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Uses of non renewable sources like petroleum increase the production of green house gases and global warming. To

overcome these problems use of renewable sources is necessary. Microalgae are a renewable source of energy. We can

produce biofuels like lipid, methane, bioethanol and hydrogen from them; they are more efficient than conventional plants

and can be cultivated using simple methods. Main focus of this review article is to point out the role of microalgae in the

production of biofuels, their biosynthesis and comparison of algal biofuel with other sources.
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Introduction

Microalgae are classified as the most primitive
form of plants. The mechanism of
photosynthesis in microalgae is similar to that in
higher plants, but they are usually more efficient
converters of solar energy because of their
simple cellular structure. They normally grow in
suspension within a body of water '. They can
double every few hours during their exponential
growth period>. They commonly double every 24
hrs. During the peak growth phase, some
microalgae can double every 3.5 hrs’.
Microalgae are veritable miniature biochemical
factories, and appear more photosynthetically
efficient than terrestrial plants * and are efficient
CO, fixers *.The ability of algae to fix CO, has
been proposed as a method of removing CO,
from flue gases from power plants, and thus can
be used to reduce emission of GHG. Many algae
are exceedingly rich in oil, which can be
converted to biodiesel. The oil content of some
microalgae exceeds 80% of dry weight of algae
biomass °.The development of biofuels as a
substitute fuel to supplement or replace
conventional diesel is receiving great attention
among researchers and policy makers for its
numerous advantages such as renewability,
biodegradability and lower gaseous emission
profile. Also, concerns over increasing energy
demand, continuous global warming effects,
declining petroleum reserves, petroleum price

hike and scarcities have raised the need to
search for alternative renewable fuels”"".

This article will focus on the characterization,
benefit and future applications of microalgae as
an eco friendly and economically viable
platform for the production of biofuels.
Biofuels: Definition, Classification and
Characterization

The term biofuel is referred to a solid, liquid or
gaseous fuel that is predominantly produced
from biorenewable feedstocks'®. The most
common renewable liquid transportation fuels
are bioethanol and biodiesel. These biofuels can
replace gasoline and diesel respectively, in
today cars with little or none modifications of
vehicle engines. Biofuels can be classified based
on their production technologies and feedstock:
first generation biofuels (FGBs), second
generation biofuels (SGBs), third generation
biofuels (TGBs), and fourth generation biofuels
(FoGBs). FGBs are produced from sugar, starch,
vegetable oils or animal fats, while SGBs are
made from non-food crops, like wheat straw,
corn and wood. Fuels produced from algae, also
called algal oils, are classified as TGBs. Finally,
FoGBs include crops that are genetically
engineered to consume more CO, from the
atmosphere than the amount of CO, that will be
produced during their combustion as biofuels.
Moreover, some fourth generation technology
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pathways include: pyrolysis, gasification,
upgrading, solar-to-fuel, and genetic
manipulation of organisms to secrete
hydrocarbons. In addition, fourth generation
technologies are based in the conversion of
vegetal oil and biodiesel into biogasoline, using
more advanced technology'’. Algae are cost-
effective and provide a relatively high yield of
biofuel. Their main advantage is that they are
eco- friendly and not a burden on the
environment.

Characteristics of microalgae and benefits of
micro algae

Microalgae are prokaryotic or eukaryotic
photosynthesizing microorganisms that are
characterized by rapid growth; most often live in
acid environment and have a unicellular or
simple multicellular structure. Examples of
prokaryotic microorganisms are Cyanobacteria
(Cyanophyceae) and of eukaryotic microalgae is
green algae (Chlorophyta) and diatoms
(Bacillariophyta) *'*.

They can be grown on land that would not be
used for traditional agricultural, and are very
efficient at removing nutrients from water.
Thus, not only would production of algae
biofuels minimize land use compared with
biofuels produced from terrestrial plants but, in
the process of culturing these microalgae, waste
streams can be remediated. Potential waste
streams include municipal wastewater to remove
nitrates and phosphates before discharge, and
flue gas of coal or other combustible-based
power plants to capture sulfates and CO, """
Various species of microalgae can adapt to
living in various environmental conditions.
Therefore, it is possible to find the most specific
species of algae and to grow them under local
conditions, which is not possible in the case of
other biodiesel raw materials (like soybean,
rapeseed or palm seed oil). Microalgae are also
characterized by higher rate of growth and
productivity compared to the yielding of
traditional crops and require significantly
smaller growing areas than other substrates of
biofuels of agricultural origin, therefore, in the
case of algae grown for energy, the competition
for arable soils with other crops, especially
those grown for food, is greatly limited'®.

Cultivation of microalgae

Microalgae cultivation is the first production
step in the energy production system. How to
produce the best quality microalgae feedstocks
is the main task in the cultivation process.
According to the study of characteristic and
function of microalgae, some scientific
microalgae cultivation methods have been
concluded. At present, the cultivation methods
of the microalgae production are commonly
using in these two ways: The open pond system
and Close photo bioreactors system'’.

Comparison of other sources of biodiesel with
microalgae

Two of the most common biofuels currently
produced are ethanol produced from corn or
sugarcane and biodiesel produced from a variety
of oil crops such as soybeans and oil palm.
Ethanol production has flourished in the US,
rising 25% between 2000 and 2008 due to its
use as a gasoline additive and due to federal
mandates and tax incentives to fuel blenders.
Today 30% of the corn currently grown is used
for ethanol production. If corn ethanol was the
sole source used to achieve the 2020 federal
mandates for renewable fuel, than 100% of the
corn currently available in the US would be
required. To meet

Lipid content of some microalgae species
Table 1:> %20
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Microalgae species Lipid content (% dry
weight biomass)
Ankistrodesmus sp. 24-31
Botryococcus braunii 25-75
Chaetoceros muelleri 33
Chlamydomonas reinhardtii 21
Chlorella emersonii 25-63
Chlorella minutissima 57
Chlorella protothecoides 14-57
Chlorella sorokiniana 19-22
Chlorella sp. 1048
Chlorella vulgaris 5-58
Crypthecodinium cohnii 20-51
Dunaliella salina 6-25
Dunaliella primolecta 23
Dunaliella tertiolecta 16-71
Dunaliella sp. 17-67
Euglena gracilis 14-20
Ellipsoidion sp. 27
Haematococcus  pluvialis 25.0
Isochrysis sp. 7-33
Monodus subterraneus 16
Monallanthus salina 20-22
Nannochloris sp. 20-56
Nannochloropsis oculata 22-29
Nannochloropsis sp. 12-53
Neochloris oleoabundans 29-65
Pyrrosia laevis 69.1
Paviova salina 30
Prostanthera incisa 62
Prymnesium parvum 22-39
Paviova lutheri 35
Phaeodactylum tricornutum 18-57
Scenedesmus obliquus 11-55
Skeletonema costatum 13-51
Scenedesmus dimorphus 16-40
Schizochytrium sp. 50-77
Thalassiosira pseudonana 20
Isochrysis galbana 7-40
Zitzschia sp. 45-47

these mandates and maintain today’s 30% corn
crop utilization

would require an increase in corn harvest by
423%, a number unlikely to be achievable in the
next 10 years. One source of these biofuels may
be ethanol derived from sugarcane; however,
although the domestic production cost of
sugarcane ethanol is 24% lower than corn
ethanol, the transportation cost and the
coproduct credits associated with corn ethanol
make sugarcane ethanol 17% more costly. Thus,
sugarcane ethanol is also an unlikely candidate

for the displacement of significant amounts of
fossil fuels™™>,

The high cost of sugarcane ethanol and the
competition with food from corn ethanol leave a
large gap between the current feasible
production levels of ethanol and the fuel
requirements for the RFS2 mandate. To
overcome these limitations, lignocellulosic
feedstocks are also being developed as sources
for the production of ethanol®. Lignocellulosic
feedstocks come in a wide range of different
plants, including agricultural waste products
such as corn stover, woody sources such as
aspen and dedicated energy crops such as hybrid
poplar and switchgrass. Currently, no
commercial scale cellulosic ethanol plants are in
operation largely due to the high price of
production, almost twice that of corn ethanol*”
¥ Another source of biodiesel that has recently
had a lot of media exposure is Jatropha curcas.
J. curcas is a small tree that is considered
drought-tolerant and produces seeds that contain
20-40% nonedible oil, therefore being
noncompetitive with food sources and
agricultural land®.

In recent years, algae have become a focus in
both academic and commercial biofuels
research. These photosynthetic organisms are
known to produce high oil and biomass yields,
can be cultivated within non freshwater sources
including salt and wastewater, can be grown on
nonarable land, do not compete with common
food resources, and they very efficiently use
water and fertilizers for growth™.

Algae can tolerate and adapt to a variety of
environmental conditions, and are also able to
produce several different types of biofuels.

Bioethanol from algae holds significant
potential due to their low percentage of lignin
and hemicellulose as compared to other
lignocellulosic plants®'.

Table 2-Comparison of some sources of
biodiesel’

Crops Oil Land area
yield(L/ha) needed(M ha)*

Corn 172 1540

Soybean 446 594

Canola 1190 223

Jatropha 1892 140

Coconut 2689 99

Oil palm 5950 45

bMicroalgae 1,36,900 2

cMicroalgae 58,700 4.5

b70% oil (by wt) in biomass; c30% oil (by wt)
in biomass
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Biofuels from microalgae

Biomethan

Microalgae are considered valuable substrates
for biogas production due to their high content
of lipids, carbohydrates and proteins and low
amount of lignin, i.e. recalcitrant compounds, up
to 5% of dry wt. ***. In addition, also the
residual algal paste after lipids extraction (also
defined as lipids-extracted algal, LEA, biomass)
can be treated by anaerobic digestion. Lipids-
extracted algal biomass contains mainly
carbohydrates and proteins residuals from the
original feedstock. Biomass contains mainly
carbohydrates and proteins residuals from the
original feedstock®*.

Bioethanol and biobutanol

Microalgal biomass can contain significant
amount of carbohydrates (about 40-50% dry
wt.) with no structural biopolymers, such as
lignin and hemicelluloses’®*. Under specific
conditions, microalgal carbohydrates can be
degraded via hydrolysis and then fermented to
bioethanol with yeast”. In the case of
microalgae-based fermentation, it is possible to
avoid chemical and enzymatic pre-treatments,
which are energy intensive processes necessary
for ligno-cellulosic feedstocks, to release the
sugars contained in the algal cells. However,
mechanical pre-treatments are still needed to
break down the algal cells, e.g. disruption by
high pressure homogenizer or collision plate.
Microalgae-based bioethanol production yields
range between 0.240 and 0.888 g of ethanol/g of
substrate, at the temperature of 25-30 °C***,
Biohydrogen from microalgae

Microalgae also received growing interest as a
feedstock for hydrogen production. Production
of hydrogen from different microalgal strains
can occur via dark-fermentative process using a
pure or mixed culture of hydrogen-producing
bacteria.  Alternatively,  hydrogen  from
microalgae can be produced via light-driven
process, i.e. photofermentation, under anoxic
conditions These processes can either employ
water or specific bacteria related to the
fermentative  conversion of biomass to
hydrogen. Recent studies indicate that, under
dark fermentation, the potential degradability of
various microalgae species can range between
2-28% 7444 Hydrogen yields resulting from
experimental tests can vary from 13 to 48 ml of
H2/g of algal substrates, depending on the
composition of the selected species and
operating conditions (such as pH, temperature,
substrate/inoculums ~ ratio)”.  Biohydrogen

yields, @ which  were obtained during
experimental tests, correspond to only 25-30%
of the theoretical biohydrogen potentials
calculated considering the degradability of all
carbohydrates contained in the biomass.

Bio-oil (or bio-crude)

Microalgae can be suitable feedstocks for
producing  bio-oil (or “biocrude”) via
thermochemical conversion pathways, such as
pyrolysis and  hydrothermal liquefaction
(HTL)*. As opposed to previous processes,
which  focused on converting specific
components of algae, the thermochemical
processes can convert the whole biomass into
bio-oil ™.

Biodiesel

Besides biogas, bioethanol and biobutanol,
macroalgae can be converted into biodiesel, bio-
oil and Dbio-hydrogen via appropriate
biochemical and thermochemical conversion
technologies ***'. Transesterification method
is used to convert algal oil into biodiesel.
Transesterification can be performed by using
acid and base catalysts, or a combination of both
is used. Base catalysis gives rapid reaction than
acid catalysis, but it is also depend upon
selection of the types of lipids that are
transesterified’>>. Ttransesterification process
of biodiesel production is several steps chemical
reaction in which triglycerides first converted to
diglycerides, diglycerides to monoglycerides,
and monoglycerides to free fatty acids and
glycerol (as byproduct); If a lipase is used,
hydrolysis and esterification may take place
simultaneously, but the thermal liability of that

enzyme does not crate industrial scale’*””.

Figure 1. Trans esterification of oil to biodiesel.
R1-R3- hydrocarbon groups *°

CH:-OCOR CHOH  R-COOCH;
| Codvt |
(HOCOR, - OHOCH; — CHOH + R-COOCH;
| —
CH;-OCOR; (B0 R:-COOCH;

Trighveeride-parent ol Methanol-alcohol (lycerol  Methvl esters - biodiesel

Future perspectives of Algal Biofuel
Algal biofuel is an ideal biofuel candidate which

eventually could replace petroleum-based fuel
due to several advantages, such as high oil
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content, high production, less land, etc.
Currently, algal-biofuel production is still too
expensive to be commercialized. Due to the
static cost associated with oil extraction and
biodiesel processing and the variability of algal-
biomass production, future cost-saving efforts
for algal-oil production should focus on the
production method of the oilrich algae itself.
This needs to be approached through enhancing
algal biology (in terms of biomass yield and oil
content) and culture-system engineering. In
addition, using all aspects of the microalgae for
producing value-added products besides algal
fuel—such as in an integrated biorefinery—is an
appealing way to lower the cost of algal-biofuel
production. Indeed, microalgae contain a large
percentage of oil, with the remaining parts
consisting of large quantities of proteins,
carbohydrates, and other nutrients®’. This makes
the residue after oil extraction attractive for use
as animal feed or in other value-added products.

Conclusion

Algal biofuels provide natural, sustainable and
environmentally clean fuel for the future.
Culturing algae provide several benefits such as
biomass for the production of biofuels,
removing the nutrients from the wastewater and
it is also use as food. This review focus on the
benefit and future demand of algal biofuel,
though it is economically not feasible but
provide more benefits than fossil fuels. Algal
biofuels can become a substitute of fossil fuel in
near future.
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