
Introduction
The fast growth of the world population and economic 
growth are the two factors that led to increases in universal 
energy consumption.1-3 In line with this issue, there is a strong 
incentive in the world to reduce carbon emission and to also 
find alternative energy sources.4 According to the US Energy 
Information Administration (EIA),5 world biofuel production 
will increase from approximately 1.3 million barrels per day in 
2010 to approximately 3.0 million barrels per day in 2040.6 In 
order to meet the global energy consumption, Nonrenewable 
resources (also called fossil fuel) such as carbon, petroleum 
and natural gas are mainly used as an energy source. 
Fossil fuel, mainly used in the sector of transportation 
and electricity sector to satisfy the huge energy need for 
industrialization, economic growth, and rising population. In 
fact, nonrenewable resources are limited resources and which 
pose an adverse impact on the environment. As a result, 
researchers look at options for sustainable energy sources 
called renewable resources.7-9 

Renewable energy sources like liquid biofuels from 
freshwater microalgal biomass of bioethanol and biodiesel 
from microalgae feedstock have become an important issue 
related to the generation of alternative energy.10 Microalgae is 

one of the best alternatives,11 also reserves the carbohydrate 
in the form of starch and cellulose in addition to lipids, which 
can be utilized for bioethanol production. Scenedesmus 
sp. is the eminent microalgae which has the capacity to 
accrue both lipid and starch, which are the valued sources 
for the production of bioethanol and biodiesel. The type of 
carbohydrates in microalgae biomass is mainly divided into 
starch and cellulose and no lignin. So, they can easily hydrolyze 
to monosaccharide compared to other lignocellulosic 
materials.12 Some components like starch and cellulose 
presented in microalgae are cannot easily fermentable to 
produce bioethanol. Hence, the e pre-treatment processes 
which includes chemical and enzymatic hydrolysis are 
mandatory.13,14 The cost of pre-treatment significantly affects 
the total cost of biomass conversion processes up to 30%.15 In 
line with this, the pretreatment process greatly contributes in 
converting biomass to fermentable sugar.

Bioenergy produced by the trans-esterification process 
from renewable resources such as vegetable oil, animal 
fat and biomass decreases harmful emission combustion 
engine which is generated during energy produced from 
fossil fuel.16 The common biodiesel feedstock’s includes 
soybean oil, sunflower oil, peanut oil, corn oil, rice bran 
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oil, palm oil, coconut oil, olive oil, rapeseed oil, jatropha, 
karanja, cottonseed oil, calophyllum, rubber seed oil, desert 
date, jojoba, neem oil, moringa and croton.17 Based on their 
sources, biodiesel is grouped into three generations. First-
generation biodiesel, which is produced from edible oil, 
second-generation biodiesel, which is produced from non-
edible oil and third-generation biodiesel, is produced from 
microalgal biomass. First-generation biodiesel has effects 
on the environment and climate change as well as food. This 
led to discovering the potential of the second generation and 
third generation biodiesel.18 The third generation biodiesel is 
a sustainable alternative fuel and has also many benefits to the 
world’s energy infrastructure requirement.

The energy produced from fossil fuel is potentially 
substituted by bioenergy, which is produced from biological 
sources or renewable resources. Renewable energy that helps 
the production of bioenergy from biological sources where 
biomass is directly used and converted into liquid or gas 
form.19 Bioenergy has less impact on climate change, is eco-
friendly to the environment and sustainable resources. Biofuel 
is generated by many processes such as trans-esterification, 
fermentation, gasification and etc.20 The first-generation 
biofuel has reduced greenhouse gas emission, although has 
led to a shortage of food.21 Second-generation biofuel is 
produced from non-food crops, which can overcome the 
intensifying food price concern, but became undesirable due 
to unsustainability and low yield of product.22 As a result, the 
third-generation biofuel was developed in order to solve the 
problem that occurred during the first and second-generation 
biofuel. Therefore, the production of biofuel from algae is 
highly favorable unlike that of terrestrial plants. Additionally, 
it does not lead to an increase in the price of food cost and also 
has a lower impact on biodiversity and the environment.19,23 
This review focuses on the possible processes to produce 
bioethanol from microalgae. Also, the overall merits and 
demerits of bioethanol production from microalgae are 
discussed in this review as well. 

Algal Biomass as Potential Resources
Algae are included under the kingdom Protista, which is 
a photosynthetic aquatic organism. They are grouped into 
two categories, microalgae and macroalgae, which are in 
unicellular mode and multicellular mode, respectively. Both 
have chlorophyll as a major photosynthetic pigment in order 
to fix atmospheric carbon dioxide through the photosynthesis 
process. Like a terrestrial plant, macroalgae have a true stem, 
leaves, and root, whereas microalgae do not have a true stem, 
leaves, and root. Marine algae are found on the sea, whereas 
fresh algae are found in ponds, lakes, rivers, and reservoirs. 
Surrounding temperature, amount of sunlight and nutrient, 
highly affect the growth of algae.24 

Algal biomass is used to produce useful compounds, 
which include proteins, steroids, vitamins, carbohydrates, 
polysaccharides, and fatty acids that have valuable applications 
for the human being.25 Additionally, algae have the ability 
to substitute synthetic compounds as a result of having the 
property such as anti-aging, anti-obesity and anti-oxidant.26 
Unlike a terrestrial plant, algae have a higher growth rate 

and attain complete life cycle in short period of time. Due 
to this fact, there is a high bioenergy production from algae. 
Microalgae contain high lipid and carbohydrate content used 
for the production of biofuel.27 Carbon dioxide, light, and 
water are required for the growth of algae and the generation 
of renewable energy. The schematic illustration of the possible 
biofuel production from algae is depicted in Figure 1.

Biofuel Production Sources
Biofuel productions are categorized into different generations 
based on the type of raw materials used in the process 
(Figure 2). Mainly, there are two types of biofuel production 
ranges. Primary biofuel production has many drawbacks as 
compared to secondary biofuel production. The main reasons 
behind searching for the third generation are food security 
and energy efficiency.30

Microalgae
The algae, which is observed under a microscope is called 
microalgae. It requires sunlight, water, and nutrients such 
as carbon dioxide, nitrogen, and phosphorus for its growth. 
Based on species variety the composition of microalgae is 
different. Algae consist of chemical compounds such as lipid, 
carbohydrates, protein, and nucleic acid. The lipid content 
of algae is directly related to the yield of total biomass. 
Carbohydrate content also helps to produce biofuel such as 
bioethanol and biobutanol.31 Because of low lignin content, 
the carbohydrate produced from algae is highly fermentable.32 

Figure 1. Possible Biofuel Production Mechanism From Microalgae.28,29

Figure 2. Biofuel Production Sources.30
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Many forms such as starch, paramylon, cellulose, and 
laminarin are stored carbohydrate in algae as energy 
reservoirs. Sulfonated polysaccharides and rigid, cellulose-
reinforced are mainly found in red algae and green algae, 
respectively.33 Lipids present two forms in microalgae, such 
as polar or structural lipid and non-polar or neutral lipids. 
Polar lipids help to make the structure of cells and serve as 
food supplements, whereas non-polar lipid functions as 
energy reservoirs, mainly triacylglycerides (TAG). Neutral 
lipid is highly exploited for the production of biodiesel. The 
microalgae that contain high lipid content which are used 
for the production of biodiesel include species of the genera 
Botryococcus, Chlorella, Nannochloropsis, Scenedesmus, 
Neochloris, Phaeodactylum, and Dunaliella are listed in 
Table 1.

The lipids extracted after microalgal farming can be 
utilized for the manufacture of biofuels and in certain cases, 
the use of wastewater and flue gases for the farming of lipid-
rich microalgae importantly increases the economics of the 
process and offer cost modest biofuels.19,45 The degree of 
transformation of the feedstock is signified as a percentage 
called the biodiesel conversion rate. The acid value of the 
product regulates the value of biodiesel, whereby the best 
quality biodiesel is specified by the lower acid value.19 The 
transesterification of microalgal lipids to biomethane using 
anaerobic digestion process are summarized in Table 2.

Macroalgae
Seaweed mostly found in marine water are called macroalgae 
which require a nutrient supply for their growth. Macroalgae 
also found in freshwater, which are highly filamentous in 
nature, are used for the production of biofuel.51 Macroalgae are 

Figure 3. Biofuel Production From Microalgae54,55 

Table 1. Lipid Content of Selected Microalgae used for Biofuel Production

Microalgae Species Lipid Content (%) Reference

Botryococcus braunii 65-70 34 

Botryococcus spp. 28.6 35 

Chlorella vulgaris 55.9 36 

Dunaliella tertiolecta 70.6-71.4 37 

Isochrysis zhangjiangensis 53 38 

Monoraphidium spp. 51.72 39 

Nannochloropsis spp. 59.9 40 

Neochloris oleabundans 56 41 

Porphyridium cruentum 8 42 

Scenedesmus spp. 53 43 

Tetraselmis subcordiformis 29.77 44 

Table 2. The Yield of Biomethane from Algae as Feedstock Through Anaerobic 
Digestion

Algae Species Biomethane Yield Reference

Chlorella vulgaris 240 mL/g volatile suspended solid 46 

Microcystis sp. 140.48 mL/g volatile solid 47 

Phaeodactylum tricornutum 0.36 L CH4/g volatile solid 48 

Scenedesmus sp.- AMDD 410 mL CH4/g total volatile solid 49 

Pavlova cf. sp 0.51 L CH4/g volatile solid 50 

categorized into the three following groups: red (Rhodophyta), 
brown (Phaeophyceae) and green (Chlorophyta). Macroalgae 
composition differs based on species variety. Carbohydrate 
content is the major composition of macroalgae. In red algae, 
galactose-based polyglucans such as agar and carrageenan are 
majorly observed. A type of algae that contains alginate and 
a large amount of laminarin is called brown algae, whereas 
green algae are predominantly starch and cellulose.52 Biofuel 
is produced from macroalgae carbohydrate, which is also 
used as a component for pharmaceuticals. Whereas, low 
lipid content in macroalgae, that yields lower production of 
biofuel irrespective to the carbohydrate contents. Due to high 
carbohydrate and low lipid (fatty acids) contents, macroalgae 
are not favorable for biodiesel production as compared to 
microalgae. Additionally, macroalgae contain high ash over 
microalgae.53 

The Production Processes and Extraction of Bioethanol 
from Microalgae
Biofuel production from microalgae involves many processes 
from raw material selection up to purification of the yield. 
Also, there are so many methods involved in bioethanol 
production from microalgae.54,55 Figure 3 shows the methods 
used during the different periods of time for the production 
of bioethanol.

There are different ways to extract oil/lipids from 
microalgae including the mechanical/physical and chemical 
process of oil extraction under conventional methods. The 
mechanical/physical process are grouped in many ways, 
such as oil expeller, microwave-assisted extraction, and 
ultrasonic-assisted extraction process. In the same fashion, 
the chemical extraction method is classified as accelerated 
solvent extraction, supercritical fluid extraction, and 
soxhlet extraction process.56 The merits and demerits of 
the mechanical and chemical methods of oil extraction are 
illustrated in Figure 4.

Biodiesel Production from Microalgae
The transesterification process is a well-known method used 
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to change crude oil into methyl ester. With the addition of a 
catalyst, the trans-esterification process has some consecutive 
reactions between vegetable oil and alcohol. Triglycerides are 
changed into monoglycerides during the trans-esterification 
process. The detail of the biodiesel production process 
from microalgae has been described by Haik et al.57 Initially 
preheated crude oil with 60oC was added to the mixture of 
methanol (20% of total crude oil) and sodium hydroxide (3.50 
g) for one liter of oil. The mixture was kept for 8 hours in order 
to settle on the trans-esterification reaction reactor and the 
glycerin was removed. The produced biodiesel was washed 
and filtered with appropriate techniques.58 The production 
process of biodiesel flowchart is illustrated in Figure 5. It 
is necessary to check the properties of produced biodiesel 
before it is used in the engine. The essential fuel features of 
the produced biodiesel are described in Table 3.

Advantages and Disadvantages of Microalgae Based Biofuel
Biofuel produced from algae, is a third-generation biofuel. 
This energy is considered as the best fuel that can reduce the 
use and need of non-renewable energy sources and can also 
minimize the number of greenhouse gases that are responsible 
for global warming. It is also believed that biomass production 
from microalgae has a great contribution in bringing non-
polluting energy. There are also some drawbacks that 
should be considered in producing bioethanol from algae. 
The summary of selected advantages and disadvantages are 
illustrated in Figure 6.

Microalgae have expressively rapid growth than terrestrial 

Figure 4. Merits and Demerits Of Selected Oil Extraction Methods.56

Figure 6. Selected Advantages and Disadvantages of Algae-Based Biofuel 
Production

Figure 5. The Flowchart for the Biodiesel Production Process56,58 

Table 3. The Properties of Biodiesel Produced from Microalgae

Fuel Property (Unit) Microalgae Biodiesel Reference

Cetane number 46.5 

56,59 

Acid value (mg KOH/g) 0.14

Cloud point (°C) 16.1 

Density @15°C (kg/L) 0.912 

Flash point (closed cup) (°C) 95.0 

Higher heating value (MJ/kg) 39.86 

Kinematic Viscosity @40°C (mm2/s) 5.06 

Lower heating value (MJ/kg) 37.42 

Lubricity @°60 (mm) 0.136 

Sulphur content (mg/kg) 7.5 

crops and it is reported that the per unit area yield of oil from 
algae is projected to be from 20 000 to 80 000 per acre in 2017, 
which is 7-31 times larger than the next best crop, palm oil. 
Researchers consider that an acre of algae can yield about 5000 
gallons of biodiesel, where an acre of corn can only yield 500 
gallons of ethanol.60 A study conducted in 2009 has reported 
that algae growth supplied fuel at a rate that would yield 
1200 gal/acre/year, if constant for a year.61 In addition, the 
algae do not require potable water or arid land for its growth 
unlike other oil crops and will not occupy the resources used 
for growing food.53 However, the space and water needed to 
grow these algae are significant in order to grow them on a 
large scale. Moreover, the algae segregate the CO2 from the 
atmosphere and remove the nitrogen from wastewater, but 
the level of CO2 in the atmosphere may not be high enough to 
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spur exponential algal growth. So, there is a need for intensive 
ways to provide a mass level of nutrients, such as sulfur, iron 
and nitrogen and CO2 for the prolonged and high yield of 
algae in a controlled environment.60,62 

Conclusions
The conventional method of diesel production from non- 
renewable resources increases emissions of gases and has 
an impact on the environment. Moreover, the production of 
diesel from edible crops has also led to food scarcity. In order 
to tackle those problems associated with first and second-
generation biofuels, using third-generation feedstock for 
biofuel production is highly important due to its capacity for 
producing high-quality biofuel, outstanding productivity, and 
reduced environmental impact. Nowadays, the production of 
bioenergy from microalgae has become of great importance 
all over the world. The extraction process of biofuel from 
microalgae oil is similar to that of any other oilseed. The lipid 
content of microalgae produces more biofuel as compared 
to that of the carbohydrate content in microalgae. Finally, 
further investigation of microalgae biodiesel is required in 
order to create new techniques that could decrease the costs 
of biofuel production.
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