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Abstract: The abundant usage of fossil fuels by industrialization is causing them to run out on a daily 

basis. Alternative energy sources had to be used in place of fossil fuels, as anticipated by energy 

specialists. Biofuel, which is derived from renewable biological sources, is one of the alternatives that 

are most likely to replace fossil fuels. Algal-derived biodiesel is one type of potential biofule. This 

review paper describes the process of turning algal biomass into biodiesel. 
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INTRODUCTION 

Global pollution is increasing as fossil fuels run out. Algal biofuels represent a highly 

promising alternative approach to energy generation. Biofuel is energy produced by biological 

processes or taken from the biomass of living things, including bacteria, plants, and microalgae [1]. 

According to current research, biofuels are essentially carbon neutral since the carbon released 

during burning comes from recently fixed atmospheric CO2 either directly or indirectly. Algal 

biomass has emerged as the third-generation feedstock of today. It has high levels of vitamins, lipids, 

amino acids, and polysaccharides. It is lignin-free and doesn't require any arable land. Furthermore, by 

fixing CO2, algae may develop quite quickly. Straw, wood material, wood waste, energy plants, 

sugarcane, manure, and several other agricultural coproducts or byproducts make up the majority of 

the feedstocks used to produce biofuel [2]. 

An alternative to petroleum fuel that is potentially renewable is biodiesel made from oil crops 

[3].Petroleum diesel fuel and biodiesel are perfectly miscible and are typically tested together. Fuel 

efficiency will increase when engines run on pure or mixed biodiesel. Depending on the kind of 

biomass utilized in the process, biodiesel may be classified into four generations. Microalgae had a 

number of advantages over crop-based biodiesel, including a higher growth rate, a higher lipid 

content, and a reduced land demand. Due to its quick growth rate, microalgae are now considered the 

perfect feedstock for third-generation biofuels. Aerating, salinity, temperature, pH, light, and nutrient 

amount and quality are some of the key factors in microalgae production that affect the growth 

behavior and photosynthetic activity of the algae [4]. 
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Algae 

Similar to other plants that can undergo photosynthesis to convert inorganic compounds into 

organic ones, algae are a varied group of aquatic organisms that have chlorophyll.Compared to most 

land-based plants, they have quicker cell development, a significantly better photosynthetic efficiency, 

and the ability to absorb nutrients and CO2 quickly. We used repeated dilution to accomplish 

monoculture for a particular algal culture. For cultivation, algae need a temperature range of 15-35 

degrees Celsius.Algae are divided into two categories based on size: macroalgae (seaweed) and 

microalgae. They are crucial to the environment because they prevent the aquatic food chain that 

sustains all of the island's and ocean's fisheries [5]. 

Microalgae 

Through the process of photosynthesis, microalgae are unicellular or multicellular 

photosynthetic microorganisms that can convert carbon dioxide, water, and light into biomass and 

oxygen [6]. The four primary classes of microalgae are golden algae, blue green algae, green algae, 

and green algae. Microalgae have a greater concentration of nitrogen, phosphorus, and potassium in 

addition to carbon, hydrogen, and oxygen in their chemical makeup. 

Microalgae are also classified according to how much carbon they consume. The four main 

phases of microalgal development are the lysis, lag, exponential, and stationary phases. Microalgae 

are cultivated in extremely low nutrient environments, and their primary function is to absorb carbon 

dioxide, which contributes to the world cycle and fixes nitrogen, which is used as biofertilizer in 

Figure 1. 

 
Figure 1. Use of the Microalgal Biomass 

Utilizing Microalgae for Biofuels 

The microalgal biomass may be used to produce biofuel as it contains macromolecules like 

proteins, carbs, and lipids. Microalgae's lipid content can be influenced by their species and growing 

circumstances. A high lipid content of 20% to 50% is typical for microalgae species including 

Chlorella, Dunaliella, Nannochloris, Scenedesmus, Nannochloropsis, and Tetraselmis [7].A number of 
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procedures are involved in the manufacture of biofuels, including the selection, cultivation, separation, 

and drying of biomass, the destruction of cells to extract biomolecules, and, finally, the use of 

conversion processes for the creation of biofuels, as shown in Figure 2. 

 
Figure 2.Overview of the use of microalgae in the synthesis of 

biofuels 

Biodiesel Production 

The mono-alkyl esters of long-chain fatty acids that make up biodiesel are mostly produced by 

the transesterification (also known as the ester-exchange reaction) process from triacylglycerols 

(TAGs). Oils and lipids produced from algal biomass are utilized in transesterification processes, 

where the alcohol to oil ratio is either 3:1 or 6:1 in the presence of chemical catalysts like acid and 

alkali or a biological catalyst like lipase [8, 9]. 

Glycerol is a by-product of the transesterification process, whereas methyl ester, or biodiesel, 

is the final result [10]. The alcohol/oil ratio, the kind of alcohol, the catalyst employed, the amount, 

reaction duration, temperature, and reagent purity are only a few of the variables that affect the 

transesterification process. 

Steps in the manufacturing process of biodiesel;  

• Raw Material Treatment - Prior to undergoing the transesterification process, certain 

feedstocks need to undergo pre-treatment. More than 4% free fatty acids in feedstocks, such as 

animal fats and recycled greases, necessitate pre-treatment by an acid esterification process. 

Feedstocks with fewer than 4% free fatty acids, such as vegetable oils and some food-grade 

animal fats, do not require pre-treatment [11]. This process turns the free fatty acids in the 

feedstock into biodiesel by reacting it with an alcohol such as methanol in the presence of a 

strong acid catalyst. The chemical process transforms the leftover triglycerides into biodiesel. 

• Combining Alcohol with Catalyst - Prior to adding the oil, the catalyst and alcohol required to 

produce biodiesel must be combined. The alcohol also has to be water-free. The volume ratio 
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of alcohol to oil is 1:4, and titration is used to calculate the required quantity of catalyst while 

accounting for the oil's acidity [12]. 

• Transesterification - Alcohol and fat combine to generate esters and glycerol as a byproduct, 

a process known as transesterification (sometimes called alcoholysis). Typically, 

transesterification occurs at a temperature of between 50 and 60°C at atmospheric pressure 

[13]. Equation presents a typical transesterification process, where RCOOR' denotes an ester, 

R' OH an alcohol, R' OH glycerol, and RCOOR'' an ester mixture. 

������ + ����� → ���� + �����′′ 

• Separation of Glycerol and Biodiesel - Decantation is used to separate the reaction products; 

due to differing densities, the mixture of fatty acids methyl esters (FAME) and glycerin 

separates into two phases that may physically separate. Centrifugation may also be used in 

some circumstances to speed up the separation process. 

• Purification - To meet set quality requirements for biodiesel, the mixture of fatty acids methyl 

esters (FAME) produced from the transesterification reaction needs to be filtered. FAME 

needs to be cleaned, neutralized, and dried as a result [14]. 

• Substrates for the Production of Biodiesel - Both large-scale production and cost-

effectiveness must be met in the feedstock selection process for the manufacturing of 

biodiesel. Four categories apply to biodiesel substrates: The following vegetable oils are 

classified as non-edible: jatropha, mahua, linseed, cotton seed; (a) edible: soybean, palm oil, 

sunflower, rapeseed, and peanut; (d) Waste or recycled oil, such as cooking, frying, and 

pomace oil; (c) animal fats, such as cattle tallow, swine lard, yellow grease, chicken fat, and 

byproducts from fish oil [15]. Each of these was considered a feedstock for biodiesel of the 

second generation. Because of their high rate of lipid accumulation and most productive 

photosynthetic efficiency with net negative energy, microalgae are thought to be the most 

promising feedstock for third-generation biofuel (Table 1). greenhouse gas emissions [16]. 

Table 1. Biodiesel Feedstocks 

Feedstock/Source Oil Content (%) Fatty Acids 

Microalgae 30-70 --- 

Linseed 40-45 Linoleic, Oleic 

Mahua 35-40 Palmitic, Oleic 

Jatropha 50-60 Linoleic, Palmitic, Oleic 

Cotton Seed 15-20 Palmitic, Linoleic, Oleic 

Rapeseed 40-45 Oleic, Linoleic 

Canola 40-45 Oleic, Linoleic 

Sunflower 25-30 Linoleic, Oleic, Palmitic 
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Castor 40-50 Linoleic, Ricinoleic 

Palm Oil 40-45 Oleic, Palmitic, Linoleic 

Peanut 45-50 Palmitic, Oleic 

Chicken Fat 30-35 Palmitic, Linoleic, Oleic 

Mutton Tallow 40-60 Palmitic, Stearic, Oleic, 

Linoleic 

Pork Lard 35-40 Palmitic, Stearic, Myristic 

• Procedures for Biodiesel Production -  

o Straight use and blending - In direct usage, 100% biofuel is used instead of diesel 

and gasoline (B100), and common variations such as B5, B10, B95, etc. are blended 

in. The engine does not need to be modified in order to utilize vegetable oil as diesel 

fuel. Vegetable oil, which makes about 80% of diesel fuel, has a number of benefits 

when used as diesel fuel, including its liquid form, portability, ease of supply, and 

high heat content. Vegetable oil's high viscosity, low volatility, and the reactivity of 

unsaturated hydrocarbon chains, which eventually cause issues are its main causes for 

worry when used as fuel [18]. 

o Microemulsion - A micro-emulsion is a naturally occurring colloidal equilibrium 

dispersion of optically isotropic fluid microstructures, typically ranging in size from 1 

to 50 nm. It is created by combining two typically immiscible liquids with one or 

more ionic or non-ionic amphiphiles. The use of solvents like methanol and ethanol in 

micro-emulsions to reduce the high viscosity of vegetable oils has been researched 

[19]. 

o Thermal cracking - The process of converting one chemical into another by heat and 

a catalyst is called thermal cracking, or pyrolysis. It is not a process for making 

biodiesel. But this process is starting to look like a viable option since it yields 

chemicals and fuel that is similar to diesel. The feedstocks utilized and the conditions 

under which they are performed have a considerable impact on the composition of the 

products generated during pyrolysis [20].There are several feedstocks that can be 

pyrolyzed, some of which have very little fat content. The resultant combination may 

yield various valuable compounds in addition to transportation fuel, often referred to 

as bio-oil [21]. The process is typically difficult to manage since it demands high 

temperatures, which come with significant energy expenditures. It is also highly 

reliant on the environment in which it is carried out. 

o Catalytic cracking - Another form of thermal cracking is catalytic cracking, which is 
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widely employed in the petrochemical sector to generate a sizeable amount of the 

fossil fuel utilized today. This methodology may also be applied to the generation of 

biodiesel from an extensive range of feedstocks.By using a catalyst, it is possible to 

use softer pressure and temperature settings while yet having better control over the 

end products that are produced [22]. Cracking techniques for the generation of 

biodiesel may be developed and implemented using various combinations of reactors 

and catalysts. 

o Transesterification - Oils and lipids produced from algal biomass are utilized in 

transesterification processes, where the alcohol to oil ratio is either 3:1 or 6:1 when 

chemical catalysts like acid and alkali or biological catalysts like lipase are present 

[8,9]. Methyl ester, or biodiesel, is the final product of the transesterification 

procedure, with glycerol resulting as a by-product [23]. Numerous factors affect the 

transesterification process, such as the alcohol to oil ratio, the kind of alcohol, the 

catalyst utilized, and the amount, reaction time, temperature, and reagent purity 

shown in Figure 3. 

 
Figure 3.Transesterification Process 

o Production Status of Biodiesel - There are greater options to raise cell density, algal 

biomass productivity, and cellular lipid content when microalgae grow 

heterotrophically, which is light-independent and utilizes organic substrates as carbon 

sources [24].The supply and concentration of nitrogen in the medium have an impact 

on the growth and chemical makeup of microalgae. In microalgal metabolism, 

physicochemical parameters including temperature, pH, and light intensity are crucial 

[25]. Numerous techniques for producing algal biofuels from wastewater were 

investigated, including raising algae in open ponds and bioreactors, as well as various 

technology for converting biomass and nutrient sources. The generation of microalgal 

biofuel from wastewater was shown to be superior to that of biofuel derived from 

freshwater. However, the nutritional profile, downstream processing, and availability 
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of acceptable effluent further limited the process's efficacy and made large-scale 

deployment of these procedures impossible [26]. Biodiesel has the potential to be an 

alternative fuel since it is renewable and greener. It is a liquid fuel made of long chain 

fatty acid mono alkyl ester. It is made from many kinds of renewable lipids, including 

animal fats, waste vegetable oil (WVOs), virgin vegetable oil, and nonedible 

vegetable oil [27]. 

India's energy needs, along with those of the rest of the world, appear to be best met by 

biodiesel and other renewable energy sources [28]. One technically and financially viable solution to 

the various issues is biodiesel. Although edible oil is the primary source of biodiesel, it is thought that 

using a lot of edible oil in this process might cause a food scarcity in the majority of developing 

nations. Thus, the effect of biofuel on the price of agricultural commodities and the food fuel 

controversy have received particular attention. Vegetable oil usage in restaurants and as a fuel for 

automobiles has drawn a lot of interest. 

The physical-chemical qualities of biodiesel have been shown to vary depending on the 

feedstock, and this has a significant impact on the engine's potential performance as well as the 

emission level's dynamic features. With a clear increase in fuel consumption and NOx emission, the 

use of biodiesel results in a decrease in harmful pollutants such as carbon monoxide, unburned 

hydrocarbons, and some particulate matter [29]. 

CONCLUSION 

Microalgae have the ability to absorb CO2 that is directly released by fossil sources. It is well 

recognized that microalgal biofuels are a viable replacement for fossil fuels that may one day be able 

to supply the world's energy needs. It is necessary to look at and analyze a number of variables, 

including cost effectiveness, process efficiency, and biodiesel conversion technology. The technique 

will become more practical and cost-effective due to the synergistic approach to biofuel production. 

REFERENCES 

[1] Ennetta, Ridha & Soyhan, Hakan & Koyunoglu, Cemil & Demir, Veli. (2022). Current 

Technologies and Future Trends for Biodiesel Production: A Review. 1-19. 

10.1007/s13369-022-07121-9.  

[2] Hui Xu, Uisung Lee, André M. Coleman, Mark S. Wigmosta, Ning Sun, Troy Hawkins, and 

Michael Wang Environmental Science & Technology 2020 54 (4), 2091-2102. DOI: 

10.1021/acs.est.9b05347. 

[3] Bradley D. Wahlen, Michael R. Morgan, Alex T. McCurdy, Robert M. Willis, Michael D. 

Morgan, Daniel J. Dye, Bruce Bugbee, Byard D. Wood, and Lance C. Seefeldt Energy & 

ALOCHANA JOURNAL  (ISSN NO:2231-6329)  VOLUME 13 ISSUE 3 2024

Page No: 278



Fuels 2013 27 (1), 220-228. DOI: 10.1021/ef3012382.  

[4] Ansari, F.A., Shekh, A.Y., Gupta, S.K., Bux, F. (2017). Microalgae for Biofuels: 

Applications, Process Constraints and Future Needs. In: Gupta, S., Malik, A., Bux, F. 

(eds) Algal Biofuels. Springer, Cham. https://doi.org/10.1007/978-3-319-51010-1_3. 

[5] Adewuyi, A. Production of Biodiesel from Underutilized Algae Oil: Prospects and Current 

Challenges Encountered in Developing Countries. Biology 2022, 11, 1418. 

https://doi.org/10.3390/biology11101418. 

[6] Kumar Gaurav, Krishna Neeti, Reena Singh, Microalgae-based biodiesel production and its 

challenges and future opportunities: A review, Green Technologies and Sustainability, 

Volume 2, Issue 1, 2024, https://doi.org/10.1016/j.grets.2023.100060. 

[7] Hannon M, Gimpel J, Tran M, Rasala B, Mayfield S. Biofuels from algae: challenges and 

potential. Biofuels. 2010 Sep;1(5):763-784. doi: 10.4155/bfs.10.44. PMID: 21833344; 

PMCID: PMC3152439. 

[8] Nabanita Banerjee, Souvik Barman, Gour Saha, Tushar Jash, Optimization of process 

parameters of biodiesel production from different kinds of feedstock, Materials Today: 

Proceedings, Volume 5, Issue 11, 2018, Pages 23043-23050, 

https://doi.org/10.1016/j.matpr.2018.11.033. 

[9] Randhir K. Bharti, Shaili Srivastava, Indu Shekhar Thakur, Production and characterization 

of biodiesel from carbon dioxide concentrating chemolithotrophic bacteria, Serratia sp. 

ISTD04, Bioresource Technology, Volume 153, 2014, Pages 189-197, 

https://doi.org/10.1016/j.biortech.2013.11.075. 

[10] Koukios, E.G. (1985). Biomass refining: a non-waste approach. In: Hall, D.O., Myers, N., 

Margaris, N.S. (eds) Economics of ecosystems management. Tasks for vegetation 

science, vol 14. Springer, Dordrecht. https://doi.org/10.1007/978-94-009-5502-8_27. 

[11] Kosolapova, S.M.; Smal, M.S.; Rudko, V.A.; Pyagay, I.N. A New Approach for 

Synthesizing Fatty Acid Esters from Linoleic-Type Vegetable Oil. Processes 2023, 11, 

1534. https://doi.org/10.3390/pr11051534. 

[12] Anastopoulos, G.; Zannikou, Y.; Stournas, S.; Kalligeros, S. Transesterification of Vegetable 

Oils with Ethanol and Characterization of the Key Fuel Properties of Ethyl 

Esters. Energies 2009, 2, 362-376. https://doi.org/10.3390/en20200362. 

[13] Tan, Yie & Abdullah, Mohammad & Nolasco-Hipolito, Cirilo. (2016). Comparison of 

Biodiesel Production between Homogeneous and Heterogeneous Base Catalysts. Applied 

Mechanics and Materials. 833. 71-77. 10.4028/www.scientific.net/AMM.833.71. 

[14] Teklit Gebregiorgis Ambaye, Mentore Vaccari, Adrián Bonilla-Petriciolet, Shiv Prasad, Eric 

D. van Hullebusch, Sami Rtimi, Emerging technologies for biofuel production: A critical 

review on recent progress, challenges and perspectives, Journal of Environmental 

Management, Volume 290, 2021, https://doi.org/10.1016/j.jenvman.2021.112627. 

[15] S. Kent Hoekman, Amber Broch, Curtis Robbins, Eric Ceniceros, Mani Natarajan, Review 

of biodiesel composition, properties, and specifications, Renewable and Sustainable 

Energy Reviews, Volume 16, Issue 1, 2012, Pages 143-169, 

https://doi.org/10.1016/j.rser.2011.07.143. 

[16] Demirbas A, Bafail A, Ahmad W, Sheikh M. Biodiesel production from non-edible plant 

oils. Energy Exploration & Exploitation. 2016;34(2):290-318. 

ALOCHANA JOURNAL  (ISSN NO:2231-6329)  VOLUME 13 ISSUE 3 2024

Page No: 279



doi:10.1177/0144598716630166. 

[17] Gebremariam, Shemelis & Marchetti, J.. (2017). Biodiesel production technologies: Review. 

AIMS Energy. 5. 425-457. 10.3934/energy.2017.3.425. 

[18] Mohammed A. Fayad and Miqdam T. Chaichan and Hayder A. Dhahad, Engine performance 

and PM concentrations from the combustion of Iraqi sunflower oil biodiesel under 

variable diesel engine operating conditions. Journal of Physics: Conference Series, 

Volume1973, Issue 1, 2021. https://dx.doi.org/10.1088/1742-6596/1973/1/012051. 

[19] Demirbaş, Ayhan, Chemical and Fuel Properties of Seventeen Vegetable Oils. Energy 

Sources, Volume- 25, Issue- 7, 2003. doi: 10.1080/00908310390212426. 

[20] Mohan, Dinesh Pittman, Charles U. Jr., Steele, Philip H., Pyrolysis of Wood/Biomass for 

Bio-oil:  A Critical Review. Energy & Fuels, Volume- 20, Issue- 3, 2006. doi: 

10.1021/ef0502397. 

[21] Mattos C, Andrade J, Salarini Peixoto B, Tavares Moraes NL, da Cunha Veloso MC, Alves 

Romeiro G, Folly EDC. Acaricidal Properties of Bio-Oil Derived From Slow Pyrolysis 

of Crambe abyssinica Fruit Against the Cattle Tick Rhipicephalus microplus (Acari: 

Ixodidae). Front Physiol. 2021 Dec 2;12:768522. doi: 10.3389/fphys.2021.768522. 

[22] Syed Ameer Basha, K. Raja Gopal, A review of the effects of catalyst and additive on 

biodiesel production, performance, combustion and emission characteristics, Renewable 

and Sustainable Energy Reviews, Volume 16, Issue 1, 2012, Pages 711-717.  

https://doi.org/10.1016/j.rser.2011.08.036. 

[23] Nawkarkar, Prachi & Ganesan, Ashok & Kumar, Shashi. (2022). Carbon dioxide capture for 

biofuel production. 10.1016/b978-0-12-822810-4.00032-4. 

[24] Ummu Kalsum, Mahmuddin, Mahfud Mahfud and Ahmad Roesyadi, Biodiesel Production 

from Chlorella vulgaris via Homogenous Acid Catalyzed In situ Transesterification with 

Microwave Irradiation. IOP Conference Series: Earth and Environmental Science. 

Volume- 175, Issue- 1, 2018. https://dx.doi.org/10.1088/1755-1315/175/1/012018. 

[25] Edeh, Ifeanyichukwu. ‘Bioethanol Production: An Overview’. Bioethanol Technologies, 

IntechOpen, 1 Sept. 2021. Crossref, doi:10.5772/intechopen.94895. 

[26] Javad Roostaei, Yongli Zhang, Spatially Explicit Life Cycle Assessment: Opportunities and 

challenges of wastewater-based algal biofuels in the United States, Algal Research, 

Volume 24, Part B, 2017, Pages 395-402, https://doi.org/10.1016/j.algal.2016.08.008. 

[27] Dipak D. Pukale, Ganesh L. Maddikeri, Parag R. Gogate, Aniruddha B. Pandit, Amit P. 

Pratap, Ultrasound assisted transesterification of waste cooking oil using heterogeneous 

solid catalyst, Ultrasonics Sonochemistry, Volume 22, 2015, Pages 278-286, 

https://doi.org/10.1016/j.ultsonch.2014.05.020. 

[28] Kumar. J, C.R., Majid, M.A. Renewable energy for sustainable development in India: 

current status, future prospects, challenges, employment, and investment 

opportunities. Energ Sustain Soc 10, 2 (2020). https://doi.org/10.1186/s13705-019-0232-

1. 

[29] Zhang, Y.; Zhong, Y.; Lu, S.; Zhang, Z.; Tan, D. A Comprehensive Review of the 

Properties, Performance, Combustion, and Emissions of the Diesel Engine Fueled with 

Different Generations of Biodiesel. Processes 2022, 10, 1178. 

https://doi.org/10.3390/pr10061178. 

ALOCHANA JOURNAL  (ISSN NO:2231-6329)  VOLUME 13 ISSUE 3 2024

Page No: 280


