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Abstract – The objective of this paper is to investigate the use of methyl acetate as oxygenated 
fuel blending for base gasoline in SI engine. The effects of methyl acetate on engine 
performance parameters (brake specific fuel consumption, brake thermal efficiency and 
energy consumption rate) and exhaust emissions (CO, HC, CO2 and NOx) of SI engine have 
been experimentally investigated. Engine experiments were conducted on a single cylinder, 
water cooled, spark-ignition test engine at constant moderate speed; 1500 rpm for different 
loads; 104, 207, 311 and 414 kPa fuelling the engine with base gasoline, M5 (95 % base 
gasoline +5 % methyl acetate) and M10 (90 % base gasoline +10 % methyl acetate). The 
results showed that adding methyl acetate to base gasoline increases the brake specific fuel 
consumption while reducing the brake thermal efficiency of the engine. Furthermore, it was 
also observed that methyl acetate addition does not have a great effect on HC emissions, 
however, reduces CO and increases CO2 emissions. NOx results showed a striking increase in 
the level of NOx emissions with the addition of methyl acetate.    

Keywords – Gasoline; methyl acetate; oxygenated fuel; performance and emissions; 
SI engine 

Nomenclature 
CA Crank Angle Degree 
TDC Top Dead Center  
BMEP Brake Mean Effective Pressure kPa 
BSFC Brake Specific Fuel Consumption kg/kgh 

SI Spark Ignition  

1. INTRODUCTION  

Due to the issues of the energy crisis, global warming, high fossil fuel cost and stringent 
emission regulations, more attention over the decades has been placed on renewable 
oxygenated fuels [1], [2]. Nevertheless, today oil-based fuels are the main source of global 
energy demand for the transport sector [3]. In order to reduce the use of fossil fuels and 
exhaust emissions, petroleum based fuels must be replaced or at least mixed at certain rates 
with renewable fuel [3], [4]. The benefits of renewable oxygenated fuels are the spread of 
low CO, HC and PM emissions compared to gasoline that can be generated by domestic 
resources and reducing foreign energy dependence [5]. That is the reason why many countries 
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have to develop fuel regulation to increase the renewable oxygenated fuel content in fuels for 
transportation [5], [6].  

As oxygenated fuels alcohols and ethers have been used to reduce exhaust emissions and 
increase the knock resistance of the fuel for a long time over the world. Among them, the 
most known and used is ethanol which can be produced by fermentation process from 
agricultural products or from the other feedstock such as waste from agricultural crops, food 
and beverage and municipal refuse [7]. Currently, ethanol is used as fuel in many countries 
especially in Brazil, Canada, USA, and India [1]. Moreover, in many other countries ethanol 
is blended with gasoline to increase knock resistance and improve fuel combustion. Apart 
from ethanol, alcohols such as methanol, butanol, and ethers like ETBE and MTBE are used 
as mixing oxygenated fuel with gasoline to increase oxygen content and octane number of the 
fuel. In this way, in the European Union and in the USA, oxygenated fuels are added to 
gasoline to get the ratio of 3.7 wt. % oxygen  [8], [9]. 

All oxygenated fuels have different physical and chemical fuel properties that affect certain 
key properties of blending fuel and have significant impact on the engine performance and 
emissions [1], [5]. The oxygen content of alcohols and ethers improves the combustion and 
reduces CO, HC and PM emissions. They provide higher volumetric efficiency because of 
their higher heat of vaporization [1]. Thanks to their higher octane number, the knocking 
resistance of the blended fuel is higher.  

Nevertheless, alcohols and ethers are not a problem-free fuel because of their negative 
impacts in terms of applicability. For example, alcohols increase the Reid vapor pressure of 
the gasoline-alcohol blends and this situation directly affects the evaporative HC emissions 
[10], [11]. Ethers such as MTBE have high solubility in water and may leak from storage 
tanks and contaminate groundwater [12]. The heating values of alcohols and ethers are lower 
than that of gasoline owing to structural oxygen content in the molecular structure. 
Furthermore, alcohols are not easily miscible with gasoline and at lower temperature phase 
separation could appear [13].  

For all the above-mentioned reasons and since the use of alternative fuels in the future is 
inevitable [1], research on alternative oxygenated fuels could replace alcohol and ether fuels 
are ongoing with great interest. 

Methyl acetate as a new oxygenated fuel has emerged as a potential alternative fuel 
compared to alcohols and ethers because of its advantages over them.  

Methyl acetate also known as methyl ethanoate, is a carboxylate ester [14]. Its chemical 
formula is C3H6O2 and it can be produced from the liquid phase chemical reaction of methanol 
and acetic acid in the presence of an acid catalyst at atmospheric pressure [15]. Methyl acetate 
is also produced industrially by carbonylation of methanol as a by-product of the production 
of acetic acid [14]. 

The main advantage of methyl acetate is that it could be used as an octane booster and fuel 
extender without increasing the Reid vapor pressure of the methyl acetate-gasoline blends. It 
is nontoxic and produces less unregulated emissions. Low-cost production compared to ETBE 
and MTBE, lower volatility and easy handling is another advantage of the methyl acetate 
[14]. Additionally, methyl acetate is widely used as a solvent in many industries. 

Since the methyl acetate could potentially replace alcohols and ethers as an oxygenated fuel 
and combustion enhancer, the purpose of this study is to experimentally investigate the 
usability of methyl acetate as oxygenated blending fuel in spark ignition engine in terms of 
distillation, engine performance and exhaust emission characteristics.  
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2. EXPERIMENTAL SECTION  

2.1. Fuels 

To carry out this research, a commercial unleaded gasoline was used as reference fuel and 
purchased from a local petrol station. Methyl acetate was obtained in 99.5 % purity from 
TEKKİM, a local chemical company. Firstly, unleaded gasoline (G) was mixed with methyl 
acetate in a ratio of 5 % by volume and 10 % was named M5 and M10. Secondly, the lower 
heating value and density of the M5 and M10 fuels were determined in our laboratory by 
following the ASTM D 240 and ASTM D 4052 standards, respectively. The other physical 
and chemical fuel properties have been obtained from literature. Table 1 lists some important 
fuel properties for used fuels and methyl acetate. It is seen that the measured fuel properties 
of the test fuels are in compliance with EN 228 gasoline specifications.  

Moreover, in this study, distillation curves of test fuels were investigated using LAB-KITS 
Distillation Tester (Model: PT-SYD-6536). The distillation curve is a significant feature that 
affects the engine performance and evaporative emissions of SI engine. Gasoline contains 
different hydrocarbons and each hydrocarbon molecule evaporates at a different temperature 
[16]. The light fractions (0 % to ~40 % of evaporated volume) improve the cold start 
performance of the engine but high volatility is not desirable in all working conditions 
because it reduces the volumetric efficiency by replacing the air in cylinder and causes vapour 
lock in the fuel system [17]. The medium fraction (~40 % to ~80 %) influences the engine 
warm-up, the vehicle acceleration performance and fuel economy. Lubrication oil dilution, 
formation carbon deposits and volatile organic compounds (VOC) depend on a heavy fraction 
(~40 % to ~80 %) [5]. Figure 1 shows the distillation curves for gasoline, M5 and M10. When 
distillation curves of the test fuel are compared, there is found to be little difference between 
them. Distillation properties of all test fuels meet EN 228 specifications. However, the 
distillation temperature of M5 is slightly higher than that of M10 and gasoline. Additionally, 
it is noted that the distillation temperatures are not proportional to the volume of methyl 
acetate blended with gasoline. This could indicate that methyl acetate is solved in gasoline 
and new chemical bonds are formed [16]. The concentrations of methyl acetate up to 10 % 
do not significantly affect the temperature-vaporization curve of the gasoline which makes it 
possible to use methyl acetate as blending fuel. 

 

 
Fig. 1. Distillation curve for gasoline, M5, and M10. 
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TABLE 1. FUEL PROPERTIES FOR TEST FUELS AND METHYL ACETATE [14], [17]–[19] 

Property Gasoline M5 M10 Methyl Acetate 

Chemical formula –   C3H6O2 
Molecular mass, kg/kmol 95–120   74.08 
Oxygen Content, wt. % – – – 43.20 
Density, kg/m3 720–760 734 745 940 
Latent heat of vaporization at 20 °C, kJ/kg 307 – – 410 
Stoichiometric air/fuel ratio (AFR) 14.6 – – 6.52 
Lower heating value, kJ/kg 43000 41615 40270 21500 
Reid vapor pressure, kPa 45–90 – – 41 
Research octane number 95> – – 110 
Motor octane number 85> – – – 

2.2. Experimental Facilities 

In this study, unleaded gasoline, M5, and M10 were tested in a single cylinder, 
water cooled, four stroke, and spark ignition research engine. The detailed characteristics of 
the test engine and the measurement system are listed in Table 2. The schematic view of 
experimental arrangement is given in Fig. 2. No modification was made on the test engine. 
The water-cooled Eddy current dynamometer was used to load the engine. Engine 
performance and emissions experiments were conducted at 1500 rpm as medium speed and 
four loads (brake mean effective pressure) that are 104, 207, 311 and 414 kPa. In these test 
conditions, the throttle valve position was fixed to obtain the same brake power for each test 
fuel use. All tests were performed under constant spark timing (10 CA bTDC) and 
compression ratio (8:1). During the experiments, all data were taken after steady-state 
conditions were reached and all measurements were repeated at least three times at each test 
point and the average values were used to minimize the systematic error. Gas emissions such 
as carbon monoxide (CO), hydrocarbon (HC), carbon dioxide (CO2) and nitrogen oxides 
(NOx) were measured using an exhaust gas analyzer. The measurement range and accuracy 
are given in Table 3. 

TABLE 2. THE DETAILED CHARACTERISTICS OF TEST ENGINE AND MEASUREMENT SYSTEM 

Type Single cylinder, water cooled, four stroke  

Dimensions: bore/stroke, mm 87.5/110  
Compression ratio 8, CR variation: 6:1–10:1 
Cylinder volume, cm3 661 
Maximum brake power 4.5 kW @ 1800 rpm 
Spark timing 10 CA bTDC, Spark variation: 0–70 CA bTDC 
Dynamometer Type: Eddy current, water cooled, with a loading unit 
Speed, rpm 1500 rpm, Speed range: 1200–1800 rpm 
Air flow transmitter Pressure Transmitter, Range (–) 250 mm WC 
Fuel flow transmitter DP transmitter, Range 0–500 mm WC 
Crank angle sensor Resolution 1 Degree, Speed 5500 rpm with TDC pulse 
Piezo sensor PCB Piezotronics; Combustion: Range 350 Bar 
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Fig. 2. Schematic view of the experimental arrangement. 

TABLE 3. MEASUREMENT RANGE AND ACCURACY OF EXHAUST GAS ANALYZER 

Emissions Measuring range Accuracy 

CO 0–10 % vol. 0.001 % 
CO2 0–20 % vol. 0.01 % 
HC 0–4000 ppm 1 ppm 
O2 0–25 % vol. 0.01 % 
NOx 0–4000 ppm 1 ppm 

2.3. Statistical (Uncertainty) Analysis 

In all experimental studies, physical quantities are measured with some errors and 
uncertainties. The errors and uncertainties can originate from the measurement device, 
calibration, test condition and procedure, observation and reading. In order to prove 
the accuracy of the measured and calculated data, an uncertainty analysis should be 
performed. The uncertainty analysis in this study was performed using the method proposed 
in [20]. 
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where 𝑈𝑈R is the total uncertainty of the calculated result of R, i1, i2, i3, …, in are independent 
variables, u1, u2, u3, …, un are the uncertainties of each independent variables. 



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2018 / 22 

 

60 

The uncertainties of the calculated results and the measurement accuracies are given in 
Table 4. 

TABLE 4. MEASURED AND CALCULATED UNCERTAINTIES IN EXPERIMENTS 

Measurements Accuracy 

Brake torque, Nm ±1.5 %  
Engine speed, rpm ±0.06 %  

ṁair, kg/h ±0.2 %  

ṁfuel, cc/min ±0.25 %  

Pcyl, bar ±0.2 %  

Calculated parameters Uncertainty 

Brake power, kW < ±1.5 % 
BSFC, gr/kWh–1 < ±1.52 % 

Brake thermal efficiency  < ±1.6 % 

3. RESULTS AND DISCUSSION 

This section was divided into two parts such as; engine performance and exhaust emissions. 
In each section, the results of unleaded gasoline, M5 and M10 fuels were presented 
graphically and discussed in detail. Comparisons were made with the reference fuel unleaded 
gasoline. It is known that brake mean effective pressure (BMEP) does not depend on engine 
size and speed and thus it is widely used as performance parameter. Therefore, in this present 
study, the variation of the engine performance and exhaust emissions of test fuels were plotted 
corresponding to the same BMEP. 

3.1.  Engine Performance 

Brake specific fuel consumption is a substantial engine performance parameter that gives 
the amount of consumed fuel to produce one effective power per hour. Fig. 3 shows the brake 
specific fuel consumption of the test engine versus BMEP for test fuels. As seen in this figure, 
due to its higher energy content, gasoline results in less brake specific fuel consumption than 
that of M5 and M10 at all loads.  It is determined that by use of M5 and M10, the brake 
specific fuel consumption of the engine increased on average by 9.61 % and 9.68 %, 
respectively. Because of the lower energy value and the higher density of the M5 and M10 
compared to that of gasoline, much more fuel is consumed to obtain the same effective power. 
On the other hand, the curves of brake specific fuel consumption for the fuels show the same 
tendency. Due to the partial opening of the throttle valve, lower loads and thus lower 
volumetric efficiency result in an increase in the brake specific fuel consumption. However, 
at high loads pump losses are reduced by a larger opening of the throttle valve and this affects 
the engine performance positively. In addition, the cooling effect which is related to the latent 
heat of vaporization of the blend fuels has a great impact on volumetric efficiency at high 
loads [3]. At these points, the benefits of high volumetric efficiency are less fuel consumption 
and lower emissions. 
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Fig. 3. Brake specific fuel consumption of the engine for tested fuels at different loads. 

Since each fuel has different density and heating value, it is more meaningful to compare 
the fuels based on energy. For this purpose, the effect of test fuels on engine energy 
consumption per hour for the equal brake power was calculated and the results were showed 
graphically in Fig. 4. It is apparent from this figure that M5 results in more energy 
consumption than both gasoline and M10. With M5, the increment in energy consumption is 
calculated as 4.72 % and 1.80 % on average, compared to gasoline and M10.  The increase in 
energy consumption depends on density, energy content and combustion performance of the 
fuel. In spite of the lowest energy content and the highest density of M10, it reduces the 
energy consumption as compared to M5. This is owing to the highest oxygen content of the 
M10 which enhances the combustion. This fact implies that engine runs more efficiently when 
using M10 than M5. This effect can also be clearly seen in Fig. 5. In order to enhance brake 
power by increasing the load at constant engine speed more fuel flow into the cylinder and 
this leads to an increase in energy consumption, naturally. 

 

 
Fig. 4. Energy consumption per hour of the engine for tested fuels at different loads. 
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The brake thermal efficiency of the engine at various loads for each fuel is compared in 
Fig. 5. This figure indicates the changes in brake thermal efficiency are similar but largely 
different, regardless of what type of fuel is used. Referring again in Fig. 5, it can be observed 
that the methyl acetate addition leads to a decrease in thermal efficiency during the entire 
load range due to the lower heating value of methyl acetate compared to gasoline. It was 
determined that average reduction in engine’s thermal efficiency by fuelling the engine with 
M5 and M10 are 2.92 % and 0.26 %, respectively when compared with gasoline. As stated 
above, the reason is the lower energy content of blended fuels. Nonetheless it is interesting 
that the reduction in brake thermal efficiency with use M5 is higher than M10. The main 
reason for this result may be the oxygen content of the fuel. The relative oxygen content in 
the fuel is an important factor affecting combustion efficiency [21]. Higher oxygen content 
in M10 enhances the completeness of combustion and this offers higher brake thermal 
efficiency. Moreover, it can be concluded that M10 is superior to M5 as a higher amount of 
renewable fuel will be used without a significant reduction in brake thermal efficiency. 

 

 
Fig. 5. Brake thermal efficiency of the engine for tested fuels at different loads. 

3.2. Exhaust Emissions 

CO emissions are essentially generated in an engine due to incomplete combustion.  
Incomplete combustion occurs because of poor air-fuel mixing, local rich mixture, low 
combustion temperature, and high carbon to hydrogen ratio of fuel [17], [22]. CO is an 
undesirable emissions and it represents the loss of fuel chemical energy. In Fig. 6 CO 
emissions are shown for test fuels. It can be noted an increase of CO emissions for all test 
fuels with load due to the rich mixture at high loads. There is a reduction in CO emissions 
especially at lower loads (104 and 207 kPa) for M5 and M10 due to oxygen content of the 
fuel that provides more oxidation of CO into CO2 [23]. The mean level of CO emissions for 
M5 and M10 are lower by 3.91 % and 26.66 % than that of the gasoline.  However, when the 
engine was run on M5 at high loads CO emissions increased compared to gasoline and M10. 
The increment in CO emissions at high loads for the M5 can be explained by more fuel 
flowing into the cylinder to obtain the same brake power for M5 and M10 operation when 
compared to using gasoline. Due to high oxygen content in M10, the combustion is improved 
and therefore it causes a significant decrease in CO emissions especially at the lowest load 
by up to 90 %. That shows that M10 has better combustion ability than M5 and gasoline. 
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Fig. 6. CO emission for tested fuels at different loads. 

Formation of HC emissions in internal combustion engines mainly depends on air-fuel ratio, 
fuel type, combustion chamber geometry, crevice volumes and operating parameters [17], 
[24]. HC emissions for M5, M10, and gasoline at various loads are illustrated in Fig. 7. It is 
noticeable that M5 and M10 blend fuels have advantages on HC emissions when compared 
with gasoline, at the lowest load. At the minimum load, M5 and M10 produce about 36.83 % 
and 46.93 % less HC emissions, respectively, than gasoline. This could be explained by the 
oxygen content of the blended fuels. However, at the other loads, HC emissions rise more 
rapidly with M5 and M10 compared to gasoline. This could be seen as evidence that 
substantial oxidation does not occur with the blended fuels at high loads. The oxidation rate 
of the fuel in the combustion chamber also depends on fuel-air ratio and combustion chamber 
temperature. It is determined that at maximum load, the fuel mass flow rate for M5 and M10 
are 6.58 % and 7.15 % higher relative to gasoline, respectively. High fuel consumption could 
increase HC emissions for M5 and M10. In addition, reduction in cylinder temperature due 
to lower energy content and higher heat of vaporization for M5 and M10 can be another reason 
for high HC emissions. This phenomenon is supported by lower exhaust gas temperature of 
M5 and M10 than that of gasoline.  But, when the average HC emissions are compared, there 
are no significant differences between test fuels.    

 

 
Fig. 7. HC emission for tested fuels at different loads. 
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Carbon dioxide is a desirable combustion product in view of energy conversion since CO2 
is produced by the complete burning of hydrocarbon fuel. Even though CO2 is not classified 
as an engine pollutant, it is the main greenhouse gas emission that leads to changes in the 
Earth’s temperature [1]. Indeed, CO2 emissions in the internal combustion engines are heavily 
linked to the carbon-hydrogen ratio in fuel, and combustion temperature [25]. Fig. 8 presents 
the effect of the test fuels on CO2 emissions. As seen in this figure, within the entire load 
range M5 and M10 produce more CO2 emissions than gasoline. It is determined that CO2 
emissions increased averagely by 14.87 % and 19.89 % with the use of M5 and M10, 
respectively. This result could be associated with oxygen content which plays the main role 
in increasing the completion of combustion, which increases the CO2 emission level [1], [26]. 

 

 
Fig. 8. CO2 emission for tested fuels at different loads. 

The most important factors that affect NOx emissions are fuel-air ratio, combustion 
temperature and oxygen concentration in the combustion chamber [24]. Although, maximum 
combustion temperature occurs at slightly rich mixture (ϕ = 1.1) NOx emissions peak at 
slightly lean condition (ϕ = 0.9) where the combustion temperature is high and there is high 
oxygen concentration [17], [24]. Thus it can be concluded that oxygen concentration is more 
dominant on NOx formation than cylinder temperature. It is seen in Fig. 9 that NOx emissions 
emitted by the M5 and M10 fuelled engine are significantly higher than that of gasoline at all 
loads. Higher oxygen concentration inside the combustion chamber with the use of M5 and 
M10 is the reason for high NOx emissions. Maximum NOx emissions were measured with 
M10 as 4798 ppm at a load of 207 kPa. The NOx emissions from M5 and gasoline at the same 
load are 4125 ppm and 3583 ppm, respectively. By taking into account all the load range NOx 
emissions of M10 and M5 are higher than that of gasoline by 78.40 % and 34.85 %, 
respectively. Although this could be seen as a sign of improved combustion, the higher NOx 
emissions from M5 and M10 reduce the benefits of methyl acetate as oxygenated fuel. 
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Fig. 9. NOx emission for tested fuels at different loads. 

4. CONCLUSIONS  

This experimental study presented the influence of the addition of methyl acetate as 
oxygenated fuel to unleaded gasoline on the performance and exhaust emissions of spark 
ignition engine. Engine experiments were conducted at the 1500 rpm as medium speed of the 
test engine and four different loads. This results in the equal brake power for the test fuels at 
each test condition. Distillation curves of test fuels were also determined. It was observed 
that the distillation characteristics for test fuels were the same but slightly higher than the 
distillation temperature with M5. When the engine fuelled with M5 and M10 brake specific 
fuel consumption and energy consumption increased while brake thermal efficiency 
decreased due to lower heating value than gasoline. Regarding brake thermal efficiency, M10 
presents higher values than M5 that which means that methyl acetate has a considerable 
advantage in this sense as gasoline substitute up to 10 %. In general, there is a slight decrease 
in HC and a significant decrease in CO observed when the use of M5 and M10 due to oxygen 
content. Within the entire load range methyl acetate-gasoline blends, produced more CO2 and 
NOx emissions than gasoline. It was also observed that in all operating conditions the higher 
percentage of methyl acetate in the blend, the greater CO2 and NOx emissions due to the 
highest oxygen content. When a general assessment is made it can be said that methyl acetate 
does not appear superior over alcohols and ethers in respect of engine performance and 
exhaust emissions. However, this finding bases on limited experimental data and thus the 
usability of methyl acetate as oxygenated fuel blending in spark ignition engine requires 
further investigation. For future studies, the compression ratio, the blending ratio and, spark 
timing may be optimized to increase the engine performance and to achieve further reduction 
in exhaust emissions. 
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