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CH,-O0C-R; Ri—-COO-R CH,-OH

’ Catalyst |

CH-O0OC-R, + 3ROH ——— R-COO-R  * CH-OH
‘—.

CH,-OOC-R; R;~COO-R CH-OH

Triglyceride Alcohol Esters Glycerol

Figure 1- Transesterification reaction and formation of esters
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Figure 2- The first stage of water washing and formation of three phases of fuel, soap, and oil
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Figure 3- Engine test instruments
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Table 1- Engine specifications

Manufacture Kirloskar Ltd., India

Type Vertical, four-stroke, single-cylinder
Speed constant speed

Engine power 7.4 kW @ 1500 rpm’

Cylinder dimensions 102 mm/116mm

Volume 0.948 L

Comparison ratio 17.5

Cooling system Water Cooling
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Table 2- Specifications and accuracies of measuring instruments

Parameter Accuracy Resolution Parameter Uncertainty Percentage uncertainty (%)
Engine load +1 0.1N Fuel flow rate 0.31 (g/h) 4.20
Engine speed +1 1 rpm BP 0.047 (kW) 0.001
COs +1 0.1 % BSEC 0.179 (g/kWh) 1.015
NO« +1 1 ppm
CO +1 1 ppm
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Table 3- Life cycle inventory

Item | Value | Unit
Biodiesel production (FU= 1 kg of Bioethanol)

Steel 0.0015 kg
Water 3 kg
Waste cooking oil 1 kg
Electricity 0.23 kWh
Fuel sample preparation (FU= 1 kg of fuel sample)

Additive Based on fuel sample requirement kg
Span Based on fuel sample requirement kg
Tween Based on fuel sample requirement kg
Water Based on fuel sample requirement kg
Biodiesel Based on fuel sample requirement kg
Diesel Based on fuel sample requirement kg
Steel 0.00087 kg
Polyethylene 0.0015 kg
Acrylonitrile Butadiene Styrene 0.0048 kg
Electricity 0.45 kWh
Combustion of fuel samples (FU= 1 MJ shaft power produced)

Indirect emissions

Waste oil Based on WCO requirement kg
Biodiesel According to PF sample kg
Diesel fuel According to PF sample kg
Engine body 0.000012 kg
Direct emissions

NOx Measured for each scenario kg
CO2 Measured for each scenario kg
CO Measured for each scenario kg
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Table 4- Physical-thermal properties of fuel samples

Samples Viscosity Density Flash point Cloud point Calorific value
(mm?/s) (g/cm) (Centigrade) (Centigrade) (MJ/kg)
Control 2.812 0.864 85 1 44.02
BS 2.844 0.872 86 0 42.80
BSE3 2.843 0.871 87 -2 42.70
BSES 2.841 0.867 85 -3 42.66
BSE7 2.837 0.865 84 -3 42.67
BSEt3 2.846 0.871 86 -1 42.68
BSEt5 2.847 0.872 86 -2 42.66
BSEt7 2.847 0.874 87 -2 42.65
BSE3Et3 2.844 0.869 85 -3 42.68
BSESEt3 2.841 0.870 85 -4 42.67
BSE7Et3 2.836 0.871 85 -4 42.67
BSE3EtS 2.844 0.871 86 -5 42.66
BSESEtS 2.841 0.871 86 -4 42.66

2 Human health

3 Ecosystem quality
4 Climate change

5 Resources
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Samples Viscosity Density Flash point Cloud point Calorific value
(mm?/s) (g/em) (Centigrade) (Centigrade) (MJ/kg)
BSE7Et5 2.838 0.872 85 -5 42.65
B5SE3Et7 2.844 0.872 87 -4 42.65
B5SESEt7 2.841 0.872 86 -5 42.64
B5SE7Et7 2.839 0.873 86 -6 42.63
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Figure 4- The results of engine output power in the presence of fuel samples
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Figure 6- Input exergy changes compared to the control
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Figure 9- Shaft exergy changes compared to the control
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Figure 12- Changes in environmental impacts. a) human health, b) climate change, c) resource quality, d) ecosystem quality
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Figure 13- The result of sensitivity analysis on environmental impacts. a) human health, b) climate change, c) resource quality, d)
ecosystem quality
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The present study investigates the effect of oxygenated fuel additives on diesel engine performance.
Publications aim to evaluate these additives not only from the point of view of performance but also by
considering environmental factors through the lens of the extra-environmental method. This research evaluates
diesel engine performance using conventional and oxygenated fuel blends, focusing on biodiesel, dimethyl
carbonate (DMC), and diethylene glycol (DEG), including comparing fuel efficiency, emissions, and engine
behavior with these additives. This study uses the exergoenvironmental method to understand environmental
implications, integrating exergy analysis with environmental considerations. The results show that using these
oxygen additives affects engine performance and greenhouse gas emissions. Adding biodiesel reduces
greenhouse gas emissions, such as particulate matter and nitrogen oxides. At the same time, DMC and DEG
also help reduce emissions but have different effects on engine efficiency. Environmental externality analysis
provides a comprehensive perspective on these fuel additives' environmental costs and benefits. Overall, this
study provides insights into how oxygenated fuel additives can affect diesel engine performance and emissions,
emphasizing the importance of balancing performance with environmental impact. These findings contribute
to the continued exploration of cleaner fuel alternatives in diesel engines, focusing on optimizing engine
performance and environmental sustainability.
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