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This study investigates the potential benefits of using bioalcohol and nanoparti-
cle-enhanced fuel derived from fig waste in a direct injection common rail trac-
tor. The aim of this study is to understand how these alternative fuels derived 
from agricultural waste affect emissions and the environment. Engine perfor-
mance and emission levels were tested when running on fig waste bioalcohol 
mixed with nanoparticles. The results showed a significant reduction in harmful 
emissions such as NOx and CO compared to conventional diesel. Furthermore, 
the sustainability of using fig waste as biofuel was examined, highlighting its po-
tential to reduce dependence on fossil fuels and its positive impact on the envi-
ronment. This research supports the development of renewable energy sources 
and promotes sustainable agricultural practices. 
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Introduction  

In recent years, some of the hottest days on record have been experienced, and the 

intense heat has been felt by many people in their daily lives. The impact of global warming 

has become more noticeable, emphasizing the urgent need for effective solutions. A growing 

recognition of the serious threat posed by global warming has emerged. 

One important solution to combat global warming is the reduction of exhaust emis-

sions. Emissions from internal combustion engines are prevalent and are recognized as a sig-

nificant environmental threat. Consequently, significant effort is being put into finding ways 

to reduce these emissions [1]. 

In recent years, significant research has been conducted in several key areas: 

– The use of fuels derived from biological sources to replace fossil fuels is frequently high-

lighted for reducing exhaust emissions. Biofuels such as biodiesel or bioalcohol, sourced 

from local and national resources, are favored because they can be used in Diesel engines 

without requiring extensive modifications. Studies indicate that emissions can be reduced 

through the use of these biofuels [2, 3]. 

–––––––––––––– 
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– Another significant research area focuses on enhancing engine assemblies to reduce ex-

haust emissions. Research often involves applying thermally conductive metals to engine 

sections that generate heat loss. It has been reported that such treatments effectively lower 

exhaust emissions [4-6]. 

– Recent research has focused on adding hydrogen gas to enhance power, reduce fuel con-

sumption, and lower exhaust emissions in high-power Diesel engines. Studies indicate 

that introducing hydrogen gas alongside diesel fuel, either directly from a tank or through 

hydrogen generators, can effectively reduce exhaust emissions [7-11]. 

– Nanoparticles have become a significant focus area for researchers, who report that add-

ing nanoparticles to diesel fuel reduces exhaust emissions. Researchers commonly agree 

that nanoparticles enhance combustion by inducing micro-explosions, thereby lowering 

exhaust emissions [12-15]. 

In recent years, agricultural production, which is at the forefront of the food sector, 

has been recognized as one of the most important areas of research. Particularly, emphasis has 

been placed on innovations in agricultural mechanization and machinery. Despite the acceler-

ation of efforts to increase the efficiency of agricultural machinery, reducing exhaust emis-

sions remains crucial for agricultural production [16]. Diesel engines are commonly used in 

tractors in the agricultural sector. Diesel engines are preferred particularly in places where 

high power and torque are required, making them significant agricultural vehicles. 

In recent years, alongside fuel consumption, commercial firms have increasingly 

focused on exhaust emissions as a critical area of concern. Restrictions imposed on internal 

combustion engines have become highly significant and progressively stringent. Recently, 

both the EU and the USA. Environmental Protection Agency have introduced regulations 

governing exhaust emissions released during fuel combustion in various vehicles, including 

agricultural tractors, automobiles, trucks, ships, and off-road vehicles. These regulations 

specifically limit emissions of NOx, CO, PM, and HC, which are becoming subject to in-

creasingly stringent requirements (97/68/EC, 2010/22/EU, 2010/26/EU). As a result, tractor 

manufacturers have had to equip existing tractors with technological solutions such as cata-

lytic converters and exhaust gas recirculation systems to comply with these exhaust emis-

sion standards [17]. 

Researchers are focusing on using fuels derived from agricultural waste as an energy 

source in studies conducted on tractors. Bioalcohols stand out among these fuels. Bioalcohols, 

which can be produced through the fermentation of biological waste, especially biological 

ethanol and methanol, are preferred as fuel additives in internal combustion engines. In recent 

years, the use of such bioalcohols has held a significant place in the quest for sustainable en-

ergy sources. These methods offer potential to both reduce environmental impacts and en-

hance energy independence. Research efforts are concentrated on developing technically and 

economically feasible solutions to expand the widespread use of these bioalcohols in the agri-

cultural sector [18-22]. However, every product produced may face challenges in transform-

ing into commercial products. Nevertheless, studies focusing on the use of nanoparticles are 

not encountered very frequently. 

This study has examined the effects of adding bioalcohol derived from waste figs 

and alcohol/CuO2/TiO2 mixtures to diesel fuel used in tractor engines on exhaust emissions. 
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Materials and methods 

Biyoalcohol production 

Biological fig materials used in the production of bioalcohol were purchased from 

fig processing facilities in Germencik district of Aydin province, Turkey. All figs used were 

waste figs that were no longer suitable for consumption. The figs were processed into fuel 

through fermentation. To expedite fermentation, including those completely rotten, the col-

lected figs were chopped into smaller pieces. The resulting figs were placed in fermentation 

tanks at a ratio of 5 kg of figs to 5 L of water. To accelerate fermentation, 1 kg of sugar and 

500 g of yeast nutrient were added to the fermentation tank. The CO2 emission was moni-

tored during fermentation, and the tank was opened after seven days when CO2 emission 

ceased. 

The mixture obtained was filtered multiple times and sub-

jected to distillation. The liquid mixture was distilled under vacu-

um and controlled temperature conditions. During distillation, al-

cohol mixtures ranging from 65 °C to 78 °C were separated to 

create a bioalcohol mixture. This process was repeated three 

times. Approximately 1.1 L of bioalcohol mixture was obtained 

from 5 L of water. 

Figure 1 depicts the alcohol distillation set-up. Following 

distillation, the mixture was subjected to a 24-hours process with 

silica gel desiccant in a 1:1 ratio to remove water from the ob-

tained mixture. 

The obtained bioalcohols were analyzed for certain chemi-

cal and physical properties, and the resulting data are presented in 

tab. 1. 

Nanoparticles 

The TiO2 and Cu2O used in the experiments were purchased from a commercial 

supplier. Some technical specifications of the purchased nanoparticles are provided in tab. 2. 

Table 1. Physical and Chemical Properties of the 
Obtained Bioalcohols [23, 24]  

 Bioalcohol mixture 

Density [kgm–3] at 15 °C 792 

Viscosity [mm2s–1] at 20 °C 1.87 

Lower heat [MJkg–1] 28.65 
 

Table 2. Physical Properties of the  
nanoparticles 

 Cu2O TiO2 

Purity [%] 99.95 99.99 

Color Brown White 

Particle size [nm] 16 17 
 

Preparation of experimental fuels 

During the experiments, diesel fuel used was purchased from a local commercial 

supplier. Experimental fuels were prepared volumetrically. Initially, the obtained bioalcohol 

was supplemented with Cu2O and TiO2 nanoparticles at concentrations of 25 ppm, 50 ppm, and 

100 ppm. The resulting nanoparticle-infused bioalcohol mixtures were subjected to 40 kHz ul-

trasonic waves for one hour using an ultrasonic mixer. These new mixtures were then blended 

with diesel fuel at a ratio of 20% by volume to create experimental fuels. The chemical and 

 

Figure 1. Alcohol 
distillation set-up 
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physical properties of the resulting fuel mixtures were analyzed. The test results of these chem-

ical mixtures are presented in tab. 3. The fuel mixtures used in the experiments are abbreviated 

in graphs as follows: D100 (100% diesel), D80B20 (80% diesel + 20% bioalcohol), 

D80B2025Cu2O (80% diesel + 20% bioalcohol + 25Cu2O), D80B2050Cu2O (80% diesel + 

20% bioalcohol + 50Cu2O), D80B20100Cu2O (80% diesel + 20% bioalcohol + 100Cu2O), 

D80B2025TiO2 (80% diesel + 20% bioalcohol + 25TiO2), D80B2050TiO2 (80% diesel + 20% 

bioalcohol + 50TiO2), D80B20100TiO2 (80% diesel + 20% bioalcohol + 100TiO2). 

Table 3. Physical and chemical properties of experimental fuels 

Experimental fuels Density [kgm–3] at 15 °C) Viscosity Calorific value Flash point 

D100 840 3,38 42,5 55 

D100B20 802 2.65 41.3 49 

D80B2025Cu2O 811 2.71 41.2 49 

D80B2050Cu2O 815 2.79 41.2 51 

D80B20100Cu2O 821 2.85 41.1 55 

D80B2025TiO2 807 2.73 41.3 50 

D80B2050TiO2 812 2.81 41.3 57 

D80B20100TiO2 829 2.93 41.2 61 

Experimental set-up 

The engine loading process was carried out using the PTO test unit. All engine tests 

adhered to the OECD Standard Code for the Official Testing of Agricultural and Forestry 

Tractor Performance. Throughout the experiments, the PTO speed of the tractor was set to 

540 rpm. Subsequently, the engine was brought to full throttle, and its operational speeds var-

ied at 1000 rpm, 1200 rpm, 1400 rpm, 1600 rpm, 1800 rpm, 2000 rpm, 2200 rpm, and 

2400 rpm using the PTO shaft loading unit. During each loading cycle, measurements and re-

cordings were taken for engine exhaust gas temperature, fuel consumption, and exhaust emis-

sion values. All procedures were repeated three times, and the average data was computed. 

The schematic diagram of the experimental set-up is shown in fig. 2, and the schematic dia-

gram of the experimental apparatus is depicted in fig. 3. 

 

Figure 2. Experimental set-up diagram 
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Figure 3. Schematic diagram of the experimental set-up 

Exhaust emission measurements were made with a Capelec CAP3201 brand emis-

sion device. Technical specifications of the Exhaust Emission device are given in tab. 5. 

The tractor used during the experiments is already used by many farmers in Turkey. 

Information on the internal combustion engine of the tractor is given in tab. 6. 

Table 5. Technical specifications of exhaust 

emission device 

Brand and model Capelec CAP 3201-4 

Preheat time Min. 1 minute 

Pump capacity 6 Lpm 

Operating temperature –10 °C-55 °C 

Moisture 30%-90% 

Storage temperature –32 °C- +55 °C 

HC (sensitivity 1 ppm) 0-20000 ppm 

CO (accuracy 0.001%) 0-5 vol.% 

CO2 (sensitivity (0.1%) 0-20 vol.% 

O2 (accuracy 0.01%) 0-21.7 vol.% 

NOx (sensitivity 1 ppm) 30-10000 ppm 

Oil temperature 5 °C-150 °C 

Lambda (air/fuel ratio co-
efficient) 

0.8-1.2 

PM (accuracy 0.01%) 0-9.99 m–1 
 

Table 6. Technical specifications  

of tractor engine 

Characteristic Specification 

Maximum engine power 75 HP 

Number of cylinders 4 

Air intake system Turbo/intercooler 

Engine capacity 3.9 L 

Compression ratio 17:1 

Maximum torque 298/1400 min 

Transmission 8 forward + 2 reverses 

Dry spindle cycle 540 rpm at 1967 rpm 

Fuel type Diesel 

Fuel system Direct injection 
 

 

The CO2 emissions are directly associated with global warming and climate change. 

Therefore, reducing CO2 emissions is critically important for a sustainable future. The mass of 

CO2 emissions released into the atmosphere is determined using the following equation [25]: 

 
2 2CO CO in yearxC N Ex t  (1) 
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In the study, the economic value of CO2 emissions attributable to the fuel blends 

used is determined using eq. (2). In economic assessment, PCO2 = 0.0145 $ per kg CO2 is as-

sumed [26]: 

2 2 2CO CO COx x xE C P (2) 

Results and discussion 

Figure 4 shows the effects of fuel blends on CO emissions as a function of engine 

speed. The CO emissions represent unburned exhaust emissions. Diesel engines operate with 

a turbocharger and always work with excess air than what they can burn, resulting in very low 

levels of CO emissions. Studies indicate that an increase in the amount of oxygen inside the 

cylinder leads to a decrease in CO emissions [27]. In this study, it was also found that the ad-

dition of oxygen-containing alcohol/nanoparticles to diesel fuel resulted in a decrease in CO 

emissions at all engine speeds. Additionally, the inclusion of oxygen-rich nanoparticles accel-

erated the reduction in CO emissions. Studies involving nanoparticles have indicated that add-

ing nanoparticles to diesel fuels increases the combustion surface area, thereby leading to a 

reduction in emissions [27, 28]. 

The highest CO value of 850 ppm was obtained at an engine speed of 1000 rpm with 

the D100 fuel blend, while the lowest CO emission value of 61 ppm was achieved at an en-

gine speed of 2400 rpm with the D80B20+100TiO2 fuel blend. In this case, the greatest reduc-

tion, approximately 19%, was observed at an engine speed of 2400 rpm using the 

D80B20+100TiO2 fuel blend. The CO emissions tend to be higher at lower engine speeds and 

show a decreasing trend as the engine speed increases. This can be explained by the operating 

principle of Diesel engines. In Diesel engines, the engine load is adjusted by increasing the 

amount of fuel. At low engine loads, lean fuel mixtures create partially unburned regions in-

side the cylinder, increasing CO emissions. As the engine speed increases, the amount of fuel 

in the cylinder also increases, resulting in higher combustion end temperatures and cylinder 

ambient heat, which accelerates the reduction of CO emissions. The results of this study are 

similar to those found by Kumar and Bedal [29]. In this regard, the addition of bio-

alcohol/nanoparticles has been effective in reducing CO emissions in Diesel engines. 

Figure 5 illustrates the effects of fuel mixtures on CO2 emissions depending on en-

gine speed. The CO2 emissions represent those resulting from complete combustion in Diesel 

engines. While CO2 emissions are undesired, they provide insight into combustion efficiency 

Figure 4. Variation in CO emissions Figure 5. Variation in CO2 emissions  



Ozer, S., et al.: Assessment of Emissions and Environmental Impact of … 
THERMAL SCIENCE: Year 2025, Vol. 29, No. 4B, pp. 3033-3043 3039 

in Diesel engines. The addition of nanoparticles to diesel fuel mixtures has increased CO2 

emissions across all loads and engine speeds, correlating with an increase in CO emissions. It 

is expected that an increase in combustion efficiency results in higher CO2 emissions. Studies 

involving nanoparticles attribute this phenomenon to changes in fuel properties [30, 31], mi-

cro-explosions, oxidation of oxygen within nanoparticles, and thus an increase in combustion 

efficiency. Additionally, it is known that the OH atoms in bioalcohols contribute to increased 

oxidation effects within the cylinder of fuels. 

In the study conducted [29], it is stated that oxygen-enriched fuels have an enhanc-

ing effect on combustion performance. The highest increase rate, approximately 5%, was 

achieved at 2400 rpm engine speed with the D80B20100TiO2 fuel mixture. At this engine 

speed, a value of 11.92% was obtained with the D100 fuel and 12.56% with the 

D80B20100TiO2 fuel mixture. The results of the study have shown similar outcomes to those 

found in the literature [32]. 

Figure 6 illustrates the effects of fuel mixtures on HC emissions depending on en-

gine speed. Studies indicate that HC emissions in Diesel engines occur due to suboptimal 

mixing of air/fuel mixtures within the cylinder, fuel particles hitting cylinder walls and extin-

guishing, or worsening combustion [33]. Researchers indicate that blending oxygen-enriched 

alcohols and biodiesel into diesel fuel tends to partially improve combustion, thereby reducing 

HC emissions [34]. Blending bioalcohol/nanoparticle fuel mixtures into diesel fuel has shown 

a tendency to decrease HC emissions across all engine speeds and fuel mixtures. In experi-

ments, the highest HC emission value was 220 ppm at 1000 rpm engine speed, whereas at the 

same speed, the D80B20100TiO2 fuel mixture resulted in 189 ppm HC emissions. The high-

est reduction percentage, approximately 24%, was observed with the D80B20100TiO2 fuel 

mixture at 2200 rpm engine speed. The primary factor contributing to the reduction in HC 

emissions is attributed to the fuel mixtures containing bioalcohol/nanoparticles, which in-

crease the combustion surface area, partially improving combustion efficiency. This results in 

decreased HC emissions and can be explained by the decrease in the total number of carbon 

atoms within the fuel mixtures. 

Figure 6. Variation in HC emissions  Figure 7. Changes in exhaust gas temperature 

Figure 7 illustrates the effects of fuel mixtures on exhaust gas temperature depend-

ing on engine speed. Researchers indicate that exhaust gas temperature in Diesel engines part-

ly describes combustion within the cylinder [35]. When bioethanol was added to diesel fuel, 

we noticed that the exhaust gas temperature tended to decrease. This could be explained by 
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looking at the thermal properties of the fuel blends. As the thermal value decreased, the ex-

haust gas temperature also showed a partial decrease. However, when we introduced a mix-

ture of bioethanol and nanoparticles into the fuel, we saw an increase in exhaust gas tempera-

ture across all fuel blends. The highest exhaust gas temperature reached 587 °C at an engine 

speed of 2400 rpm, whereas the lowest temperature, 397 °C, was recorded with pure D100 

fuel at 1000 rpm. The most significant decrease, 3.61%, occurred at 2200 rpm, while the 

highest increase, 8.1%, was seen at the same speed as the D80B20100TiO2 fuel blend. These 

findings closely mirror those reported in similar studies in the literature [36]. 

Figure 8 illustrates the effects of fuel blends on NOx emissions as a function of en-

gine speed. The NOx emissions are significant pollutants in Diesel engines, arising spontane-

ously due to high temperatures within the cylinder reaching the nitrogen gases present in the 

air. Studies also indicate that NOx emissions rapidly increase with the use of oxygen-rich fuels 

inside the cylinder and during processes such as fuel particle micro-explosions [37, 38]. Add-

ing bioethanol and nanoparticles to diesel fuel has resulted in increased NOx emissions across 

all engine speeds and fuel mixtures. The most significant increase, approximately 8.6%, was 

observed at 2200 rpm when using the D80B20100TiO2 fuel blend. This rise is primarily 

linked to the oxygen content within the fuel mixes. The presence of oxygen enhances combus-

tion efficiency within the cylinder, leading to higher combustion temperatures and subse-

quently higher NOx emissions. These study results align closely with findings [39, 40], where 

researchers have similarly identified oxygen-rich fuel blends and the micro-explosion of na-

noparticles in fuels as key factors contributing to increased NOx emissions [41]. 

Figure 8. Variation in NOx emissions  Figure 9. Variation in BSFC  

Figure 9 shows how different fuel blends affect brake specific fuel consumption 

(BSFC) depending on engine speed. The BSFC refers to the amount of fuel needed to produce 

1 kW of power in internal combustion engines, rather than just the amount of fuel consumed. 

When bioalcohol/nanoparticles are added to diesel fuel, there is a tendency for BSFC to in-

crease across all engine speeds and fuel mixtures. The highest BSFC value, 0.395 L/kWh, is 

seen with the D80B2050CU2O fuel mixture at 2400 rpm, while the lowest BSFC value, 

0.316 L/kWh, is achieved with pure D100 fuel at 1400 rpm. The addition of bioetha-

nol/nanoparticles to diesel fuel results in varied increases in BSFC. The highest increase, 

about 4.4%, occurs with the D80B20 fuel blend, whereas the lowest increase, 0.26%, is ob-

served at 2400 rpm with the D80B20100TiO2 fuel mixture. Furthermore, when using the bio-

alcohol/nanoparticle blend D80B20100TiO2, there is approximately a 3% decrease in thermal 



Ozer, S., et al.: Assessment of Emissions and Environmental Impact of … 
THERMAL SCIENCE: Year 2025, Vol. 29, No. 4B, pp. 3033-3043 3041 

value and a slight 0.26% increase in BSFC. 

This relationship is attributed to the oxygen 

content within bioalcohol and nanoparticles. 

Studies [42, 43] suggest that oxygen-rich fuels 

enhance oxidation within the cylinder, partially 

improving combustion efficiency and thus pos-

itively affecting BSFC. 

This study aims to comply with sustaina-

bility goals within the framework of environ-

mental analysis and to develop strategies for 

more efficient resource utilisation. Based on 

energy and exergy analysis data, monthly CO2 

emissions calculated based on the use of differ-

ent fuel types were analysed. Figure 10 shows 

these emissions. The highest CO2 emission was 

recorded as 588,705 kg CO2 per month for the D40W50P1 fuel blend at 5 kW power. On the 

other hand, the D100 fuel consistently exhibited the lowest CO2 emissions at all engine pow-

ers. The addition of additives to fuel blends increased CO2 emissions. Uysal et al. [26] point-

ed out higher environmental impact rates due to the increase in fuel consumption with in-

creasing engine load; however, they emphasised that the environmental impact rate per exergy 

unit is low. 
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