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ABSTRACT: In search of a suitable fuel alternative to fast
depleting fossil fuel and oil reserves and in serious
consideration of the environmental issues associated with
the extensive use of fuels based on petrochemicals, research
work is in progress worldwide. The three generations of
biodiesel feed stocks described in this report are food crops,
non-food crops, waste product from industries and
microalgae-derived biodiesel. In this report first generation
bio fuel (FGBF) are discussed along with its constraints
and concerns. In second generation biofuel waste product
of vegetable oil industry called as acid oil was selected as a
candidate for research. Non edible mahua oil was also used
as a SGBF candidate in the present study. The third
generation bio fuel (TGBF), microalgae is the only source
that can be sustainably developed in the future. Microalgae
can be converted directly into energy, such as biodiesel, and
therefore appear to be a promising source of renewable
energy. Microalgae based biofuels have been discussed in
literature review.

I. INTRODUCTION
What is the issue?
The challenge for the 21st century is to sustainably develop
and maintain the quality of life for a growing population with
higher expectations for well-being. Underlying this challenge
is the need for sufficient and sustainable supplies of energy to
provide the economic activity underpinning these
expectations.
A. Fuel Crises
The world is presently confronted with the crises of fossil
fuel depletion. According to the recent World Energy
Outlook (IEA, 2007a), if governments around the world
continue with current policies, the world's energy needs
would be 55 % higher in 2030 than in 2005, with China and
India accounting for much of this rising demand. Some 84 %
of the increase in primary energy demand will have to come
from fossil fuels [1]. Energy production and use, particularly
of fossil fuels, have a number of environmental impacts
including air pollution, greenhouse gas emissions and
adverse impacts on ecosystems. Since the middle of the 19th
century, the World Fuel Consumption (WFC) curve exhibits
roughly exponential virtually permanent growth at a rate of
about 2.3% per year, i.e., roughly doubling every 30 years
(Figure 1-I). Total WFC in the middle of 19th century was as
low as 550million tons, and by the late 20th century these
values increase by a factor of 25. The Global Temperature
Anomaly (dT) curve has the age-long linear trend increasing
by +0.059°C every 10 years.By the end of 20th century, the
global dT increased by 0.6-0.8°C compared to the early 20th

century. The WFC and global dT dynamics have two key
differences as follows:

1) The age-long increase in WFC is approximated by an
exponent, while the age long

Increase in global dT exhibits a linear trend.

2) Unlike monotonously and exponentially increasing WFC,
the dynamics of global dT with the background of a linear,
age-long trend undergoes quasi-cyclic Fluctuations with a
period about 60 years (Figure 1-1).
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Figure 1-1: Comparative dynamics of the World Fuel
Consumption (WFC) and Global Temperature Anomaly (dT)
1861-2000. Thin line - annual dT; Bold line -13-years
smoothing; Dashed line - WFC (mill. tons of nominal fuel)
[2].

There is, therefore, a demand to develop alternative fuels
motivated by the reduction of the dependency on fossil fuel
due to the limited resources. Several oxygenated fuels are
known to have the potential for use as the alternative

gasoline and diesel fuel.

B. Engine Emission

In the same IEA reference scenario, if no further action is
taken to reduce the energy demand, energy-related
CO2emissions will increase by 49 % by 2030 compared to
2005 levels and all regions will face higher energy pricesin
the medium- to long-term.

In all over the world human being are using gasoline and
diesel fuel in an automobile.Diesel exhaust include gaseous
and particulate phase component. The gaseous phase consists
of CO2, CO, NOx, unburned and partially hydrocarbon
(HC), excess air and many other constituent. NOxemissions
are of particular concern for diesel engine due to their
relatively high contributions to emission inventories.
NOxformation in the diesel engine where, due to high
temperature and pressure occurring in the diesel engine
cylinder, atmospheric nitrogen can be fixed at to yield NO as
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a major product. CO and THC emission from diesel engine
stem from incomplete combustion [3]. The particulates
phases consist of element carbon, organic carbon, trace
metals and other inorganic components. Particulate matter is
formed in the cylinder of the engine during the combustion
process. Carbonaceous soot or element carbon is formed in
the centre of the fuel spray where the air- fuel ratio is low.

C. Biodiesel processing from microalgae

Figure 1-3 shows a schematic of the production of biodiesel
from microalgae. The first step is the selection of an
appropriate species with the relevant properties for the
specific culture conditions and products. The culture
conditions, including light, temperature, pH, air (carbon
dioxide) and nutrient concentration, must be considered.
Microalgae can be harvested wusing microscreens,
sedimentation, centrifugation, flocculation or membrane
filtration. The harvested biomass is then dried under vacuum
to release water until it reaches a constant weight. The dried
biomass is pulverized with a mortar and pestle before the oil
is extracted. After extraction, the oil is converted into
biodiesel.

Microalgae selection

:

Microalgae cultivation

,

Harvesting

l

(1] extraction

Biodiesel production

Figure 1-3: Production of Biodiesel from Microalgae
D. Advantage and Disadvantage of micro algae
Advantage of biodiesel from algae oil
e Enhanced efficiencies or reduction in cost. The costs
associated with the harvesting and transportation of
microalgae are relatively low compared to those of
other biomass materials such as trees and crops. In
addition, they do not directly affect the human food
supply chain, eliminating the food wversus fuel
dispute.
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e Microalgae do not compete for land with crops used
for food production, fodder and other products. As
above study, the cultivation of microalgae does not
require a large area of land compared to other plant
sources.

e Microalgae can be grown in a number of
environments that are unsuitable for growing other
crops, such as fresh, brackish or salt water or non-
arable lands that are unsuitable for conventional
agriculture. In addition, they can be grown on farms
or in bioreactors. Because of this non selective
growth, microalgae produce a superior yield per
hectare with improved ecological performance.

e The most common microalgae have oil levels in the
range of 20 to 50% by weight of dry biomass, but
higher productivities can be reached. Microalgae
commonly double their biomass within 24 h, but
exponential growth rates can result in a doubling of
their biomass in periods as short as 3.5 hour.

e Microalgae produce valuable co-products or by-
products such as  biopolymers,  proteins,
carbohydrates and residual biomass, which may be
used as feed or fertilizer. In addition, cultivation of
microalgae does not require herbicides or
pesticides.

e Micro algae are considered to be an efficient
biological system for harvesting solar energy to use
in the production of organic compounds, and
because of their small size, they can be easily
chemically treated.

e Microalgae are capable of fixing carbon dioxide in
the atmosphere, facilitating the reduction of
atmospheric carbon dioxide levels, which are now
considered a global problem. In addition,
microalgae biomass production can affect the bio
fixation of waste carbon dioxide, reducing
emissions of a major greenhouse gas (1 kg of dry
algal biomass requires about 1.8 kg of CO2).

e Microalgae lipids are mostly neutral lipids due to
their high degree of saturation, and their
accumulation in the micro algae cell at different
stages of growth (depending on the strain) makes
micro algae lipids a potential diesel fuel substitute.

Disadvantage of micro algae

e Most of algal lipids have lower calorific value than
diesel fuel.

e The cost of cultivation is higher compared to
common crop oils currently.

e The concentration of bio mass is low.

e Algae based bio fuel cannot be transported by
pipelines since it cannot flow well in low
temperature.

e Precious work is required for harvesting and oil
extraction from algae.
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Il. PREPARATION AND CHARACTERISATION
2.1 Preparation of Second generation biodiesel (SGBD):
"Biodiesel is defined as mono-alkyl ester of long chain fatty
acid derived from vegetable oil or animal fats.” In this report,
Non edible Mahua oil and acid oil (waste product) from
ground nut oil industry is used as a second generation bio
fuel.

2.1.1 Esterification Process:

Esterification is the chemical process for making esters,
which are compounds of the chemical structure R-COOR',
where R and R' are either alkyl or aryl groups. The most
common method for preparing esters is to heat a carboxylic
acid, R-CO-OH, with an alcohol, R'-OH, while removing the
water that is formed. A mineral acid catalyst is usually
needed to make the reaction occuring at a useful rate.

Catalyst
R-COOH + R'OH o H;0 +
FFA Alcohol Water

2.1.2 Transesterification process

Biodiesel will be prepared from raw non edible oil mahua
and acid oil for the present study. The general
transesterification process was followed for bio diesel
preparation discussed below. Biodiesel is generally produced
by transesterification of triglyceride; a triglyceride reacts
with an alcohol in the presence of a strong acid or base,
producing a mixture of fatty acids alkyl esters and glycerol.
The overall process is a sequence of three consecutive and
reversible reactions, in which diandmonoglycerides are
formed as intermediates. Thestoichiometric reaction requires
1 mol of a triglyceride and3 mol of the alcohol. However, an
excess of the alcohol is used to increase the yields of the
alkyl esters and to allow its phase separation from the
glycerol formed. Reactions could be summarized as follows:

R-COO-R’
Ester

CH-00C-R, R-COO-R’ CH:-OH
Catalyst

C‘H'OOC'RQ t RO e R-COOR" +  CH-OH

CH-00C-R R;-COO-R’ CH-OH

Triglycerides Aleohol Esters Glycern

2.2 Preparation of bio diesel from Mahua oil

Mahua oil was obtained from Agrawal oil mills near
Udaipur, Rajasthan, India. Before preparation of bio diesel
the property of oil likes chemical composition of oil, acid
value, iodine value and FFA etc should be known for
establishing procedure for bio diesel. Mahua biodiesel was
prepared using two step processes, in which initial step is
acid  esterification process and second one is
transesterification process. Experiments were conducted in a
laboratory-scale setup. All chemicalsincluding methanol
(99.5%) and sulfuric acid (99% pure)were of analytical
reagent (AR) grade. The KOH inpellet form was used as a
base catalyst for transesterificationreaction.Crude unrefined
mahua oil was brownish yellow in colour. This oil had an
initial acid value of 20.34 mg KOH/gm of oil corresponding
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to a FFA level of 10.17%.

I1l. CHARACTERIZATION OF SECOND GENERATION
BIO DIESEL

3.1 Acid value

A value indicating the amount of free acid present in a

substance, equal to the number of milligrams of potassium

hydroxide needed to neutralize the free fatty acids present in

one gram of fat or oil also called acid number. Figure 3-1

shows acid value of different Oils and biodiesel.

AV =(v-b)xNx56.1/w

Where, Vv is the titration volume in ml b is the blank in mI N

is the normality of the KOH solution w is the weight of

sample in gm
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Figure 3.1 Acid Value of different Oils and biodiesel

3.2 Free fatty acid (FFA)

Figure 3.2 FFA of different QOils and biodiesel. FFA% is the
weight to weight ratio of FFA found in an oil sample. The
weight of an oil sample divided into the weight of the FFA in
that sample. To calculate FFA% from an acid value the
formula is:

AV =1.99 FFA%

70 6319
60 +
50 +

40 +
= Mahua oil

Mahua bio diesel
¥ Acid oil
= Acid oil bio diesel

%FFA

30 +

20 +
1022

10 + 1 1
0+ T T . . T )
Acid oil bio
diesel

Mahua oil Mahua bio

diesel

Acid oil

Name of Oil and hiodiesel

Figure 3.2 FFA of different Oils and biodiesels

IV. CONCLUSION
Characterization of Mahua biodiesel and Acid Oil biodiesel
was carried out in-house and also at some accredited
laboratories from Gujarat. It was observed that acid oil
biodiesel has the similar calorific value as that of diesel and
its viscosity also matches well with that of diesel. Somewhat
lower calorific value of mahua biodiesel was obtained as
compared to that of diesel and its viscosity was a bit higher
than that of diesel. Results obtained for these biodiesel fuels
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in terms of FFA values, acid values, Calorific value, pour
point, cloud point, flash and fire point and viscosity values
were matching well with that of diesel.
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