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Abstract: 

 The Lipid/oil was extracted from reduced dried primary sewage sludge particle using soxhlet extraction method with 
Hexane and Ethanol in the ratio 2:1 as the extracting solvent. The extracted oil gave 0.58%percentage yield with density of 
0.868 g/ml, pH value of 8.97, specific gravity of 0.868. The lipid/oil was brownish black in colour with a pungent smell. The 

chemical analyses revealed saponification value of 156.00mgKOH/g, acid value of 3.40mgKOH/g and free fatty acid value 
of 1.70%. The physicochemical analyses of the biodiesel produced revealed percentage yield of 21.70% biodiesel, density 
of 0.845Kg/ml, pH value of 8.30, specific gravity of 0.845, acid value of 0.37mg KOH/g, and free fatty acid of 0.2%. The 

physiochemical values from the research shows that the feedstock (primary sewage sludge) would be a good source for the 

production of biodiesel. 
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I.           INTRODUCTION 

Over the years, there have been a clamour for the reduction, 

reuse and recycling of waste material in order to improved 

waste management which could in turn, enhance the 

sustainable development goals. This has necessitated the 
search for waste conversion technology to produce energy in 

form of renewable biofuels and to enhance a greener globe.  

The increasing energy demand, rise in fossil fuel prices and 

high environmental pollution impact has raised concerns for 

motivated scientists to find alternative energy sources such as 

biofuels. Biofuels are renewable and biodegradable sources of 

energy with acceptable environmental impact. Sewage has 

therefore been identified as a good source for biofuels 

production (Bateni et al., 2014; Danlami et al., 2015). 

Recently, the annual sewage sludge production has been 

estimated at 10 million tons (dry matter), 20 million tons and 
49 trillion liters in Europe, China and the United States, 

respectively, and further increases have been projected with 

economic and population growth (Seiple et al., 2017; Syed-

Hassan et al., 2017). The extraction of lipids from this sewage 

could   be a credible source for biodiesel production 

(Olkiewicz et al., 2012). 

This research investigates how the production of biodiesel can 

be carried out from sewage sludge. Given that the production 

of biodiesel from common sources such as Vegetable Oils, 

Animal fats, Plant seeds, is well established and recently the 

discovery of sewage sludge as a potential feedstock. The 
availability of human excreta makes this source more reliable. 

This research looks at the possibility of extracting the lipid 

from the sewage sludge using n-hexane and ethanol (2:1) as 

the organic solvent and the production of biodiesel from the 

extracted lipid. 

II. MATERIALS AND METHODS 

Sample Collection and preparation:  

Primary sewage sludge was collected from a sewage sludge 

treatment plant in Udu local government area of Delta State. 

The thick sludge was collected from the bottom of a settling 

tank into a 10 liter bucket and covered with a lid. Thereafter, 

the sample was sun dried for 7 days and then air dried for 

another 3 days. This was followed by the reduction of the 

dried primary sludge particle size using a pestle and mortar 
through pounding until the big particles of the dried sewage 

sludge reduces to granules. A further particle size reduction 

was achieved using an industrial blender for efficient 

extraction. The reduced particles were weighed using the 

electronic weighing balance. 

Sample Extraction: 
The lipid was extracted from the powdered sewage sludge 

using Soxhlet extraction method with the mixture of n-hexane 

and ethanol as extracting solvents in the ratio of 2:1. The 

sample was placed in a thimble compartment of the Soxhlet 

apparatus, which was filled with a mixture of n-hexane and 
ethanol (2:1) and heat was supplied by the set up to the sample 

compartment. The extracted oil was obtained after the organic 

solvent was removed under reduced temperature and pressure 

and refluxing at 70oC so as to remove any excess organic 

solvent used for the oil extracted. The extracted oil was stored 

in refrigerator/ freezer at 2oC for subsequent physicochemical 

analyses (Warra et al, 2011).   

Physicochemical Analyses of the Extracted Oil:  

Physicochemical parameters were carried out on the extracted 

oil obtained; and these are, percentage yield, pH value, 

Density, Specific gravity, Saponification value and Acid 
value/Free fatty acid. 

Production of the Biodiesel: 
The production processes were carried out in two steps and 

that include the acid catalysed transesterification process also 

known as esterification process and the base catalysed 

transesterification process. Esterification with the extracted oil 

was carried out with 95.7ml of methanol and 2.1ml of 

concentrated sulphuric acid (catalyst). This was heated at a 
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temperature of 60°C for about 1 hour. This process was done 
in order to reduce the percentage of free fatty acid in the oil 

(Karaosmanoglu et al, 1996; Lang et al, 2001) 

The esterified oil was then trans-esterified by reacting it with 

16.1ml of methanol and 1.6ml of sodium hydroxide NaOH 

(catalyst); and was heated at a temperature of 60°C for 1 hour 

with constant stirring of the mixture using a hot plate magnetic 

stirrer. After the reaction process, the mixture was transferred 

into a separating funnel and allowed to settle and cool, while 

the separation of the two phase layer took place into the 

methyl ester phase (Biodiesel) and glycerin phase (Glycerol) 

as the upper and lower phase respectively (Garpen et al, 
2004). 

 

III. RESULTS AND DISCUSSION 

The experimental result of the physicochemical analyses 

conducted on the extracted oil is presented in table 1, while 

those on the biodiesel produced in accordance with the ASTM 

standard in table 2, respectively. 

 

Table I : Summary of the Physico-Chemical Analysis on 

the Extracted Oil 

Physicochemical 

Parameters 

Results 

Colour of oil Brownish black 

Smell Pungent odour 

Percentage yield (%) 0.58% 

pH 8.97 

Density (g/ml) 0.868 

Specific gravity 0.868 

Acid value (mg KOH/g) 3.40 

FFA (%) 1.70 

Saponification value (mg 

KOH/g) 

156.00 

 

The oil has a brownish black colour and a pungent smell. 

The percentage yield from calculations was found to be 0.58% 

and this is significantly lower than those of lageneria siceraria 

seed oil with a yield of 39.22% (Hassan and Sani, 2007). 
However, given that sewage sludge can readily be obtained in 

considerable quantities, its use as a potential source of lipid for 

biodiesel production is still tenable. The pH value for the 

extracted oil was 8.97. 

Density is the ratio of the mass or weight (g) of a substance 

to the volume of the substance (ml). The density of the 

extracted lipid was found to be 0.868g/ml, being lower than 

water (1.0 g/ml). Specific gravity is the ratio of the density of a 

substance to the density of water at 4°C (Bello and Agge, 

2012). The extracted oil had a specific gravity of 0.868 (Lang 
et al., 2011). 

The acid value obtained from the extracted oil is 

3.40mgKOH/g and this is smaller than 10.3 mgKOH/g 

reported for Sheanut butter and higher when compared to 

2.455mgKOH/g, 1.265mgKOH/g and 0.82mgKOH/g for castor 

seed oil, jatropha oil and cotton seed oil respectively. The 

higher the acid value of an extracted oil, the lower its storage 

quality and vice-versa, this simply suggests that the extracted 

oil possesses better storage quality when compared to that of 

Shea-nut butter oil (Warra et al.,  2011).  

The free fatty acid value was found to be 1.70% which is 
lower than that reported for Hyptus spicigera seed oil with a 

value of 3.50% (Ladan et al., 2010). The high FFA (>2%) 

favours soap formation. 

The saponification value of the extracted lipid was found to 

be 156.00mgKOH/g which is lower than the value of 

183.1mgKOH/g for sheabutter oil and 199.95mgKOH/g of 

cotton seed oil, but higher than 126.728mgKOH/g, 

125.081mgKOH/g for castor seed oil and jatropha oil 

respectively, which have potential for soap production (Warra 

et al., 2011). This suggests that the extracted oil will also be a 

good source for soap making due to its high saponification 

value (Warra et al., 2011).  

Table Ii: Summary of the Physicochemical Analysis 

Results on The Biodiesel Produced 

Physicochem

ical Parameters 

Experime

ntal Results  

On The 

Biodiesel 

Test 

Method 

ASTM 

Standard  

Results 

Limits 

D-6751-

02 

Percentage 

yield (%) 

49.5 - - 

Density at 

15
o
C (Kg/ml) 

0.845 ASTM 

D1298 

0.830 – 

0.890Kg/ml 

Specific 

gravity 

0.845 ASTM 

D1298/4052 

0.89ma

x 

pH 8.30 - - 

Acid value 

(mg KOH/g) 

0.40 ASTM 

D664 

0.50 

max 

 

The percentage yield (%) of the biodiesel produced was 

found to be 49.5% from calculations. The density of diesel fuel 

is an important property that affects the fuel injection system 

and high density translates into a high consumption of the fuel. 

The biodiesel produced has a density of 0.845Kg/ml and a 

specific gravity of 0.845 which falls within the ASTM standard 

range at 15oC. (Idibie et al, 2020). 
Acid value is a direct measure of the level of free fatty 

acids that may be present in biodiesel. The acid value of the 

biodiesel produced was found to be 0.40mg KOH/g. This 

shows that the acid value of the biodiesel produced is in 
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agreement with the conventional biodiesel standard which falls 
in range within 0.50max (Garpen et al., 2004).  

 

 

IV. CONCLUSION 

Biodiesel is a renewable alternative fuel that can be used in a 

diesel engine either in pure or in blends with petroleum diesel. 

The physicochemical parameters obtained from this study for 

both the extracted oil and the biodiesel produced falls within 

the ASTM range. This research work is also open for further 

analysis of parameters such as viscosity, kinematic viscosity, 

flash point, sulfated ash, cetane number, copper strip 
corrosion, cloud point and pour point in order to authenticate it 

the properties of the biodiesel. However, it shows a promising 

source of lipids for the commercial production of biodiesel in 

the future as an alternative energy source to fossil fuel.  
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