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Abstract— Recycling of waste products are one of the most 

important issues in developing and developed countries. Beef 

tallow is one of these residues produced in slaughter houses 

and primarily is utilized in soap production industry. 

However, when this industry is overloaded, the extra fats are 

usually incinerated or disposed in a sanitary landfill. Due to 

which it will increase the water pollution in the town. 

However, beef tallow may be consumed in biodiesel 

production. Therefore, in this work, the process of biodiesel 

production in a pilot plant is proposed using beef tallow as 

raw material with methanol and potassium hydroxide as 

catalyst. The quality of the produced biodiesel will evaluated 

by measuring different properties like density, viscosity, 

calorific value, flash point, fire point, pour point, cloud point 

and cetane number. Analysis will give final product contains 

ester compositions which can be used as biodiesel fuel in 

diesel engines. The viscosity of natural beef tallow was very 

high, and actually, it was solid; however, after 

transesterification the viscosity of the final product will 

become less and it became liquid. The viscosity of the final 

product measured at 40°C is 5.1 mm2 s−1, and the 

comparison of this biodiesel with the data of ASTMD-445 

standard resulted in the similarity of this product with 

petroleum diesel. In this research, the process of biodiesel 

production from beef tallow and its properties are explained. 

Alkaline transesterification of beef tallow with methanol 

decreases the viscosity of the final synthesized product and 

produces a high quality biodiesel for diesel engines. Beef 

tallow is one of the low cost residual materials available 

locally in slaughter houses of Ethiopia. Therefore, the 

slaughter houses can be considered as one of the available 

source to produce biodiesel. 
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I. INTRODUCTION 

The world moving forward with plans to boost the 

renewable energy sources. Biofuel production from locally 

grown feedstocks an important part of national energy 

growth.  Our main plan is to use biodiesel so that we can 

produce our own energy that is environmentally friendly and 

renewable. Many researchers experimented with a number 

of feedstocks including palm, jatropha, moringa, castor and 

soy oils with the successful completion of research. There 

are several possibilities for biodiesel feedstocks from 

vegetable oils in Ethiopia. One of the main parts of 

agriculture is animal husbandry which produces many bio-

residues like horn, hoof, and tallow. Beef tallow is one of 

these residual materials produced in slaughterhouses, and 

primarily is utilized in soap production industry. However, 

when this industry is overloaded, the extra fats are usually 

incinerated or disposed in a sanitary landfill, which can 

pollute the environment. Therefore, the integrated use of 

bio-residues produced in slaughterhouses can prevent 

pollution induced by accumulation of these residues in 

natural resources. 

To reduce dependence on conventional energy 

sources of fossil fuels (oil/gas and coal) as an energy source 

is not renewable with all its problems, it will look to other 

energy sources as an alternative fuel or replacement as long 

as its resource potential which is available locally so the 

price is cheaper and affordable. The average proportion of 

meat and by-product in different species are shown in table 

1. 

Average proportion of meat and by-product in 

different species 

Slaughtered 

animal 

Human 

Consumption % 

By-product 

% 

Chicken 68 32 

Pig 62 38 

Cow 54 46 

Sheep/goat 52 48 

Table 1: Average Proportion of Meat and By-Product in 

Different Species 

The development of alternative fuels from beef 

tallow can partially or totally substitute to fossil fuel. The 

glycerin byproduct has thousands of industrial chemical uses 

in common household products and foods. Biodiesel is one 

of the alternative fuels that are environmentally friendly 

because biodiesel can reduce emissions. 

II. LITERATURE REVIEW 

Biodiesel can be defined as fatty acid of ethyl and methyl 

esters from vegetable oils or animal fats, with high cetane 

number and, generally, its boiling point and viscosity are 

suitable for use as fuels in diesel engines. Because this fuel 

is produced from renewable resources and involves lower 

emissions than petroleum fuel, it can be used as an attractive 

alternative fuel. Although the use of biodiesel increases 

nitrogen oxides slightly, it can cause a reasonable reduction 

in the main pollutant emissions like particulate material, 

total hydrocarbons, and carbon monoxide. Therefore some 

developing countries, the use of beef tallow for biodiesel 

production has gained special interest, since it allows to 

recycle waste materials from cattle slaughterhouses. Methyl 

esters are the product of transesterification of fat and oils 

with methanol using an alkaline catalyst. The biodiesel need 

is continually increasing in Iran, requiring an alternative 

source that will be technically viable, economically 

competitive, and ecologically correct. This problem is an 

important challenge to expand the biodiesel industry in Iran 

[1-5]. The selection of non-edible oils as possible fuel for 

use in a diesel engine is based on the literature. Some of the 

non-edible vegetable oils that are promising substitutes for 

petroleum diesel and the acceptable non-edible biodiesel 

feedstocks for biodiesel production include Karanja, 

Polanga, Mahua, Rubber seed, cotton seed, Simmondsia 
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chinensis (Jojoba), Tobacco, Neem, Linseed, Jatropha 

carcus, and so on. The objective of this paper is to present 

the various sources of non-edible oils that can replace edible 

oils and fossil fuels for biodiesel production as well as their 

fuel properties. This study also compares their 

physicochemical properties, engine performance, and 

emission characteristics in a diesel engine through a review 

[6-12].The Jojoba methyl ester has superior ignition 

characteristics compared to pure diesel fuel, methanol and 

their blends. The values of the laminar burning velocity of 

pure diesel oil and iso-octane with values of two grades of 

Jojoba methyl ester, and the results reveal that the laminar 

burning velocity was lower in case of Jojoba methyl ester 

than those of diesel oil and iso-octane. Also, an effective 

way for reducing emissions may be accomplished by using 

EGR technology. The presence of inert molecules reduces 

the temperature and the combustion pressure inhibiting the 

formation of NOX by the thermal mechanism, as well as 

increases the detonation tolerance. This method is effective 

in reducing NOX emissions. The engine test variables 

included the percentage of  methyl ester in the blend, engine 

speed, load, injection timing and engine compression ratio. 

Many researchers have examined the combined analysis of 

the effect of biodiesel combustion on engine   performance 

and emissions; and reduction of the NOx emissions but few 

of them attempted to review them. [13-17] 

III. MATERIALS AND METHODS 

The beef tallow required for biodiesel production was 

collected from local slaughterhouses in Robe town of 

Ethiopia. The beef tallow was crushed in crusher and to 

reduce its size, after size reduction the raw material is 

melted with indirect heat. To avoid damaging the nutritional 

values, this is carried out at the lowest temperature possible 

(70-90°C). The separation of the three phase’s solids, 

aqueous phase and melted fat was obtained. The most 

common is drainage of the solid phase, which is 

subsequently pressed and separate fat collected. A fatty acid 

methyl ester is the chemical composition of biodiesel. 

Transesterification is widely used for the transformation of 

triglyceride into fatty acid methyl ester. The manufacturing 

process is based on the transesterification of triglycerides by 

alcohols to fatty acid methyl esters, with glycerol as a by-

product. Preheating of fats is necessary to remove the water 

content in the fat. During this process fats heated up to 

1100C and maintained same temperature for 10 minutes. The 

process of mixing of alcohol and catalyst was done by 

mixing alkali hydroxide with common alcohols (methanol 

and ethanol) in the mixer with standard agitator to facilitate 

the mixing. Alkali hydroxide is dissolved in the alcohol to 

produce alkoxide solution. The alcohol and catalyst mixture 

is then charged into a closed reaction vessel and the fat is 

added. The reaction mixture is kept just near the boiling 

point of the alcohol to speed up the reaction.  

 

Excess alcohol is normally used to ensure total 

conversion of the oil to its esters as there is no problem of 

recovering of the alcohol for later use after recycling. 

After the reaction is completed, there exists 

glycerol and biodiesel formation. Both have a significant 

amount of the excess alcohol that was used in the reaction 

which is in need of being recovered. The reacted mixture is 

neutralized at this step if the basic media that is caused by 

alkali hydroxide is occurred. The glycerol phase is much 

denser than biodiesel phase, making biodiesel to be floated. 

The two products can be separated by gravity using settling 

vessel. The glycerol is drawn off at the bottom of the 

settling vessel and biodiesel is drawn off at the top. 

 
Fig. 1: Separation of biodiesel 

IV. RESULTS AND DISCUSSION 

The properties of biodiesel are evaluated at chemical 

laboratory and thermal laboratory of madda walabu 

university, Ethiopia. Table II shows different results 

obtained for the beef tallow biodiesel. 

Sr. No Properties Results 

1 Density gm/cc@200C 0.862 

2 Viscosity mm2S-1 @400C 5.1 

3 Calorific value Mj/kg 36.5 

5 Flash point 0C 155 

6 Fire point 0C 161 

7 Moisture % 0.05 

Table 2: Physico-chemical Properties of Beef tallow 

biodiesel 

Density of biodiesel is measured by simple method 

using the ratio of weight and volume. In this 100 ml of 

biodiesel is taken and its weight measured using weighing 

machine at 20°C. The density of biodiesel measured at 20°C 

approximately0.89 gm/cm3. The viscosity of the biodiesel 

was determined by using a viscometer. Triplicate samples 

were used for the experiments. The viscosity of biodiesel is 

approximately 5.1mm2 s-1 which is within the acceptable 

limit.  

The sample is contained in an open cup which is 

heated and at intervals a flame is brought over the surface to 

measure the flash point of biodiesel. The temperature at 

which the spark is ignited is the flash point of biodiesel. The 

flash point observed for the biodiesel is more than 120°C. 

Fluid in open cup catches fire that temperature is called fire 

point. A calorimeter is a device used for the process of 

measuring the heat of chemical reaction as well as heat 

capacity. The calorific value of the biodiesel is 

approximately 36.5 Mj/Kg. 
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V. CONCLUSION 

The composition and properties of the raw material used for 

biodiesel preparation have effect in the fuel characteristics. 

From the results it is possible to conclude that the alkaline 

transesterification of beef tallow with methanol produces 

good quality biodiesel. Beef tallow is one the low cost 

residual materials available in slaughterhouses. Therefore, 

the slaughterhouses can be one of the available sources for 

production of biodiesel. This research work has 

demonstrated that beef tallow biodiesel is suitable to mix 

with petrodiesel. The process can become economical by 

recovering methanol and glycerol. 
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