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he increasing energy demand globally, together with the issues of climate change, 

environmental degradation and the decreasing availability of fossil fuels have heightened 

the need for sustainable and renewable energy sources. The world is currently heavily 

dependent on fossil fuels for energy. However, burning fossil fuels releases large quantities 

of greenhouse gases (GHGs), especially carbon dioxide (CO2), which are a major cause of 

global warming. Hence, renewable energy technologies have gained considerable attention as 

potential options to achieve energy security and environmental sustainability. Among these 

alternatives, algal biofuels have become one of the most promising renewable energy 

resources due to their high productivity, carbon sequestration potential, and ability to grow on 

non-arable land using wastewater and saline water. Algae are photoautotrophs and range in 

size from microscopic unicellular microalgae to large multicellular macroalgae (seaweeds). 

Algae convert solar energy, carbon dioxide and nutrients into a biomass rich in lipids, 

carbohydrates and proteins through photosynthesis. These biochemical components can be 

converted to different biofuels such as biodiesel, bioethanol, biogas, biohydrogen and 

sustainable aviation fuels. Algae have much higher biomass productivity and oil yields than 

traditional bioenergy crops such as soybean, corn, and oil palm, and they do not compete with 

food crops for agricultural land. Algal biofuels are thus gaining recognition as a sustainable 

option for future energy production. 

Types of Algae Used for Biofuel Production 
Algae utilized for biofuel production can be broadly classified into microalgae and 

macroalgae. 

Microalgae 

Microalgae are small photosynthetic organisms that inhabit freshwater, marine and brackish 

environments. Common genera used for biofuel production include Chlorella, Scenedesmus, 

Nannochloropsis, Dunaliella and Botryococcus. Microalgae have several advantages: 

 High growth rates and biomass productivity  

 Ability to accumulate substantial amounts of lipids (20–70% of dry weight)  

 Efficient carbon dioxide fixation  

 Cultivation in diverse environmental conditions  

 Potential for genetic improvement  

Some species such as Botryococcus braunii can accumulate hydrocarbons constituting more 

than 60% of their dry biomass, making them particularly attractive for biodiesel production. 

Macroalgae 

Macroalgae or seaweeds are multicellular algae that fall into the categories of green, brown, 

and red algae. Examples are Ulva, Laminaria, Sargassum and Gracilaria. Unlike microalgae, 

macroalgae have lower lipid concentrations, but are rich in carbohydrates such as alginate, 

mannitol, cellulose, and agar. These carbohydrates are fermentable to bioethanol and biogas 

by fermentation and anaerobic digestion. 

 

T 

mailto:khanin.pathak@aau.ac.in


Pathak (2026) Agri Magazine, 03(05): 505-508 (MAY, 2026)     

Agri Magazine ISSN: 3048-8656 Page 506 

Biofuel Products Derived from Algae 
Biodiesel 

Biodiesel is the most extensively studied algal biofuel. Lipids extracted from algal biomass 

are converted into fatty acid methyl esters (FAMEs) through transesterification reactions. The 

resulting biodiesel can be used directly in diesel engines or blended with conventional diesel 

fuel. 

Advantages of algal biodiesel include: 

 Renewable and biodegradable nature  

 Reduced greenhouse gas emissions  

 High cetane number  

 Low sulfur content  

 Compatibility with existing diesel infrastructure  

Studies indicate that algal oil productivity can exceed 50,000 L ha⁻¹ year⁻¹, substantially 

higher than soybean and palm oil crops. 

Ethanol (bioethanol) 

The fermentation of carbohydrates in algal biomass leads to the production of bioethanol. 

Macroalgae are especially attractive because of their high carbohydrate content and the 

absence of lignin, which make biomass processing easier. Yeast and bacterial strains are used 

to ferment sugars in transportation fuels to produce ethanol. 

Biogas  

Anaerobic digestion of the algal biomass results in methane-enriched biogas. During this 

process, microorganisms decompose organic matter in oxygen-free conditions, producing 

methane and carbon dioxide.  Biogas can be utilized for electricity generation, heating and 

transportation applications. 

Biohydrogen Production 

Some microalgal species have been reported to produce hydrogen gas under certain 

environmental conditions. Biohydrogen is considered as a green fuel since its combustion 

generates only water. Research efforts are still ongoing to increase hydrogen productivity 

through genetic and metabolic engineering, although commercial-scale production is still a 

challenge. 

Sustainable Aviation Fuels (SAF) 

The aviation industry is looking for low-carbon substitutes for conventional jet fuel. Algal 

lipids are suitable for conversion into hydroprocessed renewable jet fuel with properties 

similar to petroleum-based aviation fuel. Several demonstration projects have successfully 

demonstrated the use of algae-derived aviation fuels in commercial aircraft. 

Algal Cultivation Systems 
Efficient cultivation systems are critical for maximizing biomass production and biofuel 

yields. 

Open Pond Systems 

Open ponds represent the simplest and most economical cultivation method. Common 

configurations include raceway ponds, circular ponds, and shallow lagoons. 

Advantages: 

 Low construction and operating costs  

 Easy scalability  

 Utilization of natural sunlight  

Limitations: 

 Contamination risks  

 Water evaporation  

 Lower productivity  

 Limited environmental control  

Photobioreactors (PBRs) 

Photobioreactors are enclosed systems that provide precise control over growth conditions. 
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Advantages: 

 Higher biomass productivity  

 Reduced contamination  

 Efficient utilization of carbon dioxide  

 Controlled temperature and light conditions  

Limitations: 

 High capital investment  

 Increased operational complexity  

 Greater maintenance requirements  

Algal Biofuels' Environmental Advantages 
Reduction of Carbon Dioxide 

Algae are exceptionally good at fixing carbon. They take in carbon dioxide from the 

atmosphere or from industry and transform it into biomass during photosynthesis. About 1.8 

kg of CO2 can be captured by one kilogram of algal biomass, helping to reduce greenhouse 

gas emissions. 

Treating Wastewater 

Municipal, agricultural, and industrial wastewater treatment systems can be combined with 

algae farming. Algae produce useful biomass while absorbing nitrogen, phosphorus, and 

other contaminants. This dual-purpose strategy enhances environmental sustainability while 

lowering treatment costs. 

Preservation of Agricultural Resources 

Algae can be grown on marginal sites that aren't ideal for farming, unlike traditional biofuel 

crops. They can reduce competition for freshwater and fertile land resources by using 

wastewater, seawater, and saline water. 

Reduced Air Pollution 

Algal biofuels contain minimal sulfur and aromatic compounds. Their combustion produces 

lower emissions of sulfur oxides, particulate matter, and other pollutants compared with fossil 

fuels. 

Economic Potential of Algal Biofuels 

The economic attractiveness of algal biofuels stems from the possibility of producing 

multiple valuable products within an integrated biorefinery framework. In addition to fuels, 

algal biomass can generate: 

 Nutraceuticals  

 Animal feed  

 Pharmaceuticals  

 Pigments  

 Antioxidants  

 Fertilizers  

 Bioplastics  

These co-products improve overall profitability and can offset biofuel production costs. The 

global algae-based products market continues to expand due to increasing demand for 

sustainable and environmentally friendly products. 

Challenges in Commercialization 
Despite their considerable potential, several obstacles hinder large-scale commercialization of 

algal biofuels. 

High Production Costs 

Cultivation, harvesting, drying, lipid extraction, and fuel conversion processes remain 

expensive. Current production costs are significantly higher than those of petroleum fuels. 

Energy Balance Issues 

Some processing steps require substantial energy inputs. Ensuring a positive net energy 

balance remains a critical challenge for commercial viability. 
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Harvesting and Dewatering 

Algal cultures typically contain more than 95% water. Efficient biomass recovery through 

centrifugation, filtration, or flocculation contributes significantly to production expenses. 

Strain Selection 

Selecting strains that combine rapid growth, high lipid accumulation, environmental 

tolerance, and resistance to contamination remains a major research priority. 

Scale-Up Difficulties 

Many promising laboratory-scale technologies encounter operational challenges during 

industrial-scale implementation, including maintaining culture stability and optimizing 

productivity. 

Recent Technological Advances 
Recent developments in biotechnology and engineering are improving the feasibility of algal 

biofuel production. 

Genetic Engineering 

Genetic modification techniques are being employed to: 

 Enhance lipid biosynthesis pathways  

 Improve photosynthetic efficiency  

 Increase stress tolerance  

 Accelerate growth rates  

Omics Technologies 

Genomics, transcriptomics, proteomics, and metabolomics provide comprehensive insights 

into algal metabolism, facilitating strain improvement and process optimization. 

Future Prospects  
Algal biofuels seem to have a bright future as long as technical advancements continue to 

solve current problems. Investments in algae-based renewable energy systems are probably 

going to increase as worries about climate change, energy security, and environmental 

sustainability grow. Economic viability could be greatly increased by integrating algae 

production with wastewater treatment facilities, carbon capture facilities, and industrial 

operations. Commercialization may be further boosted by government initiatives supporting 

the use of sustainable transportation fuels, carbon reduction plans, and renewable energy. It is 

anticipated that developments in metabolic engineering, synthetic biology, and 

photobioreactor design would increase output and lower production costs. Algal biofuels 

could therefore play a significant role in the world's renewable energy portfolio in the 

upcoming decades. 
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