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Abstract 

Biodiesel is an alternative to conventional diesel fuel made 

from renewable resources such as vegetable oils/Chicken fat. 

According to the survey of Oil and Gas journal the high 

viscosity liquid fuel approximately 20 times that of diesel 

produced from chicken fat. The present study is focused on 

investigation of CI-Engine by using biodiesel which is 

produced from chicken fat. Biodiesel production is modern 

and technological for researcher due to constant increase in 

the price for petroleum diesel and environmental advantages. 

The disposal of waste chicken creates environmental 

pollution, hence it is decided to extract oil from the waste 

chicken fat and produce biodiesel. Biodiesel was then mixed 

with conventional diesel in different proportions to form 

blends of B20, B25, B30, B35, B40 and B50. The 

characterization of fuel is analysed, the blends were studied 

for emissions and performance characteristics on a CI engine 

at various loads (0, 3, 6, 9,12) and on different compression 

ratios (14,16,18) and graphs are plotted based on 

characteristics of fuels and then compared with that of 

conventional diesel. It is observed that B25 can be used as 

ideal biodiesel blend and its emissions are less or equal to that 

of conventional diesel. 

Keywords : Biodiesel, C.I. Engine, Chicken Fat, Biodiesel 

Blends. 

Introduction 

Energy scarcity in transportation sector as well as the 

environmental pollution caused due to utilization of 

conventional fuels, necessitates the development of 

sustainable alternate fuel. Biodiesel is derived from edible or 

non-edible vegetable oils/animal fats by transesterification in 

the presence of acid or base catalyst. Biodiesel is eco-friendly, 

supports agricultural economy and rural development, is 

biodegradable, carbon neutral, and non-toxic in nature. It 

exhibits several interesting typical features such as high flash 

point, high lubricity, higher cetane number, and low viscosity. 

However, for commercialization of biodiesel, its higher 

production cost is a major hurdle. The cost of selected feed 

stocks is the constitutive factor which is responsible for 

economic viability of biodiesel. Raw materials cost accounts 

for 70–95% of total production cost of biodiesel. Chicken fat  

is a waste product of butchers shop, poultry, hotels, restaurant, 

and food industries posing disposal problems. If it thrown 

away in water stream, free fatty acid (FFA) present in oil 

pollute the natural sources of water with drainage problems. 

The chicken fat is a low-cost waste product of slaughter 

houses. It is extracted from chicken feathers, blood, offal, and 

trims after rendering process, which are usually thrown away 

causing environmental pollution. In addition to be a possible 

feedstock, use of CFO as feedstock for biodiesel production 

diminishes its disposal problems and assures the supply of 

biodiesel. Each broiler chicken gives approximately 100–110 

g of non-edible fat with high FFA value. The favorable price 

of waste materials, CFO is 2.5–3.5 times lower than that of 

the refined vegetable oil [1]. Utilization of CFO for biodiesel 

production will help to reduce the problem of waste 

management and can be economically viable source for 

energy production. Almeida et al [2] successfully synthesized 

ethyl biodiesel from chicken fat by using reaction parameters 

10% V2O5/ RHA catalyst at 200°C with 1:10 oil-to-ethanol 

molar ratio for 4 hour reaction time, exhibiting 91% 

conversion to biodiesel. Gurusala et al. [3] had produced 

chicken fat methyl ester from high acid value (26.58 mg of 

KOH) chicken fat by pre-treatment esterification with ferric 

sulphate acid catalyst followed by base-catalyzed 

transesterification process. They measured fuel properties of 

synthesized CFOME which met ASTM standards. Guru et al. 

[4] evaluated the effect of Mg based additives in chicken fat 

biodiesel on engine performance and exhaust emissions on DI 

engine. Marulanda et al [5] also synthesized CFME under 

supercritical conditions at 300–400°C temperature. Mata et al. 

[6] concluded that higher viscosity and density of chicken fat 

biodiesel does not allow using 100% biodiesel in diesel 

engine, specifically in lower temperature climates. Instead of 

using pure biodiesel directly to diesel engine, it can be applied 

in blends to improve kinematic viscosity, calorific value, and 

cold filter plugging point [7]. Relatively very less literature is 

reported on utilization of Chicken fat oil for biodiesel 

production. The objective of this research work was synthesis 

of biodiesel by the transesterification of selected feedstock 

with methanol using Sulphuric acid (as a homogenous 

catalyst) and evaluate the performance of C.I. Engine using 

blends of biodiesel. 
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Biodiesel Synthesis  

Oil Extraction  

The chicken fat was heated in high-temperature bath. A 

specific amount of edible oil (having known composition of 

fatty acid amount) sodium salt was added in it (in ratio of 5:1). 

The oil was extracted at 220°C for 6 to 8 hours. After 

extraction, mixture was allowed to cool at room temperature 

and filtered for separation of solid parts from the oil.  

Biodiesel Preparation  

Chicken Fat Oil has higher acid value of 22 mg NaOH/g. To 

reduce the FFA, Chicken Fat Oil is subjected to esterification. 

Esterification is a chemical reaction typically between an 

alcohol (e.g., methanol) and an acid (e.g., FFA) in the 

presence of catalyst; ester is formed as reaction product. It 

was investigated that liquid acid-catalyzed systems, Sulphuric 

Acid, and Hydrochloric Acids are more efficient when acid 

value of oil is high. FFA composition and molecular mass of 

every feedstock decide the concentration of Sulphuric Acid 

used. To perform esterification of Chicken Fat Oil, 1000 mL 

oil was poured in RBF equipped with heating mental, 

mechanical stirrer, thermometer, and condenser. The 

temperature of Chicken Fat Oil was raised to 35–40°C. After 

heating, approximately 0.7% Sulphuric Acid (H2SO4) and 

10% methanol (CH3OH) (in 6:1 molar ratio to oil) was added 

in preheated oil. The reaction mixture was refluxed for 60 

minutes at 600–650 rpm stirring rate at 60-65°C. Reaction 

mixture was transferred into a separating funnel for at least 3 

hour to separate esterified oil from solid impurities. The upper 

separated layer of esterified oil was dried in hot-air oven for 2 

hours at 110°C. The acid value of Chicken Fat Oil was 

reduced to 4.7 mg NaOH/g after esterification. After 

completion of esterification, alkaline transesterification 

reaction was carried to convert lower acid valued Chicken Fat 

Oil into their esteemed methyl esters (biodiesel), a 

homogenous strong base NaOH was used as catalyst. The 

transesterification reaction was performed, adding 10% 

methanol and 1% catalyst (NaOH), at temperature 60-65°C, 

heating for 70 min. with continuous stirring at 600-650rpm. 

The reaction variable was optimized separately with 

feedstock. The reaction progress was observed by thin layer 

chromatography (TLC) in 10 min intervals. At completion of 

reaction, methanol was evaporated by refluxing above 

reaction mixture at 75-65°C and the residual mixture was 

poured in settling tank for 8–10 hours. Glycerine (by product) 

got settled at the bottom of the tank due to higher density, 

which was separated from upper biodiesel layer. Biodiesel 

was washed with hot distilled water and dried in hot-air oven 

at 105°C for 2 hour. The trace of water was removed by 

heating the product. At last pure biodiesel was obtained. i.e. 

B100.  

Blends Preparation  

After obtaining pure biodiesel (i.e. B100) in above procedure 

different blends were prepared by heating conventional diesel 

and biodiesel at 45°C and mixing them in different 

proportions. Thus we obtained following blends: B20, B25, 

B30, B35, B40, B50. Below table 1.1 shows the properties of 

biodiesel obtained. 

Table 1.1: Biodiesel Properties [8] 

 

Engine Setup 

The engine used for Biodiesel testing was provided by Apex 

innovations situated in Sangli district of state Maharashtra. 

The specifications of the engine used was Type 1 cylinder, 4 

stroke, water cooled, stroke 110 mm, bore 87.5 mm. Capacity 

661 cc. Diesel mode: Power 3.5 KW, Speed 1500 rpm, CR 

range 12:1-18:1. Injection variation:0- 25 Deg BTDC ECU 

Petrol mode: Power 4.5 KW @ 1800 rpm, Speed range 1200-

1800 rpm, CR range 6:1-10:1.  

Results and Discussions 

Emissions 

Hydro Carbon (HC) 
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The emissions of hydrocarbon are plotted in figure [Fig 1.1(a), 

(b), (c)] with respect to load and with CR 18, 16 &14. It can 

be observed that for all CR’s, HC emissions were decreased 

but there weight be increased with rise in load. Among all 

CR’s 14 emitted less HC than CR 16 & 18. It can be seen that 

the blend B25 has given approximate emission with diesel 

fuel. The equivalent results were noticed by S.B. Chavan with 

the jatropha fuel blend [9]. 

Carbon Monoxide (CO) 

 

 

 
The emissions of carbon monoxide were plotted in figure [Fig 

1.2 (a), (b), (c)] with respect to load and with CR 18, 16 &14. 

It can be observed that the CO emissions were decreased with 

increase in load as well as with CR’s too. The net biodiesel 

consist of 11% more oxygen that helps in complete 

combustion of fuel. Compared to the emission of diesel fuel, 

blend B25 emitted 98.67% (at CR18), 100.35% (at CR16) & 

105% (at CR14) which is found to be optimum with all load 

too. So that it can be considered as an ideal blend for CO 

emissions. 

Carbon Dioxide (CO2) 
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 The emissions of carbon monoxide were plotted in figure 

[Fig 1.3 (a), (b), (c)] with respect to load and with CR 18, 16 

&14. It can be observed that CO2 emissions were increased 

with increase in load while reverse trend was observed with 

CR’s. Among all blends B30 emitted 88.31% (at 18), 92.21% 

(at CR 16) & 86.83% (at CR14), Compared with the 

emissions of diesel fuel. So, it can be considered as an ideal 

blend among all. Here again presence of extra oxygen 

molecules from biodiesel helps in complete combustion which 

helps in decreasing the CO2 emissions with respective 

conditions. The equivalent results were noticed by S.B. 

Chavan with the jatropha fuel blend [9]. 

Oxygen (O2) 

 

 

 

NITROGEN OXIDE (NOX) 

The emissions of carbon monoxide were plotted in figure [Fig 

1.5 (a), (b), (c)] with respect to load and with CR 18, 16 &14. 

It can be observed that NOx emissions were increased with 

increase in load, but they were decreased with CR’s. This 

trend was observed to be rising in case of plant oil like 

jatropha and karanja [9]. Among all blends B30 consistently 

showed lower emissions of NOx at all loads and CR’s too. So, 

this can be considered as an ideal 

blend

 

 

 

Engine Performance: 

Break Power (B.P) 

The brake power was plotted in figure [Fig 2.1 (a), (b), (c)] 

with respect to load and with CR 18, 16 & 14. It can be 

observed that the brake power increases with increase in load 

and CR. The brake power of B30 was found to be equivalent 

to that of conventional diesel. So, B30 can be considered as an 

ideal blend. 
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Mechanical Efficiency ( MECH.) 

 

 

 

The Mechanical efficiency was plotted in figure [Fig 2.2 (a), 

(b), (c)] with respect to load and with CR 18, 16 & 14. It can 

be observed that the Mechanical efficiency increases with 

increase in load and decreases with CR. The mechanical 

efficiency of B20 was found to be greater than that of 

conventional diesel and for B25 it was equivalent to that of 

diesel. 

Torque ( ) 

The Torque was plotted in figure [Fig 2.3 (a), (b), (c)] with 

respect to load and with CR 18, 16 & 14. It can be observed 

that the Torque increases with increase in load and CR. The 

torque obtained for B30 is slightly greater than that of 

conventional diesel whereas the B25 has equivalent torque as 

that of diesel. 

 

 

 

Brake Specific Fuel Consumption (B.S.F.C) 
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The BSFC was plotted in figure [Fig 2.4 (a), (b), (c)] with 

respect to load and with CR 18, 16 & 14. It can be observed 

that the BSFC decreases with increase in load and CR. The 

BSFC of B25 was found to be closest to that of conventional 

diesel. Hence making B25 as an ideal blend for this 

parameter. 

Conclusion 

The conventional diesel is a non renewable source of energy 

and hence it will perish in near future. Due to the scarcity of 

conventional diesel its prices are going higher and higher day 

by day. So an alternate source of energy is must which is 

cheaper and on par with the conventional diesel. Successfully 

produced biodiesel from waste chicken fat using 

transesterification process and were able to run it on a CI-

Engine without any modification in the engine. After 

performing the tests it was concluded that B25 can be used as 

our ideal biodiesel blend and its emissions are less or equal to 

that of conventional diesel. Also considering the engine 

performance characteristics we can say that B25 has better or 

equal performance to that of conventional diesel. So, B25 is 

the ideal biodiesel blend and has a potential to replace 

conventional diesel. 
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