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Abstract— The latest biodiesel research in India obtains its 

attention towards fish-oil based biodiesel. In this work, 

biodiesel obtained from the fish-oil extracted from fish types 

was used as fuel in diesel engine to investigate its 

performance and emission characteristics of unmodified 

common-rail diesel engine operating with biodiesel. The 

different blends of fish-oil biodiesel with diesel, B20, B40, 

B60, B80 and B100 were used in the experiments and the 

results shows that brake specific fuel consumption (BSFC) 

and brake thermal efficiency (BTE) were higher with B100 

fuel than that of diesel. The exhaust gas temperatures of 

B100 were lesser than that of diesel at the different loads. At 

full load, B100 fuel produced higher smoke, CO in %, HC 

in ppm, CO2 in %volume and NOx in ppm emissions of 

0.28%, 8ppm, 4.03%, and 462ppm respectively with 

reference to diesel fuel. The present research work is meant 

to examine experimentally the recital and exhaust emission 

characteristics of a diesel engine fuelled with conventional 

diesel 0fuel, fish oil biodiesel and the blends of diesel-

biodiesel in different percent volumes over the entire range 

of load. 
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I. INTRODUCTION 

Fuels consequent from vegetable oils, animal fat and waste 

oil have generated research and commercial applications in 

the past decade. In fish dealing out plants, the use of waste 

fish oil in biodiesel has gained attention. 

Fish oil is produced in large number by fish-

processing industry as a by-product. This by-product has 

similar calorific value to the petroleum distillates and is a 

renewable energy source. Several studies have been carried 

out for using fish oil as fuel for diesel engines; compared 

with fuel oil, the fish oil has lower content of carbon and 

slightly higher content of hydrogen. The fish oil contains 

higher flash point but much lower kinematic viscosity. As a 

result, the viscosity of the blend is much lower than that of 

the oil. This could reduce the requirement for preheating the 

fuel to make it flow easily, and reduce pump. Fish oil 

extracted from marine fish is rich in omega-3 

polyunsaturated fatty acids. 

The extent of the carbon chain of fish oil is 

frequently greater than that of general vegetable oils, which 

are primarily composed of palmitic acid, oleic acid, 

linolenic acid, and linoleic acid. Biodiesel with larger cetane 

number may cause the upgrading of diesel engine recital and 

a reduction of pollutant approximately 90% of the energy 

content of diesel fuel and it is easy to process into method 

biodiesel blend fuels, this clean burning bio-oil could be 

used to reduce dependence on import of fuel and develop air 

quality. Several studies have allowed assessing the 

performance of diesel engines fueled with dissimilar type of 

biodiesel such as sunflower oil methyl ester, sunflower oil 

ethyl ester, rapeseed oil methyl ester, palm oil biofuel and 

palm oil ethyl ester. There have been also engine tests using 

biofuel made as of soybean oil and waste frying oil biodiesel 

from different oil seeds and olives. 

II. TRANSESTERIFICATION PROCESS OF BIOFUEL 

Biodiesel is a fatty acid methyl ester (FAME). It is produced 

from a chemical reaction called transesterification. When 

ingoing the biofuel processor, the raw material is heated up 

to 40-50 degree Celsius. During heating methanol is mix 

successfully with the catalyst for the trans-

esterification operation 

 
There is abundant fish waste in local fish sell, 

either in coastal town or in metropolitan cities. The moisture 

content of these fish wastes is about 65%. Biodiesel 

production, dung composting, biogas production and 

burning of fish wastes to produce energy are different ways 

to exploit the fish dissipate in the world. In this study, after 

designing and manufacturing of an oil extraction machine, 

waste fish oil was separated from fish wastes. Experiments 

proves that 53% of fish wastes was in liquid form and the 

taken out oil was in relation to 11percent of the total weight 

of the fish raw material(using of 7 kg of wastes, about 3.71 

kg liquid was  and 0.8 l (768 g) oil was isolated). Biodiesel 

fuel was produced from the fish oil after the chemical 

reaction (transesterification, effect between methanol, 

potassium hydroxide and oil from fish waste). For every 

liter of oil, 0.9 l biodiesel be produced. Biodiesel is typically 

formed through the effect of fish oil with methanol in the 

being there of catalyst to yield glycerin and biofuel. This 

method for making biodiesel is relatively simple. The 

process is known as transesterification Process of biofuel 

production from waste fish oil has been indicated in figure. 

At the first step, the processed waste fish oil was supplied 

into the system. The presented water in the retort at higher 

temperature level resulted in triglyceride and liberates fatty 

acid creation. Free fatty acids neutralized the catalyst led to 

soap creation. Therefore, it can be implied that the existence 

of water and free fatty acids caused soap production. Since 

waste oil was used for biodiesel production, the color of 

resulting mixture was dark brown through the early stages of 

effect turning to a lighter color at the later phases of the 

reaction. The reaction was conducted for 2h at the 

temperature of 600C, agitation speed of 300 rpm and at the 

ambient pressure. The reason for selecting the temperature 

value of 600C was that, the temperature of reaction had to be 

below the boiling temperature of the methanol (640C). 

http://www.enerfish.eu/p-glossaires-a-detail-id-2/biodiesel.html
http://www.enerfish.eu/p-glossaires-a-detail-id-5/biodiesel-processor.html
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Sulfur and PM have been responsible for black smoke and 

sour odor problems commonly attributed to polluted diesel 

fuel. Biodiesel has better lubricity than petroleum diesel. 

After production of biodiesel, some biodiesel standard 

condition were measured. It was noticed that these 

specifications are matched with international standards 

(ASTM). 

 

Fig. 1: Biodiesel production process from fish wastes: (a) 

fish wastes, (b) fish oil extraction, (c) fish oil, (d) 

transestrification (e) produced biodiesel. 

III. SCOPE OF STUDY 

The biofuels can play a significant role towards the change 

to a lower carbon economy and also merge the benefits of 

low green house emissions with the decline of oil import. 

Bioethanol, biodiesel which may be obtained from plant or 

animal origin and to lesser amount pure vegetable oils are in 

recent times considered as most capable biofuels. Since 19th 

century, ethanol is used as a fuel for diesel engines. Ethanol 

is a short price oxygenated compound with high oxygen 

content (34.8%). Ethanol is an alcohol most frequently 

chosen because of the simplicity in production, can be 

obtained from various kinds of biomass such as sugar beet, 

red seaweed, maize, corn, cassava, sugarcane etc., 

comparatively low-cost and low toxicity. 

A. Properties of Fish Oil and Pure Diesel 

The properties of fish oil were determined in laboratory. The 

properties are like kinematic viscosity, calorific value, flash 

and fire point are shown in Table 

Fuel property Units 
Commercially  

Available Diesel 

Fish –Oil Biodiesel 

B20 B40 B60 B80 B100 

Kinematic viscosity at 400C cSt 5.8 5.88 5.96 6.04 6.12 6.2 

Specific gravity @ 150C  0.867 0.877 0.888 0.898 0.909 0.920 

Calorific value (KJ/kg-K) KJ/Kg 43500 42700 41900 41100 40300 39500 

Flash point 0C 72 87 102 117 132 147 

Fire point 0C 81 95 110.6 125.4 140.2 155 

Table 1: Properties of Fish Oil 

IV. MATERIAL AND METHODS 

Crude fish oil is filtered through filter paper of 10 microns 

to remove suspended particles from crude fish oil. This oil 

was dried for removing the traces of moisture for 1 hour at 

100˚C and then cooled to space temperature by closing the 

vessel to keep away from re-attack of moisture from 

environment then were stored in PVC cans. By the usual 

titrometry practice the acid number of crude fish oil was 

determined and it was 34 mg KOH/g oil. By the literature 

survey we came to know that, the presence of high FFA 

content (17%) in the crude fish oil, results in soap formation 

during the transesterification process, which decreases the 

final yield of the biodiesel. So three stage transesterification 

process which involved zero catalyzed tranesterification 

process followed by acid catalyzed transesterification and 

base catalyzed transesterification, finally water washing and 

moisture removing process has carried out to get pure 

biodiesel. 

 
Fig. 2: Diesel Engine test rig 

Where, C1=Computer, C2=Calorimeter, R3= 

Rotometer, T1,T3=Inlet Water Temperature, T2=Outlet 

Engine Jacket Water, T4=Outlet Calorimeter Water, 

T5=Exhaust Gas Temperature Before Calorimeter, 

T6=Exhaust Gas Temperature After Calorimeter, F1=Fuel 

pour DP(Differential Pressure) Unit, F2=Air Intake DP Unit, 

PT=Pressure Transducer, Wt=Load, N=RPM, 

EGA=Exhaust Gas Analyzer, SM=Smoke Meter 

V. EXPERIMENTAL WORK 

The engine was first runs on diesel oil with no load for few 

minutes at rate speed of 1500 rpm until the cooling water 

and lubricating oil temperatures reach to 850C. The same 

temperatures be maintained all through the experiment with 

all the fuel modes. The required readings pertaining to diesel 

fuel were taken down for different load conditions. The 

diesel fuel was replaced with the fish oil biofuel (B100) and 

test was carry out by unstable the loads in the same manner. 

After the fish oil biodiesel, diesel- biodiesel blends were 

prepared consisting of 20% diesel and 80% biodiesel 

(DE20B80), 40% diesel, 60%biodiesel (DE40B60), 60% 

diesel and 40% biodiesel (DE60B40), 80% diesel and 20% 

biodiesel (DE80B20). Here through blending method was 

used in this test. The tests were performed with these three 

blends by changing the load on the engine. 

The brake power was exacted by using an electrical 

dynamometer. The fuel utilization was measured by using a 

fuel tank fixed with a burette and a stop watch. The shown 

parameters such as, brake specific energy consumption 

BSFC and brake thermal efficiency was work out from the 
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experimental values. The exhaust gas temperature was 

calculated by using an iron-constantan thermocouple. The 

exhaust emissions such as Nitrogen oxides, Carbon dioxide, 

carbon monoxide, hydrocarbons and unused Oxygen were 

measured by QROTECH-QRO 401 exhaust gas analyzer 

and the smoke opacity by AVL smoke meter 4370C for 

diesel fuel, biodiesel and diesel-biodiesel-ethanol blends 

separately under all load conditions. The results from the 

engine with fish oil biodiesel and diesel-biodiesel blends 

were compared with diesel fuel at rated speed of 1500 rpm. 

VI. RESULTS AND DISCUSSION 

The several performance and emission characteristics were 

analyze as complete0in the following sections0in order to 

investigate the effect of use of fish oil biofuel and diesel 

blends in the check engine. The recital parameter studied in 

the present analysis is BSFC, BTE and EGT and emission 

parameter are CO, unburned HC atoms, Nitrogen oxide and 

smoke.  In addition, the combustion parameter analyzed is 

cylinder pressure and heat release rate.   

 
Fig. 3: Comparison of brake specific fuel consumption 

A. Performance Characteristics 

 The comparison of the performance parameters in terms of 

BSFC and BTE versus brake power for fish-oil biodiesel 

and its blends (B20, B40, B60, B80 and B100) with diesel 

fuel is shown in figures 2 to 4. It can be noted from fig.2 

that Brake Specific Fuel Consumption of fish-oil biodiesel 

and its blends was upper than that of diesel at all loads. This 

is because of lower calorific values of fish oil biofuel and its 

blends as compare to conventional diesel. Brake Specific 

Fuel Consumption decrease sharply with increase in brake 

power for all fuels, diesel, B20, B40, B60, B80 and B100 

with varying injection pressure. The reason for this might be 

that percentage boost in fuel essential to work the engine is a 

smaller amount than the percentage boost in brake power 

output due to relatively less portion of the heat power dead 

at higher loads due to lower temperature gradient at 

warmed-up condition. 

 
Fig. 4: Comparison of brake thermal efficiency at 80 bar 

injection pressure. 

 
Fig. 5: Comparison of brake thermal efficiency at 120 bar 

injection pressure. 

 
Fig. 6: Comparison of brake thermal efficiency at 150 bar 

injection pressure. 

Figure shows the comparison of brake thermal 

efficiency, Brake Thermal Efficiency between diesel and 

fish-oil biodiesel blends for different brake power points 

with different injection pressure. In general, BTE of blends 

is slightly higher than that of diesel at some given load. This 

is due to the better combustion which is caused by larger 

oxygen contented of biofuel molecule and better ignition 

quality of fish-oil biofuel blends. Brake Thermal Efficiency 

increases when the load is improved for a given fuel, since 

of, more power output due to able combustion cause by 

proper atomization and good0combustible mixture 

formation at better loads. However it can be distinguished 

that the rate of increase in BTE is high at lesser masses and 

it is low at high loads as shown in Figure by the higher and 

lower sloped curves, respectively.   

B. Emission Characteristics 

The important emission characteristics of diesel engine 

include smoke, oxides of nitrogen, carbon monoxide as well 

as unburned hydrocarbon emission. These emissions emitted 

by the engine when fuelled with fish-oil biodiesel and its 

blends, B25, B50, B75 and B100 have been compared with 

diesel and reported in the following paragraphs. 

 
Fig. 7: Comparison of Smoke density 

The comparison of smoke density between fish-oil 

biodiesel blends and diesel is given in Fig. 7. As seen in the 

figure 7, the fish-oil biodiesel blends B20, B40, B60, B80 

and B100 produced higher smoke density, compared with 
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diesel operations. The higher smoke density is due to 

incomplete combustion of fish-oil biodiesel fuel caused by 

poor vaporization and fuel-air mixing because of its higher 

viscosity. As the brake power is increased the smoke. 

Density is also increased for all fuels, which is 

obvious. Figure 8 shows the variation of oxides of nitrogen 

(NOx) versus brake power for different fuels B20, B40, 

B60, B80, B100 and diesel. It can be seen that in general, 

fish-oil biodiesel blends produced higher oxides of nitrogen 

emissions compared to diesel. However, the higher blends 

of fish-oil biodiesel with diesel (B80) and B100 produced 

lower NOx emissions compared with lower blends of fish-

oil biodiesel with diesel (B20, B40, B60, B80, B100). The 

higher NOx emissions of fish-oil biodiesels are due to its 

earlier or advanced combustion starting compared with 

diesel. 

 
Fig. 8: Comparison of Oxides of Nitrogen 

 
Fig. 9: Comparison of CO Emissions 

 
Fig. 10: Comparison of HC Emissions 

 
Fig. 11: Comparison of CO2 Emissions 

Figure 10 and 11 indicate the CO and unburned HC 

emissions of fish-oil biofuel blends compare with diesel for 

different engine loads. It is seen that CO emissions of fish-

oil biodiesels are upper than that of diesel and HC emissions 

of fish oil biodiesel blends, except B100, are higher than 

that of diesel, however B100 fuel formed lower HC 

emissions than the diesel. The presence of higher CO and 

HC emissions indicate the chemical energy of the fuel which 

is not utilize through combustion process. In this study the 

CO in %, HC in ppm, CO2 in %volume and NOx in ppm 

emissions of 0.28%, 8ppm, 4.03%, and 462ppm respectively 

with reference to diesel fuel. 

VII. CONCLUSIONS 

The performance and emission characteristics of 

conventional diesel, fish oil biodiesel, and diesel-biodiesel-

methanol blends are investigate on a single cylinder 

conventional diesel engine. The conclusions of this 

investigation are as follows:   

 The BSFC of the biofuel and all the further fuel blends 

was higher than that of the diesel fuel.   

 The exhaust gas temperatures of the blends were lower 

than that of diesel fuel throughout the range of the load 

on the engine. The maximum reduction of 13.04% than 

that of the diesel with the blend DE80B20 was 

observed.   

 The CO emissions reduced by 50% than the 

conventional diesel with the blend of DE80B20 were 

observed at the maximum load of engine.   

 The HC emissions increased with the increase of 

methanol percentage in diesel-biodiesel-methanol 

blends, but lower than those of the diesel at higher loads 

on the engine.   

 The NOx emissions of the biodiesel and all the other 

fuel blends were low at lower loads and high at higher 

loads compared with the diesel fuel.  

 Smoke opacity is found to increase in B100 and fossil 

diesel, and as the percent of ethanol increases in the 

blends the smoke opacity decreased. 

REFERENCES 

[1] Rakhi N Mehtha,MousumiChakraborthy and parimal, 

“comparative study of stability and properties of 

alcoholdiesel blends”, Indian journal of chemical 

technology, vol 19, March 2012,pp.134-139. 

[2] Joshi RM, Pegg MJ.: Flow properties of biodiesel fuel 

blends at low temperatures, Fuel., 86,143–51(2007). 

[3] ASTM D 3457-87: Test method for preparation of 

Methyl Esters from Fatty Acids, Annual Book of 

ASTM standards, Philadelphia, Vol 06.03, (1991). 

[4] Biodiesel Handling and Use Guidelines, Office of 

Scientific and Technical Information, U.S. Department 

of Energy, DOE/GO-1020062358, Third Edition, 

September 2006. 

[5] The approximation of the laws of the Member States 

relating to measures to be taken against the emission of 

gaseous and particulate pollutants from CI engines for 

use in vehicles, and the emission of gaseous pollutants 

from “+”ve ignition engines fuelled with natural gas or 

liquefied petroleum gas for use in vehicles and 

amending Council Directive Official Journal of the 



Performance and Emission Characteristic of Single Cylinder CI Engine using Fish Oil as a Bio Diesel with varying Injection Pressure 

 (IJSRD/Vol. 3/Issue 11/2016/050) 

 

 All rights reserved by www.ijsrd.com 224 

European Union, 2000. Directive 1999/96/EC 

(2000)(L44: 1 - 155). 

[6] S. Savariraj, T. Ganapathy, C. G. Saravanan. 

Experimental Investigation of Performance and 

Emission Characteristics of Mahua Biodiesel in Diesel 

Engine. International Scholarly Research Network 

ISRN Renewable Energy. Article ID 405182 (2011) 6 

pages 

[7] K. Annapurna, M. Paramita, G. K. Vijay and B. Rintu, 

“Enzymatic transesterification of Jatropha oil,” 

Biotech& Biofuels, vol. 2, no page, 2009. 

[8] Dilip Sharma, Kamal Kishore Khatri, Shyam Lal Soni, 

Ragini Gupta. Department of  Mechanical Engineering 

and Dept of  Chemistry.: “Production and 

Characterization of  Fish Oil Methyl Ester” 

[9] Srikanth H V, Santhosh N, Shannappa Godiganur, 

J.Venkatesh.  department of mechanical and 

aeronautical engineering, NMIT, Bangalore. “Fish Oil 

Biodiesel as an additive in Diesel Ethanol Blends for a 

Four Stroke Single Cylinder Diesel engine”. 

[10] Mr. Raju Jadar, dept of mechanical engg, Jagadish 

Savadatti, Annappa.T.B, Vinay E, Shri Taralabalu 

Jagadguru Institute of Technology Ranebenur., 

“Production of Biodiesel From Waste Trash Fish and 

Perform Mileage and Emission Test on Various Blend 

in a Diesel Engine” 

[11] R.Yahyaee, B.Ghobadian, G.Najafi. tarbiat modarea 

university, Iran., “Waste Fish oil Biodiesel as a Source 

of Renewable Fuel” 

[12] Yathish.K, Omkaresh.B, Dr.R. Suresh bio fuel 

information and demonstration center, Department of 

mechanical engg SIT Tumkur Karnataka. “Bio diesel 

production from custard apple seed and its 

characteristic study”. 

[13] Rizalman Mamat, Nik Abdullah, Hongming Xu, 

Miroslaw L. Wyszynski, A. Tsolakis. “Effect of Boost 

Temperature on the Performance and Emissions of a 

Common Rail Diesel Engine Operating with Rapeseed 

Methyl Ester (RME). 


