10.0

76000 1.43 8 7.0

7000 1.47 8 10.0

8. 14 10000 9.32 4 7.0

10000 10,42 4 10.0

10000 6.04 8 7.0

10000 £.53 8 10.0

40000 3.26 4 7.0

40000 3.41 4 10.0

30000 2.32 8 7.0

40000 2.47 8 10.0

7€000 2.33 4 7.0

76000 2.4 4 10.0

70000 1.79 8 7.0

70000 1.87 8 10.0

12. 21 10000 *x 4 7.0

10000 % 4 10.0

10000 8.51 8 7.0

10000 9.40 8 10.0

40000 4.36 4 7.0

40000 4.58 4 10.0

40000 2.94 8 7.0

40000 3.16 8 10.0

70000 2.95 4 7.0

70000 3.08 4 10.0

70000 2.14 8 7.0

70000 2.27 8 10.0

NOTE: % . COST DIFFERENTIAL IS GREATER THAN
THE COST OF PREMIUM SPIRIT TO
THE USER.
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| .
COST DIFFERENTIAL REQUIRcLD TO BREAK EVEN.

VEHICLE TYPE +vceeesesea-.. CARS, STATION WAGONS, ETC.
OWNER CATFGUHY eeeencescses MEDIUM TRANSPORT OPERATOR.
PREMIUM SPIRIT COSTS eveoee 9.37 CENTS / LITRE
CONVERSICN TO LPG eeevceeses $400

LEG CCNSUMPTICN FENALTY ... 10 %

PrnEM. FUEL ANNUORAL DIST. DIFFTIL. TO PERIOD DISCT.
CONSUMETION = TKAVELLEL = BREAK EVEN , RATE
(KM / LITRE) (KM.) (CENTS/ (YRS) (%)
o ~ ° LITRE)
-
4.07 | 10000 © o 5.22 4 7.0
! 10000 5.52 4 10.0
10000 3.33 8 7.0
10000 - 3.63 8 10.0
40000 o 1.94 4 7.0
40000 S 24,02 4 10.0
: 40000 C1.47 8 7.0
| 40000 : .55 8 16.0
J 70000 ©1.u48 4 7.0
| 70000 1.52 4 10.0
70000 o121 B 7.0
7C000 C1.28 8 10.0
8.14 § 10000 | s 4 7.0
o 10000 T 4 10.0
10000 © 5.81 8 7.C
1C000 ‘ 6.0 B8 10.0
GuG00 - 3.04 -4 7.0
40C00 3.19 iy 16.0
L0OGOO 2.09 8 7.0
LOGOU 2,74 8 10.0
70C00 2.0 4 7.0
70000 2419 4 10.0
70000 , 1.56 8 7.0
70000 S Y - 8 10.0
12.21 10000 S M 7.0
: 10000 ' wo 4 10.0
10000 ~8.29 8 7.0
10000 C9.17 8 10.0
40000 o 4.13 4 7.0
40000 o 4,35 u 10.0
40000 2.71 8 7.0
40000 ' 2.93 : 10.0
76000 2,72 1 7.0
70000 . 2.85 4 10.0
70000 1.91 8 7.0
70000 ‘ 2.04 8 10.0

|
+% .. COST DIFFEKENTIAL IS GREMTER THAN.
* THE COST OF PREMIUM SPIRIT TC
THE USER.

NG

]
b
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COST DIFFERFNTIAL AEQOUIERED TO EREAK EVEN.
VEHICLE TYPE ceeeesnsassess CARS, STATION WAGCNS, ETC.
CWNER CATEGORY eseeceecess. STATE, LOCAL GOVERNMENTS (INCL. EXCISE).
PAMIU#M SPIRIT CODTS eeeess £.32 CENTS / LITRE
CCNVERSICN TC LEG eeneaceas 3400
LEG CCNSUMPTIGN rENALTY ... 10 %

PREM. FUEL ANNDAL DIST. DIFFTL. TC PERIOD DISCT.
CONSUMEIION TkAVELLED BREAK EVEN RATE

(KM / LITEE) (KM.) (CENTSy (YRS) (%)

LITRE) '

4.07 10000 5.13 L 7.0

10000 5,43 4 10.0

10000 3.23 2 7.0

10000 3.53 8 10.0

40000 1.85 4 7.0

10000 1.92 G 10.0

50000 1.38 8 7.0

40000 1.45 8 10.0

70000 1.38 4 7.0

70000 1,42 4 10.0

70000 1.91 8 7.0

70000 .15 3 10.0

8. 14 10000 - 4 7.0

10000 o 4 10.0

16000 5,71 8 7.0

10000 €.20 ] 10.0

50000 2. 94 1 7.0

BOCCO 3.09 4 10.0

L0600 2.00 8 7.0

10000 2.4 9 10.0

70000 2.00 4 7.0

70000 2,09 3 16,0

70000 1.46 3 7.6

70000 1.55 & 10.0

12.21 10000 . iy 7.0

10000 Sk 4 10.0

10000 8.19 8 7.0

16000 ok 8 10.0

40000 4.03 4 7.0

50000 b.26 4 10.0

500G0 2.62 8 7.0

50000 2,04 8 10.0

70000 2.63 4 7.0

7000¢ 2.7¢€ 4 10.0

7C000 1.%2 8 7.0

70000 1.38 8 10.0

NOTE:  #% . COST DIFFERENTIAL IS GREATER THAN

THE CCST OF FREMIUM SPIEKIT TC
THE USER.
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COST DIFPERENTIAL KE(UIR:ED TO EREAK EVEN.

VEHICLE TYPE eeesecacssasss CARS, STATION RAGCNS, LTC.

OWNEK CATEGOKY eeeseasesses AUSTRALIAN GOVERNMINT LESS EXCISE.
PREMIUOM SPIRIT COSTS eaeses 3.45 CENIS s LITIRE ‘ -
CCNVEERSICN TC LEG sesesenes 5400 ‘

LPG CCNSUMPTICN PENALTY ... 10 %

PEEM. FUEL '~ ANNUAL DIST. DIFFIL. 1IC PEKIGD DISCT.

CONSUMETION - TRAVELLED - BREAK EVEN RATE -
(KM / LITRF) (K¥.)  (CENTS/ . (YRS) (%)
: | ‘ LITRF)
4.07 - 10000 T i 7.0
10000 *H 4 10.0
i 10000 2.79 8 7.0
| 10060 3.C9 8 10.0
: 46000 NS 4 7.0
40000 1.48 4 10.0
40000 - 0.93 3 7.0
40000 1.01 8 10.0
70000 0.94 4 7.0
70000 - 0.98 4 10.0
7C000 0467 8- 7.0
70000 0.71 8 10.0
8. 14 10000 - 4 7.0
10000 EL) 4 10.0
10000 R 8 7.0
10090 A 8 10.0
LOOCO 2450 u 7.0
4Coe 2.65 4 10.0
40000 ©1.55 8 7.0
BOOGCC 1.70 8 10.0
70000 1.56 4 7.0
7CCU0 1.65 4 10.0
70000 1.02 8 7.0
70600 1.1 8 10.0
12.21 10000 3 4 7.0
10000 o 4 10.0
100060 ¢ i 3 7.0
10000 ¥ 8 10.0
4000 ke 4 7.0
QO(JUO ‘r;r.‘r‘.?t 4 10.0
40000 2.7 8 7.0
60000 2.139 8 1¢.0
7C000 2.9 4 7.0
70000 - Z.o 4 10.0
70000 S 1.38 3 7.0
3 10.0

70000 - 1.50

% .. COST DIFFERDENTIAL IS GREATER THAN
THEE CCOr OF FhuMIOpM SPIERIT TO

THE USHR.

NOT:

i
(X}
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CUOST DIFFERENTIXL REQUIKED TU EBRLAK KEVEN.

VEHICL:D TYPE .cevwesvwsnanoeses 1HUCKS, CARKYING CAPACITY UNDER 4 TONS.
CWNER CATEGORY eiscesaesess GoNERAL PUBLIC.

PEREMIUM SFIHIT COSTS eacaaes 11.8¢ CENTS s LITRE

CONVERSICN TO LPG eeeeaesss F450

LPG CCNSCMPTICN EENALTY ... 10 %

PKEM. FUEL ANNDEL DIST. CIFFIL. TO PERIOD DISCT.
CONSUMETION TRAVELLED 32LAXK FEVEN RATE

(KM s LITZEE) {(KE.) (CENTS/ (YRS) (%)

LIT13E)

2.44 10000 Lk, 07 4 7.0

1uglu b, 28 4 16.0

16000 £ 78 3 7.0

iC000 238 8 10.0

40000 1.83 u 7.0

46000 1.38 4 10.0

40C00 1.50 8 7.0

Lgo00 1.5% g 106.0

7C000 1.31 4 7.0

70000 i.54 4 10. 0

7CC0C 1.32 8 7.C

70000 1.35 3 10.¢C

4,36 1¢000 7.07 4 7.0

060G 7.8 4 10.0

10006 4.1:8 8 7.0

10000 4,38 8 10.0

400090 Z2.58 4 7.GC

LgCcoo .08 4 10.0

40000 1.93 3 7.0

Bocoo 2.03 3 10.0

70000 1.93 4 7.0

7C000 1.99 4 10.0

700600 1. 5S¢ 8 7.¢C

76000 1.02 B 10.0

T 44 10000 10.0¢ g 7.0

70000 10.08 4 10.0

10606 €.18 R 7.0

10000 £o70 3 10.C

4Cgne 3.32 4 7.0

AEREVIVE, 3.48 2} 10.0

s3GG00 2.3% 3 7.0

G000 2.50 B 10.0

76000 2.3 4 7.0

710000 24415 4 10.0

76GC0 1.81 3 7.0

5 10.0

76000 1.49
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COST DI}EERENTIAL KEQUIRED TO EREAK EVEN.

VEHICLE TYPE |eveaeasseeecas. TRUCKS "CARRYING CAFACITY UNDER 4 TONS.
OWNER CATEGORY ecencessoces MEDIUM TﬂAN PORT OPERATOR. o
PREMIUM SPIRIT COSIS evsves 49.37 CENTS s LITRE
CONVERSICN TO LPG eoevesees $u50 ‘

LPG CCNSUMPTICN EENALTY ... 10 %
PREM. FUEL | - ANNUAL pIST. CLCIFFIL. TG PERIOD D1scT.
CONSUMETION " TREVELLED BEEAK EVEN _RATE
(KM / LITtE) (KH4.) (CENYS/ (YRS) - (%)
‘ "LITRE)

2.48 -~ 1000¢C 3.85 4 7.C
10000 405 4 1040
1C000 2.55 3 7.0

: 16000 - Z.75 3 10.
g 40000 1.60 4 7.0
I 40Gu0o 1.65 4 10.0
% L0000 - 1.28 a 7.0
1 noGOU 1e33 8 1 10.0
| 7¢C00 1.8 U 7.0
7C000 1o 31 4 10.0
70000 1.09 3 7.0
70000 1012 3 10.0
4.96 10600 AL i 7.0
: 10000 W25 4 10.0
16C0H0 ' JZt 8 7.¢
10060 L6 8 10.0
o000 .35 4 7.0
BGooU Z.45 ! 10.0
40000 S1.7C 1 7.0
40000 1,80, 8 10.0
70000 1.71 4 7.0
7€00¢ 1.77 4 10.0
76000 S 1.3 8 7.0
70000 .40 8 10.0
7.44 ] 10000 KT 4 7.0
-~ 10000 Wk 4 10.0
10000 5495 3 7.0
10000 6.56 8 10.0
40000 3.10 4 7.0
40000 L 3.25 4 10.0
40000 0 2.13 -8 7.0
40000 - 2.28 8 10.0
| 7C000 2.14 4 7.0
o 70000 2.22 4 10.0
? 7CC00 - 1.58 8 7.0
70000 1.07 8 10.0

NOTE: FL -; COST DIFFERENTIAL IS GREATER THAN
THE CCST OF PREMIUM SPIKIT TC
THE USEER. ' :
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COST DIFFERFNTIRL REQUIRED TO EREAK EVEN.
VEHICLE TYPE eeesoeseaseass TRUCKS, CARRYING CAPACITY UNDER 4 TONS.
CWNER CATEGORY seececeeeese STATE, LOCAL GOVERNMENTS (INCL. EXCISE).
PRENIUM SEIRIT COSTS cavaes 8.32 CENIS , LITRE
CCNVERSICN TC LEG seeeovaees 5450

LPG CCNSUMETICN PENALTY ... 10 %

PRZM. FUEL ANNURBAL DIST. DIFFiL. TC PERIGD DISCT.
CONSUMETICN TRAVELLED BREAK EVEN RATE

(KM s LITERZE) {KM.) (CENTIS/ (IRS) (%)

LITRE)

2o U3 1C000 3.75 i 7.0

10000 3.9¢ 4 10.0

10000 2.bL0 3 7.0

16C00 ZeabG 2 10.0

40000 1.31 i 7.0

4600¢ T.56 1 10.0

u0oon 1.1¢6 g 7.0

40C00 .23 8! 10.0

760G6C 1.8 4 7.C

FCCoC 1.1 i 10.0

70000 1.00 3 7.0

TCOG0 1.03 5 10.0

4.736 10000 £.75 4 7.0

100006 T.1€ 4 16.0

100606 .18 8 7.C

1C00U0 L.ou 3 10.¢

Looee £Fe2E 4 7.0

46000 e 3L g} 0.0

4ocoo0 1.61 ot 7.0

4¢000 1.71 3 10.0

FCCon 1.61 4 7.0

70000 Teb? 4 1Cc.C

TCCO0 T.24 8 7.0

70000 1. 30 8 10.0

7.u4 10000 #* % 4 7.0

10000 ok 4 10.0

1000¢ .85 8 7.0

10000 c.46 8 10.0

40000 .00 4 7.0

4€¢000 .16 1 10.0Q

40000 2.03 8 7.0

ueooo0 Z2.18 8 10.0

7C000 Z.04 4 7.0

7CCO0 2.13 4 10.0

70000 1.48 8 7.0

70000 1.57 8 10.0

NOTE: #% .. COST DIFFERENTIAL 1S G&IATER THAN
THE CCST CF EKEMIUM SPIRIT 1O
THE US5EER.
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COST DIFFERENFIAL REQUIRED TO BR&AK EVEN.

VBHICL? TYPE osveossaeeseas TRUCKS, CAREYING CAEACITY URDER U4 TOKS.
OWNZE CATEGOEY weesaocessees AUSTRALIAN GOVERNMENT LESS EXCISE.
PREMIOM SFIRIT COSTS veese. 345 CENTS , LITRE -
CCNVEESICN TC LEG eeee-.ess $450 0 :

LPG CCNSUMPTICN PENALTY ... 10 % = =

PRaM. FUEL ANNU&L 0IST. DIFFIL., TC PERIOD DISCT.
CONSUMETITION =~ THKAVELLED "RREAK EVEN "~ RATE

(KM / LIIEKE) (KM.)y (CENTS/ (YR3) - (%)

: LITRE)

2.48 ~ 10000 ‘ - 3.31 4 7.0

L 1000¢C Aok 4 "10.0

10000 2.01 8 P 7.0

100C0 2.22 8 10.0

BOso0 1.C6 4 7.0

10000 111 4 10.0

40C00 0.74 8 7.0

80000 - 0.79 8 10.0

- 7C000 C.74 4 7.0

70000 L0.77 u 10.0

76000 0.56 8 7.0

7C00C - 0.59 3 " 10.0

8,96 j 10000 Ak 4 7.0

: 10600 . m 10.0

16300 ] 8 7.0

10000 * 3 9 10. 0

4Gonu 1.81 u 7.0

LOGno 1.91 4 10.0

S 80000 " 1,106 8 7.0

L0000 .26 3 " 10.0C

7C0C0C 1.7 4 7.0

70000 1423 4 10.0

7C000 S 0.80 8 7.0

© 70000 EURETS A 1G.0

7.44 100w * 4 7.0

10000 * & 4 - 10.0

100090 W 8 7.0

10060 o~ 8 - 10.0

40000 2.56 4 7.0

40000 L2471 4 10.0

40000 o 1.59 8 7.0

4CCo0 B P AT 3 10.0

70000 1.60 4 7.C

7C0GC 7 1.69 4 10.0

70000 1. 00 8 7.0

70000 1413 8 10.0

NOTE:  #% +. COST DIFF:RENTIAL IS GREATER THAN
£HE CCST OF PHEMIUM SPIRIT TO
TEE USER. |
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CCST DIFFERENTIAL REQUIRED
VEHICLE TYPE veeeosnsecsosa
OWNEZH CATEGORY eesceoasssaas
PREMIUM SEIRIT CNSTS wevaee
CCNVEESICN TC LEG eenveanes
LPG CCNSUMPTION FENALTY ...

PREM. FUEL ANNURL DIST.
CONSUMETION TRAVELLED
(KM / LITKE) (Kit. )

1.35 10000
1G036G
16600
100006
LCGLO
00000
4C0CO
4000
7C0CC
70000
7C00C
70000

.70 100C0
10060
10CLU
10G0C
50000
LG0NG
4CGeoc
40000
7C00C
7C000
7CCOC
7000¢

NI

4,05 1C000C
10000
160006
1000¢
4G000
40620
40030
Looso
7C0C0
7C000
700006
7600C

TO E&FEAK EVLN.

TRUCKS, CARLYING CAPACITY CV

GANEERAL PURLIC.

118 CHNTS
$600
10 %

DIFFIl. TC
cRERK EVEN
(CENTS/
LITEF)

/ LITKE

FEFICL

(1RS)

TV EFOOHE OO E &

T E & DO ECGOE s
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T omFE - DIEEGCE R
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(%)
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COST DIFFSRENTIAL REYUIRED IO EREAK LVEN.

VEHICLE TYPE .eaesseervesaes TRUCKS, CARRYING CAPACITY CVER 4 TONS.
OMNEE CATEGOFY «.eaveeweses MEDIUMN TRANSEORT CFERATGE.

PREMIUM SEIKIT COCSTS5 evveas 9.27 CENTS , LIIRE

CCNVEESICN TO LEG eaveeenss $60C

LPG CCNSUMPTICN EENALTY ... 10 %

PREM. FUEL = ANNUAL DIST. DIFFTL. TO PERIOD DISCT.
CONSUMETION TEAVELLED BuEAK EVEN RATE
(K4 s LITIRE) (KN.) - (CENTS/ (IRS) (%)
1 LITRE) ,
1. 35 C 10600 3,03 4 7.0 ~
‘ 10000 . 3.17 4 10.0
10000 . 2.09 8 7.0
10000 : 2.23 8 10.90
LoooG 1.40 4 7.0
4Qnoe T.43 4 10.0
40060 ‘ 1.1¢ 8 7.0
- 4000¢C 1. 20 8 10.0
70C00 1.16 4 7.0
7C6C0 1.18 ] 10.0
7C000 1.03 8 7.0
7CCCO T 1.0E 8 10.0
2.7¢ 16000 5,20 4 7.0
10000 . 5.50 4 10.0
16000 2.32 8 7.0
10000 - 3.61 8 1.0
uceogo 1.94 L 7.0
400060 - 2.01 4 10.0
ugooo ‘ 1.47 8 7.0
4¢000 B Y ! 8 10.0
7C000 147 4 7.0
76000 ‘ 1.52 4 10.0
7€C000 : 1.2¢C 8 7.0
76000 1.2¢ 8 10.0
4.05 10000 ' 7.3 u 7.0
o 16000 : 7.32 4 10.0
10000 R L 8 7.0
10000 ou,99 8 10.0
4CCo0 - . 2.b8 4 7.0
40000 2.59 4 - 10.0
40000 S 1.78 8 7.0
10000 ‘ .89 8 10.0
7CC0C 1.78 ) 7.0
70060 .85 4 10.0
| 70000 C o 1.18 8 7.0
v 7C0C0 1. 44 3 10.0
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COST DIFFERENTIARL EREUUIRED TO EKEFAK EVEN.

VEHICLE TYPE e.oewseseesess TRUCKS, CABRKYING CAFACITY CVER 4 TONS.
OWNER CATFGORY ceeceeceevesss STATE, LOCAL GCVERNMENTS (INCL. EXCISE).
PREMIUM SPEIRIT CCSTS eesess 8.32 CENTIS s LITRE

CONVERSICN TO LPG cevecasas $0600 :

LPG CCNSUMPTICN EENALTY ... 10 *

PREM. FUEL ANNUAL 5IST. DIFFTL. TO PEEICD DISCT.
CONSUMETION TRAVELLED BXFAK EVEN RATE

(KM s LITRE) (KM.) (CERTS/ (YRS)' (%)

. LITKE)

1.35 10000 2.93 4 7.0

10600 3.08 4 10.0

10600 1.99 8 7.0

10000 2.14 8 10.0

40000 1.30 4 7.0

40000 1.34 4 10.0

40000 1. 06 8 7.0

4co00 1.10 8 10.0

7C000 1.07 4 7.0

7C000 1.09 4 10.0

70C0C 0.92 8 7.0

7C000C 0.95 8 10.0

2.76 10000 5.10 4 7.0

10000 5.40 4 10.0

10000 2.22 8 7.0

10000 3.52 8 10.0

LC00C 1.84 4 7.0

0000 1.92 4 10.0

400G0 1.37 8 7.0

£C000 1.45 | 10.0

70G0C 1.38 4 7.0

70000 .42 4 10.0

7C000 1.11 8 7.0

7C006 1.15 g 10.0

4.05 10000 7.28 4 7.0

1CC0C 7.73 4 10.0

1¢000 L.46 8 7.0

1000 L£.30 8 10.0

40000 2.39 4 7.0

LGOGGo 2.50 4 10.0

40530 1.68 8 7.0

4C00C 1.79 8 10.0

7C000 1.69 Y 7.0

7CC0G 1.75 4 10.0

7¢C00 1.28 8 7.0

7CCC0 1.235 8 10.0
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COST DIFFERENTIAL REQUIKED 10 EErAK EVEN.

VEHICLZE TYPE”.........;.... TAUCKS, CARRYING CAPACITY CVLR 4 TOCNS.
OWNER CATEGOHY eeeeecceasseces AUSTHALTAN GCVERNMENT LESS EXCISE.
PREMIUM SEIEIT CCSTE sieenee 3.45 CENTS / LITRE

CONVEKSICN TO LPG eeueseess $600 ' «

LPG CCNSUMPTION EFENALTY ... 10 %

PREM. FUEL  AKNUAL DIST. LCIFFTL. TC PERIOD DISCT.

CONSUMETION . TRAVELLEL " BRERK EVEN RATE
(KM / LIIRE) {KM.) - {CENTS/ (YRS) (%)
i LIIRE)

1.35 | 10000 o Z.49 4 7.0
- 16000 2.64 n 10.0

10000 - 1.5¢% 8 7.0

160006 1.69 8 10.0

LCO0OGC C.36 4 7.0

40000 -~ 0.89 4 10.0

40060 0.6z 8 7.0

40CCo 0.66 8 10.0

70000 0.62 4 7.0

7¢000 .65 4 10.0

76000 -~ 0.49 8 7.0

7C000 0.51 8 10.0

2.70 10000 E i} 7.0
: 10000 T 4 10.0

10000 2.7 8 7.0

10000 -~ 3.07 8 10.0

40000 1.40 4 7.0

0000 - 1.48 iy 10.0

40000 0.93 3 7.0

40000 1.00 8 "10.0

7C000 ‘ 0.93 4 7.0

70000 0. 98 4 10.0

76000 T 0.K7 8 7.0

70000 0.71 8 10.0

4.05 10000 * 4 7.0
: 10000 A% 4 10.0

10000 * % 8 7.0

16000 * ok 8 - 10.0

- 40000 1.94 4 7.0

: uCccoo Z2.06 ] 10.0

j 40000 Te 2l .8 7.0

- - 40000 1.35 3 10.0

| 70000 1.28 4 7.0

7C00C 1451 4 10.0

70000 f.8n 8 7.0

70000 G.91 8 10.0

NOTE: ** .. COST CIFFERENTIAL IS GREATER THAN
{ THE CC5" OF FxEMIUM SPIRIT TO
! THE US5ER.
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TABLE 1 - PROPERTIES OF COMMERCIAL PROPANE

TEMPERATURE-PRESSURE RELATIONSHIP

Temperature Gauge Pressure
(°c) kPa psi
-h2.1 0 0
15.6 640 - 92.4
37.8 1190 172.0
60.0 2000 260.3
96.8(a) 4340 631.0

COMPARISON WITH PRLMIUM MOTOR SPIRIT (b)

Characteristic Propane Yatrol
Density of liquid (kg/1litre) 0.505 .780
Gross heating value (kilojoules/kg) 50,150 48,960
Gross heating value (kilojoules/litre) 25,480 35,930
Octane rating (approximate) 110-120 98

Ignition temperatures at atmospheric
pressure (OC) 510=-576

=
e
@

(a) Temperature above which propane cannot be held as a liquid.
0

(b) 60 API.
Source : Denny, Luxon, Hall, Handbook, Butane-Propane Gases,

Fourth Edition, Chilton Company, Los Angeles, 1962

TABLE 2 - USES OF LPG: NORTH AMERICA AND EUROPE, 1969

Application North America Euroge

!

(%) (%
Domestic use (including commercial) L2,7 58,2
Industrial fuel 5.3 16.5
Gas industry 1.0 14.6
Automotive 8.2 3.7
Chemical industry 41,7 5.6
Agricultural, exports, etc. 1.1 1.4
100.0 100.0

Source : Modern Petroleum Technology, Applied Science Publishers (UK),
1973, Chapter 13,




TABLE 3 - LIQUEFIED PETROLEUM GAS:
REFINERY . OUT-TURN, CONSUMPTION AND
... ... . _ EXPORTS, AUSTRALIA

(1000 barrels)

—OL -

196869 ~ 1969-70 1970-71 1971.72 1572.73 %‘increase by
' ' - weight 1972.73
over 1968-69
«Refiheri out-turn: 3,170 3,367 3,538 3,894 - 3,991 - +23.8
Consumption 3,8 3,37 3,592 3,896 4,206 +32.8
‘Ex:ports B - - 4,156 7,503 10,518 -
.Source : Fuels Branch, Department of Minerals and Energy,

Australian Petroleum Statistics, 1972-73
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TABLE 4 - ESTIMATES OF CURRENT RESERVES OF LPG, OCTOBER 19373

(Million barrels)

Field Proved plus provable recoverable from

Gas reservoirs

0il reservoirs

Both 0il and gas

Energy, Canberra.

reservoirs
Dampier sub-basin (a)

(on the Northwest Shelf) Lie Negligible Lie
Offshore Gippsland(a)(b) 286 168 Lsh
Cooper(a)(b) 96 2 98
Bowen - Surat(b) L Negligible L
Amadeus(a) 121 6 127

(b)
Carnarvon - 1 1
() Neplied
Perth 3 egligible 3

TOTAL 956 177 1133
(a) Non-producing fields. (b) Producing fields.

Source: Bureau of Mineral Resources, Department of Minerals and
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TABLE 5 - COMPARISON OF ;FUEL ENERGY .COSTS, MELEOURNE, OCTOBER 1973
| P N

i
|
{

Motor spirit LPG Automotive
Standard 7Premium distillate
Heating valde ‘ ‘
(kilojoulesﬁlitre) 35.93“ 35.93 25.48 38,57
Nominal,whoyesale less 0.04L8 0.054 0.040 0.047
excise ($/1itre)
Energy cdst
Nominal wholésale
including ex@ise o 0.097 0.103 0,040 0.096
($/1itre)
Energy cost 2.70 2.87 1.57 2.49
(S/megajoule) '
" Retail price ($/litre) 0.112 0.119 0.046 0.110
Energy Cost :
- 3.12 3.31 1.81 2.85

(ﬁ/megajople)

TABLE 6 - WEIGHT OF VEHICLE MOUNTED LPG FUEL TANKS

Nominal capabity of tank ‘ ] Average weight
litres | gallons ‘ kilograms
36 % 8 ' , 23
61 135 32
91 20 ‘ 36
182 | 40 ‘ 79

364 | 80 166




TABLE 7 - AVERAGE EXHAUST EMISSIONS FROM VEIUITCLES POWERED

BY PETROL OR BY LPG

(Grams per mile)

Test details 0O miles (a) 9000 miles 21000 miles 33000 miles
Petrol LPG Petrol LPG Petrol LPG Petrcl LPG
Hydrocarbons 2.29 1.93 2.48 2.39 1.86 1.44 2.32 . 1.68
Carbon monoxide 20.63 3.77 24 .40 6.67 22.21 8.07 20.56 7.62
Oxides of nitroger 5.77 3.82 5.173 2,69 L34 2.81 3.92 2,69
No. of vehicles in 11 16 6 15 5 1h 7 15

above tests

(a) Zero miles indicates mileage at which vehicle was converted to LPG operation.

NOTE: "LPG' indicates vehicles powered hv LPG, and fitted with ecither

dual fucl equipment.

LPG

single fuel or

SOURCE : v. Kramer, L.J. Bintz, and T.A. Tappendern:, 'Light duty fleet experience with LP gas

ar.gine fuels', ASTM STP 525, American Society for Testing and

Materials, 19773.

€L



TABLE 8 - AVERAGE EXHAUST EMISSIONS FROM VEHICLES FITTED WITI. EITHER LPG OR DUAL FUEL EQUIPMENT

(Grams per mile)

_ __ 0 miles(a). . .9000 miles 18000 miles. ... ... 31 000 _miles — .
LPG only Dual fuel LFG only Dual fuel LPG only Dual fuel LPG only Dual fuel
Hydrocarbons 2.36 0.98 2.81 1.22 1.65 1.07 1.81 1.41
Carbon monoxide 4.16 2.92 6.32 7.63 7.80 8.55 6.7k 9.37
Oxides of | | -
nitrogen 3.94 3.57 2.61 2.92 2.86 2.71 2.80 2.49
Bo. of vehicles 11 11 4 9 5 10 5

'in above tests

(a) Zero miles indicates the mileage of the vehicle at the time of conversion tc LPG single fuel

or dual fuel operation.

Source :

M. Kramer, L.J. Bintz, and-T. A, Tappenden, 'Light duty fleet experience with LP

Gas engine fuels', ASTM STP 525, American Society for Testing and Materials, 1973.

_‘ﬁ4 -
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TABLE 9 - EMISSTONS FROM PETROL, PROPANE AND NATURAL GAS

(7 ~ mode Federal test cycle driven from cold start)

Vehicle Emissions, gm/mile
Gasoline(aT LI-Gas (anmne)&ﬂ Naturel Gas

CARBON MONOXIDE |

250-CID Ford .......cece0e00.. . . 10.7 5.4 .5

327-CID Chevrolet ......c.uveuuuus 39.6 2 3.5

315-CID International Harvester 18.0 2.7 2.3
HYDROCARBONS

250—CID FOrd 2 0 9 0 4 8 ¥ 8 s 0 s 2 4 s 0 0 a . 2-7 1;6 1.7

327-CID Chevrolet ,..........c0.cu.. 5.3 2 2.7

345-CID International Harvester .. 4.4 2. 2.4
NTTROGEN OXTDES\C)

250-CID Ford ..... e v e et . a.2 7.1 4.

327-CID Chevrolet ...... e e e e 6.1 2. !

345-CID International Harvester 10.7 2.3 3.7
ALDEHYDES

250-CID Ford ......... e . 0.15 0.10 0.11

927-CID Chevrolet ........cceece... 4 .19 11

345-CID International Harvester .19 .19 ik
PEAUTIVITY. ETHYLENE BRUIVALENTS S/

250-CID Ford ...... e et e e m e 0.57 0.37 0.16

327-CID Chevrolet ................ U5 ) 4

345-CID International Harvester .54 .39 .12

(a) Engines were operated with manufacturers' recommended adjustments.

(b) Engines were optimised for balanced emissions and performance.

(C) Nitrogen Oxides were expressed as N02.

(d) Gram ethylene per gram exhaust hydrocarbdn emission.

Source: Allsup, J.R. and Fleming, R.D.:

' fmission characteristics

of Propane as Automotive Fuel', Report

of Investigations7672, Bureau of Mines, U.S. Department of the

Interior.
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TABLE 10 -~ EXHAUST _.MISSIONS, PETROL' AND PROPANE ENGINES

(Grams/mile)
Emission | . Engine _ California Standards
| Petrol“ Prapane (a) 1974 1975
Hydrocarbonst 1 ‘ L.,78 ‘.58 1.5 .5
Carbqn‘monoxide' .- 55.03 - . 6.89 23.0 11.0
‘tNitrogen oxides 4,20 1.15 1.3 | ' .9

(a) Petrol engine converted to LPG by use of 'Century' conversion
kit; engine tested in both configurations in accordance with

applicable California test specifications.

‘Soufce“: /Stéfe Government‘Administrafion, Pollution Solutions, Jan,-

Feb.1972.

TABLE 11_- RANGE OF EMISSIONS
(Grams/mile)

HC ‘ co NOx

NATURAL GAS ENGINES (a)

Automobiles % «50 8.60 2.15
Light trucks§ ' N 1.10 b.ok 1.79
Medium truck% 1.693 5.96 2.38
1975 Federal Standards .23 2.30 1.00

LPG ENGINES (b)

Range: from 0.8 1.3 1.2
to ‘ \ 1.8 20.5 3.8
1975 Federal | Standards 23 2.3 1.0

(a) Data from General Service Administration report on natural gas.

(b) Data frqm'Impco Division of ‘A.J. Industries (USA); tested by
CaliforAia,AirrResources Board.

Source: ‘California Institute of Technology,

Transportation Report, 1972.
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TABLE 12 -~ COMPARISON OF DIESEL AND PETROL ENGINES

Test HC CcO NOX

US-CVS TESTS (grams/mile)

Prechamber diesel 1.2 5.0 2.2
1963 US average petrol 16.8 125 10

CALIFORNTIA DRIVING CYCLE TESTS (grams/mile)

Open chamber diesel 3.5 5
1970 petrol 2.2 23

GENERALISED COMPARISON

Open chamber diesel (a) 150-200 ppm 0.2% 2,000-3,000 ppm
Petrol (b) 900 ppm 3.5% 1,500 ppm

(a) Operated over range of loads and speeds; corrected for
excess air. (b) Operated through California driving cycle.

Sources: Watson, H.C., 'Controlling Internal Combustion Engine
Emissions', Paper 18, SAE 71 National Convention,
Australia, October 1971,

Underwood,A.F., 'Requiem for the piston engine?',
Paper 21, SAE 71 National Convention, October 1971.
Morse, R.S. et al, The Automobile and Air Pollution,
Part II, U.S. Department of Commerce, December 1967.
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4 = PERIPORMANCIS OFF COMMBRCTAL DUAL-FUEL

CONVERSION SYSTEM {a)

Test Conditions -

‘Degfee of .
over fuelling
(cc/200 shots)

Standard engine

Overfuelled

Dual-Fuel system
Duai—Fuel system |

underfuelled

- Dual-Fuel system

underfuelled

HP/RPM . Smoke Scale/RPM (b)
113/2400 5/2000
131/2400 7/2000

145/2400 ‘ 8,/2000
145/2400 5/2000

142/2400 2/2000

" HC

Exhaust Emission Reduction During Tests

JItem

co. |

NOx

Black Smdke

Smell

‘Percent Reduction

48
99
50
85

reduced

Source:

i
|
i
I
i
|
|

Baccarah scéle;
|

from O . to 10;

Act of Londén limits reading to

Engine convérted was 'popular' make ol 40O CID 6 cylinder (0.5 litre)
engine\with{16:1 comnression ratio.

employs colour comparison chart graduated
high recadihgs denote dense smoke. Clean Air
5.

'LPG hasimessage for diesel engines,' Truck and Bus
‘Transporﬁation, July 1971.




TABLE 14 - NUMBER OF MOTOR VEHICLES GARAGED WITHIN 15 MILES
OF REGISTRATION ADDRESS IN CAPITAL CITY URBAN AREAS, 30 SEPTEMBER 1971

(Thousands of vehicles)

CATEGORY‘ SYDNEY MELBOUﬁNE ADELAIDE BRISBANE PERTH HOBART CANBERRA DARWIN TOTAL
A. Cars, station 829.3 735.2 - 280.7 265.9 256.8 Ly, 7 53.5 11.9 24%78.0
wagons and ' '
light (53%) . (58%) (64%) (41%) (66%) (31%) (93%) (54%) (55%)
commercial.. , ' , -
vehicles -
(carrying
capacity
less than
20 cwt)
B. Trucks, carrying 35.6 25.5 9.3 ' 8.6 10.1 1.8 1.7 2.1 94 .7
capacity under
4 tons (45%) (47%) (45%) (24%) (47%) (26%) (88%) (48%) ~ (L2%)
C. Trucks, carrying 17.0 15.6 6.9 6.6 6.4 1.3 0.6 0.7 55.1
capacity over '
4 tons (31%) (37%) (31%) (21%) (29%) (19%) (81%) - (36%)  (30%)
TOTALS: 881.9 7763 296.9 281.1 273.3 47.8 55.8 1h.7 2627.8

Source: A,B.S. Survey of Motor Vehicle Usage, 30 September 1971.

NOTE : Figures in brackets represent proportion of vehicles garaged within 15 miles of registered address in
capital city urban areas to total number of vehicles in same category registered within the State
or Territory. The estimates of the nunbers of vehicl:.: by vehicle type provided by the 1971 Survey
of Motor Vehicle Usage are based on data supplied by the owners of the vehicles. These estimates may
differ marginally from Statistics of M: "or Vehicles on Register derived in the 1971 Motor Vehicle
Census. The Table excludes Other Truck Types, Motor Cycles and Buses.

. 64-



TABLE 15 ~ ANNUAL GUANTITY OF LPG- REQUIRED TO OPERATE 10 PERCENT OF MOTOR

VEHICLES GARAGED WITHIN 15 MILES OF REGISTRATION ADDRESS IN CAPITAL CITY URBAN AREAS,

30 OCTOBER 1971

(LPG Consumption Peralty = 10%)

(Thousands of barrcls per gnnunm)

' HOBART  CANBERRA

 CATEGOEY SYDNEY  MELBOURNE ADELAIDE BRISBANE  PERTH DARWIN
A. Cars, station 1,125.3 997.6 380.9 360.8 348.5 60.8 72.6 161 3,362.4
wagons and ) '
light commercial
vahicles (33.4%) (29.6%) (11.3%) (10.7%) (10.4%) (1.8%) (2.2%) (0.5%) (100%)
(carrying _
capacity
less than
20 cwt)
B. Trucks, carrying 79.1 56.7 20,7 19.1 22.5 4.0 4.0 b7 210.8
capacity under
4 tons (37.5%) (26.9%)  (9.8%) (9.1%) (10.7%)  (1..9%) (1.9%) (2.2%) (100%)
C. Trucks, carrying 95.6 - 87.7 - 38.8 37.1 36.0 7.3 3.4 3.9 309.8
capacity over - 4
4 tons - (30.9%) (28.3%) (12.5%) (12.0%) (11.6%)  (2.4%) (1.1%)  (1.3%)  (100%)
TOTALS 1,500.0 142.0 L4o, 4 417.0 407.0 71.9 80.0 24,7 3,883.0
NOTE :

Data based on Table 14 of this paper and the A.B.S.
been assumed that 77 percent of trucks of over 4 tons carrying capacity are petrol powered.

Registrations, 1972.

Survey of Motor Vehicle Usage, 30 September 1971. It has

This is based on
the ratio of petrol to diesel driven trucks registered in Australia during 1972, A.B.S. Motor Vehicle



~ CONVERTER MUST BE BELOW LEVEL OF UPPER RADIATOR TANK

— — . ey et RS i | — e — e . ettt . e, vttt <

TO PSH
SUTTON SWITCH

TO IGNITION SWITCH

YENMINAL TERMINAL

WATER INLET, CONNECT 10
ENGINE SIDE OF THERMOST AT

FigTER

LIQUID PUEL INLEY
FROM LPG SUPPLY TANK

LPG conversion unit for petrol engine,

source: Brooklands-Machins Pty. Ltd. Victoria.
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BREAK EVEN DISTANCE - MELBOURNE

OWNER CATEGORY GENERAL PUBLIC

COST OF PETROL : 11:86 cents per litre srmeoL  YEARS %
- 53-9 cents per gallon A 4 10
COST OF LPG t 462 cents per litre T — - @ 4T
21-0 cents per galion O 8 10
, | A 8 7
COST OF CONVERSION TO L.PG: ,
0 ' Category A $400-00
Cafgory B. $450-00
§30~ Category C - $600-00
< 1 E ‘
3
1, 3
g‘ J-S g Category A - A
5 3 (Cars, station wagons & -
v I b3 _light commercial type < ‘ .
e * ‘vehicles) -
; A o
T T % e~
2 f10
3
-DE 4’ -
O
- /
q»- O/"/i////A
<43
i Miles per Gallon
;] 35
0 A bty o -
0 16

Kilometres per Litre

PRESENT PREMIUM MOTOR SPIRIT CORNSUMPTION

vz THOHTI

AL



BREAK EVEN DISTANCE - MELBOURNE
OWNER CATEGORY : MEDIUM TRANSPORT OPERATOR

COST OF PETROXL : 937 cents per litre SYMBOLU YEARS X
42-6 cents per gallon A 4 10
02 COST OF LPG.  : 396 cents per litre P “« 7
I * 18:0 cents per gallon O 8 10
{ COST OF CONVERSION T A 8 7
L O LPG
4 Category A $400-00
420 Category B $450-00
Category C  $600-00 . A
e_t '
S Category A .
e Jr (Cars, station wagons & /
3 light commercial type
g T vehicles ) &
i +1 g /. /,
: 1y Corger 8 -
..2'-‘ A/ //"
g - 3 {Trucks under 4 tons P 7
=3 carrying copacity) o
z 4 = O
T Ll A
4F O/
! Category C ] /A
= *}. = (Trucks over 4 tons /,Q/
50 - corrying capacity ) AT
4+ 5
1
Miles per Gallon
- 5 " 13 20 25 30 35
¢ FRE Y S S | PR G S S | P 2 | PR SRS S T ' IR S S N P R | 1 PR R |
v Al Al T 1 Ld T T ‘ v Y
0 ] w0

Kilometres per Litre

PRESENT PREMIUM MOTOR SPIRIT CONSUMPTION

8¢ dYNH14a
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i

‘Thousands of Kilometres per Annum

BREAK EVEN DISTANCE - MELBOURNE

OWNER CATEGORY STATE AND LOCAL GOVERNMENTS A 4 10
o , [ 4 7
COST OF PETROL 8:32 cents per litre . O 8 ©
W BT ‘ 37-8 cents per gallon A 8 7
_ COST OF LPG. 352 centsperlitre o
i 16:0 . cents per galion
. COST OF CONVERSION TO° LPG.  Caegory A
22 . Category A $400-00 {Cars, station wagons &
i i Category B 5450(!) Iig:f Ico;nmercial type »
adb E_ Category C $600-00 - venicles
& " e A
-2
- b3 /.
S : ' ~
15 © o
- Category B
S A/ -
& 3 ETmcks_ under 4 tons) ‘
L 3 carrying  capacity) ® , 0O
20-{ 2 '
r - .
i o ' /A
A .
L (Trucks over 4 tons) / A .
4 (carrying capacity) O/
104 ‘
4+5 /
{ ./ g
*[ @/ Miles per Gallon
] 10 15 20 23 » 33
0 4 T B — i M ST 1 L I SR FEENCE | b1 L0 1y 1 L " 1 4 i g
T T T T T Y T ] T T
] 5 1"

Kilometres per Litre

PRESENT PREMIUM MOTOR SPIRIT CONSUMPTION

O¢ HdNOIA

- #8 -



BREAK EVEN DISTANCE - SYDNEY

OWNER CATEGORY : GENERAL PUBLIC SYMBOL YEARS X
A 4 10
a8 COST OF PETROL : 11:86 cents per litre L4 4 7
7 53-9 cents per galion o 8 10
1 COST OF LPG. : 682 cents per litre a 8 7
i 310 cenis per gallon
e T COST OF CONVERSION TO LPG. Category
ER Y Cat A -$400-00 (C.crs, station wagons &
£ light commercial type
4 E Category B $450-00 vehicles)
i £ Catzgory O $600:00 P
1 < -
3 N P
2 4 3 P
g . /// e
2 T ;f Category B '8 a7
« 4 - 5Trucks under 4 jons ) e
o L o carrying capocity | /. -
- 20 5
§ : g /:
L5 A —
2 2 o p _0 -
— 410 Category (. // e = I
L %Trudu over 4 f?ns) N e //./ - v
1 carryngy capocity / Oy L
o )//. ¢ o (A}/’/ e
1_ ‘f// p ) : B L
10 /
45 . 7
+ /
o /@ (KL
I & Miles . par Gallon
1
5 10 15 20 25 3 3s
0 AU PR U S VI NUND R B N | i PR R S o4 [ ) PR VEUNES W SURT S SN NS SUN G G S G |
v T T Bl T T T . T T T T
] H

b J
Kilometres per Litre

PRESENT PREMIUN: MOTOR SPIRIT CONSUMPTION

0
Ut

dc dY0nIid



Thousands of Kilometres per Annum

BREAK EVEN DISTANCE - SYDNEY

OWNER CATEGORY MEDIUM TRANSPORT OPERATOR

COST OF PETROL : 937 cents per litre SymBOL YEARS %
© 426 cents per gallon A 4 0
_._COST OF LPG., . : 6:16 cenls per like @ 4 7
: © 28:0 cenls per gallon O 8 10
COST OF CONVERSON 1O LPG. A 8 7
Category A $40000
g Colegory B $450:00
60 & Category C $60000 . A
5 Category A //‘
a .
(Cars, siation w: .
o £ commeraal . // g
0 2% type vehicles ) A///
k|
s ‘ ®
'ﬁ Category B
4 (Trucks under 4 tons A
3‘ carrying capacity) P .
« 0O
0 A O/ ‘
(Trucks over 4 fons : ‘
carrying capocity ) ‘/ ; : O ///
® /‘ ; X
» ./
=
X Miles per Gallon
5 10 15 20 23 3 35
04 N PR WU N S I e 1 R AJ'_x r— A lrJ 1 1' o da sy J
0 5

PRESENT PREMIUM MOTOR SPIRIT CONSUMPTION

19 .
Kilometres per Litre

d¢ JddanNdOTA



Thousonds of Kilometres per Annum

BREAK EVEN DISTANCE - SYDNEY

sYmoL Years %

OWNER CATEGORY STATE AND LOCAL GOVERNMENTS A 4 10
® 4 7
s COST OF PETROL * 8-32 cents per litre O 8 10
nj— : 37-8 cents per gdllon A 8 7
T COST OF LBG. 572 cenis per litre A
T : 260 certs
at cerm per oslen Cotegery A o
) Cars, stati .
T COST OF CONVERSION TO L.P.G. ("d\r:é ion wogov"ylv;e
0 Category A $400-00 vehicles)
6ot Cotegory B $450-00 A
t 5 Category C  $600-00
+ 2
T Categ B
o] &
+ ®g (Trucks under 4 fons
] —z; comying capacity)
1 = —
T o
40 "
I
]
1+ 2
-P-mﬁo CWY C
»- (Trucks over 4 tons
‘]‘ carrying capoc
-+ / ' 2
20| g

]

Miles per gallon
] 110 15 20 25 x 15

[} 1 1 Y B— i | —t ] doy--d L e _,_‘rH_L, 4 + 1 i ‘r‘ A TH ,___L___AJ,_Y__i_’___j_‘,,JT_,_L__I_,_,_&____J__._,L.__,»#,.J

10 .
Kilometres per litre

PRESENT PREMIU.;: MOTOR SPIRIT CONSUMPTION

d¢ JdNHIA
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FIGURE 3!- NOTES

|
|
i
|
|
[
|
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The following three graphs show cost differentials

corresponding to various annual distances travelled for

State and Local Governmenf vehicies with average motor spirit

L.
consumption.

|

[

The graphs can be used to read off cost differentials

. | ) .
applicabﬁe to the other owner categories for the specified

average Tuel consumption. The following approximate amounts

should b% added or subtracted from the cost differential

obtainederom the graphs to obtain the differehtials applicable

to the orher owners.

|
| .
Owner Category

T
|
i

Gereral Public
|

Medium ﬁransport Operator

Austral%an Government

i

Amount
Add 0.3 cent/litre

(1.5 cents/gallon)

Add 0.1 cent/litre
(0.5 cent/gallon)

Subtract 0.4 cent/litre
(2.0 cents/gallon)



COST DIFFERENTIAL

FIGURE 3 A

Tw BREAK EVEN COST DIFFERENTIALS
1 BETWEEN PREMIUM MOTOR SPIRIT AND LPG

OWNER CATEGORY : State and Local Government

o«
1 "
Lf T 1
D__—_——
e —

COST OF PETROL : 8-32 cents per litre
) 37- & cants per gollon

VEHICLE CATEGORY : (cs,station wagons and
light commercial type vehicles

~N
PR |
T

PETROL CONSUMPTION : B:14 km per litre

\ 230 miles per gallen
J  COST OF CONVERSION TO LPG * $400-00
6.-‘-
]
T2s SYMBOL YEARS %
I : 10
s 7
s 10
+
120 O _
41
i ‘A
I A
r-l5
r-

+—+
8

T

PRON N 2
® o A !

|
£ 3 o
—d § O
-
g+ &
% + £ A
B €
v - 10 (W) \
2 A
1
ts
'—
-P
I Thousands of Miles per Annum
T 1c 20 0 40 >
(1) i L L' A 1 LY PR A T i 'Y '; Py LTA i " ];7 i i lY " n _x
[¢) 10 20 30 40 50 60 7 50

Thousands of Kilometres per Annum

ANNUAL DISTANCE TRAVELLED



COST DIFFERENTIAL

Conts per Litre
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FIGURE 38

BREAK EVEN COST DIFFERENTIALS
BETWEEN PREMIUM MOTOR SPIRIT AND LPG
OWNER CATEGORY : State and Local Government

""COST OF PETROL : 832 cents per litre
' . 37-8 cents per gallon

" " VEHICLE CATEGORY : Trucks under 4 tons -
o carrying capacity

PETROL CONSUMPTION :  4:96 km per litre
‘ ) 14-0 miles per galion

. COST OF CONVERSION TO LPG : $§450-00
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COSY DIFFERENTIAL
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FIGURE 3 C
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Lo BREAK EVEN COST DIFFERENTIALS
i BETWEEN PREMIUM MOTOR SPIRIT AND LPG
1 OWNER CATEGORY : State and Local Government
8_
T COST OF PETROL : 8-32 cents per litre
s
I 37-8 cents per gallon
1 VEHICLE CATEGORY : Trucks over 4 tons
.4+ A carrying capacity
i PETROL CONSUMPTION 2-70 km per litre
- 30 7-8& miles per galion
| COST OF CONVERSION TO LPG : $600-00
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FIGURE 4

3 propane powéred vehicles tested occording to 1971
and 1975 standards by the State of California Air
" " Resourses Board showed these results:

#
1969 Chevrolet 350 V8
Impco Carburetion—4BBL
‘ #2
1970 Chevrolet 350 V8-L56

[ Impco Carburetion—4BBL
| C#3

a * 1965 Oldsmobile 425 V8

3 Impco Carburetion—2BBL

|
f
co-4% 05 1.0

Tested 2-19-70

*NOTE: Test vehicle #3 had over 131,000 miles on
propane with no engine overhaul and was
under 1974 emission standards.

' COMPARISON BRTWEEN LPG VEHICLES AND
CALIFORNTA EMISSION STANDARDS

Sourcg:; Petrolane Company, 1600 Hill Street, Long Beach,
. California, U.S.A. '

I
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FIGURE 5
EMISSIONS - DIESEL AND NATURAL GAS ENGINES
a COMPARISON OF EMISSIONS
CO - Emissions HC & NOx — Emissions
40+ 1973 _ Colfomia standard _ _ 404
30 30+ -
1975 Cdbornia standord g ,—%
T £ 0§
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b. COMPARISON OF THE FUtL ECONOMY. OF THE THREE ENGINES AS MEASUFR:D
BY THE RELATIVE CONSUMPTION OF FUEL ENERGY
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Relative Fuel Consumption

of Heating Volue of Fuel
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Source ;  Daimler- Benz  Akfiengesslschoft, Stutigart, FR.  Germany



SPECIFIC FUEL CONSUMPTION, Ib/bhp-hr
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b S FIGURE 6

! - CONSTANT INTAKE AIRFLOVW RATE
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Effect of Ignition Timing and A/F on Specific Fuel Consumption.
1969 Chevrolet 327-CID engine; propane fuel.

|
|
|

! . .
Source: Ajllsup’, J.R. and Fleming, R.D., Emission Characteristics

of Propane as Automotive Fuel , Bureau of Mines,
U.S. Dept. of the Interior. :
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TRANSMISSION OUTPUT SHAFT POWER, bhp
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FIGURE 7
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(GNITION TIMING, °BTC
Effect of Ignition Timing and A. F on Power
Output ot Constant Intake Airflow Rate.
1969 Chevrolet 327-CID engine; propane
fuel.
Allsup, J.R. and Fleming, R.D., Emissi
istics of Propane as Automotive Fuel ,

Mines,

U.S. Dept. of the Interior.
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\ FIGURE 8
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1 Effect of Ignition Timing and A/F on Hydrocarbon Emissions at Constant
Power. 1969 Chevrolet 327-CID engine; propane fuel.
Source: AllLup, J.R. and Fleming, R.D., Emission Characteristics
of Propane as Automotive Fuel , DBureau of lines, U.S.

Dept. of the Interior.



- 97 -
FIGURE 9
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Effect of lgnition Timing and A/F on NO, Emissions at Constant Power.
1969 Chevrolet 327-CID engine; propane fuel.

Source: 4l11sup, J.R. and Fleming, 1.D., Emission Characteristics
of Propane as Automotive Fuel , Bureau of Mines, U.S.
Dept. of the Interior.
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FIGURE 10
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AIR- FUEL RATIO SETTING

Performance and Emissions of
CO, HC, and NO, os a Func-
tion of A/F Setting. ~ 19¢8
Chevrolet 327-CID engine;
standard-ignitiontiming sched-
ule; 7-mode cycle; propane fuel.

Allsup, J.R. and Fleming, R.D., Emission Character-
! istics of Propane as Automotive Fuel , Bureau of
Mines, U.S. Dept. of the Interior.
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