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Abstract— High growth rate of population, technological 

development, the standard of living and industrialization has 

led to the intricate situation in the field of energy supply and 

demand. The sources of conventional fossil fuels are 

depleting very fast and also have their negative 

environmental impact. Fish oil extracted from discarded 

body parts of fish like head, tail, fins, eyes etc. has shown 

promising results in fixed compression ratio engines. This 

paper presents the parametric optimization of fish oil 

biodiesel-diesel blends viz. B1 (15% Fish oil+85% Diesel), 

B2 (30%Fish oil+70% Diesel), B3 (45% Fish oil +55% 

Diesel). Together with this compression ratio is varied from 

15:1 to 18:1 in step of 1, Injection timing from 200BTDC to 

260 BTDC in step of 2, Load 3kg to12kg in step of 3. The 

experimentation is carried out based on taguchi method in 

minitab 16. Compression ratio 15:1, injection timing 260 

BTDC and load 3kg and 30% fish oil blend were found to 

be optimal values for minimum emissions of HC, CO, CO2, 

NOx. 
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I. INTRODUCTION 

The prices of crude oil are increasing and fluctuating 

continuously. The increase in the prices of crude oil is very 

heavy in last decades [6]. Also consumption of these fuels 

affected the environment. Growing awareness regarding this 

has attracted the authors to focus on alternative fuels [6]. 

World biodiesel production increased by more than 20 times 

in 2012 as compared to 1990 [10].The biodiesel is generally 

produced by vegetable oils like sunflower, soybean, palm 

and animal’s fat, fish oil, etc. [12]. The source of biodiesel 

from vegetable oil is limited as the land available for their 

production for food oil is limited [7]. Also the waste 

cooking oil available from home kitchens and restaurants is 

not continuous. Hence one of the better alternative fuels is 

animal fat biodiesel [9]. The biodiesel produced from animal 

fat has similar calorific value as compared to conventional 

diesel [8]. 70% of the world is covered by sea [7]. Fish oil 

contains 90% of energy content of diesel fuels and requires 

minimum processing to convert it into fuel [4].The fishing 

industry generates large quantity of by-product because of 

the fish processing and its discards. This is further used as 

fertilizers or aquatic food which is low value product. Using 

fish oil waste as feedstock for biodiesel reduces the 

production cost drastically [3], [11]. Use of biodiesel with 

conventional diesel requires experimental and numerical 

testing. In order to find engine operating conditions and 

emissions experimental work is done which is very costly 

and time consuming. Hence numerical studies are preferred 

while performing parametric study. 

II. MATERIAL AND METHODS 

A. Fuel Preparation 

Biodiesel fuel was produced from the fish oil after the 

chemical reaction in the presence of catalyst 

(transesterification, reaction between methanol, potassium 

hydroxide and oil from fish waste) to yield glycerin and 

methyl esters. After the complete conversion of fish oil into 

biodiesel and separating it, the bio-oil is mixed with the 

conventional diesel on volume basis to form B1, B2, B3. 

Sr.  

no 
Test description 

Diesel Fish oil 

B00% B1% B3% B4% 

1 Density (gm/cc) 0.830 0.834 0.841 0.844 

2 
Calorific value 

(MJ/Kg) 
42.5 42.2 

41.7

9 

41.3

5 

3 Cetane number 49 49.7 49.99 50.1 

4 
Viscosity 

(mm2/sec) 
2.7 2.9 3.1 3.46 

6 Flash Point (0c) 64 88 96 111 

7 Fire Point (0c) 71 92 102 117 

Table 1: Properties of fuel 

B. Engine Test Setup and design of experiment 

 
Fig. 1: Experimental test setup 

The engine test setup consists of Kirloskar TV1 variable 

compression ratio engine. The compression ratio is varied 

by tilting cylinder bock with respect to crank case. A 

diaphragm stainless steel type & hermetic sealed pressure 

sensor is used to measure the pressure inside the cylinder. A 

crank position sensor Make Kubler-Germany Model 

8.3700.1321.0360 is placed at the end of the propeller shaft 

to measure the position of the crank. An eddy current 

dynamometer of AG10 Series designed for the testing of 

engines up to 400kW is used to load the engine. 

ICEngineSoft9.0 software developed by Apex innovations 

pvt. ltd. is used to record all the readings. The compression 

ratio is varied from 15 to 18 in step of 1. The injection 

timing is altered by changing the position of fuel pump with 
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respect to the cam shaft. The injection timing is varied from 

200 BTDC to 260 BTDC in step of 2. The load can be 

varied by eddy current dynamometer. The load is varied 

from 3kg (1/4th) to12kg (full load). 

Number of cylinders 1 

Type 4 Stroke, Multifuel 

Capacity 661 cc 

Stroke length 110 mm 

Bore diameter 87.5 mm 

Power 3.5 kW at 1500 rpm 

Compression ratio 12:1 to 18:1 

Injection variation 00 to 260 Before top dead centre 

Table 2: Engine specifications 

RUN CR IJT BTDC Load Kg Blend HC ppm CO % CO2 % NOX ppm 

1 15 20 3 NB 17 0.109 3.15 480 

2 15 22 6 B1 8 0.096 2.89 438 

3 15 24 9 B2 21 0.133 3.06 386 

4 15 26 12 B3 41 0.321 3.1 394 

5 16 20 6 B2 15 0.087 3.02 458 

6 16 22 3 B3 16 0.107 3.06 424 

7 16 24 12 NB 28 0.195 3.09 437 

8 16 26 9 B1 23 0.141 3.29 573 

9 17 20 9 B3 23 0.097 3 374 

10 17 22 12 B2 39 0.314 3.2 275 

11 17 24 3 B1 15 0.106 3.05 558 

12 17 26 6 NB 15 0.092 3.19 802 

13 18 20 12 B1 19 0.23 2.72 223 

14 18 22 9 NB 15 0.052 3.02 598 

15 18 24 6 B3 15 0.074 3.35 1013 

16 18 26 3 B2 17 0.082 3.1 896 

Table 3: Experimental design

III. RESULT AND DISCUSSION 

A. Main Effect Study 

 
Fig. 2: Main effect plot for means of hydrocarbon emissions 

 
Fig. 3: Main effect plot for means of carbon monoxide 

emissions 

The fig. 2 shows the main effect plot for hydrocarbon 

emissions against various factor levels of compression ratio, 

injection timing, load and fish oil blend. Load and fish oil 

biodiesel blend shows highest significance on hydrocarbon 

emissions. There is almost no effect of change in 

compression ratio and injection timing on hydrocarbon 

emission is observed. As the load increases hydrocarbon 

emission increases. Also hydrocarbon emissions decreases 

till 15% of fish oil biodiesel- diesel blend and then increases 

with increase in fish oil biodiesel. Overall the effect of load 

is so significant that other factor’s significance appears to be 

very less significant. 

The fig. 3 shows the main effect plot for carbon 

monoxide emissions against various factor levels of 

compression ratio, injection timing, load and fish oil blend. 

Formation of CO emissions depends on percentage of 

complete combustion and flame temperature. Here 

compression ratio, injection timing and fish oil blend 

appears to be less significant than load. Increase in 

compression ratio CO emissions decreases. Higher 

compression ratio provides sufficient amount of heat to burn 

the fuel which leads to sufficient flame temperature hence 

complete combustion occurs. Increase in fish oil blend small 

increase in the CO emissions is observed. This might be 

because of the excess oxygen content available in the fish 

oil or because of the higher viscosity of the fish oil biodiesel 

which causes less mixing of fuel with air. 

 
Fig. 4: Main effect plot for means of carbon dioxide 

emissions 
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Fig. 5: Main effect plot for means of nitrogen oxide 

emissions 

The fig. 4 shows the main effect plot for CO2 

emissions against various factor levels of compression ratio, 

injection timing, load and fish oil blend. The CO2 emissions 

from the engine indicate how efficiently the fuel is burned 

inside the combustion chamber. If complete combustion 

occurs then maximum amount of carbon will be converted 

into carbon dioxide during the combustion process. Increase 

in injection timing increases the CO2 emissions. One of the 

reason is the more amount of fuel is injected in the 

combustion chamber as injection time increases which 

increases the amount of oxygen inside combustion chamber 

and hence complete combustion. With increase in load CO2 

emissions decreases. As the percentage of fish oil biodiesel 

increases considerably the carbon dioxide emissions 

increases because of the higher content of oxygen in the fish 

oil leads to complete combustion inside the combustion 

chamber. 

The fig. 5 shows the main effect plot for NOx 

emissions against various factor levels of compression ratio, 

injection timing, and load and fish oil blend. The formation 

of nitrogen oxides (NOx) depends on the peak gas 

temperature and ignition delay. All the input parameters 

show their significance on NOx emissions. Increase in 

compression ratio NOx emissions increases. This is because 

as the compression ratio increases the pressure inside the 

cylinder increases which results in to increase in NOx 

emissions. The higher viscosity of the fish oil biodiesel is 

the obvious reason which results in lower amount of air 

entrainment and air fuel mixing rate. This causes reduced 

premixed combustion rate and low peak temperature results 

in reduction of NOx emissions. For higher percent of fish oil 

blend again the NOx emissions increases slightly but they 

are low compared to diesel. 

B. Optimization 

 
Fig. 6: Optimizer Plot 

C. Validation 

Table 4 presents the comparison between modeled emission 

values and experimental emission values at CR 15, IJT 

210BTDC, Load 3kg, Fish oil blend 22.5%.  

Emission Taguchi predicted Experimental 

HC 0 11 

CO 0 0.11 

CO2 2.569 2.97 

NOx 475.54 399 

Table 4: Predicted and experimental emissions 

IV. CONCLUSION 

 Taguchi’s design of experiment reduced the 

experimental cost and saved time. 

 Overall fish oil biodiesel is proved to be a better 

alternative to the conventional diesel fuels. 

 22.5% of fish oil biodiesel-diesel blend is found to be 

the optimum for low emissions. 

V. FUTURE SCOPE 

 The work can be done on decreasing the acidity level of 

the fish oil by more processing. 

 The designing of storage tank for the fish oil is also an 

important point to be considered 
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