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ABSTRACT

The steady rise in energy demand around the global coupled with the environmental pollution associated with fossil fuel have given
rise to an increase in search for alternative sources of energy that is sustainable and environmentally friendly. Biodiesel is a
renewable, clean energy that can be produced from vegetable oils and animal fats. This research was aimed at synthesizing and
analyzing biodiesel from micro green algae (Chlorodesmis fastigiata), to determine its potential as an alternative to petrol diesel.
The algae samples were collected, identified, cultured, flocculated, harvested, sun-dried and ground prior to the oil extraction.
Soxhlet extraction method was used to extract the oil from the algae biomass with n-hexane as the solvent. The oil was characterized
of acid value, % FFA, % moisture content, iodine value, density and was converted to biodiesel via transesterification reaction. The
biodiesel produced was also characterized of Acid value, Saponification value, lodine value, Peroxide value, SG etc. The oil yield of the
algal oil was 18.77%, Acid value was 3.40mg/g, Specific Gravity was 1.230. The biodiesel yield was 92%, other properties of the
biodiesel were acid value 2.20mg/g, SG was 0.984, flash point was 105°C, Cloud point - 6°C, Pour point was -10°c, Cetane number was
49, pH was 6.7 e.t.c. The values of the properties gotten from the analysis were within the American standard (ASTMD6751) and this
showed that biodiesel from Chlorodermis fastigiata (green algae) can serve as a good alternative to petro-diesel.

Keywords: Biodiesel, Chlorodesmis fastigiate, acid value, saponification value, flash point, cetane number.

J

INTRODUCTION

Most of the energy that the world is using is derived from non-
renewable fossil fuels. The utilization of fossil energy has been
on the increase following the quick development of the society,
urbanization and industrialization [1]. Due to increased
demand for energy, coupled with the global warming
association with the emission of greenhouse gases from fossil
fuels, global energy security challenges, increasing price of
crude oil and rapid diminishing supply of fossils fuels are some
major key factors leading to the search for alternative sources of
energy to fossil fuels [2]. Some of the notable alternative sources
of energy capable of serving as an alternative to fossil fuel
include: water, solar, wind energy and biofuels. Biodiesel is one
of the examples of biofuel. This research was aimed at synthesis
and characterization of biodiesel from green algae to determine
ifitcan serve as an alternative to Fossil fuel.

Biodiesel is a renewable, clean bioenergy as it can be produced
from vegetable oils, animal fats and micro-algal oil [3]. Biodiesel
has many advantages like it is biodegradable, renewable, less-
toxic compared to fossil fuel and has a low emission profile [3].
Biodiesel commonly consists of esters formed by methanol or
ethanol and long-chain saturated and unsaturated fatty acids
such as Palmiticacid, Lauricacid, Linoleicacid, Oleicacid etc [4].
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The advancement of biodiesel can be divided into three, viz:
First - generation biodiesel and was synthesized using edible
crops such as soybean, corn sugar cane etc. as feedstocks. These
feedstocks exhibited low yield and strained the resources
required for societal sustenance [5]. Second-generation of
biodiesel were mainly synthesized using Lignocellulose such as
straw, hay and other non-foods, as feedstocks. The application of
these feedstocks of second generation addressed the limitations
of production associated with first-generation biodiesel,
however, it was costly and provided low calorific value owning
to the features and collection cost of Lignocellulose. Third-
generation biodiesel is produced from microalgae, which
produce lipid through carbon fixation during photosynthesis
and have a yield of lipid to 70% [6]. In addition, microalgae also
exhibit a short growth cycle and high yield, and their use as
feedstock for biodiesel production does not threaten human
food supply. These advantages of microalgae make it an optimal
alternative feedstock for biodiesel production. As a bio energy
source, microalgae exhibit high photosynthetic efficiency and
high yields of biomass and lipid [6]. Microalgae can live on non-
arable land such as beaches, saline and alkali soils, and it could
also grow in waste water and sea water [7].

Microalgae can be utilized to produce gaseous fuels like
hydrogen and biogas, or liquid fuels such as ethanol and liquid
hydrocarbons [8]. Micro algae can also be used to produce
biodiesel by transesterification [9], Methane production via
anaerobic digestion [10]and production of hydrocarbon
substances via gasification and pyrolysis [11]. Therefore, all
these makes microalgae the most promising alternatives to
replace fossil fuels.[6].
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MATERIALS AND METHODS

Sample Collection and Identification:

The algae samples were collected from a pond in Awka, Nigeria
with the aid of clean plastic containers having sufficient habitat
water in order to maintain the natural environment for the
algae. Identification of the samples was done at Botany
Department of Nnamdi Azikiwe University, Awka Nigeria. The
algae samples were cultured in an open pond in a medium of
some chemicals thatacted as nutrients. According to the method
described by [12].

Oil Extraction Procedure:

The algae biomass was harvested after culturing, sun dried for
one week, ground to powder before the oil extraction. Soxhlet
extraction method was used to extract the oil from the algae
biomass. 20 g of the ground powdered algae biomass was
weighed into a thimble with electronic weighing balance (W,)
and inserted into a Soxhlet extractor apparatus. 300 mL of n
hexane was added to 500ml extraction flask (W,) and was fitted
into the Soxhlet apparatus carrying the condenser. It was heated
gently and allowed to reflux after soaking the sample for 3 hrs.
After the extraction, the flask with the extracted sample was
removed. The process was and repeated until all the ground
algae sample were completely exhausted. The extracted oil was
separated from the solvent in the flask using rotatory
evaporator (W,). The % oil content was calculated using the
equation below.
%oil content = ~2%1 9

Wo

Where W, is the initial weight of flask W, is the final weight of the
flask W, is the weight of the sample.

Production of Biodiesel (Transesterification):

About 2 g of NaOH was dissolved in 300 mL of methanol under
constant stirring. The resultant solution (methoxide) was
poured into heated 50 mL of algal oil and kept under constant
stirring using a magnetic stirrer for 6 hrs. This was to ensure the
completion of the transesterification reaction. Thereafter, the
mixture was transferred into a separatory funnel and allowed to
settle overnight in order to attain proper separation. The
biodiesel (methyl-esters) was separated from glycerol and the
produced biodiesel was first washed with a solution of 0.1%
aqueous citric acid to remove the catalyst and subsequently
washed 6 times with water to improve its purity. The residual
water was removed by drying the oil in the oven at 110 °C for 3
hrs.

Characterization of Algae Biodiesel:

The Physical properties of algal biodiesel produced were
determined using (AOCs) standard test methods and the
method described by (150 3195). The physical properties
analyzed were Density (g/ml), Viscosity (Cst), Flash point, Fire
point, cloud point, pour point, and Moisture content.

Saponification Value:

Exactly 2g of the sample was weighed into a 250 mL of conical
flask, 25 mL of alcoholic KOH was added and dissolved in the
sample completely. The solution was boiled for about 30 min on
a boiling water bath. It was cooled to room temperature after
which 2 drops of Phenolphthalein indicator was added. The
solution was titrated against standard 0.5 N HCI until the pink
colour disappears.

The process was repeated for blank in the absence of oil.

. . (Blank+Titre)x 100
Saponification Value = ————————
Weight of Sample

Peroxide value:

About 10 g of the sample was weighed into a conical flask and 30
mL of acetic acid chloroform was added. The conical flask was
shaken very well in order to dissolve the sample after which 0.5
mL of KI solution was added. The conical flask was allowed to
stand for 1 minute and swirled at intervals. After aminute 30 mL
of distilled water was added and was titrated with standard
thiosulphate solution using starch as indicator. Also, ablank was
carried out in the same way without the sample. The PV was

calculated as:

(T — B)XNx1000

PV = 3

Where: T =titration volume for sample;
B =Titration volume for the blank;
N = Normality of thiosulphate used; g = weight of the sample.

Iodine value:

Exactly 0.2g of the sample was weighed into 500 mL conical
flask. About 20 mL of chloroform was added and the sample was
dissolved completely. It was kept in dark for 1 hour. 20ml of KI
solution was added to the sample and was mixed properly. [t was
titrated against 0.1 N Na,S,0, solution using starch as an
indicator with vigorous shaking. A blank was carried out
similarly in the absence of the sample.

AXNx0.1269%100

lodine number = - -
weight of oil

Where, A=mL ofNa,S,0.;
N =Normality of Na,S,0,.

Free fatty acid analysis:
About 2 g of the sample were dissolved in 20 mL of ethanol
inside a conical flask. 3 drops of phenolphthalein indicator were
added to the solution and was titrated against 0.1 N NaOH. Itis
calculated as follows:

V NaOHXN NaOHXMW X100

FFA =
Sample(g)x1000

Where: VNaOH =Volume of sodium hydroxide used;

N = Normality of sodium hydroxide;

MW = Molecular weight of predominant fatty acid.

Moisture content and pH were determined according to the
method used by [13].

RESULT AND DISCUSSION
Table 1: Physicochemical properties of algae oil (Chlorodesmis fastigiata)
Properties Values
Colour Green
Solubility Immiscible
0il Yield (%) 13.77
SG 1.230
Acid Value (mg/g) 2.40
FFA (%) 1.20
Moisture Content (%) 0.98
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Table 2: Result of Physicochemical properties of Chlorodesmis fastigiata biodiesel with
American (ASTM) and European (EN) standards.

Properties Algal Biodiesel EN 14214 ASTMD 6751
(%) Biodiesel yield 92 ) ;
" Spe.cificSGravAiltg ; 0.884 0.860-0.900  0.870-0.900
o
1sctz:s1tFy1 c 1:/;(' ) 8.00 3.50 - 5.00 1.90 - 6.00
(F_) - ‘Z‘C“t 105 >130 >100 - 170
ire Point (*C) 115 >140 >140
Pour point (°C) 3
Cloud point (°C) 1
Acid val ’ ) )
“ WV;;: ((;“)g/ 8 1.80 0.500 0.500
Peroxide value (1mea /k 0.98 0.500 0.600
eroxide value (meq/kg) 5 ) 10max
pH 6.7 . .
Cetane value ‘
. 49 >47 >50
lIodine value
. 82 120MAX 120MAX
Moisture content (%)
Saponification value 089 0.05 <1
85.20 <100 <100

(mgKOH/g)

The result of the physicochemical properties of the algae oil
were shown in Table 1. The colour of the algal oil is green, this
maybe as a result of the pigment that was present in the algae
biomass. The algal biomass recorded a relatively high oil yield
13.77 % and this makes it a great potential for biodiesel
production. The acid value and % FFA were 2.40 mg/g and 1.20
% respectively. This is relatively low and therefore did not
require any other pretreatment to reduce the acid value before
transesterification reaction [14]. High amount of FFA (%) may
result to emulsification and may present great difficulty during
separation of the biodiesel from glycerol and during washing of
the biodiesel after transesterifications reaction [15]. However,
the Acid value and % FFA of the algae oil were higher than value
recommended by American (ASTM) and European standard
(EN). The acidity of the algal oil is likely from the fatty acid
composition of the oil unlike that of fossil fuel thatis as the result
of its sulfur content [16]. In a study by [17] reported 0.46 mg
KOH /g for ASO biodiesel.

The physicochemical properties of the algal biodiesel were
shown in table 2 and it was compared with European biodiesel
standard (EN 14218) and American biodiesel standard (ASTM
D6751). The biodiesel yield that was gotten after the
transesterification of the algal oil was 92 %. This implies that
almost all the starting algal oil was relatively trans esterified.
This was higher than 78 % as reported by [18] for ASO biodiesel
butlower than 98 % as reported by [19] in biodiesel production
from Vitex doniana (Black plum).

The % moisture content of the algal biodiesel was 0.89%, which
was slightly higher than the standard level of ASTM D6751
(0.05%). High moisture content in biodiesel may cause various
problems like water accumulation and microbial growth in fuel
handling, storage and transportation equipment [20]. The
specific gravity of biodiesel relies mainly on the composition of
fatty acid compounds and varies with their fatty acid
composition and their purity [21]. It is a very important
properties of biodiesel. High specific gravity in biodiesel may
lead to incomplete combustion and particulate matter emission
[21]. The specific gravity of the algal biodiesel was 0.884 which
was within the limit of both the American and European
standards of biodiesel.

The Iodine value is the measure of degree of saturation or
unsaturation in oil. It is a very useful property in analyzing the
oxidative rancidity and chemical stability properties of different
oil and biodiesel fuels. Oil with lodine vale above 125 are
classified as drying oils; those with lodine value of 110 are
classified as semi-drying oils and those with iodine value below

110 are classified as non-drying oils. Drying oils are susceptible
to becoming rancid and should not be preserved for too long
[21]. The biodiesel Iodine value was 82 and it was within the
standard of both European and American standard. Also, the
algal biodiesel isanon-drying oil.

Kinematic viscosity is one of the parameters that mostly affects
the performance of the automobile engine because it deals with
the movement or mobility of the fuel. It has been revealed that
low viscosity fuel produces very subtle spray and cannot getinto
the combustion cylinder thus forming the fuel rich zone, which
leads to the formation of soot [22]. However, higher viscosity
turns atomized fuel into larger droplets with high momentum
and has the ability to collide wall relatively and this may lead to
an increase in deposits and fuel emissions [23]. The algal
biodiesel had a viscosity at 40 °C of 8.00 cst which was higher
than the limit recommended by both American and European
standard (1.90 - 6.00). High viscosity at low temperature can
cause unsuitable fuel injection and pumping [24].
Saponification value signifies the amount of saponifiable units
per unit weight of oil. A high saponification value signifies a
higher proportion of low molecular weight fatty acids in the oil
and vice versa [21]. The algal biodiesel had a saponification
value of 85.30 mgKOH/g which is within the standard limit of
ASTM. Aresearch by Eriola et al, [25] reported a higher value of
saponification value (190 mg KOH/g) from Beniseed oil.
Biodiesel cold-weather properties are measured by the cloud
point (CP), pour point (PP) and the cold filter plugging point
(CFPP). The Cloud point is the temperature at which tiny solid
particles can be observed as the fuel cools. The Pour point of a
diesel is the temperature at which the fuel loses its flow
properties. The result of the Cloud point and Pour point of the
algal biodiesel were 3 °C and -1 °C respectively, and were within
the ASTM and EN limits.

Peroxide value is the majorly effectively used parameter to
determine the level of oxidation in oils and fuel [26]. Biodiesel
with high peroxide values (10meqO,/kg) are regarded unstable
and easily become rancid whereas oils and lower peroxide value
(10meqO,/kg) shows that the oil/fuel are stable against
oxidation [27]. The algal biodiesel had a peroxide value of and
it's within the recommended limit of ASTM and EN.

Cetane number is a measure of fuel's ignition delay. Higher
cetane fuels will likely have shorter ignition delay. Fuels with
low CN tend to cause diesel knocking and shows rapid rise in
gaseous and particulate exhaust emissions due to occurrence of
incomplete combustion [28]. The algal biodiesel had cetane
number of 49 and it is within the limit of American and
European standard of biodiesel. A research by Rachimoellah
(2009) [29] reported the cetane index of ASO biodiesel tobe 47.
Flash point and Fire point are the parameter used to measure
the flammability of a fuel. The Flash point of a flammable liquid
is the lowest temperature at which it can form an ignitable
mixture in air whereas the fire point is the temperature at which
the vapor continues to burn after being ignited for atleast 5 secs.
It is recorded that the higher the Flash and Fire points in a fuel,
the lower the risk the fuel will have during transportation and
storage [29]. The algal biodiesel had Flash and Fire points of 105
°C and 115 °C respectively, and therefore posed less risk of fire
outbreak during transportation and storage.

CONCLUSION

Microalgae used in this research (Chlorodesmis fastigiata) had a
relatively high lipid content (13.77%). This made it a good feed
stock for biodiesel production coupled with the fact that the
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algal biomass does not compete with food thereby eliminating
food versus fuel debate. Moreover, the properties of the
biodiesel such as cetane number, lodine value, flash and fire
point, cloud and pour point etc were all within the ASTMD6751
and EN14214 but kinematic viscosity at 40°C and % FFA were
slightly above the recommended standard. This proves that
biodiesel from Chlorodesmis fastigiata can serve as an
alternative to Petro-diesel.
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