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ABSTRACT

The supply of motor gasoline af the correct octane level is of urmost importance fo every country since it bears
economic and technical consequences in the cost of energy supply and in the maintenance and replacement costs.
of engines. The determination of the ac rual octane requirement of the existing car population, on the other hand,
is & tedious an costly activity. Better results and less cost could be incurred through a cooperative approach by

several couniries,

The paper describes the significance of octane requirement, lnmﬂhud'afmml.mwﬂ_l_
results for Indonesia, Based on rthis experience a strong recommendation i made for a cooperative Jemh:h_u_.

of octane requirement in the ASEAN region.

L INTRODUCTION

The gasoline markets in most countries are general-
ly supplied with several grades of motor gasolines,
mach as regular, premium, super, special gasolines,
etc. These names are but labels used commercially to
indicate the quality of the gasolines, particularly
their antiknock quality as shown by the octane num.
bez.
An ecarlier survey on gasoline specifications in
ASEAN countries indicated that, with the exception
of Malaysia, two grades are available in each country,
Le, regular grade and premium grade, although the
names may be different from one country to another.
In Indonesia, the low grade gasoline is called premium
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and the higher grade, super. Malaysia, however, has
four grades ranging in octane number from 85 to 100,
The complete tabulation of grades, names, and colour
of gasoline in five ASEAN countries is reproduced in
Table 1 [4].

Normally, the octane number of the regular grade
and the premium grade of gasoline should be made to
fit the octane requirement of the car population in
each country. And this can only be done by actual
measurement of octane requirement level in the car
population in the respective country. [t is not known
whether this is done by all ASEAN countries. In
Indonesia, LEMIGAS RD Center for Oil and Gas Tech-

nology has carried out this activity since 1975 [5]. In
most developed countries this is done on an anmual
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basis,

The present paper describes the method of deter-
mination of octane requirement level of the car po-
pulation that can be done in ASEAN countries and
the results so far for Indonesin, This is presented with
the view of developing a cooperative approach for
this determination. Such approach may give bet-
ter results, reduce cost, permit the sharing of
the technology and experience, and fulfill the coope-
rative spirit upon which ASEAN (Association of
South East Asian Nations was founded. Such
study could be carried out by organization such as
ASCOFE (ASEAN Council on Petroleum) which is
an official ASEAN instrument on ofl and gas matters.

0. THEORETICAL BACKGROUND
A. Octane Level of Gasoline and Energy Conserva-
tion

The supply of correct octane level of gasoline, as
actually required by the existing car population is
very important from the polnt of view of energy con-
servation. It is a well known fact that the supply of
gasoline at a higher octane level than required by the
car population is wasteful, since every octane num-
ber in the gasoline higher than that existing in the
crude requires an additional amount of crude oil for
its production. The values of Incremental oil usage
in the production of unleaded gasoline at various
octane numbers as Mustrated in Figure 1 s based on
the data published by Dartnell [1]. It can be seen
that to increase the octane number from 89 ON in
the straight run naphtha to 96 ON in the finished
gasoline, for example, over 3% more crude oil is re-
quired; to make it 98 ON, nearly 9% more crude
ofl is used.

On the other hand, if the octame of gasoline
supplied is lower than that required by the car popu-
lation a waste in gasoline consumption in the car will
be observed. The figures of | to 1.4% with the average
of 1.3% are often quoted as the incremental effect to
the gasoline consumption of the wehicle of every
octane number lower. than that required by the
engine [39].

Therefore, the comrect matching of the octane le-
vel of the gasolines supplied in the market with the
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actual requirement of the car population is of very
great importance from the energy conservation
point of view,

B. Factors Affecting Octane Number of a Fuel

Octane mumber is a quality of gasoline which re-
lates to its combustion properties. Gasoline of higher
octane number has bess tendency to produce knock-
ing.,which is a form of sbnormal combustion, com-
pared to that of lower octane number. Hence the
octang numbers of a gasoling is the measure of the
antiknock quality of the fuel.

Knocking which manifests itself by a characteris-
tic metallic noise and has detrimental consequences,
such as loss of power, strong vibrations with local
Vel on mechanical parts, and engine ower-
heating which may have an adverse effect in terms
of power loss and possible damage to engine.

The octane number of & fuel is defined as the per-
centage by volume, to the nearest tenth, of ASTM
isooctane (equal to 100.0) in a blend with n-heptane
{equal 1o 0.0) that exacily matches the knock inten-
sity of the unknown sample when compared ac-
cording to standard methods.

The standard method to measure the octane mum-
ber of a fuel is by the use of a standard single cylinder
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CFR engine run at well defined conditions. There are
wo recognized laboratory engine test methods for
evaluating the antiknock quality of motor fuels,
namely the Research Method (F1) and the Motor
Method (F2)

The Research Method (F1) which is run at 600
rpm produces the research octane number (RON)
which is a measure of antiknock performance under
mild operating conditions, that is under conditions
of relatively low engine speeds. It is indicative of fuel
antiknock performance in full scale engine operating
at wide open throttle and’ low to medium speed. In
practice, thess conditions would exist for most
passenger cars and light duty commercial vehicles
during periods of full throttle operation. The standard
method for determinating research octane number is
the Research Method (F1) ASTM D-2699.

The Motor Method (F2), on the other hand, is
ran at 900 rpm and measures the motor octane num-
ber (MON) or the antiknock performance of a gaso-
ling under more severe operating conditions, that is
under conditions of relatively high inlet mixture tem-
ﬁtlﬂﬂlﬂlmhﬂﬁhuﬂlmmlﬁﬁﬁ.ﬂh
indicative of fuel antikmock performance for full
scale engine operating at wide open throttle and high
engine speeds. In practice, thess conditions’ would
exist for many pasenger cars and light duty commer-
cial vehicles during the periods of power acceleration
or climbing on hills. It would apply lo many commer-
cial heavy duty wvehicles during any period of high
power outpul. The motor octane number is deter-
mined by the standard Motor Method (F2) ASTM
D-2700,

As a property of the fuel, the octane number de-
pends to a great extent om the chemical nature of
the hydrocarbon fuel itself and the use of additives
or components 1o increase the octane number,

Most gasoline presently used are hydrocarbon
fuels produced in petroleum refineries. 1t is composed
of several types of hydrocarbon such as normal pa-
raffines, isoparaffines, olefines, aromatics, and naph-
tenes. Each of the hydrocarbon type has different an-
tiknock properties, and they further vary with their
respective boiling points, The actual compositions of
gasolines vary from one to another, depending on the
crude oils used and thelr refining methods, & well as
the components which go into the gasoline blend. The
actual octane number of the gasoline depends on the
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compostion and the intersction between the
ponanis.

Certain products derived from other sources 'Ii.q*
petroleum such s alcohols, ketones, amines,etc., may
have good antiknock qualities and can be used to
increase the octane number of the fuel, but the che-
micals mostly used ns antiknock additives are tetrs-
ethyldead (TEL) and tetra-methyl-lead (TML), usual-
ly in association of ethylene dichloride and ethylens
dibromide a3 scavenger. The amount used is generally
small, and lately, unleaded gasolines are promoted
on account of the pollution effects of lead com-
pounds. The lead content of gasolines sold in ASEAN
countries vary from a low 0.4 g/L in Singapore and
Malaysia to 1.16 g/L in the Philippines [4]. But Sk
ngapore has lately reduced its gasoline lead content

0.15 g/l. Other countries in the region might
follow soon.

The use of octane boosting oxygenated com-
pounds such as methanol and higher alcohol, and
MTBE (methyl tra-butyl! ether) has' lately entered
into gusoline mamufaciure, mainly a5 8 replacement
of lead compounds which have been known to cause
detrimental air pollution. Countries such as the Phi-
lippines has, at various times, experimented lrlﬂg
alcogas, while Malaysia has plan for the construction
of an MTBE plant. Indonesia is conducting a num-
ber of research activities for finding the most sull-
able lead substitute for the country.

C  Ociane Requirement of a Cor and a Cor Popu-

lation

While octane number is a quality of a fuel, the oc-
tane requirement is characteristic of the engine. The
oclane requirement of a car indicates the octane num-
ber of a fuel which would not produce knocking
when used in that particular car, I a car Is run with &
fuel having octane number less than its octane re-
quirement, sbnormal combustion will occur as evi-
dent from knocking sounds, with the subsequent
detrimental effects to the engine and power output
as described above. The lom of power will result
in increase in fuel consumption.

If a higher octane number of fuel is used compared
to the octane requirement of the car, no adverss
effect may be observed, except that the production
of high octane gasoline may invalve higher consump-
tion of crude oil and higher cost. Therefore, from the
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economic point of view and in the interest of energy
conservation, it is very important that of octane num-
ber of the gasoline supplied matches correctly with
the octane requirement of the car.

The octane requirement of a car is determined by
actual measurement on the road. The most common-
ly used method is the CRC-E-15-62 method by the
Coordinating Research Council in the USA. This me-
thod was also adopted by the CORC (Cooperative
Octane Requitement Commitiee) in Europe and has
been applied in Indonesia by LEMIGAS. This method
consists of the determination during scceleration,of
the speed where knocking appears and  disappears
when using reference fuel mixtures having octane
number beiween B0 to 100, with one unil incre -
ment.

This measurement is made with the vehicle 10 be
tested has been adjusted so that spark advance is set
at manulscturer's recommendation, and the engine
must be first allowed to reach its thermal equili-
brium. Observations are then plotted on a graph such

as Fi 2. where in the ahacizss eneine ontatinn
are recorded, and in the ordinate, the octane

number of the reference fuel mixture are recorded.
The maximum value of the curve obiained is called
the octane requirement of the car that is being tested.
In the CORC method the chservations are made for
engine speeds between 10003500 rpm at highest
gear. This corresponds to the speed of 2080 km/
hour, which ssem suitable for ASEAN driving, where
highway driving does not currently predominate.

In practice, it is important to know the octane re-
quirement of the car when using commercial gaso-
line. In this case, the measurement s carried out by
using blends of gasolines made of commercial gaso-
line components having resarch octane number bet-
ween, my 80-100 RON. This commercial reference
fuel should have a chemical composition, specific
gravity, and distillation curve similar to the commer-
cially available gasoline in the country. Similar curve
relating the octane number and engine speed is pro-
duced, and the octane requirement of the car based
on average commercial gasoline is determined from
the maximum value of this curve,

The knowledge of the octane requirement of a car
allows lts manufscturer to maich s octane requi-
rement with the octane level of the fuels available in
the country in which the car will operate. Inversely,
to determine the octana level of fuels 5o as to stsfy
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the users of a given country or region, it is necessary
to measure the octane requirement of the car popu-
lation in the country of reghon considered,

This consists of studying the octane requirement
of a large number of cars as to be representative
of the population considered. For example for cars
population of 1 000 000 vehicles, for example, a
sample of 100500 cars may be required to deter-
mine the level of octane number to be supplied in
the market. In Indonesis, samples of 50 cars were
used, These mmples were taken from cars up 0 5
years old which represent the car population of the
couniry [5.56].

The octane requirement curves, for primary re-
fuel, allow the refinery or the government to deter-
mine the desired level of octane mumber to be incor-
porated in the gasoline to the market. Generally,
regular grade is made to satisfy 50% of car popula-
tion, and premium grade to mtisly 90% of the car
population. However, this is subject to many eco-
nomic and non-technical factors, and is largely a
policy matier.

b Facrors Affecting Octane Requirement

Mot all engines have the same octans number re-
Jirement that would give normal combustion. Each
engine under each operating condition has different
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octane number requirement. This i3 because the oe-
tane number that is required by each engine to
give normal good combustion depends on  many
factors such as engine design. atmospheric con-
ditions, and mileage. Each of these factors is dis-
cussed briefly below,

The octane requirement of a car population in a
country, on the other hand, depends on the climate,
driving habit and the car population in the mntrf.
particularly as regard to the composition, engine de-
sign and age of the cars in the country.

g} Engine Design

Within the category of engine design, it can be
considered the compression ratio, the shape and ma-
terial of the combustion chamber, the ignition sys-
tem, and the carburation system,

Compression ratio, ie. the ratio of the volume of
air end fuel when the piston is at the lower end of the
cylinder, to the volume when the mixture is com-
pressed and the piston is in the topmost position, s
the most important factor which affects the combus-
tion qualities of fuel. In general, the higher the com-
pression ratio the higher the tendency of the engine
to knock, and the higher the octane number of the
gasoline that should be used. In some cases, octane
number requirement ncreases from 75 to 95 & the
compresion ratio of an enging Is increases from 6.0
to 9.0 [10] . A European study indicates an Incresse in
octane requirement in the range of 4.3 to 6.3 ON per
unit increase of compression ratio [3] ; while the Bri-
tish Technical Council (BTC) conchuded that an sverage
figure of 5.6 increase in oclane number requirement/
unit increase in compression ratio applies generally
to the current engine designs [8]. The reduction of
compression ratio, on the other hand, affects the fuel
cosumption. The British Technical Council
found that fuel consumption increased by 7.6% for
each drop in compression ratio, and the Commitiee
of Common Market Automoblle Constructions
(CCMC) came up with the figure of 5.6%. Both these
figures refer to smaller European engine. For pre-
1973 American cars, the figure was 5.9% [2]. 3

The shape and design of the combustion chamber
bears an effect on the octane requirement of the engine.
Engines with similar compression ratio, but with dif-
ferent design of combustion chambers may require
different octane numbers of gascline to produce no-
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knock combustion. The material of construction of
the combustion chamber also affects the octane re-
quirement of the engine. Thif is due to better heat
transfer that may occur through certain light ﬂl.

With regards to the ignition system, qn:td--i
vance and spark plug types and gaps are known o
affect the octane requirement of a engine. One degroe
variation in spark advance may cause aboul one
point difference in octane requirement [10]. '

The richness of the fuel/air mixture in the carbu- .
ration system has also 8 marked effect on the oclang
requirement. This variation in octane reql.ﬂrma
caused by variation on the carburetted mixture :-.
be as high as 1-5 ON points [10].

b}  Armospheric Condition

Temperature, pressure and humidity all may af-
fect the octane requirement of a car. Octane requi-
rement or of & car in one country may not be the
same in another country with different climate.

Increass in lemperabore may cause incresse in og-
tane requirement. One fest showed that the average
octane requirement increase is about 0.05 points per
°C in crease in ambient temperature [10].

The stmospheric pressure directly affect the o
tane requirement of an engine. The variation follows
u certain empirical formula, but on esverage the octane
requirement of a car decreases shout 4.4 pointyas one
mounted from sea lavel to about 1000m altftate]10] .

Humidity has been reported to reduce the octans
requirement of a car which may decreass a3 far a3
3—4 points during rainfall [10].

¢} Mieage of Cor
The mileage of the car may cause variation on be-

mne number requirement, Generally, the octans né-
quirement of a car increase up to 4=10 from the

runningin period to sbout 10-20,000 km, where it
reaches stability and flattened down [10]. Therefore

the age of the car in cér populstion in & country have
also bearing on the octane requirement level,

[l METHOD OF MEASUREMENT

The study of octane requirement of car populs-
tion consists of the followipg main steps :

y LF:




1} Study of car populstion

The statistics on car populstion in the country
ks first collected to know number, and types of the
cars in the population. These statistics must be of

such details as 1o indicate the brand, type, year of
make, etc., of the cars in the population,

1) Determination of the number composition of car
mmple

The sample cars 10 be tested is representative of the
actual composition of the car population. Il 1983
Toyoio Corolls DX, for example, epresents 2% of
the actual car population in the country, this should
also comprise 2% of the sample. IT the number of
cars in the sample to be tested is decided to be 100,
for examphe, then two 1983 Toyota Corolla DX
should be tested,

3} Measurement the octane requirement of each car
in the smples
For each car in the sample, oclane number require-
ment messurements are made on primary reference
fuel and commercial reference fuels. The measure-
ments are caried out following the method described
in part 11.C of this paper.

4) Plotting and evaluation the results of all the mea-
surements in an oclne requirement curve

The results of the measurements are plotted in a
curve of octane requirement for the particular car po-
pulation, where the octane requiremnent is plotted on
the ordinates: and on the abscisa, the percentage of
the car population satisfied by each octane value.
Two curves should be oblained, one for each type of
reference fuel, respectively.

I¥. RESULTS FOR INDONESIA

The results of octane requirement determinations
for Indonesia are pesented in Figure 3(a), (b), and (c)
for the car population of 1969-1974, 1972-1976,
and 197B-1982, respectively. Two curves are pre-
sented for each period of car population, one being
for primary reference fuel, and another for the actual
commercial fuel.

The results for Indonesia a8 shown above show
ﬂpnuhﬂunnflhanctnenwhmlufthw

 population as signified by the octane requirement for
50 percent and 90 percent satisfaction. As indicated
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in Tabel 2, althouth the shapes of the curves change
somewhat, the 50% satisfaction levels and the 90%
satisfaction level do nol change greaily during the
periods. The 50% satisfaction level is 92.0 RON
for 1969-1974 population and changes to 92.5 for
1972-1976 and 19781982 populations. The 0%
satisfaction remains from 95.0 during the thres pe-
riods. The finding is interesting when one compa-
res the figures to_the level of octane supplied in
Indonesia and other ASEAN countries as shown in
Table 3.

129




Table 2
Summary of results
of octane requirement determinations
for Indonesia
r‘?‘qﬂiuﬂ ’.@mﬂ!ﬂ-_l..l HFEF_"'l__r
A% | R % e
Satisfied | Satisfied | Satisfied) Satisihed

1969 = 1974 2.0 o | WS 0
1972 - 1976 925 0 | 90 4.0

Table 3

Comparison of Indonesian results
with actual actane levels in ASEAN countries

1978 - 982 s g0 | 910 4.0 |

V. DISCUSSION AND CONCLUSION

As indicated earlier, although the decision on the
actual octane level of the gasoline supplied is deter-
mined by many interacting factors, such as economic
and political as well as technical factor, the results
for 50 percent and 90 percent satisfaction are often
used as a guide for the decisons of the octane level
of regular and premium gasolines, respectively.

Other ASEAN couniries, which have many simuls-
rities o Indonesia and each other, both in the car po-
pulation and climate, should be interested to know
the actual octane requirement in their own countries,
A cooperative approach, in which all ASEAN coun-
tries cooperate iogether to determine the octane re-
quirement in their respective countries would enable
8 greater number of determination to be made and
more accurate results to be obtained, Or, with statis-
tically sufficlent number of smmples for the six
ASEAN countries (Brumei Darussalam, Indonesis,
Malaysia, Philippines, Singapore, and Thailand) the
cost would be significantly reduced.

In the United States, such study is coordinated by
the ASTM (American Society for Testing and Mate-
rlals) and the CRC (Coordinating Research Coundl
Inc.). In Japan, the cooperative' effort is made by
Japanese oil companies, so that each company b
responsible- to test only 67 cars. In Europe, this
study is carried out cooperatively by CORC (Coope
rative Octane Requirement Committee), s commitise
comprising some oil companies in Europe. ¥
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Similar approach could be effected in ASEAN, ca-
pitalizing on the Indonesian experience and the pre-
dominant spirit of cooperation among ASEAN coun-
iries. ASEAN instrument for ofl and gas cooperation
such as ASCOPE could take an active robe in. this re-
mdr

The cooperative approach in the ASEAN countries
has the following advantages :

(1) it permits exchange of information and mutual
assistance by members especially to those who have
not had the relevant experience, ]
(2) it permits the sharing of the results and therefore
improve the accuracy and general quality of the de-
termination,

{3) it permits, in the future, to develop a system fo
distributes the responsbility of determination, and
thus reduce the number of test each member country
must make, with the subsequent reduction of cost

and expenditure,
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