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To accelerate the energy transition, starting February 1, 2023, the Indonesian government has 

made it mandatory to use biodiesel (B35). Biodiesel has different characteristics from diesel oil, 

especially its greater viscosity and density, lower heating value, and high NOx emission. 

Therefore, this research has been carried out by adding the additive diethyl ether (DEE) to B35 

to reduce the viscosity and density, increase the cetane number, and reduce emissions. The 

effects of diethyl ether on engine performances have been evaluated, including parameters of 

torque, power, brake thermal efficiency, brake-specific fuel consumption, exhaust emissions, 

and lubricants. The fuels used are B35 (35% FAME palm oil + 65% diesel oil), and B35 + DEE, 

with a DEE volume percentage of 3% to 6%. Diesel fuel (B0) was used as a comparison. Tests 

were carried out in the engine performance test laboratory using the heavy-duty diesel engine 

Komatsu SAA12V140E-3 at various engine speeds. The test results showed that adding diethyl 

ether slightly increases the average maximum power, increases brake thermal efficiency, and 

reduces brake-specific fuel consumption and emissions compared to B35. Very significant 

effects were seen in NOx and SO2 exhaust emissions. At maximum load, the mixture with 4% 

diethyl ether gave the greatest brake thermal efficiency, the lowest brake-specific fuel 

consumption, and the greatest reduction in NOx and SO2 emissions, respectively 7.69%, 6.30%, 

53.48%, and 40.89% compared to B35, and 2.24%, (-0.90%), 48.88% and 71.17% compared to B0, 

respectively. Evaluation of lubricating oil during the performance test did not show a 

significant difference for all types of fuel used. 
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1. Introduction 

To realize energy independence and security 

towards a just and equitable energy transition, the 

Government of Indonesia continues to be 

committed to implementing the use of new 

renewable energy, one of which is through the 

Mandatory Biodiesel Program, which has been 

implemented since 2008 [1]. Biodiesel can be used 

as unmixed fuel (D100) [2] or a mixture of diesel 

oil with palm-based oil or other plants [3]–[9].  

During the last nine years, the use of biodiesel has 

continued to increase. From 2015, it was 15% 

(B15), to 20% (B20) in 2016, and in 2020, it was 30% 

(B30). Starting February 1, 2023, as a commitment 

to use renewable energy, the Government of 

Indonesia accelerates the level of biodiesel use to 

35% (B35), according to the Ministry of Energy 

and Mineral Resources Regulation no. 

208.K/EK.05/DJE/2022 [10]. The total allocation of 

B35 in 2023 will be 13.15 million kiloliters for the 

domestic industry. This policy is also expected to 

save IDR 161.25 trillion in foreign exchange and 

increase the added value of the downstream 

industry to IDR 16.76 trillion. The B35 policy is 

also expected to reduce greenhouse gas emissions 

by 34.9 million tons of CO2 compared to the use of 

diesel oil and improve environmental quality. 
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Based on data compiled by the Directorate 

General of Climate Change Control, Ministry of 

Environment and Forestry, in 2019, total carbon 

emissions in Indonesia were at the level of 

1,866,552 Gigagrams of carbon dioxide equivalent 

(CO2e). The amount of carbon emissions is 

dominated by the energy sector (34.22%), worth 

638,808 Gigagrams of carbon dioxide equivalent 

(CO2e) [11]. With the implementation of a carbon 

tax in Indonesia, it is hoped that it will 

significantly reduce emissions [12]. Then, data 

obtained through the Greenhouse Gas Emissions 

Inventory Report [11], the coal industry sector was 

included in the category of imposing a carbon tax 

at the beginning of its implementation. To explain 

further the sources of carbon emissions from the 

energy sector, they are shown in Table 1. 

Global warming is one of the major challenges 

in this century as well as the greatest threat to 

natural life, prosperity, and security. It accounts 

for nearly two-thirds of all greenhouse gas (GHG) 

emissions in the form of carbon dioxide [13]. 

Based on Government Regulation Number. 41 of 

1999, every industry or company is responsible for 

managing air waste resulting from the production 

process [14]. Several parameters or compounds 

are regulated by Indonesian air quality standards 

nationally, such as SOX, CO, and NOX levels. To 

obtain an accurate sample, one of the criteria that 

can be met is by conducting a study on reducing 

exhaust emissions and taking samples of ambient 

air tests carried out at the research site. 

At the beginning of the application of 

biodiesel, there were doubts and concerns among 

businessmen and mining contractors who use 

heavy equipment that the use of biodiesel could 

cause interference with the engine, such as a 

blockage in the fuel filter that causes a decrease in 

engine power or causes the engine to stop 

suddenly and cause work accidents [15]. 

Expenditure on fuel is one of the biggest expenses 

of the mining business [16], so if the fuel costs are 

not proportional to the income in the production 

business, it will cause losses due to decreased 

engine performance. Based on the characteristics 

of biodiesel, it has a higher viscosity, density, and 

acidity compared to diesel fuel, so using it for a 

long time may have an impact on the lubricating 

oil due to the effect of friction between parts in the 

engine [17]. Biodiesel also has poor low-

temperature properties and lower volatility 

compared to diesel fuel, making it difficult to use 

it in low-temperature environmental conditions. 

Therefore, the addition of oxygenated additives 

such as diethyl ether (DEE) is found to be a 

suitable choice [18]–[21].  

Previously, several researchers had conducted 

research on diethyl ether and several fuel 

mixtures used for diesel engines so that it could be 

used as reference material in this study, namely 

Patil [22], who researched diethyl ether that aimed 

to increase the cetane number in a mixture of 

kerosene and diesel. When mixing diesel, the 

amount of diethyl ether should not exceed 25%. 

The limit is 15% for diethyl ether for a mixture 

of kerosene and diesel. In a diethyl ether- 

kerosene-diesel mixture, both diethyl ether and 

kerosene are limited to 15%. The results show that

 
Table 1. Sources of emissions from fuel combustion [11]  

No Category Activity 

1 Energy Producing Industry Power plants 

Oil and Gas Refinery 

Coal Processing 

2 Manufacturing Industry Iron and Steel 

Chemistry 

Pulp, Paper, and Printing 

Food, Beverage, and Tobacco Processing 

Non-Metallic Minerals 

3 Transportation Industry Air transport 

Land transportation 

Water transportation 

4 Other Sectors Commercial and Office Activities 

Housing Activities 

Other Non-Specific Activities 
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diethyl ether can dissolve in any mixture 

composition, and the resulting exhaust emissions 

have decreased even without any engine 

modifications. There is also research by Gojandra 

[23] that, based on the results of the research that 

has been done, shows that the use of diethyl ether 

in biodiesel fuel (B20) produces better emissions 

than biodiesel (B20) itself. Where is the value of 

the difference in smoke thickness or opacity when 

compared to biodiesel (B20) is between 1.40% and 

6.20% for the addition of 1% to 6% diethyl ether in 

B20. Diethyl ether has a higher cetane and oxygen 

number, which can enhance the quality of 

biodiesel and facilitate a reduction in ignition 

delay, resulting in complete combustion in the 

combustion chamber and reduced exhaust 

emissions. Yesilyurta and Aydin [24] also 

conducted tests on a diesel and B20 combination 

that included 2.5%, 5%, 7.5%, and 10% DEE. All 

fuel samples were run in four-stroke, single-

cylinder, direct-injected diesel engines under 

fixed speed circumstances and five different 

engine loads. According to the testing results, 

adding 10% DEE to the mixture resulted in a drop 

in BTE of 17.39% and an increase in BSFC of 

29.15% when compared to diesel fuel. 

Furthermore, compared to diesel fuel, the ternary 

mix fuel engine demonstrated an average 

reduction of up to 12.89%, 4.12%, and 8.84% in 

HC, smoke, and NOX emissions. Although a fall 

of up to 40.09% is indicated for lower 

concentrations at full load, CO emissions exhibit a 

rising tendency when the DEE fraction of diesel 

fuel is utilized. At large weights, CO2 also 

decreases. Nonetheless, when the CI engine is 

operated on all ternary mixes, the combustion 

behavior somewhat diminishes. Therefore, DEE 

may be viewed as a positive feature that resolves 

the primary issues with the usage of biodiesel 

made from cottonseed oil. 

There has not been much research on the use 

of high concentrations of biodiesel such as B35 in 

heavy vehicles which are widely used in the 

mining sector. With a lower calorific value than 

diesel fuel, the higher the concentration of FAME 

in biodiesel, the more fuel is wasted for the same 

load. So comprehensive data is needed on how 

much influence biodiesel (B35) has on 

performance, fuel consumption, exhaust 

emissions, and its effect on diesel engine 

lubricating oil. Including the use of additives to 

overcome or reduce the above problems, assist 

mining business actors, and assist government 

programs in the use of biofuels. 

 

2. Materials and Methods 

2.1. Test Fuels 

The biodiesel used in this research is in the 

form of fatty acid methyl esters (FAME) made 

from palm oil, which meets quality standard 

requirements. It has physical and chemical 

properties similar to diesel oil, as shown in Table 

2. So it can be used in pure or mixed form in diesel 

engines without modification or with minor 

modifications. Biodiesel mixed fuel (B35) was 

prepared by adding FAME (B100) to biodiesel 

purchased from the local market in Balikpapan, 

Indonesia after the latter was tested for FAME 

content according to ASTM D7371-14 standard. 

The DEE used with the chemical formula given as 

C4H10O is also obtained from the local market in 

Balikpapan. The fuel used has different contents, 

namely Diesel Oil (B0), Biodiesel 35 (B35), a 

mixture of 97% B35 with 3% Diethyl Ether 

(B35DEE3), a mixture of 96% B35 with 4% Diethyl 

Ether (B35DEE4), a mixture of 95% B35 with 5% 

Diethyl Ether (B35DEE5), and a mixture of 94% 

B35 with 6% Diethyl Ether (B35DEE6). The 

additive mixture was selected based on a review 

of the literature by previous researchers, which 

can be seen in Figure 1. Which is the mixing 

scheme used to make the mixture, and as shown 

in Table 3, from the laboratory results the cetane 

value increases with the addition of the 

percentage of diethyl ether while the viscosity and 

density decrease. 

 

 
Figure 1. Scheme of mixing test fuel 
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Table 2. Physicochemical properties of reactants [25]  

Properties Units Diesel B100 DEE 

Carbon  

Hydrogen  

Oxygen 

Molecular Mass 

Lower Heating value 

Kinematic Viscosity @ 40 °C 

Density 

Flash Point 

Cetane Number 

C/H ratio 

- 

- 

- 

g/mol 

MJ/kg 

cst 

Kg/m3 

°C 

- 

- 

0.87 

0.126 

0.004 

190 

42.5 

3 

830 

76 

48 

6.9 

0.77 

0.121 

0.109 

296 

40.20 

4.9 

870 

130 

51 

6.4 

0.649 

0.135 

0.216 

74 

33.9 

0.23 

718 

-45 

>125 

4.8 

 
Table 3. Physicochemical properties of tested fuels 

Fuel properties Units B0 B35 B35DEE3 B35DEE4 B35DEE5 B35DEE6 

Calorific value 

Cetane number 

Density at 15 °C 

Kinematic viscosity at 40 °C 

MJ/kg 

- 

kg/m3 

cSt 

46.13 

50.2 

850.00 

3.602 

45.28 

52.7 

856.20 

3.680 

45.05 

54.86 

853.27 

3.610 

44.93 

55.58 

852.30 

3.587 

44.84 

56.3 

851.32 

3.564 

44.75 

57.02 

850.34 

3.541 

 

2.2. Engine Setup and Operating Conditions 

Engine performance, fuel consumption, 

exhaust emissions, and wear and tear on the inner 

parts have been tested on the heavy-duty diesel 

engine (Komatsu SAA12V140E-3). The engine test 

scheme is shown in Figure 2a, while the 

specifications are shown in Table 4. The maximum 

test speed is 2250 rpm, and the engine setup 

consists of a diesel engine, a dynamometer, a fuel 

and airflow measurement unit, a data readout 

connected to a data analyzer, and an exhaust gas 

analyzer. Engine speed and load are regulated by 

a computer system connected to the dyno test, 

with specifications as in Table 5. Exhaust gas 

analysis in the form of CO, NOX, and SO2 

emissions is measured using an exhaust gas 

analyzer, whose specifications are given in Table 

6. Analyze engine wear content by taking oil 

samples after each engine performance test using 

a vacuum pump as shown in Figure 2a and 

sending them to the Petrolab laboratory. To obtain 

valid data, each sample was tested identically 

three times, and the results were averaged. 

 

3. Results and Discussion 

3.1. Engine Performance 

Brake torque, brake power, brake thermal 

efficiency, and brake-specific fuel consumption 

are tested as the performance characteristics  of 

 
Table 4. Engine specifications  

Model 

Type 

Rate Output 

Max. torque 

Piston displacement 

Bore x Stroke 

Rate rpm 

Engine oil capacity 

: KOMATSU SAA12V140E-3 V type 

: 4-cycle, water-cooled, in-line 12-cylinder 

: 895/1,900 kW/rpm (1,200/1,900 HP/rpm) 

: 5,080/1,350 Nm/rpm (518/1,350 kgm/rpm) 

: 30.48 liter 

: 140 mm x 165 mm 

: 1,900 

: 129 liter 

 
Table 5. Dynamometer specifications  

Brand 

Max. Torque 

Maximum Power 

Weight 

Rated Speed 

Rotation 

: Taylor Dynamometer 

: 8,723 Nm 

: 2,000 Hp (1,491 kW) 

: 1,195 kg 

: 4,000 Rpm 

: bi-directional 
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Table 6. Emission measurement tool specifications 

Measurement Measurement range (ppm) Accuracy Resolution (ppm) 

CO (H2 compensated) 

COlow (H2 compensated) 

NO 

NOlow 

SO2 

2500 to 50000 

500 to 2500 

1500 to 20000 

300 to 1500 

500 to 25000 

±5 % of m.v. 

(additional 

error) Pressure 

range -40 to 0 

1 

0.1 

1 

0.1 

1 

 

 
Figure 2. (a) Engine test schematic diagram; (b) oil sampling 

 

a heavy diesel engine. Figure 3 shows a graph of 

break torque versus engine speed from the results 

of three tests during the performance test with B35 

fuel. With a maximum difference in data reading 

of 2.5%, apart from the first data when the engine 

is not yet stable, the consistency of the test data 

assures us that the data used in the analysis is 

valid.  
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3.1.1. Brake Torque and Brake Power 

All blended fuels, both B35 and B35 plus DEE 

can almost reach the maximum performance of 

engines with B0 diesel fuel. There was a slight 

decrease with B35 and a slight improvement with 

the addition of DEE, as shown in Figure 4. The 

addition of palm oil to diesel fuel reduces engine 

torque and increases fuel consumption. This is 

caused by the low calorific value and high 

viscosity of palm oil, so the fuel atomization 

process is not good and worsens the combustion 

process in the cylinder [26]. Meanwhile, the 

addition of DEE to the B35 fuel mixture was able 

to improve the negative effect of palm oil on 

engine torque. DEE has a high cetane number, so 

reduces ignition delay and the fuel can hold 

pressure longer before it burns during the 

compression stroke, resulting in better 

combustion [27]. In addition, the high oxygen 

content in DEE can help the combustion process 

in the cylinder more completely, so that the engine 

torque increases and emission decreases [28]. The 

addition of 3% to 6% DEE has a relatively equal 

effect on torque or power, increasing engine brake 

torque to around 4,701 Nm or the equivalent of 

820 kW in brake power for B35DEE3, until 4,704 

Nm or 821 kW for B35DEE6 compared to 4,685 

Nm or 814 kW in the B35, but still 2% lower than 

diesel fuel (B0), which reaches 4,795 Nm or 837 

kW, This shows that with an engine setting that 

uses B0, it turns out that biodiesel mixed with DEE 

can achieve performance like B0. as shown in 

Figure 5. This is following research conducted by 

Fatkhurrozak et al. [29].  

 

 
Figure 3. Brake torque repeatability vs engine speed graph for B35 fuel 

 

 
Figure 4. Brake torque and brake power vs engine speed 
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Figure 5. Maximum diesel engine performance 

 

3.1.2. Brake Thermal Efficiency and Brake 

Specific Fuel Consumption 

The brake thermal efficiency is a non-

dimension parameter that shows the ratio of the 

brake power output of the engine to the heat 

energy supplied, while the brake-specific fuel 

consumption can be described as the quantity of 

fuel per unit of the generated engine brake power. 

Changes in the physical properties of B35 fuel 

compared to B0 include increased viscosity, 

resulting in increased fogging, so that it takes 

longer for the fuel to evaporate in the combustion 

chamber and more fuel is needed to increase its 

torque and power. Mixing B35 with DEE lowers 

the viscosity and density so that the flow of fuel 

entering the combustion chamber becomes more 

spread out and evenly distributed. This makes 

combustion more complete, and less fuel is 

needed to produce the same torque and power as 

B0, increasing brake thermal efficiency and 

decreasing brake-specific fuel consumption. 

Brake thermal efficiency and brake-specific 

fuel consumption (BSFC) with respect to the 

engine speed for all of the fuel tested are shown in 

Figure 6 and Figure 7 respectively. Brake thermal 

efficiency and brake-specific fuel consumption 

indicate the engine's performance to convert 

consumed energy into net work output. 

Continuous engineering of diesel engines 

generally seeks to improve brake efficiency and 

brake-specific fuel consumption. These 

parameters show that the breaking thermal 

efficiency and brake specific fuel consumption of 

DEE-biodiesel blends are highly dependent on the 

amount of DEE in the fuel. 

A more detailed and interesting picture can be 

seen in the conditions of maximum load 

(maximum torque), as shown in Figure 8 for brake 

thermal efficiency and Figure 9 for BSFC 

respectively. From the two figures, it can be seen 

that the use of B35 will reduce brake thermal 

efficiency and increase specific fuel consumption 

compared to B0. This is very normal and is closely 

related to the physical properties and calorific 

value of the fuel used, where the calorific value of 

B35 is lower than that of B0 so that to produce the 

same torque or power, more fuel input is required. 

This result was also compatible with the study 

conducted by Qi et al. [30] , where there was a 

slight increase in BSFC and a decrease in BTE for 

biodiesel and its blends compared to diesel fuel. 

The addition of DEE, which means improving the 

density and viscosity of B35 (Table 1), will 

improve the combustion process, increase thermal 

efficiency, and reduce BSFC to a certain 

percentage of DEE, in this case, a mixture of B35 

with 4% DEE. The addition of more than 4% DEE 

will significantly reduce the heating value reduce 

the thermal efficiency and increase the BSFC. The 

current experimental study aligns with 

Sivalakshmi and Balusamy's findings [31] 

indicating that the brake thermal efficiency of 

biodiesel comprising 5% DEE and 95% neem oil 

surpassed that of pure biodiesel. This superiority 

is attributed to the incorporation of DEE in 

biodiesel, which decreases sample viscosity, 

thereby enhancing fuel spray formation and 

atomization qualities. Conversely, Yesilyurt and 

Aydin [24] presented contradictory findings, 

suggesting that introducing DEE into the B20 fuel 

mix as an oxygenated additive adversely affected 

the brake thermal efficiency and specific fuel 

consumption in a small stationary diesel engine 

when used in a ternary fuel blend with biodiesel 

and diesel.
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Figure 6. Brake thermal efficiency vs engine speed 

 

 
Figure 7. Brake-specific fuel consumption vs engine speed 

 

 
Figure 8. Brake thermal efficiency at maximum brake torque 
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Figure 9. Brake-specific fuel consumption at maximum brake torque 

 

3.2. Exhaust Emission Test Results 

Testing of exhaust emissions aims to see the 

impact of air pollution caused by exhaust gases 

from engine combustion. In this study, the 

exhaust emissions of heavy-duty diesel engines 

resulting from the use of B35 mixed with diethyl 

ether, following the Regulation of the State 

Minister for the Environment Number 08 of 2023 

[32], were still within the allowable threshold 

value (Figure 10). 

 

3.2.1. Carbon Monoxide (CO) Emissions 

Carbon monoxide (CO) emissions are an 

indicator of incomplete combustion, produced 

whenever fuel is burned in an internal combustion 

engine under conditions of insufficient air and 

low temperature [33]. Figure 11 shows changes in 

CO emissions with engine load on all fuel samples 

tested with engine speed given the load. 

Changes in CO emissions at engine speed 

given the load for all tested fuel samples It can be 

seen that CO emissions have increased due to 

increased engine load (engine speed decreased 

due to load). The B35 palm oil fuel mixture 

produces CO emissions 7.8% lower than diesel 

fuel oil at maximum engine power, which is 1,850 

rpm. Primarily, this occurs because biodiesel fuel 

possesses a higher oxygen content, leading to a 

more thorough combustion process within the 

engine cylinder. This outcome is frequently 

observed in compression ignition engines using 

biodiesel [24]. Nevertheless, the incorporation of 

DEE as an oxygenated fuel supplement in the B35 

fuel blend did not produce the anticipated 

substantial decrease in CO emissions, except for 

lower concentrations. CO emissions on B35DEE3, 

B35DEE4, and B20DEE5 were found to be 8.25%, 

4.40%, and 0.80% lower than diesel fuel and, 

respectively, 4.1%, 6.2%, and 0.80% lower. 1.7% of 

the B35 mixture at maximum engine power, 

which is 1,850 rpm. Meanwhile, CO emissions in 

B20DEE6 at maximum power reach 6.63%, higher 

than diesel oil. It's important to highlight that a 

minimal content of DEE tends to decrease CO 

emissions across all engine load conditions. This 

phenomenon may be caused by the combined 

impact of the inherent oxygen content and higher 

cetane number within the tested fuel blends. The 

blend of DEE and palm oil biodiesel contributes to 

a more efficient combustion process, resulting in 

reduced CO emissions. Conversely, adding the 

DEE concentration within a ternary fuel mixture 

promotes increased CO emissions in the exhaust. 

Moreover, the increase in this ratio is directly 

influenced by the presence of DEE in the fuel 

blend. Despite the initial assumption that 

incorporating DEE into diesel fuel blends could 

lower CO emissions, this experimental study 

yielded partially contrary outcomes, similar to the 

findings in Yesilyurt and Aydin's research [24].  

 

3.2.2. Nitrogen Oxide (NOX) Emissions 

The value is shown in the graph of nitrogen 

oxide exhaust emissions in Figure 12. Explains that 

an increase in engine loading and a decrease in 

engine rotational speed cause the nitrogen oxide 

content produced to also increase. This is based on 

the theory that NOX emissions are produced due 

to high combustion temperatures, so increasing 

engine power will increase the temperature in the  
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Figure 10. Emission test results 

 

 
Figure 11. Variation of carbon monoxide emissions with engine speed 

 

 
Figure 12. Variation of nitrogen oxide emissions with engine speed 
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combustion chamber. The value of the nitrogen 

oxide content of B35 biodiesel fuel is higher when 

compared to diesel fuel [34]. By the theory that the 

use of biodiesel cannot reduce the resulting NOx 

emissions because the oxygen content contained 

in biodiesel can cause excess air in the combustion 

chamber during the combustion process [35]. 

Nitrate elements contained in vegetable oils in the 

B35 biodiesel fuel mixture are also a factor in 

increasing the nitrogen oxide content during 

combustion [36].  

At lower engine loads, molecular nitrogen 

remains consistently present, undergoing 

monatomic decomposition at extremely high 

temperatures. These specific nitrogen molecules 

are highly reactive and strive to attain 

equilibrium, thus reacting with the surrounding 

oxygen to form nitrogen oxides. It's established 

that the quantity of oxygen molecules in the fuel 

and the temperature within the engine cylinder 

play crucial roles in influencing nitrogen oxides' 

formation in the combustion chamber. Increased 

oxygen content and higher temperatures 

primarily lead to elevated concentrations of NOx 

emissions. 

Figure 12 illustrates the fluctuations in nitrogen 

oxide emissions across different engine loads for 

the tested fuel samples. The graph indicates a 

gradual rise in NOx emission levels 

corresponding to increased engine load, primarily 

attributed to the heightened temperature in the 

lower combustion chamber—a factor known to 

generate NOx emissions within the engine 

cylinders. Specifically, when the engines used the 

B35 fuel blend, nitrogen oxides increased by 

approximately 8.99% compared to unaltered 

diesel fuel. Despite the similar cetane levels 

between B35 blended fuel and diesel oil, the 

former contains molecular oxygen as part of its 

chemical structure, enhancing combustion 

efficiency within the cylinder and consequently 

elevating NOx emissions. There's an evident 

necessity to significantly curtail nitrogen oxides 

through the utilization of DEE-enhanced B35. It is 

anticipated that the higher oxygen content in DEE, 

coupled with its notably high cetane number, 

could mitigate NOX emission formation during 

the combustion process, aligning with earlier 

research by Reddy et al [33].  

The addition of DEE in the fuel mixture raises 

the cetane number, influencing the diesel 

aromatics crucial for diesel combustion. 

Additionally, DEE possesses a high latent heat of 

vaporization, which generates excess heat, 

slowing down the combustion process and 

consequently reducing NOX emissions within the 

combustion chamber. Patil and Thipse [22] 

highlighted a significant decrease in NOX 

emissions from DEE diesel blends compared to 

conventional diesel oils, with a notable increase in 

the reduction ratio as the proportion of DEE in the 

blend rose. Correspondingly, Jayaraman et al. [37] 

demonstrated that incorporating DEE led to 

decreased NOx emissions in the exhaust gas. 

 

3.2.3. Sulfur Oxide (SO2) Emissions 

The use of biodiesel as a mixture of engine 

fuels will reduce the incidence of SO2 emissions 

because biodiesel derived from plant oils is almost 

free of sulfur content, so the addition of biodiesel 

to the fuel will reduce the sulfur content in the fuel 

itself. As a result, the value of SO2 emissions from 

the combustion of engine fuel will also be reduced 

[38]. The graph shows that the maximum SO2 

emission value for diesel oil is 19.33 ppm, while 

for B35, the concentration of SO2 is 9.78 ppm, see 

Figure 13. In general, the use of B35 as a fuel is still 

feasible and safe because the SO2 emission value 

of the diesel-biodiesel mixture is still below the 

maximum permissible SO2 emission standard of 

50 ppm [39].  

 

3.3. Sample Oil Test Results 

In testing the content of the used oil after 

testing each fuel, the sample oil is taken after the 

oil is used as a lubricant for an average of 2 hours 

every 3 times the fuel is tested. The sample oil is 

taken with a special oil sampling tool so that it is 

not exposed to contamination from outside, and 

the sample is sent to Petrolab. The results of used 

oil testing can be seen in Figure 14. From the lab 

results, no significant wear was found, and it was 

still within the permissible wear standards. 

According to previous researchers, it took more 

than 500 hours to get wear trends [40].  

 

4. Conclusion 

The results of testing the effect of diethyl ether 

in B35 on the performance and exhaust emissions 

of heavy-duty diesel engines (Komatsu 

SAA12V140E-3) found that in general the addition 

of DEE to B35 will improve engine performance 

http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index


© Catur Hardiyanto and Prawoto 

Automotive Experiences  698 
 

 
Figure 13. Variation of sulfur oxide emissions with engine speed 

 

 
Figure 14. Particle wear results in oil samples 

   

and reduce exhaust emissions. At maximum load, 

B35DEE4 experienced an increase in brake 

thermal efficiency of 7.69% compared to B35 and 

2.24% compared to B0, reducing brake-specific 

fuel consumption by 6.30% compared to B35 and 

only increasing by 0.90% compared to B0. The 

addition of diethyl ether to B35 reduces the 

average CO emissions in B35DEE3 by 1.82% 

compared to B35, while compared to B0 it is 8.25%. 

The average NOx emissions of B35DEE4 are 

53.48% smaller than B35 and 48.88% smaller than 

B0. Meanwhile, the average SO2 emissions in 

B35DEE4 are 40.89% smaller than B35 and 71.17% 

smaller than B0. The emissions produced from the 

diethyl mixture are classified as environmentally 

friendly and are within the permitted limits 

according to the Minister of the Environment 

Regulation Number 08 of 2023. They are still 

within normal conditions and are permitted.  To 

evaluate lubricating oil, it takes quite a long time 

to detect any changes, so that during the 

performance test it does not show significant 

differences for all types of fuel used. 
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