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Abstract 

The quest for cleaner and renewable energy sources has propelled the interest in the production of 

biodiesel from algae. Algae, due to their high oil content and fast growth rate, present a promising 

feedstock for the production of biodiesel, especially since they can be cultivated on non-arable land 

and with seawater or wastewater. Algae biodiesel offers the advantage of being compatible with current 

diesel engines without any need for modification, compared to conventional diesel fuel. The process of 

producing biodiesel from algae involves the extraction of lipid oils from the algae and their subsequent 

transformation into biodiesel via transesterification. Algae biodiesel has several benefits over 

traditional diesel, including lower emissions and a reduced dependence on fossil fuels. To achieve 

optimal algae growth, the use of nutrient-rich mediums and favourable environmental conditions, such 

as appropriate lighting and temperature, are crucial. Despite its potential benefits, the production of 

source means algae for biodiesel faces major obstacles such as the high cost of algae culture and the 

development of effective harvesting and extraction techniques. However, with further research and 

development, the production of biofuel from algae has the potential to replace fossil fuels in a 

sustainable and practical manner. Looking towards the future, the continued advancement of algae 

cultivation and extraction techniques, coupled with increasing demand for clean energy, may lead to a 

more widespread adoption of algae biodiesel. Moreover, the use of algae for biofuels could contribute 

to sustainable development by providing an alternative to non-renewable energy sources and reducing 

greenhouse gas emissions. The potential of producing biodiesel from algae offers a promising avenue 

towards a more sustainable future. 
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INTRODUCTION 

Increasing worries about climate change and the exhaustion of non-renewable energy reserves have 

ignited enthusiasm for the creation of clean and sustainable energy alternatives. Biodiesel production 

from algae has emerged as a potential solution due to its high oil content and fast growth rate, which 

make it a promising feedstock for producing 

renewable energy. Algae can be grown on non-

arable land, utilising seawater or wastewater, 

making it a sustainable and efficient way to produce 

biodiesel. In recent years, research has focused on 

the potential of algae biodiesel production to meet 

the growing energy demands of the world while 

reducing greenhouse gas emissions [1]. Algae 

biodiesel can be used in current diesel engines 

without requiring modifications, making it a 

practical alternative to traditional diesel fuel. This 

review paper aims to provide an overview of algae 

biodiesel production as a strategy to enhance the 
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future of sustainable energy. We will examine the different methods used for lipid extraction and 

conversion of algae oils into biodiesel, as well as the key factors that affect the growth and productivity 

of algae for biodiesel production. Furthermore, the economic and environmental feasibility of algae 

biodiesel production will be discussed, along with the potential impact on the global energy industry 

and sustainable development. Finally, the current state of research and development in algae biodiesel 

production will be reviewed, highlighting the potential of algae biodiesel production to contribute to a 

cleaner and more sustainable energy future [2]. 

 

Species of Algae 

Algae encompass a diverse array of species, each possessing distinctive traits and potential for 

biodiesel production. Now, let's delve deeper into examining some noteworthy species: 
 

Chlorella 
Chlorella, a single-celled green algae, is highly regarded for its fast growth rate and impressive oil 

content. It flourishes in both freshwater and marine settings, rendering it a versatile option for 
cultivation. Chlorella's ability to efficiently utilize carbon dioxide and convert it into lipids rich in fatty 

acids makes it an attractive candidate for biodiesel production. Chlorella exhibits a remarkable growth 
rate, making it a highly productive algae species [3]. Under ideal conditions, it can double its biomass 

within a day—an impressive capability. This rapid growth enables efficient cultivation and higher oil 
yields. 

 
In terms of oil content, Chlorella is known to have one of the highest concentrations among algae 

species. Typically, Chlorella can possess an oil content of up to 30%, primarily comprised of valuable 

fatty acids like palmitic acid, oleic acid, and linoleic acid [4]. 
 

Nannochloropsis 
Nannochloropsis, a small green microalga, has gained attention for its high lipid content and 

adaptability to varying environmental conditions. This fast-growing species boasts a lipid composition 
ideal for biodiesel production, containing a high proportion of valuable fatty acids such as 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [5]. 
 

Haematococcus Pluvialis 

Haematococcus pluvialis, a freshwater microalgae species, is well-known for its capacity to generate 

astaxanthin, a powerful antioxidant. This algae species has also attracted interest due to its lipid-rich 
cell walls, making it a promising source for biodiesel [6]. Additionally, the extraction of astaxanthin 

from Haematococcus pluvialis offers a valuable co-product, further enhancing its commercial appeal. 
 

Botryococcus Braunii 
Botryococcus braunii, a green colonial microalga, stands out due to its ability to produce 

hydrocarbon-rich oils. Its unique hydrocarbon compounds, known as botryococcenes, exhibit properties 
similar to petroleum, making them an exciting prospect for renewable energy applications [7]. The high 

hydrocarbon content of Botryococcus braunii has the potential to yield biodiesel with properties closely 

resembling conventional diesel fuels. 
 

Spirulina 
Spirulina, a blue-green filamentous cyanobacterium, has gained popularity as a dietary supplement 

and a potential biofuel source [8]. It possesses a substantial protein content and rapid growth rate, 
rendering it an appealing choice for biodiesel production. Spirulina's ability to thrive in diverse 

environments, including saline waters, further enhances its suitability for large-scale cultivation [9]. 
 

Dunaliella Salina 
Dunaliella salina, a unicellular green alga, prospers in highly saline environments like salt pans and 

salt lakes [10]. It is well-known for its ability to accumulate high concentrations of beta-carotene, a 
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valuable pigment with various industrial applications. While its lipid content may be relatively low 

compared to other species, Dunaliella salina's unique characteristics make it an intriguing prospect for 
biodiesel production [11]. 

 
Production of Algae / Cultivation of Algae 

The co-production of nutritional supplements (Table 1) alongside biodiesel enhances the economic 
feasibility and sustainability of Chlorella cultivation. 

 
To further illustrate the potential of Chlorella in biodiesel production, here is a data table showcasing 

the lipid content and growth rate of Chlorella under different cultivation conditions: 
 

Table 1. Nutritional supplements. 

Cultivation Condition Lipid Content (%) Growth Rate (Doubling Time) 

Open Pond 25-30 1-2 days 

Closed Photobioreactor 30-35 1-2 days 

Raceway Pond  20-25 1-3 days 

 
The co-production of nutritional supplements alongside biodiesel enhances the economic feasibility 

and sustainability of Chlorella cultivation. The production of algae is a process that involves cultivating 
and growing algae for various purposes, including research, food production, biofuel production, and 

environmental applications. Algae are photosynthetic microorganisms present in a wide range of 
aquatic environments, including oceans, lakes, and ponds. They can also thrive in controlled settings, 

such as photobioreactors or open ponds. The production of algae typically starts with selecting the 
appropriate species or strains of algae for the desired application [12]. Different species of algae have 

varying characteristics, growth rates, and biochemical compositions, which determine their suitability 

for specific purposes. Once the desired algae strain is selected, the cultivation process begins [13]. 
 

In large-scale algae production, open ponds or closed photobioreactors are commonly used. Open 
ponds are shallow bodies of water where algae can grow under natural sunlight. These methods are 

cost-efficient and enable the cultivation of a substantial volume of algae. Photobioreactors, on the other 
hand, are closed systems that provide controlled conditions for algae growth, such as temperature, light 

intensity, and nutrient supply. These systems offer better control over algae growth and allow for higher 
biomass productivity [14]. 

 
The growth conditions for algae cultivation depend on the specific requirements of the chosen strain. 

Factors such as temperature, light availability, pH levels, nutrient concentrations, and carbon dioxide 
supply need to be optimized to promote algae growth and productivity [15]. Nutrients like nitrogen, 

phosphorus, and trace elements are essential for algae growth and are often supplemented in the 
cultivation medium. During the cultivation process, algae undergo a growth phase where they multiply 

and increase in biomass. This growth phase can vary depending on the species and environmental 
conditions but typically lasts for a few days to several weeks. Monitoring and controlling the growth 

conditions are crucial to prevent contamination, optimize growth rates, and ensure the desired 

biochemical composition of the algae [16]. Once the algae reach the desired biomass, they are harvested. 
Harvesting methods depend on the scale of production and the intended use of the algae. Common 

techniques include centrifugation, filtration, flocculation, and sedimentation. These methods help 
separate the algae biomass from the culture medium and concentrate the algae for further processing. 

 
After harvesting, the algae biomass can be processed for various applications. In the case of biofuel 

production, the lipids or oils present in the algae are extracted and converted into biodiesel through 
processes like transesterification [17]. The remaining biomass can be utilized for other purposes such 

as animal feed, fertilizer, or the production of high-value compounds like pigments, omega-3 fatty acids, 
or pharmaceuticals. The production of algae requires careful monitoring, optimization of growth 
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conditions, and efficient harvesting and processing methods. Ongoing research and technological 

advancements aim to improve the productivity and cost-effectiveness of algae production, making it a 
promising avenue for sustainable food, energy, and environmental solutions [18]. 

 
Lipid Extraction Process 

Algae biodiesel is a type of biofuel that is produced from various species of algae. Algae are 

photosynthetic organisms that can be cultivated in large quantities and are a potential source of lipids, 
which can be converted into biodiesel. However, the process of extracting lipids from the algal biomass 

is a critical step in the production process [19]. 
 

Various techniques for lipid extraction are available, including solvent extraction, supercritical fluid 
extraction, enzyme-assisted extraction, microwave-assisted extraction, and ultrasound-assisted 

extraction. Each approach has its own set of merits and drawbacks, and the selection of a method hinges 
on factors like cost-effectiveness, efficiency, and environmental implications [20]. Solvent extraction 

stands out as one of the most frequently employed techniques for lipid extraction. This method entails 

the utilization of organic solvents like hexane or ethanol to extract lipids from algal biomass. The 
biomass is typically dried and ground into a fine powder before being mixed with the solvent, and the 

mixture is then agitated to allow the lipids to dissolve into the solvent. The solvent is then separated 
from the biomass using a centrifuge or filtration, and the lipids are collected. Supercritical fluid 

extraction is another method of lipid extraction that uses supercritical CO2 as a solvent [21]. This 
approach is considered more environmentally benign compared to solvent extraction, as CO2 is non-

toxic and does not yield harmful waste byproducts. The supercritical CO2 is heated and pressured to a 
point where it behaves like a liquid and can dissolve lipids from the algal biomass. The CO2 and lipids 

are then separated using a depressurization step, and the lipids are collected [22]. 
 

Enzyme-assisted extraction is a newer method of lipid extraction that uses enzymes to break down 
the cell walls of the algal biomass and release the lipids. This approach is more sustainable as it 

eliminates the need for solvents or high temperatures, which can be energy-intensive. However, the use 
of enzymes can be costly, and the extraction efficiency can be lower than other methods [23]. 

Microwave-assisted extraction and ultrasound-assisted extraction are two methods that use energy to 
disrupt the algal cells and release the lipids. These methods can be more efficient than other methods 

since they can rapidly heat and agitate the algal biomass, but they can also be more energy-intensive 

and expensive. The efficiency of lipid extraction is influenced by several factors, including algal strain 
selection, harvesting and drying methods, cell disruption techniques, solvent type and concentration, 

and extraction time and temper ature. Algal strain selection is critical since Different strains have 
different lipid content and composition. Harvesting and drying methods can also impact the efficiency 

of lipid extraction since the moisture content of the biomass can affect the solubility of the lipids in the 
solvent. Cell disruption techniques such as mechanical grinding, bead beating, or sonication can also 

impact the efficiency of lipid extraction since they can affect the integrity of the cell walls and release 
the lipids [24].  

 
Transesterification 

Transesterification is a chemical reaction (Figure 1) that is used to convert triglycerides, such as 
vegetable oil or animal fat, into a type of biodiesel fuel that can be used in diesel engines. This procedure 

entails the reaction of triglycerides with an alcohol, typically methanol or ethanol, in the presence of a 
catalyst like sodium or potassium hydroxide, resulting in the formation of fatty acid methyl esters 

(FAMEs) or fatty acid ethyl esters (FAEEs) [25]. 
 

During the reaction, the alcohol reacts with the triglyceride, breaking it down into its constituent fatty 

acids and glycerol. The catalyst assists in accelerating the reaction and ensuring its full completion. The 
fatty acids then react with the alcohol to form the FAMEs or FAEEs, which are the final product of the 

reaction. The glycerol byproduct is separated from the reaction mixture and can be repurposed for 
various uses, such as soap production or animal feed. 



 

International Journal of Biochemistry and Biomolecules Research 

Volume 1, Issue 2 

 

 

© STM Journals 2023. All Rights Reserved 27  
 

Transesterification is a key step in the production of biodiesel from renewable sources such as 

vegetable oil or animal fat. It is a relatively simple process that can be carried out at room temperature 
and atmospheric pressure, making it a cost-effective method of producing biodiesel [30]. However, 

there are several factors that can affect the efficiency and yield of the reaction.one factor that can impact 
the transesterification reaction is the type of alcohol used. Methanol is widely employed as the primary 

alcohol in biodiesel production owing to its cost-effectiveness and strong reactivity. Ethanol can also 
be used, but it is less reactive and can result in lower yields. The ratio of alcohol to triglyceride is also 

important, with a molar excess of alcohol typically used to drive the reaction to completion [26]. 

 

 
Figure 1. Transesterification reaction. 

 

The selection of a catalyst can also impact the effectiveness of the transesterification reaction. Sodium 

or potassium hydroxide is frequently employed as a catalyst because of its strong reactivity and 

affordability. However, it is highly corrosive and can pose safety hazards. Acid catalysts can also be 

used, but they require more careful handling and can result in lower yields. The quality of the starting 

material, such as the purity of the triglycerides and the presence of impurities such as water or free fatty 

acids, can also impact the efficiency of the transesterification reaction. Proper pre-treatment and 

purification of the starting material can improve the yield and quality of the final product [11]. The 

efficiency of the transesterification reaction is influenced by several factors, including the type of 

alcohol, the ratio of alcohol to triglyceride, the choice of catalyst, and the quality of the starting material. 

By optimising these factors, biodiesel can be produced in a cost-effective and sustainable manner [27]. 

 

Use of Biodiesels 

Biodiesel represents a renewable and ecologically responsible substitute for diesel fuel derived from 

petroleum. It is derived from sources such as vegetable oils, animal fats, and used cooking oils through 

a process called transesterification. Biodiesel can be utilized in diesel engines without necessitating any 

modifications and boasts numerous advantages over conventional diesel fuel [28]. 

 

One of the primary benefits of biodiesel is its reduced environmental impact. Biodiesel is considered 

a carbon-neutral fuel, signifying that the carbon dioxide released during its combustion is balanced by 

the carbon dioxide absorbed during the cultivation of the feedstock used in its production. Moreover, it 

generates fewer detrimental emissions, such as particulate matter and nitrogen oxides, which can 

contribute to air pollution and respiratory issues [29]. 

 

In addition to its environmental benefits, biodiesel also has economic advantages. It is domestically 

manufactured from sustainable sources, reducing the nation's reliance on foreign oil. It also supports 

local agriculture and rural economies by creating a market for crops and animal fats that might otherwise 

go to waste. 

 

Biodiesel finds utility in a wide range of applications, encompassing transportation, heating, and 

power generation. In transportation, it can be blended with petroleum-based diesel fuel at varying ratios 
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depending on the desired performance and emissions characteristics. Blends of biodiesel have been 

effectively employed in various types of vehicles, spanning from passenger cars to heavy-duty trucks 

and buses [30]. 

 

Biodiesel also has applications in the aviation industry. Researchers are exploring the use of 

renewable jet fuels, which can be derived from sources such as algae and other plants. Such fuels hold 

the promise of diminishing emissions and diminishing the carbon footprint of the aviation sector. 

Although it offers numerous advantages, there are also certain challenges linked to the utilization of 

biodiesel. One of the main challenges is the cost of production, which can be higher than that of 

traditional diesel fuel. There are also concerns about the impact of biodiesel production on land use and 

food prices, as some feedstocks compete with food crops for land and resources. 

 

Biodiesel represents a promising substitute for conventional diesel fuel, presenting numerous 

environmental, economic, and performance benefits. Its use in transportation, heating, and power 

generation is increasing, and researchers are exploring new applications for this renewable fuel. While 

there are still challenges to be addressed, the potential benefits of biodiesel make it a promising option 

for a more sustainable future [31]. 

 

Disadvantages of using Biodiesel 

Only Appropriate in Warm Climates  

The long-term viability of biodiesel is disputed by some environmentalists. They point out integration 

issues with the fuel source. Biodiesel's incompatibility with cold climates is one of its drawbacks. 

Biodiesel, according to researchers, gels at low temperatures. In regions with cold climates, drivers may 

encounter challenges in utilizing this fuel source. Only warm climates allow consumers to use biodiesel 

as a fuel source. 

 

Water and Food Shortages  

 The effect of biodiesel on water and food supplies is another issue. Plants used to make fuel may 

deplete the food supplies that support the world's population. A threat to local water supplies may also 

result from increasing crop production for biodiesel. Because soy is a plant that uses a lot of water, 

many water sources are depleted. Communities' essential resources can be exploited if biodiesel is only 

made from soybeans [32]. 

 

The Price of Biodiesel   

The price of using biodiesel is its third drawback. Economic issues arise because biodiesel is less 

economical than traditional fuel sources. Last November, a gallon of biodiesel cost $5.58. According 

to market data, the mean price of diesel in November of the previous year stood at $3.74. If consumer 

demand remains low, biodiesel costs will always be higher than those of conventional fuel. Consumer 

support for a switch to sustainable fuels is difficult for environmentalists to gain if it is expensive [33]. 

 

CONCLUSION 

A promising method to improve energy production in the future is the production of algae-based 

biodiesel. Algae biodiesel offers a sustainable and effective substitute for conventional fuels thanks to 

its high productivity, low need for land and water, and capacity to grow in a variety of environments. 

Although there are still issues with cost-effectiveness, scalability, and processing, ongoing research 

efforts and technological advances are advancing the production of algae-based biodiesel. The 

commercialization of algae biodiesel is getting closer thanks to recent developments in genetic 

engineering, cultivation strategies, and extraction methods. Algal biodiesel is also a desirable option for 

a sustainable future due to its favourable effects on the environment, which include decreased greenhouse 

gas emissions and the preservation of land and water resources. Algal biodiesel's commercial viability 

and market potential, along with government initiatives and regulations, strengthen its chances even 

more. The future of algae-based biodiesel appears promising. Algal strains are being improved for higher 
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lipid content and faster growth rates through ongoing research and development. Automation and 

farming systems that are more advanced increase productivity and efficiency. Purification and biomass 

production are both advantages of integration with wastewater treatment. Sources of nutrients that are 

sustainable lessen the need for artificial fertilisers. Scalability and cost-effectiveness are improved by 

technological advancements in harvesting and extraction techniques. The variety of by products increases 

the economic feasibility of enterprises based on algae. Market expansion is facilitated by supportive 

regulations and partnerships. Algae biodiesel has enormous potential as a sustainable and renewable 

energy source for a more environmentally friendly future. 

 

The production of algal biodiesel holds significant potential in addressing the increasing demand for 

renewable fuels as the global community transitions toward a more environmentally friendly and 

sustainable energy system. 
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