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The aim of this research is the investigation of using glycerol tert-butyl ethers as 

a bio-renewable fuel additive to diesel-biodiesel blend in a diesel engine. In this 

context, an experimental study was carried out to synthesize glycerol tert-butyl 

ethers and investigate the effect of glycerol ethers on diesel engine performance 

and emissions. Glycerol tert-butyl ethers were synthesized by the etherification 

reaction of glycerol with tert-butyl alcohol (TBA) in a high-pressure stainless 

steel batch reactor using Amberlyst-15 as solid acidic catalyst. Produced glycerol 

ethers were mixed by 2 vol.% with a biodiesel-diesel blend to investigate the 

glycerol ethers usage as a fuel additive in a diesel engine. Three test fuels were 

considered for the experiments: (i) diesel fuel, (ii) B20 (80 vol.% diesel + 20 

vol.% corn oil biodiesel); (iii) BD+GTBEs (80 vol.% diesel + 18 vol.% corn oil 

biodiesel + 2 vol.% glycerol tert-butyl ethers). Some basic fuel properties of test 

fuels were determined prior to engine tests. Engine performance and emissions 

tests were performed on a single-cylinder research diesel engine at four brake 

power output. The results revealed that the addition of glycerol tert-butyl ethers 

in the fuel showed no significant effect on determined fuel properties and caused 

a decrease in engine performance and exhaust emissions except for CO 

emissions when compared to base diesel fuel. However, BD+GTBEs presented 

similar performance and emissions characteristics with B20,  as a consequence, 

glycerol tert-butyl ethers have the possibility of being utilized as a bio-renewable 

fuel additive to diesel-biodiesel blends. 
Keywords: Glycerol tert-butyl ethers, Oxygenated fuels, Biodiesel, Diesel engine, Performance, 

Emissions 
 

1. Introduction 

Global energy demand increases continuously 

and the growth in energy demand comes from 

fast-growing industrialization and population. 

Today, the world's energy supply is heavily 

dependent on nonrenewable natural energy 

sources like coal, natural gas, and petroleum. 

But, the limited reserves of fossil resources, an 

increase in oil prices, and environmental 

problems have led to an interest in alternative 

energy sources that are renewable and 

environment-friendly. 

The transportation sector that mainly uses 

internal combustion engines as a power source 

currently consumes about 21% of global energy 

[1]. However, the transport sector continues to 
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be dominated by petroleum products despite 

increasing the share of alternative fuels. For this 

reasons, policies are enforced to further increase 

the use of biofuels in transport and it is planned 

to increase the share of biofuels in road transport 

in the OECD (the Organization for Economic 

Co-operation and Development) countries to 

20% and to 10% in the rest of the world by 2040 

[1]. 

Biodiesel is one of the best substitute fuels for 

diesel engine applications since it has many 

advantages over petroleum-based diesel fuel.  

Biodiesel is a renewable fuel produced from 

vegetable oils, animal fats or waste oils by the 

transesterification reaction. It is a 

biodegradable, non-toxic fuel and it contains no 

sulfur and aromatic compounds in its 

composition [2]. Without any structural 

modification in a diesel engine, biodiesel can be 

used with any desired blending ratio with diesel 

fuel, or as a pure fuel. Biodiesel has a higher 

flash point than diesel fuel, which makes it safer 

for transport, storage, and distribution [3]. Due 

to oxygen in molecular structure, it improves the 

fuel oxidation rate and thus lowers exhaust 

emissions and increases combustion efficiency. 

In addition, it has a high cetane number and 

good lubricity property [2]. Thanks to the 

above-mentioned advantages of biodiesel, it has 

emerged an alternative for petroleum-based 

diesel fuel and it has gained significant attention 

for three decades. Therefore, countries around 

the world have been using biodiesel produced 

different feedstock. Moreover, in order to 

reduce dependence on limited petroleum 

reserves, the blending ratio of biodiesel is being 

progressively increased. For example, the 

European Parliament proposed on 17 January 

2018 to reach 12% renewable energy in 

transport fuel by 2030 [4]. In Turkey, biodiesel 

produced from local sources can be mixed up to 

7 vol.% with diesel fuel. Because biodiesel is a 

leading solution for diesel engine applications, 

its production experienced sustainable growth 

over two decades. Since 2000-2017 global 

biodiesel production has increased from 0.78 

billion liters to 32.6 billion liters that lead to an 

increase in biodiesel production about forty-fold 

over seventeen years [5]. Additionally, it is 

estimated that biodiesel production can reach up 

to 39 billion liters in 2027 [6]. 

The transesterification of triglycerides results in 

approximately 90 wt.% of fatty acid esters and 

glycerol [7]. In other words, in the biodiesel 

production process, glycerol occurs as a by-

product of approximately 10 wt.% of produced 

biodiesel [8, 9]. As a result of the increase in 

biodiesel production, also the production of 

glycerol will grow proportionally. The major 

problem associated with increasing biodiesel 

production is the surplus glycerol which could 

not be completely used in glycerol related 

industries. This can result in uncontrollable 

disposal of excess glycerol into the environment 

and could lead to serious environmental hazards 

[10]. Besides, it is necessary to convert excess 

glycerol into value-added products for 

sustainable and economic biodiesel production. 

So, the key challenge emerged is the evaluation 

of excess glycerol. Glycerol cannot be added 

directly to fuel because glycerol has 

inappropriate fuel properties such as high 

viscosity, high boiling point and immiscible 

with diesel fuel. However, it is demonstrated 

that excess glycerol can be transformed into 

oxygenated fuels that could be used in 

conventional internal combustion engines [11, 

12]. 

Etherification of glycerol with tert-butyl alcohol 

(TBA) or iso-butene has emerged the most 

effective route to convert excess glycerol into 

oxygenated fuel additives. The etherification of 

glycerol yields mono-ethers, di-ethers, and tri- 

ether of glycerol which considered as a potential 

oxygenated fuel additive [12, 13]. High glycerol 

ethers (di- and tri- glycerol ethers) are soluble in 

diesel and biodiesel, improving fuel properties 

[11] and hence high ethers are desired products. 

Mono- glycerol ethers have a low solubility in 

diesel fuel and therefore the etherification of 

glycerol is directed to the maximum formation 

on di-and tri-glycerol ethers [14, 15]. Glycerol 

ethers have a significant effect in decreasing the 

could point temperature and viscosity of neat 

biodiesel. It has been shown that 20 wt.% the 

blend of ethers of glycerol with methyl esters 

results in a 5 ℃ reduction in cloud point 

temperature and an 8% reduction in kinematic 

viscosity [7]. Since glycerol ethers are partly-

oxygenated fuels they diminish hydrocarbon 

emissions and particulate matter emissions [16, 

17]. In addition, glycerol tert-butyl ethers are the 

biomass-derived product, indicating the 

potential of these ethers as bio additive to fuels 
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[18]. 

Although there are many studies deal with 

reaction kinetics of glycerol etherification [19 - 

28], only a few studies related to the effect of 

glycerol ethers on engine performance and 

emissions are found in the existing literature 

[16, 17, 29, 30] and these studies have been 

performed by blending ethers of glycerol with 

petroleum diesel. The objective of this research 

is to investigate the effects of glycerol ethers on 

performance and emissions of a diesel engine 

fueled with a diesel-biodiesel blend and 

comparing obtained results with diesel and B20 

fuel. The novelty of this study is mixing 

produced glycerol ethers with biodiesel. 

Because blending glycerol ethers with biodiesel 

could be a practical application in the biodiesel 

industry. 

2. Materials and Methods 

Since glycerol tert-butyl ethers are not 

commercially available, enough amount of 

glycerol ethers were synthesized to utilize in 

experiments. Glycerol tert-butyl ethers were 

synthesized by the etherification reaction of 

glycerol with tert-butyl alcohol (TBA) at the 

presence of Amberlyst-15 as a solid acidic 

catalyst. In order to synthesis glycerol tert-butyl 

ethers, a high-pressure stainless steel batch 

reactor with a volume of 500 cm3 and a wall 

thickness of 4 mm was designed and 

manufactured. Glycerol (purity ≥ 99%, 

TEKKİM), tert-butyl alcohol (purity ≥ 99.5%, 

Merck) and Amberlyst-15 (dry form, Dow 

Chemical Company) were the basic chemicals 

for synthesis glycerol tert-butyl ethers. The 

etherification reaction conditions such as tert-

butyl alcohol/glycerol molar ratio, amount of 

catalyst, reaction time, reaction temperature and 

stirring speed, which gives high glycerol 

conversion and high ether selectivity were 

determined from the previously published 

studies [20, 22, 23, 28, 31]. The etherification 

reaction conditions selected for this study are 

below: 

 TBA/Glycerol molar ratio: 4:1 

 Amount of Amberlyst-15: 7.5 wt.% / 

glycerol 

 Reaction temperature: 90 ℃ 

 Reaction time: 3 h 

 Stirring speed: 1200 rpm 

The reaction procedure was the following: a 

defined amount of glycerol, TBA and 

Amberlyst-15 were loaded into the reactor and 

the reactor was flushed with nitrogen gas to 

obtain an inert atmosphere. Then, the reactor 

was heated up to reaction temperature and the 

reaction started immediately by running the 

magnetic stirring. Reactor pressure and 

temperature were observed throughout the 

reaction. At the end of the reaction, the reactor 

was put into a cold water bath to reduce the 

reactor internal pressure and to condense all 

gaseous compounds into the liquid phase. The 

Amberlyst-15 catalyst was removed from the 

products by the vacuum filtration device. In 

order to purify the products, a two-stage 

distillation process was carried out. Sufficient 

amounts of glycerol tert-butyl ethers were 

produced with the same method by repeating 

experiments.  

Glycerol is a byproduct of biodiesel production 

and one mole of glycerol is produced for every 

three moles of methyl esters. Produced glycerol 

is equivalent to approximately 10 % wt. of the 

total product [32]. If all glycerol obtained from 

biodiesel production were incorporated into 

glycerol ethers synthesis, a roughly blending 

ratio of 10% would occur [33]. Therefore, a 

blending ratio of 10 vol.% was chosen in this 

study. This blending ratio does not alter fuel 

characteristics greatly and it contributes to 

sustainable and economic biodiesel production. 

Produced glycerol ethers were blended with 

corn oil biodiesel in 10 vol.% and this resulted 

in a biodiesel-glycerol ether mixture (10 vol.% 

glycerol ethers + 90 vol.% corn oil biodiesel). 

Firstly, this blend was mixed with a magnetic 

stirrer and then, to further increase blend 

homogeneity an ultrasonic mixing process was 

applied at 40 kHz for the time duration of 15 

min. After that, the glycerol ethers-biodiesel 

blend was mixed with diesel fuel in the 

concentration of 20 vol.% and this blended fuel 

designated as BD+GTBEs. At the final stage, 

BD+GTBEs was obtained with the 20 vol.% 

renewable fraction, containing 80 vol.% diesel 

fuel, 18 vol.% biodiesel and 2 vol.% glycerol 

tert-butyl ethers. The other test fuel is B20 that 

was prepared by adding corn oil biodiesel into 

diesel fuel (20 vol.% corn oil biodiesel + 80 

vol.% diesel). Method of corn oil biodiesel 

production and basic fuel properties of produced 

biodiesel have been fully described elsewhere  
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Table 1. The Properties of Diesel, B20, and BD+GTBEs 

Property Test method Unit D B20 BD+GTBEs 

Density@15 ℃ TS EN ISO 12185 kg/m3 836.3 847.9 846.0 

Cloud point  TS 2834 EN 23015 ℃ -6 -4 -4 

Cold filter plugging point (CFPP) TS EN ISO 116 ℃ -19 -14 -14 

Cetane index TS EN ISO 4264 - 53.3 52 52.5 

Distillation Temperature TS EN ISO 3405 T10 (℃) 210 217 204 

  T50 (℃) 275 294 302 

  T90 (℃) 340 343 342 

Table 2. Specifications of the Test Engine 

Make and Model Kirloskar, 4-stroke, Single Cylinder Diesel Engine 

Bore/stoke, mm 87.5/110 

Connecting rod length, mm 234 

Stroke volume, cm3 661 

Compression ratio 17.5:1 

Rated speed, rpm 1500 

Rated power, kW 3.5 

Fuel injection system Direct injection 

Fuel pump In line with a mechanical governor 

Injection pressure, bar 200 

Injection timing 23 CA bTDC 

Cooling system Water-cooled 

Lubricating oil 20W-40 

Table 3. Technical Specifications of Exhaust Gas Analyzer 

Emissions Measuring Range Resolution  Accuracy 

CO 0-10 % vol. 0.01 % ± 3% 

HC 0-5000 ppm 1 ppm ±8 ppm 

NOx 0-5000 ppm 1 ppm ± 25 ppm 

[34]. Neat diesel fuel (D) was used as a 

reference fuel for comparison. Some fuel 

properties of BD+GTBEs, B20 fuel, and 

reference diesel were determined and presented 

in Table 1. As seen in Table 1, using glycerol 

ethers by 2 vol.% ratio caused no significant 

differences in determined fuel properties. The 

addition of glycerol ethers led to a slight 

decrease in fuel density. Due to low glycerol 

ethers concentration, no changes in the cold 

flow of properties of test fuels were observed. 

Also, because of the low boiling temperature of 

glycerol ethers the distillation temperature 

(T10) of the BD+GTBEs decreased. 

Engine performance and emission tests were 

performed on a single-cylinder four-stroke 

research diesel engine. This engine has a stroke 

volume of 661 cm3 and a compression ratio of 

17.5/1. The test engine fitted with the 

mechanical fuel injection system with an 

injection pressure of 200 bar and injection 

timing of 23 CA bTDC. At full engine load and 

a speed of 1500 rpm, the maximum brake power 

output of the engine is 3.5 kW. Further general 

specifications for the test engine were presented 

in Table 2. The engine was connected to a water-

cooled Eddy current dynamometer (AG series, 

Model: AG10) to measure engine torque. 

Dynamometer load was adjusted by changing 

DC current that is applied to the stator casing to 

generates a magnetic field and DC current was 

set by the load button. The external engine 

cooling system was used to decrease parasitic 

loads without influencing the engine load 

conditions. Each test fuels were supplied to the 

engine by separate fuel tanks. 

The engine tests were performed at a fixed speed 

of 1500 rpm and at 3 kg, 6 kg, 9 kg, and 12 kg 

dynamometer loads which corresponding to 5.5 

Nm, 10.9 Nm, 16.3 Nm, and 21.8 Nm engine 

brake torque, respectively. These selected test 

conditions resulted in equal brake power output 

at the same test condition for each fuel used. The 

test engine was started with diesel fuel and 

operated at idle for 20 minutes in order to warm 

cylinder walls, lubricant oil, and engine coolant, 



International Journal of Automotive Engineering and Technologies, IJAET 9 (2) 66-75                 70 

 

 
Figure 1. Test Setup Layout 

Table 4. The Uncertainties of the Measured and Calculated Parameters 
Parameter Measurement Range Resolution Uncertainty 

Brake torque 0-90 Nm 0.1 Nm ±0.46 % 

Engine speed 9999 rpm 1 rpm ±0.06 % 

Air flow rate   - - <±0.8 %  

Fuel flow rate - - <±0.7 %  

Temperature - 0.1 ℃ 1 ℃ 

Brake thermal efficiency - - <±0.9 % 

Cylinder Pressure 0-350 bar - ±0.2 % 

 

so the measurement conditions were possible. 

Then, engine speed, engine load, fuel flow rate, 

induction air flow rate, exhaust temperature, 

ambient air temperature, ambient air relative 

humidity, engine coolant temperature was 

recorded at each test point and test fuel use. 

Exhaust emissions such as carbon monoxide 

(CO), hydrocarbon (HC), and nitrogen oxides 

(NOX) were measured with a YT 5003 model 

exhaust gas analyzer of KTEST. Technical 

specifications such as measurement range, 

resolution and accuracy of the exhaust gas 

analyzer are given in Table 3. All readings were 

taken under stable operating conditions with 

three readings and the averaged values were 

used for calculations. A piezoelectric pressure 

transducer (PCB Piezotronics, Range 5000 psi. 

with low noise cable) and a shaft encoder 

(Kubler-Germany, speed 5500 rpm with TDC 

pulse) was used to capture cylinder pressure 

with the resolution of 1 CA. The cylinder 

pressure data were recorded for 100 consecutive 

cycles and then averaged so that eliminate the 

effect of cycle-cycle variations. In figure 1, the 

experimental layout was illustrated and in Table 

4 uncertainties of the measured and calculated 

parameters were presented. 

3. Results and Discussions 

Since each fuel was tested at the same engine 

speed and brake engine torque, test fuels 

produced the same brake power output at the 

same test condition. Hence, the comparison of 

the engine performance is made based on 

specific fuel consumption (SFC) and thermal 

efficiency (TE). The variation of specific fuel 

consumption and thermal efficiency for test 

fuels is presented in Figure 2. It is noticed that 

SFC decreases while TE increases with 

increasing the engine power for both fuels, as 

expected. This is due to an increase in the 

amount of injected fuel in the cylinder that 

enhances engine power. In addition, as increase 

engine power, the heat loss per cycle through the 

cylinder wall decreases and this consequently 

reduces the SFC and increases TE. It can be seen 

in this figure that BD+GTBEs presented slightly 
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higher specific fuel consumption than that of 

B20 and D. This could be attributed to the lower 

heating value of glycerol ethers [17]. 

Additionally, an increase in the ignition delay 

time due to a low cetane number of glycerol 

ethers could result in more heat transfer to the 

cylinder wall, thereby the energy that would be 

converted to power decreased, leading to higher 

specific fuel consumption [35]. The above-

mentioned situation is more evident at low 

engine power because of longer ignition delay 

time. It is determined that the addition of 2 

vol.% glycerol ethers in the fuel caused an 

average increase in SFC by 9.20% and 2.14% in 

comparison with diesel and B20 respectively. 

Glycerol ethers do not show a significant effect 

on thermal efficiency when compared to B20. 

However, it results in an average decrease in TE 

by 1.79% with respect to diesel fuel. Although 

the addition of glycerol ethers reduces the 

energy content of the final fuel, it does not cause 

a significant decrease in TE. Besides, 

BD+GTBEs enhances the combustion at full 

engine load and presents higher TE than those 

of B20 and diesel. The reasons for this may be 

extra oxygen content of the fuel due to the 

addition of glycerol ethers in the biodiesel. 

Moreover, the low distillation temperature and 

fuel borne-oxygen of the glycerol ethers could 

accelerate the combustion which leads to an 

improved combustion process [17]. Thus, 

BD+GTBEs fuel shows slightly higher thermal 

efficiency than those of B20 and diesel at full 

engine load.  

Figure 3 shows the variation of exhaust gas 

temperature of test fuels. The exhaust 

temperature with BD+GTBEs is lower than 

those of B20 and D at all engine power outputs. 

Besides, an average decrease of 2.24% and 

1.36% in exhaust temperature was determined 

with the use of glycerol ethers when compared 

to diesel and B20, respectively. The decrease in 

exhaust temperature can be attributed to the 

lower energy content of BD+GTBEs. 

Additionally, oxygen contained fuels have a 

lower A/F ratio and the amount of air being 

inducted in the cylinder does not change 

significantly depending on fuel type in a diesel 

engine.  Therefore, the energy content of the 

fuel-air mixture in the cylinder further decreases 

when glycerol ethers are used, which in turn 

lower exhaust gas temperature. 

 
Figure 2. Comparison of Engine Performance for Test 

Fuels 

 
Figure 3. Comparison of Exhaust Temperature for Test 

Fuels 

 
Figure 4. Comparison of Cylinder Pressure at 

Maximum Brake Power Output for Test Fuels 

Figure 4 displays the measured cylinder 

pressure traces for test fuels at the full engine 

power output  As seen in this figure, no 

distinguishable difference in the cylinder 

pressure is observed and the peak cylinder 

pressure is 53.59 bar (@ 6 CA), 53.53 bar (@ 5 

CA), and 53.52 bar (@ 5 CA),  for D, B20, and 

B20+GTBEs, respectively. This is an expected 

result since all fuels were tested at the equal 

brake power output. (Here, it is worth to note 
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that the fuel consumption is higher for blended 

fuels with respect to diesel fuel). A slight 

difference in the cylinder pressure traces of fuels 

can be observed before TDC. This region was 

magnified in the left part of Figure 4.  It is 

noticed that B20 and BD+GTBEs presented 

rapid premixed combustion with respect to 

diesel. This may be linked to the low distillation 

temperature of glycerol ethers and the fast 

combustion characteristic of oxygenated fuels 

[36, 37]. 

CO emissions are incomplete combustion 

products and hence indicating no full use of 

chemical energy of any hydrocarbon fuel. The 

variation of CO emissions of test fuels is 

presented in Figure 5. Generally, CO emissions 

decrease with the use of glycerol ethers when 

compared to B20 and it is determined an average 

decrease in CO emissions by 2.71% with the 

incorporation of glycerol ethers. However, B20 

and BD+GTBEs produce more CO emissions 

overall engine operating points than that of 

diesel. This increment occurs with an average 

value of 28.78% and 31.72% for BD+GTBEs 

and B20 compared to diesel fuel. Despite the 

oxygen content of B20 and BD+GTBEs, the 

lower heating value of these fuels could reduce 

the combustion temperature and in turn 

adversely affect the CO oxidation process. In 

addition, another possible reason for high CO 

emissions of oxygenated fuels may be the high 

density and viscosity of B20 and B20+GTBEs. 

High viscosity and density of the fuel increase 

the diameter of fuel droplets, leads to higher CO 

emissions [38]. 

 
Figure 5. Comparison of CO Emissions for Test Fuels 

HC emissions are incomplete combustion 

species like CO emissions and cause a 

significant contribution to air pollution. Figure 6 

shows the HC emissions variation for test fuels.  

 
Figure 6. Comparison of HC Emissions for Test Fuels 

As seen in this figure the addition of glycerol 

ethers to biodiesel results in a significant 

decrease in HC emissions. BD+GTBEs 

produces fewer HC emissions by 50.31% and 

52.32% averagely compared to B20 and diesel, 

respectively. Glycerol tert-butyl ethers contain 

about 39 mol. % oxygen in chemical structure 

[17] and the oxygen atoms weakly bonded two 

carbon atoms [39]. The weakly bonded oxygen 

atoms in glycerol ethers further aid the fuel 

oxidation process by it reducing the local fuel-

rich zones. This results in fewer HC emissions 

for BD+GTBEs fuel. Moreover, the lower 

distillation temperature of glycerol ethers might 

facilitate the breakdown of the fuel molecules, 

which improve the fuel combustion. It is 

important to highlight that the oxidation 

temperature of HC is lower than that of CO 

oxidation temperature [40], and therefore it can 

be concluded that the lower heating value of 

oxygenated fuels has a low impact on HC 

emissions than do on CO emissions. 

 
Figure 7. Comparison of NOX Emissions for Test Fuels 

NOX emissions are the most undesirable 

emissions emitted from the exhaust and 

precautions that are taken to control NOX 

emissions generally lead to an increase in CO, 

HC and PM emissions. The effect of test fuels 

on NOX emissions at the various power output is 

presented in Figure 7. NOX emissions of all test 
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fuel increase as engine power increase because 

of enhancing combustion temperature 

depending on an increase in injected fuel 

amount [41]. However, as can be noticed in the 

NOX figure, oxygenated fuels generate a lower 

level of NOX emissions compared to diesel fuel. 

BD+GTBEs and B20 yielded an average 

reduction in NOX emissions by 6.10% and 

7.74%, respectively, compared to diesel fuel. 

The main reason for this reduction is the low 

combustion temperature due to the low energy 

content of biodiesel and glycerol ethers. But at 

the same time, BD+GTBEs produced more NOX 

emissions than that of B20, depend on 

increasing oxygen concentration due to the 

addition of glycerol ethers. Even so, 

BD+GTBEs and B20 emitted fewer NOX 

emissions than that of diesel fuel thanks to fast-

burn combustion characteristics of the 

oxygenated fuels. 

4. Conclusion 

In this experimental study, tert-butyl glycerol 

ethers were synthesized via the etherification 

reaction of glycerol with tert-butyl alcohol in the 

presence of Amberlyst-15 as a catalyst and 

synthesized glycerol ethers were added to a 

diesel-biodiesel blended fuel to investigate the 

effect of glycerol ethers on engine performance 

and exhaust emissions of a diesel engine. Since 

the heating value of glycerol ethers was lower 

than that of diesel fuel BD+GTBEs caused an 

increase in specific fuel consumption and a 

decrease in thermal efficiency when compared 

to diesel fuel. The addition of glycerol ethers in 

the biodiesel-diesel blend reduced HC and NOX 

emissions while increased CO emissions, 

according to diesel. However, the results of this 

study indicated the possibility to use glycerol 

ethers at a concentration of 2 vol. % in a diesel-

biodiesel blend without any significant 

influence on fuel properties, engine 

performance, and exhaust emissions compared 

to B20. In addition, this study proves that excess 

glycerol originated from biodiesel production 

could be turned into oxygenated fuel and could 

be used as a fuel additive in diesel engines. It is 

evident that by evaluating excess glycerol in 

fuel additive production, environmental 

pollution caused by excess glycerol will be 

prevented and it can contribute to a growing 

share of the amount of renewable fuel used in 

internal combustion engines. 

It is recommended to conduct an economic 

analysis on glycerol ethers use. Because of the 

high knock resistance of glycerol tert-butyl 

ethers, they can also be used as a fuel additive to 

gasoline. Therefore, the usability of glycerol 

ethers as an octane booster or oxygenated 

blending component for gasoline should be 

investigated in future studies. 
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