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ABSTRACT
Piston-powered aircrafts rely on 100 low lead (100LL) Aviation Gasoline (AVGAS) for safe operation. AVGAS has
high levels of Tetraethyl Lead (TEL). TEL is an additive which is added in aviation fuels to assist in anti-knocking.
The main reason for continuation of TEL as an additive in AVGAS is because aircraft engines are prone to engines
knock when operate at higher power settings and temperatures. TetraEthyl Lead (TEL) or Plumbum (Pb), which is
the additive of AVGAS, for octane boosting and valve recession avoidance, can cause serious health impacts. One of
the possible technique to eliminate the effect of Pb emissions caused by general aviation was to make unleaded
Motor Gasoline (MOGAS) accessible as another option to leaded AVGAS for the use in reciprocating aviation engines.
The unleaded MOGAS has relatively lower octane rating compared to leaded AVGAS. Due to knocking and engine
parameter performance, utilization of a fuel with too low of an octane rating is a risk. Besides, numerous gasses are
produced as by product of combustion as a result of emission from aviation engines. In this study, a full scale engine
emission due to locally available unleaded MOGAS fuels are determined and compared to the typical leaded AVGAS
used. This ground level emission tests are performed by evaluating different fuels on emissions from a full scale
Lycoming O-320-B2A reciprocating engine. The fuels to be tested in this study are 100 LL AVGAS, RON100 MOGAS,
RON97 MOGAS, and RON95 MOGAS. Each of this fuel is tested at a time in Lycoming O-320-B2A reciprocating engine
and the data for emission of of exhaust gases CO, NOx and HC, were measured by an emission analyser (EMS 5002)
and recorded. Although the emission of both AVGAS and MOGAS are moreover the same it is expected that that
MOGAS burns cleanly and minimal combustion chamber deposits are produced in the engine.
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1.

INTRODUCTION

Air transportation has been foremost mode of connecting role player in
business supply chain and catalyst for tourism industry. Globally around
230,000 piston-powered aircrafts rely on 100 low lead (100LL) Aviation
Gasoline (AVGAS) for safe operation [1]. AVGAS is a specially blended
grade of gasoline for use in aircraft engines of the piston type. Aircrafts
using AVGAS operate on higher compression ratio engines, which thus
requires the utilization of high octane gasoline. AVGAS is for use in aircraft
engines of the piston type with distillation range normally within 30°C and
200°C [2]. AVGAS has high levels of Tetraethyl Lead (TEL). TEL is an
additive which is added in aviation fuels to assist in anti-knocking. Main
reason of TEL continuation as an additive in AVGAS is because aircraft
engines are prone to engines knock when operate at higher power settings
and temperatures [3].
TetraEthyl Lead (TEL) or Plumbum (Pb), which is the additive of AVGAS,
for octane boosting and valve recession avoidance, can cause serious
health impacts, including neurological effects in children that prompt
behavioral issues, learning deficiencies and lowered IQ. Pb concentrations
of 10 micrograms per deciliter or more has been identified as a “level of
concern” to human health by the The Centers for Disease Control (CDC)
and the World Health Organization (WHO) [4].
Recently, the rate of aviation fuel has multiplied sharply and a few
shortages have arisen. Besides, numerous gasses are produced as by
product of combustion as a result of emission from aviation engines. Even
though aviation’s environmental impact is not restrained to emissions

from aircraft, these emissions represent the largest challenge. One of the
possible technique to eliminate the effect of Pb emissions caused by
general aviation was to make unleaded Motor Gasoline (MOGAS)
accessible as another option to leaded AVGAS for the use in reciprocating
aviation engines.
Both MOGAS and AVGAS are evaluated based on the octane number in
respective fuels. However those fuels uses different octane estimation
techniques. AVGAS octane number is characterized as Motor Octane
Number (MON) while MOGAS octane number is characterized by the antiknock index (AKI). Ethanol contained in MOGAS is not appropriate for use
in aviation due to materials compatibility, volatility, and phase separation
issues thus, for safe operations in the air zero-ethanol MOGAS is
mandatory [5].
Other than engine compatibility issues on the usage of MOGAS in Aviation,
emissions profile of MOGAS when used in reciprocating aviation engines
raise concerns. Emissions from aircraft piston engines not considered as a
significant problem in comparison to the total emissions, but small to no
concerns, emissions from piston engine aircrafts have not red-flagged any
issues so far and globally there have not been any efforts to consider
emission certification for piston engine aircrafts because data about piston
engine aircraft emissions performance is almost non-existent [6].
Greenberger, in her foreword for the Exhaust Emissions from In-Use
General Aviation Aircraft ACRP 164 Research Report, mentioned that,
emissions information for piston-powered aircrafts, either do not exist or
have not been independently verified. This can cause an underestimation
or over-estimation of piston-powered aircraft emissions and makes it
difficult for general aviation (GA) to exactly quantify the emissions
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inventories [7]. Comparative emissions measurements to quantify the
emissions profile of both AVGAS and MOGAS in reciprocating aviation
engine are crucial as it gives proper picture of the real scenario of MOGAS
usage in aviation as far as environmental aspects are concerned.
Up to now, there have only been few emissions data available for aircraft
piston engines. This report tries to fill this gap of knowledge in a
comprehensive approach. It is expected that as the regular leaded grade of
autogas is phased out and the lead in leaded fuel is reduced, then more
aircraft will be using unleaded autogas in the engines.
2.

EXPERIMENTAL

2.1 Evaluated Fuels
In order to evaluate the effects that different fuels may have on the selected
Lycoming engine, in terms engine out emissions, experimental tests are to
be performed using the four following fuels:
•
•
•
•

100 LOW LEAD AVIATION GASOLINE (AVGAS)
PETRON’S RON 95 MOGAS
PETRON’S RON 97 MOGAS
PETRON’S RON 100 MOGAS

2.2 Test Engine Set-up

The experimental activity carried out within this study is focused on the
evaluation of different fuels on emissions from Lycoming O-320-B2A
engine. By keeping some factor such as complexity of the testing, funds
availability, field-expert availability and scale of the research scope in
mind this experiment was conducted with a practical and doable
methodology.

(a)

The test engine (Lycoming O-320-B2A reciprocating engine) is set-up in
the laboratory in order to conduct the engine emission test on different
fuels. Lycoming O-320-B2A reciprocating engine will be used as the test
engine which is a four-cylinder, direct drive and horizontally opposed, air
cooled engine.

(b)

Figure 1: Typical O-320 Series (a) ¾ Right Front View (b) ¾ Left Front View
The test engine will be mounted on a DYNOmite dynamometer. The data
from engine testing will be obtained from this dynamometer. DYNOmite
“Pro” Data Acquisition Subsystem is a 28-channel configuration which
monitors four frequencies which includes engine RPM, speed, air and fuel
flow, several millivolt thermocouple and strain gauge inputs for EGTs and
torque load cells, plus an array of 0-5 volts ones for handling pressures and
similar transducers [8]. The dynamometer that connected to the test

engine plays an important role in this experiment as it ensures monitoring
the engine parameters such as engine speed (RPM), brake horsepower
(BHP), fuel flow, engine shaft torque, exhaust gas temperatures [8].
Necessary sensors such are also connected to the test engine in order to
monitor every single parameters of the test engine for a smooth operation.
Engine set-up with Dynamometer are as follows

Figure 2: Engine set-up with Dynamometer
2.3 Engine Emission Testing
The selected MOGAS and AVGAS fuels are tested in Lycoming O-320-B2A
reciprocating engine to study on their emission characteristics. 100LL
AVGAS is chosen as the reference AVGAS as it is the most common type of
AVGAS used in aircraft engines worldwide. The fuels chosen to represent
MOGAS are RON100, RON97, and RON95 because this are the fuels that
can be find easily in the market. The difference in this MOGAS fuels are the
octane rating.
The testing methodology is based on ASTM 6522 (standard test method
for determination of nitrogen oxides, carbon monoxides from

reciprocating engines). MOGAS is tested before testing the AVGAS. This is
because, the lead contain in the AVGAS could deposit in the engine which
could affect the accuracy of the results. There are few data obtained from
this experiment to do the emission analysis such percentage of emitted
pollutants like carbon monoxide (CO), nitrogen oxides (NOx), unburned
hydrocarbons (HC) and engine speed (RPM).
Sea level emission tests performed and exhaust emissions were measured
by an emission analyser (EMS 5002). This is to measure the CO, NOx, HC,
CO2 and O2 of exhaust gases. Gas analyser’s specifications are summarized
in Table below
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Table 1: Gas analyser’s specifications [9]

Species
CO2
HC
CO
O2
NOx

Measured Unit
%
ppm
%
%
ppm

Gas analysers’ specification
Range
0-20%
0-24,000ppm
0-10%
0-25%
0-5000ppm

Each time a different fuel is selected or the engine power setting is
changed; conditions shall be allowed to become stable and time for fuel to
enter engine and for conditions to stabilize. The waiting period is
minimum of 2 minutes.
3.

RESULTS AND DISCUSSION

The test engine (Lycoming O-320-B2A reciprocating engine) performance
in response to RON95 MOGAS, RON97 MOGAS and RON100 MOGAS
gasoline in comparison to 100LL AVGAS was inspected with various

Resolution
0.30%
4ppm
0.06%
0.10%
1ppm

Accuracy
±1
±1
±1
±1
±1

engine speeds (RPM). The exhaust emission of the test engine using
various fuels was determined. The results were derived directly from the
measured experimental data. In order to obtain a better and accurate
results 3 readings was taken for each evaluated fuel and the average value
for exhaust emission gases for each fuel was calculated. This average
calculated results was later used to plot the findings. The unburned
hydrocarbons (HC) and nitrogen oxides (NOx) was measured in parts per
million (ppm) while carbon monoxide (CO) is measured in percentage (%).
The obtained results for average of 3 runs are as in Tables 3.1 to 3.3.

Figures 3.1 to 3.3 illustrate the measured exhaust emissions of carbon monoxide (CO), unburned hydrocarbons (HC) and nitrogen oxides (NOx) from RON95
MOGAS, RON97 MOGAS and RON100 MOGAS operations with in all test conditions in comparison with 100LL AVGAS.
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Figure 3.1 Variation of carbon monoxide CO) emission with engine speed
Figure 3.1 shows engine speed versus variations in the CO emissions. It
was observed that there was an increase in CO emissions with an increase
in the engine speed. Then, the CO emissions were reduced as the speed
keeps on increasing. This shows that CO emissions are relatively constant
with engine speed, except at cruise condition. CO emission increases from
idle to taxi, to take-off, and then to cruise. It is noticed that CO emission is
due to incomplete combustion of the fuel.

The use of RON95 slightly reduced the CO emissions compared to the other
RON fuels. Regard to the fact that the emission of CO depends more on the
engine design, the experiment to compare the CO emissions with RON100
to those of RON97 and RON95, and discovered that the CO emissions from
RON100 was higher than RON97 and RON95. In the other hand, standard
100LL AVGAS generates the highest CO exhaust gas for aviation engine.

Figure 3.2: Variation of hydrocarbon (HC) emission with engine speed
Figure 3.2 shows engine speed versus variations in the unburned HC
emissions during the operation of the engine. HC emissions from piston
engines was the result of several factors such as unburnt or partially burnt
fuels, incomplete combustion and the presence of lubricating engine oil in
the fuel or combustion chamber.
For the HC emission, the results indicated that the piston engine when
fuelled with RON100 MOGAS generated higher emissions of HC gas

compared to RON fuels while RON95 MOGAS generates the lowest HC
emission. Standard 100LL AVGAS generates the highest HC exhaust gas
among all the fuels tested. As the speed increased, the value of HC emission
in the exhaust gas was significantly reduced for all the fuels. It indicates
that HC emissions decrease with increasing engine power. In addition, HC
concentrations in the exhaust gas also can be influenced by the
temperature of the fuel-to-air (F/A) mixture as it enters the combustion
chamber, so large changes in ambient temperature could have an effect.
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Figure 3.3 Variation of nitrogen oxide (NOx) emission with engine speed
Figure 3.3 shows engine speed versus variations in the of nitrogen oxide
(NOx) emission. As demonstrated in Figure 3.3 NOX emissions are highest
at cruise, decreasing in the following order: cruise → take-off → taxi → idle.
This order shows that fuel to air ratio at cruise is the lowest and is the
highest at idle. The rate of NOX formation was found to be directly
dependent on the cylinder temperature. This is because nitrogen only
reacts with oxygen when there is higher temperature present. The
generation of NOX was lowest for RON100 fuel compared to RON95 and
RON97 fuels. A decrease in NOx emissions for RON100 was due to the
requirement for a longer combustion period to achieve higher combustion
efficiency. This is well explained when standard 100LL AVGAS produces
lowest NOX emission among all the tested fuel.
4. CONCLUSION
The exhaust gas emission of aviation engine was tested using various fuels
with different octane rating. An analysis of the experimental results under
the same engine specifications and operations led to the following
conclusions. The RON100 fuel reduced the NOX emission compared to
RON95 RON97 fuels. This was mainly due to the fact that higher octane
rating fuels has higher efficiency in aviation engines. Piston engines are
designed to utilize higher octane rating fuels to avoid detonation. Besides,
RON100 fuel produced the highest HC emission compared to RON97 and
RON95 fuels. This shows that the HC emission increases as the octane
rating of the fuel increased. The CO emission was found to be higher for
RON100 fuel compared to RON97 and RON95 fuels. Engine design plays an
important factor as aviation engines are design for aviation gasoline than
motor gasoline to withstand higher compression for more power output
and to avoid detonation. From the results obtained it can be said that
gasoline with higher octane rating increase the concentration of HC and CO
in the exhaust gas. It can be concluded that RON100 has the nearest
emission rating when compared to standard 100LL AVGAS. Usage of motor
gasoline in aviation engine can be considered if not for the octane rating
which can affect the engine efficiency.
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