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A B S T R A C T

The concern regarding alternate sources of energy is mounting day-by-day due to the effect of pollution that is
damaging the environment. Algae are a diverse group of aquatic organisms have an efficiency and ability in
mitigating carbon dioxide emissions and produce oil with a high productivity which has a lot of potential
applications in producing biofuel, otherwise known as the third-generation biofuel. These third generation
biofuels are the best alternative to the present situation since they have the perspective to eliminate most of the
ecological problems created by the use of conventional fossil fuels. These organisms are responsible for closely
50% of the photosynthesis process taking place on the planet and are distributed predominantly in many of the
aquatic systems. The huge interest in utilizing these organisms as a potential source of energy lies in converting
the primary as well as secondary metabolites into useful products. Algae are considered to be the most prominent
resource for the upcoming generations as the most suitable and sustainable feedstock. The key process limita-
tions in microalgal biofuel production are inexpensive and effective harvesting of biomass and extraction of
lipids. The major objective of this article is to provide a comprehensive review on various methods of both
biomass harvesting and lipid extraction from microalgae available, so far, besides to discuss their advantages and
disadvantages. This article also deals with various conditions that are favourable for lipid accumulation as well
as the yield from different species.

1. Introduction

The energy crisis is increasing globally due to the heavy industrial
development and exponentially growing population. Sources like
petrol, diesel, natural gas, coal which were considered to be the basic
sources for fuelling the life are getting exhausted due to extensive usage
[1,2]. Moreover, these fossil fuels release a lot of toxic and harmful
gases into the atmosphere and pollute the environment which is the

major disadvantage [3,4]. The greenhouse gas (GHG) levels in the en-
vironment have increased at an alarming rate in the post-in-
dustrialization era by 25% of the total [5]. Natural causes, as well as
human activities, have been mentioned as the major causes of this rise
in temperature leading to global warming [1]. The major contributors
include carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and
other fluoro-hydrocarbons. Among them, the major pollutant which
damages the environment is CO2 [1,6]. The above-mentioned gasses are
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present in the atmosphere at a normal rate but due to the emissions
from the vehicles, their concentration has increased over the past few
decades [7]. Owing to all this, there has been a change in climatic
conditions over the globe, which has become a topic of debate [8]. At
this time, replacing fossil fuels with other alternative sources especially
those that benefit the environment is the best solution [1,4]. These
microalgae sources act as solar driven energy cell factories and are
capable of converting CO2 to oxygen (O2) and thus reducing the toxic
substances and chemicals in the environment. Hence these organisms
are very promising in this aspect [9].

The working machinery of these organisms is the same as that of the
plants, as both are photosynthetic. These utilize the sunlight from the
atmosphere for the photosynthesis process and other essential nutrients
from the surroundings for their growth [10]. There are also many food
crops available which are used for the production of fuel apart from
algae. Much of the study is being carried out on industrial production of
biodiesel from plant sources. Apart from soya bean oil, jatropha, left-
over cooking oil, canola, corn, and animal fats etc., are also being tried
as fuel sources [11]. However, these sources must also meet the re-
quirement for the food for human beings. Upon extensive usage of these
sources for oil production, there may arise a scarcity in providing food
for human beings [11]. Production of biofuels from the plant sources
was criticized by many scientific communities as well as local farmers
and the general public since the growth of these plants needs an ex-
tensive usage of land, leading to a crisis in food grain production.

The biofuels are divided into three generations depending on the
source from which they are obtained [12].

• First generation biofuels derived from plant sources.

• Second generation biofuels derived from agricultural wastes, lumber
wastes etc.

• Third generation biofuels derived from microalgae.

Researchers have turned their interest towards fuel production from
one of the oldest living creatures on the earth, microalgae. These are
utilized not only in producing fuels but also in capturing the CO2 from
the atmosphere which helps in cleaning the environment and producing
better air to breathe [13,14]. There are two different classes of algae
known as macroalgae and microalgae. These photosynthetic organisms
are mainly found in aquatic habitats both freshwater and marine. These
are microscopic and have very amazing and fascinating structures [15].

The reasons for algae being the preferred source over plant sources

(a) The microalgae have a high efficiency for photosynthesis with an
adaptability to a wide range of light and temperature variations
[16].

(b) The microalgae can grow in water with different levels of nutrients
and can adjust to the change in the growth characteristics and
nutrient uptake ability [16].

These organisms have a larger surface to volume ratio, which en-
ables them to grow very efficiently. Fixation of CO2 at different water
levels is achieved very easily. But the major challenge would be the
cultivation of microalgae on a large-scale, harvesting and finally con-
verting into useful fuels which are beneficial for the human society and
as well have an economic impact [12].

In this review article, we have discussed the state-of-the-art in
biofuel production from microalgae. The distinctiveness of this review
is in its coverage of numerous harvesting procedures, extraction
methods and parameters which are involved in growth and the lipid
extraction techniques. In this paper, we have given a tabular column
and illustrated various conditions that favor lipid accumulation as well
as the yield from different species. We also discuss various maximum
growth rate values, lipid percentage accumulated in their cells of in-
dividual species, numerous methods regarding biofuel and co-products
recovery, carbon dioxide mitigation and wastewater treatment.

1.1. General characteristics of algae

The green algae and the cyanobacteria together called the blue-
green algae consist of a huge group of photosynthetic organisms, the
most efficient organisms reported to date. Unlike other microorganisms,
these have abundant chlorophyll inside the cells, with a well-defined
nucleus, cell wall, and pigments [8].

1.2. Forms of algae

The various forms of algae which exist are:

• Colonial, Capsoid, Coccoid, Palmelloid, Filamentous, Parenchymatous.

The cell walls of diatoms comprise polymerized silica known as a

Fig. 1. Classification of algae explained in a simple way.

M.K. Enamala et al. Renewable and Sustainable Energy Reviews 94 (2018) 49–68

50



Download English Version:

https://daneshyari.com/en/article/8110350

Download Persian Version:

https://daneshyari.com/article/8110350

Daneshyari.com

https://daneshyari.com/en/article/8110350
https://daneshyari.com/article/8110350
https://daneshyari.com

