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Abstract
Use of fossil fuel after about 200 years of its dominance the world’s primary source of energy has caused many environmental problems
of which  increase  in  air  pollution  and  climate  change  are  the  major  ones.  Biodiesel  production  from microalgae is a renewable
and bio-friendly source of energy recognized worldwide than fossil fuel. Unfortunately, the major challenge hindering biodiesel
production at pilot scale is the high cost of production. This study, therefore, discusses some important steps taken to lower the cost of
biodiesel production which includes a choice of lipid extraction methods, biomass drying methods, biodiesel conversion methods and
choice of cultivating media. The cheap and effective method of lipid extraction, biomass drying and biodiesel conversion was identified
and discussed. The use of natural media such as Palm Oil Mill Effluent (POME) for the cultivation of microalgae to produce biomass, which
can be used as feedstock for biodiesel production was highlighted. The identification of the major strategies for up-scaling biodiesel
production is a step forward in making biodiesel production economically viable.
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INTRODUCTION

In recent years, problems such as the combination of the
energy crisis, environmental pollution and climate change are
receiving a great deal of attention across the globe1,2. Due to
the negative impact of the above-mentioned interconnected
problems, the need for less polluting and more sustainable
solution is therefore, necessary. Provision of sustainable
solution can go a long way in eradicating the fear of escalating
petroleum prices, shortage of fuel feed stocks and increase in
atmospheric temperature will be reduced to the barest
minimum.  One  such  sustainable approach is the use of
algae-based  biofuel.   A   biofuel   is   a  renewable   form  of
bio-energy that fulfilled the promise of providing an
alternative  source  of  energy  and future reduction of
environmental pollution. The feed stocks used for biodiesel
production are canola oil, sunflower,  reap oil, maize oil and
soy bean which are classified as first generation feedstock1.
The disadvantage of the first generation feed stocks is that
they pose a serious danger to food availability and supply
because of their potential usage as human sources of food3.
Sustainable production of biofuel from non-food based
feedstock (microalgae) will provide an alternative solution to
the current biofuel and global warming crisis. Microalgae are
one of the non-food based plants that are at the forefront of
renewable energy and provide a perpetual solution to
environmental and climate problems. Apart from eradicating
food scarcity and competition with other terrestrial crops,
algae can produce value added product such as bio-fertilizer,
bio-protein and non-toxic biodiesel without emitting carbon
dioxide (CO2) into the atmosphere4.

Compared with fossil fuel, the rate of commercialization
of biofuel is very low due to the high cost of production in
biomass harvesting, lipid extraction and transesterification to
produce biodiesel. The concept of increasing viability of this
technology has received greater attention among researchers.
One  such  viable  option  of  reducing  the  high  cost   of
algae-based biofuel is by substituting synthetic medium with
natural media such as wastewater. Cultivation of microalgae
in wastewater directly eliminates the need for growth
medium. Wastewater, be it agricultural, industrial or municipal
has been known to be composed of high nutrient (mainly
nitrogen and phosphorus)5. In terms of nutrient strength,
industrial wastewater contains higher nutrient than
agricultural followed  by  the  least  which  is municipal
wastewater. The nitrogen and phosphorus content of
wastewater are necessary source of food for algae growth6. In
that case, when microalgae are cultivated in wastewater, it will
perform the dual role of nutrient removal and production of

biomass for energy generation, implying that biodiesel
production from wastewater-grown algae is a viable option for
the alleviation of global energy demand.

Therefore, considering the problem faced by biofuel
industry, this review briefly discusses some of the major steps
taken to lower the cost of biofuel production. This includes a
selection of algae species with high lipid composition,
challenges of harvesting, drying, lipid extraction and biodiesel
conversion methods. The use of wastewater as a substitute for
algae growth medium is on the increase. This review,
therefore, proposed a schematic representation of utilizing
Palm Oil Mill Effluent (POME) as an algal growth medium for
biodiesel production.

FEEDSTOCK USED IN BIODIESEL PRODUCTION

 High cost is one of the major problems with biodiesel
production at commercial scale2. Studies on the various
feedstock used for biodiesel production have shown that
selection of low-cost feedstock can boost biodiesel
production. These feed stocks are basically categorized into six
(6) classes. These include (1) Virgin oil7, (2) Waste vegetable oil,
(3) Used frying fat such as yellow grease and brown grease8,
(4) Algae biomass which can grow in wastewater9 and (5) Soap
stock.  Virgin  oil  is  further  categorized   into   edible  and
non-edible feedstock. Mostly, non-edible feedstock such as
Jatropha and Castor oil are less discussed because of their rare
application for biodiesel production. Waste oil, on the other
hand, refers to the oil obtained from ready made cooking
materials. It can also be sourced from animal fat. The
advantage of waste oil is that it is cheaply available at
commercial centers; however, if waste oil were utilized for
transesterification purpose instead of producing biodiesel, the
process leads to saponification (soap formation) as a result of
the presence of impurities. Furthermore, to obtain good
biodiesel using same feedstock, a pre-treatment step such as
washing must be carried out for removal of impurities. In this
study, only used frying oil, yellow grease, brown grease,
soapstock and algae are discussed in detail due to their low
cost.

Used  frying  oil  can  be  described  as  oil obtained as a
by-product  after  animal fat has been burnt in food
processing  service. Soapstock is a by-product of edible oil
with a market value of about one-fifth of crude vegetable oil
prices making it less expensive than crude vegetable oil10,11.
Yellow grease is the combination of animal fat and used frying
oil with free fatty acid <15% but when the free fatty acid
content goes higher than 15% it is therefore referred to as
brown grease. The feedstocks have been considered 
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attractive due  to  their  low  cost.  However,  the  fact that they
contained a high amount of  free  fatty  acid,  that limit their
use for transesterification reaction to produce biodiesel.
Biodiesel  production  with  oil of high content of free fatty
acid is quite difficult especially when it involved the use of
sodium hydroxide  as  catalyst.  The  use  of microalgae have
for a long time proved less expensive  and  affordable
feedstock with a low amount of free fatty acid that can be
transesterified with either acid or base for biodiesel
production.

OVERVIEW OF MICROALGAE STRAINS WITH REFERENCE TO
DESIRABLE CHARACTERISTICS OF BIODIESEL PRODUCTION

Microalgae are unicellular microscopic algae typically
found in freshwater and marine systems12. Lee defined
microphytes as large and diverse group of eukaryotes or
prokaryotes that are polyphyletic, meaning derived from
different ancestral lineage13. The prokaryotic algae are the
cyanobacteria that resemble typical bacteria. The three most
important class of eukaryotic algae are basically diatoms
(Bacillariophyceae), green algae (Chlorophyceae) and the
golden algae (Chrysophyceae)14. For biodiesel production,
green algae are usually the most exploited. This is because of
their ability to perform photosynthesis to produce a large
amount of biomass. The biomass of well-grown algae consists
of about 50-75% oil content15,16. Depending on species, most
species of microalgae contain oil content greater than 80% dry
weight of biomass17,18.

Selection of the suitable wild type of microalgae for
biodiesel production presents the first line of action to be
considered when choosing a strain. The major desirable
features of microalgae for biodiesel production involved the
rate of growth of algal strains as determined by the amount of
biomass produced per unit time. In most cases, the quantity of
biomass  is  determined  by  the  amount  of lipid produced.
For example 3.97 mg LG1  dry  biomass  of  C.  pyrenoidosa
produces about 183.71 mg LG1 dayG1 of lipid1. Secondly, the
ability to tolerate fluctuation of environmental factors such as
temperature, light intensity, nutrient load and CO2

consumption level. Thirdly, morphology, especially as the type
of cell covering has an immense impact on shear tolerance
which seems to be of high potential when grown in a closed
photobioreactor system. Nannochloropsis  and Chlorella  spp.
are typical examples of shear resistant algal strains19. Fourthly,
the ability to compete actively with other contaminating
microalgae   and    bacteria.   Fifthly,   the   ease   of  harvesting

process, because some species of microalgae are self-settling
after  growth  leaving  the  biomass  at  the   bottom   for  easy
collection  and  finally, selection of algal species with little or
no cell wall such as Dunaliella  or motile cells of
Haematococcus  are  easier  to  extract  compared  to thick
cell-walled coccid spp. such as Nannochloropsis, Chlorella,
Scenedesmus  and  Haematococcus  where  cell  wall  needs
to be ruptured to achieved efficient lipid extraction. The
balance of the above mentioned desirable features are
therefore considered a great challenge to researchers in
biodiesel industry and if it can be archive it will reduce the cost
of biofuel production cycle. Today, the scope of reducing the
cost of algae production has been broadened more than the
previous scope.

Harvesting of algal biomass: One of the primary challenges
faced by microalgae production is the separation of algae
biomass from the growth medium. The process involved the
selection of suitable method that conformed to the following
characteristics which are energy efficiency, fast biomass
recovery and cheap and cost effect method. Algae harvesting
method is divided into two which are (1) Those that involve
removing water directly from algal cell culture and (2) Those
that require clustering of algal masses in order to facilitate
water removal. The former consist of centrifugation and
membrane filtration which are void of using chemicals, while
the latter are flocculation, flotation and gravity sedimentation
which are attributed to the cost of control and motor. The
choice of suitable method depends on algal species, algal
density and the potential product that will be produced20. In
the case of biodiesel production, 90% of most researchers
prefer centrifugation as suitable harvesting method due to its
quick cell separation21, high harvesting efficiency22 and high
applicability for high-value products23. For example, in a pilot
scale research involving treatment of piggery wastewater, the
dewatering methods tested such as membrane filtration,
chemical flocculation  and  centrifugation  was  reported to be
unsatisfactory24. Furthermore, the disadvantages associated
with such methods, with the exception of centrifugation are
specific in function (e.g., specific for large algae density),
potential contamination due to the addition of flocculants,
energy cost, time consuming21 and partial separation of water
from biomass. Furthermore, it was reported that the use of
partially dried biomass for transesterification has presented
some issues with arresting the release of lipid at the point of
cell lyses24.

Drying  of  algal  biomass:  Another  way  of  improving
energy  efficiency  is  by  drying  algal   biomass.  Various 
techniques  are  employed  for  drying   moisture   content  of
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algal   biomass,   including  freeze   drying,   thermal  drying
and sun drying. The choice of suitable drying method is one of
the problems confronting transesterification process25. The
most applicable drying method is sun drying. Although,  sun
drying requires longer time duration, it does not affect the 
chemical  composition  of  algal biomass26. Spray  and  thermal 
drying,  despite  their  rapid water removal  are  attributed  
with  the  common  disadvantages  of affecting pigment
composition of algal biomass due to high-temperature
exposure of about 60EC and expensive to practice27,28. Freeze
drying method provides efficient and rapid water removal
with zero potential effect on the lipid composition of algal
biomass. Thus when a better drying method is chosen it can
go a long way in reducing the feedstock (fuel) cost of biofuel
production.

LIPID EXTRACTION AND ITS MECHANISM IN MICROALGAE

Microalgae species consist of the cell wall of varying
composition and strength. When this cell wall is properly
ruptured, the maximum amount of lipid can be obtained. In
order to improved efficiency of lipid extraction protocol, the
choice of suitable lipid extraction method has to be
considered. There are various methods of lipid extraction
which are Bligh and Dyer method (Chloroform-methanol),
supercritical  fluid   extraction,   Ultrasonication   or  magnetic
stirrer-assisted method and Soxhlet extraction method
(chloroform, methanol, ethanol and hexane). Application of
each method depends on the type of algal species, cultivating
medium and lipid content. The D’Oca reported that three lipid
extraction methods namely sonication,  Soxhlet extraction and 

Bligh and Dyer methods were applied to lipid extraction from
Chlorella pyrenoidosa  and all the three extraction methods
were   efficient   with   sonication  and  magnetic stirrer as the
best method29. In addition, different extraction solvent and
time taken can change the efficiency of the extraction
method30. In another  separate study,  it  was   confirmed  that
sonicated-assisted extracted methods were the most efficient,
followed by microwave and osmotic shock assisted
accounting for about 0.19 and 0.17 g, respectively, with
autoclaving being the poorest method of all and therefore,
recorded with the lowest efficiency of 0.12 g in Chlorella 
spp.31. The previous study carried out using beat-biting
method was also reported to extract higher lipid content from
Botryococcus braunii   than sonicated-assisted method32. A
similar scenario was also reported by Lee et al.33. When
microwave oven method was applied and efficient lipid was
obtained from biomass of Chlorella, Scenedesmus and
Botryococcus  spp33.

The mechanism of lipid extraction is complex involving
energy generation. In Fig. 1, the lipid is synthesized in
chloroplast  and  pooled  up in the cytoplasm. The procedure
of  lipid  extraction  begins with cell disruption using
sonication or its related alternatives. The rupturing of algal cell
wall gives solvent ability to penetrate and interact with lipid to
form Solvent Lipid Complex  (SLP). The SLP diffused across
algal cytoplasm to the surrounding environment where
solvent removal and lipid purification can be done with 5%
distilled water29. Good and quality lipid extract can be
obtained by improving the efficiency of the method via
sonication at 4EC and adequate timing for lipid and solvent
interaction.

Fig. 1: Basic overview of the pathway of carbon capture and lipid biosynthesis. Precursor’s fatty acids are synthesized de novo
in the chloroplast, using carbon fixed during photosynthesis, the exact free fatty acids are exported from the chloroplast
and  then  converted  to TAGs in the Endoplasmic Reticulum (ER), where they formed a pool of oil bodies in the cytosol.
(1) Acetyl-CoA carboxylase (ACCase), (2) Fatty acid thioesterases and acyl-CoA synthetases, (3) TAG biosynthesis enzymes,
including acyl-CoA: diacylglycerol acyltransferase (DGAT)35
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Table 1: Oil composition of different microalgae17,34

Species of microalgae Oil composition (dry weight%)
Anabaena cylindrica 4-7
Botryococcus braunii 25-75
Chlorella  spp. 28-32
Chlamydomonas reinhardtii 21
Crypthecodinium cohnii 20
Cylindrotheca  spp. 16-37
Dunaliella  spp. 6-23
Euglena gracilis 14-20
Isochrysis  sp. 25-33
Monallanthus salina >20
Nannochloris  sp. 20-35
Nannochloropsis  sp. 31-68
Neochloris oleoabundans 35-64
Nitzschia  sp. 45-47
Phaeodactylum tricornutum 20-30
Scenedesmus  spp. 1.9-40
Schizochytrium  sp. 50-77
Spirogyra sp. 11-28
Synechococcus  sp. 11
Tetraselmis  spp. 3-23

SURVEY OF MICROALGAE LIPID CONTENT AND
MECHANISM GOVERNING LIPID PRODUCTION

Lipids are naturally occurring biochemical compounds
that are insoluble in water due to hydrophobic hydrocarbon
chain but soluble in organic solvent16. They are categorized
into 7 respective classes which are glycerolipid,
glycerophospholipid, saccharolipid, polyketide and fatty acid.
Triacylglycerol  (fatty acid), which is found  in microalgae is the
main source of fuel because when metabolized it generates a
large amount of energy. Algae naturally produce lipid at a
higher percentage than that of other arable crop plants such
as sunflower and reap oil. However, the increase in the
amount of lipid induction in microalgae can be achieved via
cultivation in nitrate and light deficient condition33. Hu et al. 26

have reported that algae neutralized the effect of
environmental constraint by producing lipid. It is currently
acknowledged that algae produce lipid higher than
engineered plants due to larger energy storage capacity.
Becker explained that different species of microalgae account
for different lipid content (Table 1)34.

Mechanism of lipid biosynthesis is complex involving
activities of several enzymes. Among the enzymes involved,
acetyl-CoA   carboxylase   (ACCase)    is   the  key  enzyme
catalyzing the ATP-dependent    formation    of   malonyl-CoA 
 from acetyl-CoA and bicarbonate. The ACCase is categorized
into two, which are multi-subunit and multi-functional
enzymes. The function of the former is that it catalyzed the
bulk production of lipid more than the latter one33. Further
biosynthesis of lipid in microalgae is highlighted in Fig. 1.

CHOICE OF SUITABLE METHOD FOR BIODIESEL
CONVERSION

Biodiesel has emerged as an alternative source of
renewable energy with efficiency equal to if not higher than
the petrol fuel. It's non-toxic and biodegradable characteristic
gave it competitive advantages over fossil-based fuel in the
fuel market. Since the diesel is made from biological oil with
low sulfur and carbon content, it has the potential of bridging
the gap between two issues of environmental management
and energy crisis17. Biodiesel can be used 100% in its pure
form but may require certain modification to avoid engine
performance problem. To some extent, it can be blended with
petrol diesel and used as single diesel called BL7. The blends
are coded with sign “B” which corresponds to the percentage
of biodiesel blended with conventional petrol fuel. There are
four different categories of biodiesel blend (B factor) which are
B100, B20, B5, B2. Power and fuel economy using biodiesel is
practically identical to petroleum diesel fuel and year-round
operation can be achieved by blending with diesel fuel.

Biodiesel is produced by a single step chemical reaction
known as Transesterification Reaction (TR)36. The process
involved the reaction of three molecules of triglyceride with
alcohol to produce methyl ester (biodiesel) and glycerol.
During TR process, the common alcohols used are methanol,
propanol and butanol. Methanol is seen as the best alcohol
due to its less toxicity and low-cost application. The TR
reactions are categorizing into three types which are basic
transesterification (BTR), acid transesterification (ATR) and
enzyme catalyzed transesterification (ETR)37. The BTR has a
wider scope of application in biodiesel production because it
is inexpensive and affordable in the market. The fact that some
fatty  acid  from  microalgae exists as Free Fatty Acid (FFA)
limits the application of BTR. In order to improve the method,
pre-treatment of the algal oil must be carried out. A Strong
acid such as sulphuric acid and hydrochloric acid are often
used in order to facilitate the reaction and prevent the
potential of soap formation38.  Due to the high rate of reaction
efficiency, BTR is estimated to be about 400 times faster than
ATR38.

The application of ATR in the conversion of oil to biodiesel
has attracted much attention due to its ability to catalyze FFA
which is a function that could not be offered by BTR. In
addition, ATR reaction provides a clear and easy avenue for
separating oil from methanolic debris39. Some of the major
challenges faced when using ATR are a slow reaction and
contaminated the sample. The slow rate of reaction occurs as
a result  of  high  reaction temperature which decelerates the
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reaction process. Biodiesel obtained via ATR produced diesel
that when used in cars cause corrosion in pipelines and other
engine components36.

Enzyme catalyzed transesterification reaction (ETR) on the
other hand is regarded as a new technology with minimal
literature report. The new technology is aimed at minimizing
the constraint faced by application of ATR and BTR such as
high temperature, the occurrence of saponification and
purification of glycerol due to FFA. With the emergence of
new technology, the economic feasibility of biodiesel
production can be improved for the betterment of mankind
worldwide37. Currently, one of the disadvantages of making
ETR is that it is not cost-effective is due to issues with catalyst
regeneration.

In most cases, the process of two-step lipid extraction and
transesterification is associated with some issues such as low
product yield, contaminated product due to many handling
steps or even loss of the product. The two-step process can be
coupled to form one step extraction/reaction process called
Direct transesterification40. The major advantages of direct
transesterification are that it is less time consuming41, more
efficient due to it essential one-step reaction process42,43,
production of high purity product (>99%) and high yield due
to the use of an acid such as H2SO4 at 65EC. Direct
transesterification has been shown to produce high amount
of biodiesel (>60% FAME)44.

POME AS AN EXCELLENT MEDIUM FOR CULTIVATING
MICROALGAE

Global biodiesel production has faced challenges of high
cost of production due to harvesting, lipid extraction and
cultivation strategy. Cultivation protocol of microalgae forms
an important point in upscaling biodiesel production. One
problem that might interfere with upscaling the production is
the source of nutrients for microalgae growth45. Nitrogen and

phosphorus are the major nutrients required for algal growth.
Jafari and his co-workers46 has reported that, water pollution
occur due to the presence of chemical substances channelled
from agricultural, industrial and municipal site which severely
alter the physical chemistry of the water. Based on recent
study, it is however, noted that most industrial and municipal
wastewater contains nitrate and phosphate at a certain
proportion47. Since microalgae require nitrate and phosphate
for growth, then they are suitable for cultivation in
wastewater. Culturing microalgae in wastewater can actually
not only reduce the cost of algal production but remove toxic
pollutant from wastewater48. This is an important role that
other conventional wastewater treatment systems could not
offer, thus culturing microalgae in wastewater can serve the
dual role of treating wastewater and using it as a source of
nutrients for microalgae growth to produce biodiesel.

The  POME was reported to provide sufficient nutrient
necessary for algae growth37,47,49. Malaysia and Indonesia are
the two countries faced with huge problems of POME
generation from palm oil industry50. Despite the application of
anaerobic digestion pond system by industries and related
modifications such as the use of stirred tank reactor51, single
stage reactor52, up-flow anaerobic sludge fixed film (UASFE)53,
modified anaerobic baffled bioreactor54 and single stage
stirred digester55, nutrients are still not completely removed
and for that reason, culturing microalgae in anaerobically
digested effluent could provide next step treatment strategy.
The characteristics of POME after anaerobic digestion method
were summarized in Table 2. Heavy metals such as Cr, Cd, K
and Mg are also available in POME and they form an important
nutrient that can help microalgae photosynthesize56.
Furthermore, dilution of wastewater before feeding
microalgae inoculum can also offer a good method of
reducing the intensity of dark colouration of POME for high
photosynthetic activities42. The schematic representation of
using POME as a medium for microalgae growth to produce
biodiesel is shown in Fig. 2.

Fig. 2:  Design of biodiesel production from POME grown microalgae
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Table 2: Characteristic of POME after anaerobic pond digestion35

Parameters Digested POME
pH 7-7.4
Oil and grease 10-430
BOD 110-1800
COD 340-19,680
Total solid 6090-18,400
Suspended solid 760-14,850
Volatile solid 2680-14,570
Total nitrogen 320-1070
Ammoniacal nitrogen 60-300

CONCLUSION

The continuous use of petroleum-based fuel has caused
several environmental problems such as air pollution. The
emission of carbon dioxide, nitrogen dioxide and carbon
monoxide when burnt greatly affect habitat structure. Biofuel
from microalgae is a renewable alternative source of energy
that offers a better solution for a reduction in environmental
pollution and meeting global energy crisis. This is due to its
ability to utilize carbon dioxide from the environment while
producing oxygen. Selection of a more efficient harvesting,
drying, extraction and bioconversion methods and use of
natural media present an important step in reducing the cost
of biofuel production. In addition, for the economic and
environmental benefit, the use of biofuel is proposed as the
alternative source of energy far greater than fossil fuel.
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