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Abstract

Increasing urbanization and development in developing 
and developed countries lead to shortage of fossil fuel. This 
fuel crisis results in demanding alternatives which can com-
bat the advantages of fuel. Biodiesel, a substitute for diesel, 
is in hue demand as it possesses the chemical properties 
similar to commercial diesel. Biodiesel can be made from 
anything which contains oil. However, the cost of the raw 
material is a major obstacle in the path of biodiesel com-
mercialization. Sewage sludge is a waste by-product of sew-
age treatment plant and can be used as a cheap raw ma-
terial for biodiesel production. Sewage sludge is generated 
daily on large basis and contains more than 65% oil. This 
oil cannot be utilized for any other purpose. Utilization of 
sewage biosludge for biodiesel formation can be a cheap 
alternative to vegetable oil. This chapter deals describes the 
potential of sewage sludge to be converted into biodiesel. 
It also deals with various steps underlying the process and 
describes the properties of sewage biodiesel to be used at 
commercial scale.
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Introduction

Energy has become to be a critical component for human-
ity. Currently, modern society consumes huge amounts of 
energy to  hold  a  high  trendy  of  residing  and to make certain 
economic boom and development. As the world populace and 
industrialization maintains to grow, humanity will constantly de-
vour more energy year after year. The enlargement of the global 

economy, the development of novel technologies, new enter-
prises and an increase in the world’s population will definitely 
increase the demand for world energy. According to a report, 
world energy demand rises by 1.3% every year to 2040 [1]. De-
veloping countries including China and India will demand more 
energy resources due to their strong economic growth [2].
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Figure 1: World primary energy consumption.

Currently 87% of all energy consumed worldwide is from 
gasoline sources (Figure 1). The fossil  fuel  resources are non-
renewable, and may be depleted in near future. It is anticipated 
that coal reserves could be available up to 2112 while oil and 
gas will be depleted by 2040 and 2042, respectively [3]. In ad-
dition, the environmental problems associated with excessive 
usage of fossil fuels including air pollution, Greenhouse Gas 
Emissions (GHG), and global warming, consequently limits the 
utilization of these assets in the future.

Renewable fuels for the transportation sector

Transport sector is consuming more than 95% energy in the 
form of petroleum [4]. Moreover, 27% of the total world CO2 
emissions come from the transport sector [5]. In order to re-
duce down the immoderate petroleum use and CO2 emission 
in transportation sector, the utilization of alternative fuels from 
renewable resources is a promising solution [6]. Biofuels are the 
fuels obtained from biomass which have the potential to reduce 
CO2 and other Green House Gases (GHG) emitted by vehicles [6]. 
Furthermore, liquid biofuels are considered as the most promis-
ing alternatives to petroleum oil as they can directly be used in 
conventional engine without any major modifications [7].

Although the volume of biofuel consumed in the transport 
sector has been increasing constantly since 2011, nevertheless, 
the contribution of biofuels to transport sector is still a little low 
when compared to petroleum products. At present, the share of 
biofuels towards road transport is very small [8]. The EU’s 2009 
directive on renewable energy established a mandatory target 
of 10% of the final energy consumption in transport sector for 
all the countries [9]. Across the continents, incorporation rates 
vary. Latin America continuing to lead the sphere with more than 
9.6% share due to its ethanol market. North America and Eu-
rope  follow, with respective rates of 6.4% and 4.7% (energy). 
Asia accounts for only 1.2% but the extensive investments and 
government policies supporting biofuels are the most prevalent 
here. In other countries the biofuel market has been developing 
rapidly with the growth in the demand for road fuels. In 2017, 
only Finland (18.8%) and Sweden (38.6%) had already met 
the 2020 objective of the European Union’s RED directive set-
ting a renewable target of 10% in the transport sector. Austria 
was close to the threshold with 9.7%. In 2017, France was still 
ranked 4th  (9.1% incorporation. The European average (EU28) 
rose from 7.2% in 2016 to 7.6% in 2017. It should be noted that 
Norway has proactive policies, with renewable energy rates in 
the transport sector already above 15%.

From different types of biofuels, bioethanol, a substitute for 
gasoline and biodiesel, a substitute for diesel constitutes the 
most studied fuels. The present chapter is focused on biodie-

sel, environmentally friendly and renewable fuel, produced 
predominantly from vegetable oils or to a lower extent from 
animal fats.

Biodiesel origin and characteristics

The first engine ran by Rudolf Diesel using peanut oil had led 
the future possibility open of using vegetable oils as an engine 
fuel. Nevertheless, the wide availability and low cost of petro-
leum fuel at that time had suppressed the use of vegetable oils 
as a fuel. Furthermore, the high viscosity of vegetable oils be-
comes a major drawback of its use as fuel. In 1937, George Cha-
vanne patented the procedure for transformation of vegetable 
oils to reduce their viscosity using transesterification reaction 
with methanol and ethanol. However, biodiesel gets its full at-
tention when the depletion of fossil fuel was recognized [7].

At present, biodiesel is produced through the transesteri-
fication reaction of vegetable oils or animal fats with alcohol 
(usually methanol) in the presence of a catalyst (usually base), 
which yields Fatty Acid Methyl Esters (FAMEs). This renewable 
fuel represents an excellent alternative to conventional diesel, 
as it has chemical properties similar to conventional diesel, and 
it is compatible with current commercial diesel engine and re-
fuelling technology. Biodiesel may be effectively used as both, 
blend with conventional diesel fuel and in a pure form. Addi-
tionally, biodiesel possesses significant environmental benefits 
as it is highly biodegradable (four times faster than conventional 
diesel), nontoxic, safe for storage and handling, it burns much 
cleaner then petroleum diesel and therefore reduces most ex-
haust emission (CO2, CO, hydrocarbons, particulate, except NOx) 
and essentially eliminates emissions of SOx and sulfates as it 
does not contain sulphur [6].

Biodiesel production

The past few years have witnessed the production of biod-
iesel significantly. Global production of biodiesel reached 
around 41.3 billion litres in 2018 [10]. Biodiesel production is 
more geographically diverse than ethanol production (due to 
policy priorities) and is spread among many countries. The top 
five countries in 2018 accounted for 53% of global production 
were  Europe (the largest biodiesel producer) followed by the 
United States (17%), Brazil (13%), Indonesia (10%), Germany 
(8%) and Argentina (5%). The United States and Brazil accounts 
for 6.9 and 5.4 billion liters biodiesel production respectively, 
in 2018 [11]. The United States is expected to reach production 
levels of over 1 billion gallons of biodiesel by 2025.

Biodiesel feedstock

Biodiesel is predominantly obtained from vegetable oils such 
as rapeseed (84%), sunflower oil (13%), palm oil (1%), soybean 
oil and others (2%) [12]. However, the high cost of common oils 
viz. Soybean, canola, rapeseed, sunflower, palm, and coconut 
oils, which accounts for 70-85% of overall biodiesel produc-
tion cost, led to the decreased production of biofuel from oils 
[13]. In addition, lack of agricultural lands for growing biodie-
sel feed stocks limits biodiesel expansion and has contributed 
to the increase of food prices over the past few years, raising 
the concerns of food shortage versus fuel crisis [13]. As more 
vegetable oils are converted to fuels less are available for food, 
which could have a direct impact on the food price increases 
over the past few years.

Thus, there is an urgent need to find an alternative, cheaper 
feedstock, non-edible, readily available and in large quanti-
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ties. The most attention has been paid to non-edible plant oils 
(e.g. Jatropha, castor, neem, karanja), microalgae, waste cook-
ing oil and municipal sewage sludge. Non-edible plant oils are 
grown in marginal and waste lands with no possibility of land 
use competing with food production. However, their excessive 
cultivation would cause deforestation and destruction of the 
ecosystem [12]. The production of microalgae, an alternative to 
edible and non-edible oils, is still economically challenging due 
to high cost associated with biomass production [14]. Waste 
cooking oil is also a promising option because the production 
step is eliminated; however the major issue is associated with 
the collection infrastructure and logistics in order to generate 
sufficient quantities, as the sources are generally scattered [15]. 
As municipal sewage sludge is an inevitable waste, generated 
in large quantities during treatment of wastewater, the cost of 
biomass production is eliminated. Therefore, the sewage sludge 
can be envisaged as a non-cost, readily available and non-edible 
feedstock, which can make biodiesel production profitable.

Municipal sewage sludge

Sewage sludge refers to residual material left behind from the 
treatment of municipal wastewater. The municipal waste water 
includes household waste liquid from toilets, baths, showers, 
kitchens, sinks and so forth that is disposed of via sewers. Sew-
age sludge is a complex heterogeneous mixture of microorgan-
isms, undigested organics such as paper, plant residues, oils and 
faecal material, inorganic materials and moisture [16].

Sewage sludge generation and management

A typical municipal Sewage Treatment Plant (STP) is shown 
in Figure 2. WWTP consists of two main types of sludge, pri-
mary and secondary, with significant differences between their 
compositions. The primary sludge is collected after screening 
and grit removal at the bottom of the primary settler comprised 
of floating grease, solids and simple organic components (cel-
lulose, lipids, and proteins) [17]. The secondary or activated 
sludge is a complex biomass, composed mainly of microbial 
cells and suspended solids produced during the aerobic biologi-
cal treatment of primary treated wastewater and collected in 
the secondary settler [17].

The remainder of secondary sludge, after thickening is mixed 
with thickened primary sludge and a blend of them is the by-
product after wastewater treatment, which usually consists of 
60% primary and 40% secondary sludge [17]. In most of the mu-
nicipal WWTPs, the blended sludge feeds anaerobic digester to 
reduce the level of pathogens, odours and solids, after which 
process stabilized sludge is obtained [18]. At present, approxi-
mately 120 million tonnes of dry sewage sludge are produced 
annually among the USA (7.1 Mt), China (30 Mt), Japan (70 Mt) 
and the EU (10.2) [19]. Moreover, the sludge production is ex-
pected to increase in near future due to urbanisation and in-
dustrialisation.

The sludge generated during wastewater treatment from 
sewage is an unavoidable waste which further needs specific 
treatment before disposal leading to major cost in STP op-
eration (50%-60%) [20]. Furthermore, the disposal of sewage 
sludge creates many environmental challenges. The conven-
tional way of sludge disposal via incineration, land application 
as fertilizer, landfill or ocean disposal has the potential of re-
leasing toxic substances and heavy metals into the environment 
[21]. Government has posed strict regulation on sludge disposal 
criteria. Therefore, the valorisation of raw untreated sludge for 

renewable energy recovery, to achieve more sustainable sludge 
management strategy, is being increasingly studied [22].

Figure 2: Sewage Treatment Plant (STP) scheme [17].

Sewage sludge as a promising lipid feedstock

Sewage sludge is a promising source of lipid which has po-
tential to be converted into biodiesel by transesterification 
reactions [23]. Municipal sewage sludge contains 30% lipids 
suitable for biodiesel production [23]. The non-edible nature 
of sewage lipid, costless feedstock, availability in large quantity 
makes sewage sludge a potential candidate for the production 
of biodiesel [18]. Moreover, as the waste is being utilized, envi-
ronment contamination is reduced.

Lipid extraction from sewage sludge

The commercialization of biodiesel production from sewage 
sludge starts from the extraction of lipid from sludge. Therefore, 
the optimisation of lipid extraction is a major challenge that 
may affect the economy of the process [24]. Routinely, organic 
solvents like methanol, ethanol, methane, hexane, chloroform 
etc. are widely being used to extract lipids from sewage sludge 
on the basis of their polarity, immiscibility with water, boiling 
point, cost and environmental issue [25]. Chloroform and tolu-
ene although giving higher results but are not environmentally 
friendly therefore are not used routinely [26]. Non-polar sol-
vents extract non-polar/saponifiable lipids (glycerides and free 
fatty acids) which can be converted to biodiesel and are more 
suitable for biodiesel production than polar solvents [25]. Fur-
thermore, the final cost of biodiesel production using polar sol-
vents (methanol, ethanol) is much more than using non-polar 
solvents (hexane) [25]. Hexane is also environmentally friendly 
than toluene [25].

Biodiesel synthesis

Transesterification

The conversion of vegetable oil and alcohol to fatty acid alkyl 
esters and glycerol is called transesterification reactions. These 
reactions are the basis of biodiesel production. The reaction is 
catalyzed by a strong base like sodium and potassium hydroxide 
or sodium methylate [27]. Acid catalysts cannot convert triglyc-
erides to biodiesel effectively; however, they can convert free 
fatty acids to biodiesel. Thus, pre-treatment with an acid to es-
ters can be followed by alkali treatment to convert triglycerides 
into biodiesel [27]. Transesterification reactions reduce the vis-
cosity of oil.

Sewage sludge is converted into biodiesel by utilizing two 
processes:
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Extraction of biolipids1.	

Conversion of extracted lipids into biodiesel2.	

In the first step, primary sludge samples are produced 
through mechanical wastewater treatment process. The com-
position of primary sludge depends upon the area from which 
the sludge is taken. It consists of high proportion of organic mat-
ters. Primary sludge is the major source of oil and recovery of 
biodiesel from primary sludge is maximum. Sludge samples are 
first dried and oil is then extracted with solvents like hexane. Af-
ter that the lipids are transesterified into biodiesel (Figure 3).

Figure 3: Base catalyzed transesterification with methanol to 
produce biodiesel [28].

Biodiesel is separated from glycerol phase which is heavy 
and settles down quickly (Figure 4). The optimum production of 
biodiesel involves huge challenges. The extraction of maximum 
oil is one such challenge. There are many factors which affects 
the production of biodiesel. These are discussed as follows:

Figure 4: Separation of biodiesel from glycerol.

Temperature

Yield of biodiesel is affected by temperature. Increase in 
temperature increases the rate of reaction and decreases the 
reaction time due to the reduction in viscosity of oils. Never-
theless, increasing the reaction temperature above optimal 
values can lead to decreased biodiesel yield as at higher tem-
perature, saponification of triglycerides occurs [29]. Moreover, 
higher temperature also resulted in vaporization of methanol 
thereby decreasing the yield of biodiesel [30]. Therefore, the 

transesterification reaction occurs at below the boiling point of 
methanol. A temperature range of 50-60°C is found to be opti-
mal [31]. Room temperature is also found to be appropriate in 
some studies [32].

Reaction time

Reaction time also has great influence on fatty acid esters 
conversion. Maximum conversion can be achieved in 60-90min 
of reaction. This is because at initial stages reaction proceeds 
very slowly due to mixing and dispersion of alcohol and oil [33]. 
After that the reaction proceeds very fast. Further increase in 
reaction time can lead to reduction of biodiesel production as 
reversible transesterification can results into loss of esters as 
well as soap formation [33].

Methanol to oil molar ratio

The molar ratio of alcohol to triglyceride is the most influ-
encing parameter affecting biodiesel yield. The reaction rate 
is found to be highest when 100% methanol is used [34]. In-
crease in concentration of methanol, thus, increases the yield 
of biodiesel. Most of the researchers recommend a 6:1 M ratio 
for methanol and a 9:1 M ratio for ethanol [34].

Catalyst

Transesterification of oil is severely affected by the nature 
and type of catalysts. At present, chemical and biological cata-
lysts are being used as catalyst. Most common chemical catalyst 
used is NaOH, CH3ONa or KOH. NaOH is preferred over KOH be-
cause it dissolves quickly in methanol. Moreover, NaOH is avail-
able in highly pure form and at low cost. In addition, a relatively 
low quantity is needed as compared to KOH [27]. Alkali metal 
oxides are also found to be more effective hydroxide [27]. The 
reaction between NaOH and methabol leads to the formation 
of certain amount of water which with Free Fatty Acids (FFAs) 
results in the formation of soap by hydrolysis of the triglycer-
ides. Saponification may hinders the product recovery and 
hence yield of biodiesel [27]. Thus, to prevent the formation of 
soap, two step transesterification reactions are carried out- acid 
first and alkali next. Acid esterification reduces the FFAs and fur-
ther alkali catalysis yields better product. Sulphuric, phosphoric, 
hydrochloric and sulphonic acids are used in such esterification 
as well as transesterification reactions [27].

Heterogenous catalysts, on the other hand, can improve the 
transesterification process by lowering down the extra process-
ing costs and pollutants in homogeneous catalysis [35]. Modi-
fied zeolites, anionic clays (hydrotalcite), calcium carbonate 
rock, EST-4 (Eni Slurry Technology), Li/CaO, MgO/KOH and Na/
NaOH/λ-Al2O3 are efficient heterogeneous catalysts for trans-
esterification reaction [36]. Nanocatalysts having immobilized 
lipase on magnetic nanoparticles has also proved to be a versa-
tile biocatalyst for biodiesel production. The biodiesel conver-
sion rate by lipase nanocatalyst is much higher than chemical 
catalyst [37].

Properties of sewage biodiesel

Biodiesel produced from sewage sludge has no sulphur con-
tent [38]. The lubrication property of sewage biodiesel is very 
high. It has higher flash point than commercial diesel [39]. Calo-
rific value measured the heating value of diesel. The calorific 
value of biodiesel is around 37.27mJL-1. Biodiesel can be used 
as a substitute of petroleum diesel in its pure or blended form. 
It is suitable for the existing diesel engine. The flash point of 
biodiesel (the point at which fuel ignite) is greater than 93.3 °C 
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thus making it easier to handle, use and store. In addition, its 
energy content, i.e., the heating value is like petroleum diesel 
[40]. Thus, biodiesel has physical and chemical properties simi-
lar to petro-diesel and hence can be used in place of petroleum 
diesel.

Conclusion

Sewage sludge is a prominent source of biodiesel produc-
tion. Huge amount of sewage is generated daily. Disposal of 
sewage sludge is always a big problem. On the other hand, 
primary sewage sludge is an efficient source of oil which can 
be converted into biodiesel. Biodiesel thus produced is compa-
rable to diesel in market and have properties similar to it. The 
use of sewage biodiesel can effectively reduce the problem of 
short fall of fuel.
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