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Abstract: 

Due to industrial growth and urbanization world energy crisis is increasing. It the is need of present scenario to explore 

new and renewable sources of energy that is ecofriendly and economically sustainable. Microalgae have been identified 

as one of the major renewable energy sources having potential to replace the fossil -based fuels. Algal biodiesel are 

technically and economically viable and have the advantage of requiring no additional lands with minimal water and 

nutrient use. However, commercial productions of microalgae biodiesel have certain limitations i.e. low biomass 

concentration and costly downstream processes. The viability of microalgae biodiesel production can be achieved by 

designing advanced photobioreactors with development of low cost technologies for effective biomass harvesting and oil 

extraction. Industrial production of microalgal biomass can also be accomplished by improving the genetic engineering 

strategies with enhanced lipid content. This review focuses primarily on various cultivation conditions for optimum 

biodiesel production at large scale including techniques using genetic engineering approaches for maximum yield of 

biodiesel. 
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1. Introduction 

Biofuel are produced as a result of biological processes, that use  agriculture by-product as the sole carbon 
source via anaerobic digestion. Although fossil fuels are still the primary source of energy for the world’s 
developed nations, it is agreed that these traditional sources of energy cannot continue to power humanity’s 
growth into the future owing to their limited availability in the nature. The decreasing supply and rising 
demand results in escalation of the oil prices and the cost of other fossil fuels thus making them economically 
unsustainable.[Aleklett et al 2010]  Sustainable biofuels are a necessity to ensure a constant and secure supply 
of energy for individuals and industry. Advanced biofuels are essential to reduce our dependency on fossil 
fuels and limit our impact on the environment.  

1.1 Microalgae: What are they? 

Microalgae are prokaryotic or eukaryotic photosynthetic microorganisms that can live in harsh conditions and 
grow rapidly due to their unicellular or simple multicellular structure [Mata et al 2009]. Members of the 
phylum Cyanophyceae, commonly known as cyanobacteria or blue-green algae are the examples of 
prokaryotic microalgae. The eukaryotic microalgae capable of producing biodiesel at a commercial scale 
belong to the phyla Chlorophyta and Bacillariophyta [Li et al 2008, Li et al 2008] and  Microalgae are quite 
diverse in nature and having presence in all existing earth ecosystems, whether it may be aquatic or terrestrial. 
This class represent vast species in a wide range of environmental conditions. This has been observed that 
nearly more than 50,000 species of this class exist, but only a limited number of around 30,000, have been 
studied and analyzed for research work as well as for commercial production of valuable product [Richmond 
A 2004]  

1.2 Biology of Microalgae 

Algae are recognised as one of the oldest life-forms [Rawat I .et.al 2011] . They are primitive plants 
(thallophytes), i.e. lacking roots, stems and leaves. Algae structures are primarily for energy conversion 
without any development beyond cells, and their simple development allows them to adapt to prevailing 
environmental conditions and prosper in the long term [Zhou W.et.al 2011].The most important classes of 
microalgae involved in biodiesel production are: green algae (Chlorophyta), red algae (Rhodophyta) and 
diatoms (Bacillariophyta). Algae can either be autotrophic or .heterotrophic; the former require only inorganic 
compounds such as CO2, salts and a light energy source for growth; while the latter are nonphotosynthe tic 
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therefore require an external source of organic compounds as well as nutrients as an energy source. Some 
photosynthetic algae are mixotrophic, i.e. they have the ability to both perform photosynthesis and acquire 
exogenous organic nutrients [Falkowski PG.et.al 1997]. For autotrophic algae, photosynthesis is a key 
component of their survival, whereby they convert solar radiation and CO2 absorbed by chloroplasts into 
adenosine triphosphate (ATP) and O2 the usable energy currency at cellular level, which is then used in 
respiration to produce energy to support growth [Zhou W.et.al 2011, Falkowski PG.et.al 1997].  

1.3 Need of microalgal biodiesel 

The sustainability and utility of a fuel product depends on its environmental, economic and social impacts 
throughout the product's entire life cycle. The future of algae biofuels is quite bright and promising in many 
ways.  It has become increasingly obvious that continued reliance on fossil fuel energy resources is 
unsustainable, owing to both depleting world reserves and the greenhouse gas emissions associated with their 
use. Alternate energy resources akin to first generation biofuels derived from terrestrial crops such as 
sugarcane, sugar beet, maize and rapeseed place an enormous strain on world food markets, contribute to 
water shortages and precipitate the destruction of the world’s forests. Second generation biofuels derived from 
lignocellulosic agricultural and forest residues and from non food crop feedstocks address some of the above 
problems; however there is concern over competing land use or required land use changes. Therefore, based 
on current knowledge and technology projections, third generation biofuels specifically derived from 
microalgae are considered to be a technically viable alternative energy resource that is devoid of the major 
drawbacks associated with first and second generation biofuels. [Durga Madhab.et.al 2013]  

1.4 Advantages of microalgal biodiesel  

Microalgae are a diverse group of single-celled organisms that duplicate by division. High-throughput 
technologies can be used to rapidly evolve strains. This can reduce processes that take years in crop plants, 
down to a few months in algae. Algae have ability to use efficiently CO2, and are responsible for more than 
40% of the global carbon fixation. The majority of this productivity coming from marine microalgae 
[Spolaore P.et.al 2006][Rodolfi L.et.al 2008]. Algae can produce biomass very rapidly, with some species 
doubling in as few as 6 hours, and in several cases exhibiting two doublings per day [Bozbas K. 2008] Algae 
production strains also have the potential to be bioengineered, allowing improvement of specific traits and 
production of valuable co-products, which may allow algal biofuels to compete economically with 
petroleum[Chisti Y 2007]. Algae are among the fastest-growing plants in the world, and about 50% of their 
weight is oil [Huang et al 2010]. Recent research data reveals that algae are quite successful when grown 
using wastewater and recycled nutrients from agricultural sources [Rawat et al 2011,Woertz et al 2009, Zhou 
et al 2011]. Despite the hurdles to the economically viable production of biofuels from algae, these organisms 
still represent one of the best optional energy sources among all available energy sources. A comparative 
study conducted between the characteristics of biodiesel and mineral oil yielded identical results as shown in 
the table below. 

Table1: Comparison of various parameters of diesel obtained from biological sources and from mineral 
resources. 

Parameters  Diesel standard Biodiesel standard  Microalgal Biodiesel 

Specific gravity, 

 at 25
o
C 

0.85 (at 15.5
o
C) 0.88 (at 15.5

o
C) 0.82 

Moisture Content (%) 1.61 0.05% (max.) 0.05 

Free fatty acid content (%) - - 0.98 

Kinemat ic Viscosity (mm
2
/s), 

at 40
o
C 

1.3-4.1 1.9-6.0 3.96 

Flash point (
o
C) 60 to 80 100 to 170 155 
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2. Role of Microalgae in Biodiesel production 

Microalgae have ability to grow almost anywhere which requiring sunlight and some simple nutrients.  
Although the growth rates can be accelerated by the addition of specific nutrients and by increased aeration. 
The importance of microalgae also increases due to the fact that all, the microalgae can be produced 
throughout the year and therefore, quantity of oil production exceeds the yield in comparison to best oilseed 
crops, e.g. biodiesel yield of 58,700 l ha

-1
 for microalgae containing only 30% oil by wt., compared with 1190 

l ha
-1

 for rapeseed or Canola [Schenk P et al 2008], 1892 l ha
-1

 for Jatropha [chisti Y 2007], and 2590 l ha
-1 

for 
Karanj (Pongamia pinnata) [Lele S] The rapid growth potential and various species of microalgae with oil 
content in the range of 20–50% dry weight of biomass is the another advantage for its choice as a potential 
biomass. The exponential growth rates can double their biomass in periods as short as 3.5 h [Deng et al 1999]. 
A significant advantage to environment is that algae cultivation does not require herbicides or pesticides 
application which is major water pollutants [Rodolfi L et al 2008]. In addition, these can also produce 
valuable co-products such as proteins and residual biomass after oil extraction, which may be used as feed or 
as fertilizer [Spolaore P et al 2006], or may be used for bioethanol or biomethane in fermentative processes 
[Bozbas K 2008]. 

 

Table 2: Total productivity of microalgae in terms of lipid content and biomass. 

Microalgae species  Lipid Content 

(%  by dry weight) 

Biomass Productivity 

(g l
-1 

day
-1

) 

References  

Euglena Gracilis 14-20 0.13 [17,51] 

Chlorella vulgaris 14-22 0.73 [18] 

Botryococcus Braunii 25-75 0.25 [21,19, 20,22] 

Ankistrodesmus sp. 28-40 0.34 [22] 

Nannochloropsis sp. 31-68 0.17- 1.43 [24,20] 

Dunaliella tertiolecta 36-42 0.098-0.12 [26,27] 

 

2.1 Viability assessment of microalgae 

Important key characteristic for determining the viability of algal species is their growth characteristics. 
Growth rates and maximum growth densities must be characterized in terms of real-world growth conditions 
rather than laboratory conditions for newly isolated strains. Life cycle assessment studies are widely accepted 
by researchers to gain a clear idea of the real potential of a particular product that is being investigated Life-
cycle assessment (LCA) is a technique to assess environmental impacts associated with all the stages of a 
product's life from cradle to grave (i.e., from raw material extraction through materials processing, 
manufacture, distribution, use, repair and maintenance, and disposal or recycling). 

2.2. Cultivation of microalgae for commercial scale biodiesel production 

Microalgae cultivation is the first production step in the energy production system. According to the study of 
characteristic and function of microalgae, some scientific microalgae cultivation methods have been 
concluded. Microalgae which contain at least 30% lipids content can be used for biofuel production. 
Microalgae during photosynthesis can absorb large amounts of CO2 to produce sugars and oxygen.  

2.2.1 Cultivation Conditions for optimum production: 
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The growth characteristics and composition of microalgae are known to significantly depend on 
the 

cultivation 
conditions [Chojnacka et al 2004] There are four major types of cultivation conditions that play significant 
role in the growth and multiplication of cell i.e. photoautotrophic, heterotrophic, mixotrophic and 
photoheterotrophic cultivation [Chojnacka et al 2004]. 

Phototrophic cultivation: Phototrophic cultivation occurs when the microalgae use light, such as sunlight, as 
the energy source, and inorganic carbon (e.g. carbon dioxide) as the carbon source to form chemical energy 
through photosynthesis [Huang et al 2010]. 

The major advantage of using autotrophic cultivation to produce microalgal oil is the consumption of CO2 as 
carbon source for the cell growth and oil production 

Heterotrophic cultivation: The situation when microalgae use organic carbon as both the energy and carbon 
source is called heterotrophic cultivation[Huang et al 2010].  

This type of cultivation could avoid the problems associated with limited light that hinder high cell density in 
large scale photo bioreactors during phototrophic cultivation [Huang et al 2010]. 

Mixotrophic cultivation: Mixotrophic cultivation is when microalgae undergo photosynthesis and use both 
organic compounds and inorganic carbon (CO2) as a carbon source for growth.. Microalgae assimilate organic 
compounds and CO2 as a carbon source, and the CO2 released by microalgae via respiration will be trapped 
and reused under phototrophic cultivation [Mata et al 2009]. 

Photoheterotrophic cultivation: Photoheterotrophism, also known as photoorganitrophy, describes the 
metabolism in which light is required to use organic compounds as carbon source. The photoheterotrophic and 
mixotrophic metabolisms are not well distinguished, in particular they can be defined according to a 
difference of the energy source required to perform growth and specific metabolite production.  

 

3. Industrial production of biodiesel 

Microalgal lipids are mostly neutral lipids with lower degree of unsaturation. This makes microalgal lipids a 
potential replacement for fossil fuel. Biodiesel is a mixture of fatty acid alkyl esters obtained by of vegetable 
oils or animal fats.  Lipid containing feedstocks are composed of 90–98% of triglycerides and small amounts 
of mono and diglycerides, free fatty acids (1–5%), and residual amounts of phospholipids, phosphatides, 
carotenes, tocopherols, sulphur compounds, and traces of water [Bozbas et al 2008]. Transesterification is a 
multiple step reaction, including three reversible steps in series, where triglycerides are converted to 
diglycerides, then diglycerides are converted to monoglycerides, and monoglycerides are then converted to 
esters (biodiesel) and glycerol (by-product)[Mata et al 2009]. Biodiesel production from microalgal biomass is 
a sequential process that consists of the cultivation, harvest, oil extraction, and conversion of algal lipids into 
advanced biofuels. Most common methods are expeller/oil press, liquid– liquid extraction (solvent extraction), 
supercritical fluid extraction (SFE) and ultrasound techniques. Large scale production of biodiesel from 
microalgae is a sequential process comprising of cultivation and harvesting of microalgae , their processing 
for crude biodiesel extraction and finally their purification to give the finished oil.  

 

Fig.1 Large scale production of biodiesel by using microalgae as sole carbon source  
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4.Challenges and limitation in large scale biodiesel production 

Although growth characteristics and composition of microalgae make them promising feedstocks for biodiesel 
production at large scale but producing microalgae biomass is generally more expensive than growing crops. 
Photosynthetic growth requires light, carbon dioxide, water and inorganic salts. Temperature must remain 
generally within 20 to 30 °C. To minimize expense, biodiesel production must rely on freely available 
sunlight, despite daily and seasonal variations in light levels [Christi et al 2007]. It has been argued that 
growing algae in bioreactors requires fossil fuels for the building of these bioreactors and for their operational 
activities [Reijnders et al 2008]. The crucial economic challenge for algae producers is to discover low cost oil 
extraction and harvesting methods [Singh et al 2010].  

 

5. Recent Advances in microalgal biodiesel technology 

Recent scientific and research data reveals that innovations in the field of biodiesel production are mainly 
concerned with upstream, midstream and downstream processes.  Presently  the most effective methods of 
producing biofuels from algal feedstocks are carried out by fermentation of microalgae to bioethanol and 
production of biodiesel via transesterification of microalgal biomass. Membrane based processes have also 
come to the center of attention in various applications including alga l biomass processes due to several 
advantages, e.g., high efficiency under mild operating conditions, compact equipment, low operational 
time/energy, ease of integration with other processes, and high process scale-up capacity [Shirazi et al 2013, 
Bilad et al 2014, Shirazi and Kargari et al 2014a, Shirazi and Kargari et al 2014b, Shirazi et al 2015, Shirazi et 
al 2014]. Among the mainstream process of biodiesel production using microwave reactors also come in focus  
which utilizes microwave irradiation to transfer energy directly into reactants and consequently accelerate the 
rate of reaction [Barnard et al 2007]. Several techniques and processes were recently optimized in downstream 
processing including productivity and yield, its purification. Introduction of a novel soluble hybrid 
nanocatalyst is a promising combustion improver [Mirzajanzadeh et al 2015]. The hybrid nanocatalyst 
containing cerium oxide owing to the high surface area of the soluble nano-sized catalyst particles and their 
proper distribution along with catalytic oxidation reaction, resulted in significant overall improvements in the 
combustion reaction which reduces pollutants, i.e., NOx, CO, hydrocarbons, and Soot were reduced by up to 
18.9%, 38.8%, 71.4%, and 26.3%, respectively. Hydrothermal conversion of wet, whole algae via 
hydrothermal liquefaction and carbonization has most recently drawn significant attention of scientists and 
researchers around the world.[Broch et al 2013]  

Although the application of genetic engineering to improve energy production phenotypes in eukaryotic 
microalgae is in its infancy, significant advances in the development of genetic manipulation tools have 
recently been achieved with microalgal model systems and are being used to manipulate central carbon 
metabolism in these organisms 

 

6.Conclusion 

In the current scenario, biodiesel derived from the microalgae are the only sustainable and renewable fuel that 
is capable of meeting the energy demands of the world and can be considered as a substitute for fossil fuels. 
Microalgal biodiesel has several advantages as compared to conventional fossil fuels. With the concept of 
green energy gaining momentum, biodiesel provide the biggest advantage of Greenhouse gas mitigation. The 
primary strategies for the production of biodiesel using microalgae include the identification of the species 
with high oil content. The second step consists of development of efficient reactor system for optimum 
production of microalgae. The designing and development of efficient reactor system for microalgae culture 
presents a challenge due to high costs involved. The advances in this technology will be effective only if the 
economic challenges in upstream and downstream processing could be negated. However, despite these 
challenges, microalgae represent a promising feedstock for the renewable fuel source. 
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