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Abstract

The seaweeds are one of the potential and sustainable raw materials for third-generation biofuel production that can be
used as an alternative to fossil fuels and conventional biofuels. Biofuels derived from seaweed, can be grown in ocean.
They grow fast, have a low lignin content and high carbohydrate content, making them perfect for bioethanol production.
The fermentable sugars can be extracted from seaweeds using various pretreatment methods, such as acid, alkali,
microwave, and enzymatic hydrolysis, then fermented with microorganisms like Saccharomyces cerevisiae and
Zymomonas mobilis to produce bioethanol. Even though challenges like cultivation of seaweeds, salt inhibition and
pretreatment by- products remain, new research is enhancing the efficiency of production. Favourable coastal conditions
and supportive biofuel policies of India indicate the future potential of algal-based biofuels for a cleaner and safer energy
system.

Introduction

Ever wondered if those slimy, colourful organisms that float with the ocean currents could be more than just beach
decor? If you think that they might be useful, you are absolutely right. Seaweeds, as they are called, have a wide range
of uses. From food to medicine, agriculture and even in cosmetics, they are valuable. But using seaweed as a biofuel is
an emerging field that proves to be both sustainable and eco-friendly. When the world itself is suffering from global
warming, the production and use of biofuels would provide a great relief.

TYPES OF SEAWEEDS

Rhodophyta Pheophyceae Chloropyta

Figure 1: Commonly found different types of seaweeds in marine system

Generations of Bio-Fuels

The term "biofuel” is not new or unheard of. The brilliance of science has been proven through the development of
various biofuel sources, thus largely reducing dependence on fossil fuels. Based on the source, biofuels are classified
into first, second and third generation. According to Nanda S. et al., (2018), the first generation used edible starch-rich
materials like corn, wheat and sugarcane for biofuel production. But the use of food for fuel production was an issue.
This was dealt with the production of a second - generation biofuels using non-edible lignocellulosic biomass. These
increased production costs, energy consumption and processing time made things difficult. Thus comes the third-
generation biofuel, which is mainly made from microalgae and seaweeds.

Why Seaweeds are Better?
There are a few reasons why marine algae is better at this job than the other two sources. Zhao et al., (2022) points out
the greater potential of seaweeds over other sources. One of the strongest arguments they state is that seaweeds don’t
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need special agricultural land for their production, unlike the first-generation source, which is produced in arable land.
This has several advantages, including no deforestation to produce cultivation land, no freshwater irrigation needed.
Another important factor is that since they grow in the ocean, large-scale production is possible. This would indirectly
point out that the increasing energy demand can be met easily.

Their high carbohydrate content and rapid growth rate make them an easy target. The papers repeated emphasis on
high carbohydrate content and low levels of lignin makes seaweed highly efficient for biofuel production. Lignin is a
complex organic polymer, and its absence in seaweed makes it easier to hydrolyse and more fermentable in a less energy-
intensive process. The paper also highlights that the cultivation of 1 ton of dry seaweed can remove approximately 961
kg of carbon dioxide. This suggests that seaweed can also be used to mitigate climate change.

Another benefit of them is that most seaweeds are cosmopolitan, ranging from tropical to temperate to polar regions.
This ensures continuous biomass availability supporting large-scale global biofuel production. Another major advantage
of seaweeds over land crops is that they are not seasonal and can be found throughout the year.

Global Biofuel Market and Future Demand

Currently, the global biofuel market is valued at around $ 268 billion and is said to increase to $497 billion by 2032. But
only about 4% of the total global transport energy demand is met by biofuels, highlighting a major gap between
production and energy requirements. More over 90% of present biofuel production happens from first-generation
feedstocks. All the technological advancements have helped developed countries to produce most of the biofuels, even
though several studies claim that developing countries possess significant potential for better biofuel production due to
favourable climatic conditions and larger availability of resources. This highlights that the developing countries may paly
crucial role in higher fuel production in the near future. (Matt Johnston et al 2011).

India’s Progress in Biofuel Production

In terms of biofuel production, India has created milestones in the last decade. India’s flagship program, the Ethanol
Blending Program, which blends ethanol into petrol to reduce dependence on crude oil, has seen much progress, reaching
20% blending rate in March 2025, which was originally a 2030 target. The current ethanol production capacity of India is
about 16 billion litres, which is largely produced from 1G feedstock such as sugarcane and grain-based sources.

India’s first commercial second-generation ethanol biorefinery was commissioned in Panipat by indian oil cooperation,
which uses crop residue like rice straw for bioethanol production. But compared to the first generation, the use of 2G is
limited mainly due to high processing cost and pretreatment challenges.

Potential of Seaweed Biofuel in India

India has a coastline of around 11000 km that supports the growth of marine algae to a large extent. Favourable tropical
conditions and abundant marine biodiversity also support algal growth. India currently has minimal commercial-scale
third-generation biofuel production. Even though the contributions are negligible at present, the impact the marine
algae is going to have in the near future is huge.

FIRST GENERATION SECOND GENERATION THRID GENERATION

Figure 2: first, second and third generation sources of biofuel production
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Bioethanol Production from Seaweeds

There are many biofuels that are currently produced all around the world. These include bioethanol, biodiesel,
biobutanol, bio- oil, etc. Among all this, bioethanol is easier to produce because seaweeds have a high amount of
carbohydrates like laminarin, mannitol, and carrageenan that can be easily converted into fermentable sugars. The
pretreatment is an essential step that helps in breaking down the complex structure and thus makes the fermentable
sugars readily available. These can be done in various ways. These include acid, alkali, microwave and enzymatic
pretreatment.

——

(a) (b)

Figure 3.0: Hydrolysable seaweeds before (a) and (b) after treatment

The sugars alone are useless if not fermented to produce ethanol. Microorganisms use sugars and convert them into
ethanol (called fermentation) in an anaerobic condition. Microbes ferment the sugars derived from seaweeds. Fungi like
yeast Saccharomyces cerevisiae and bacteria like Zymomonas mobilis are used for this fermentation process. These easy
steps if done correctly, would result in the production of a large amount of bioethanol. The ethanol produced can be
separated by distillation.

Challenges in Seaweed-Based Biofuel Production

Even though it sounds easy, there are several challenges and limitations to this process. Since seaweed is a marine
organism, the pretreated hydrolysate would have salt content that can act as an inhibitor for microbial growth and
pretreatment doesn’t release the sugars alone, they can break down other compounds like HMF and furfural that also
act as inhibitors. Moreover, oceans have high currents that make the cultivation of seaweeds difficult.

This underexplored area is becoming a field of rapid research, and scientists are studying different seaweed species for
higher yield. They are finding ways to reduce these inhibitors to maximise bioethanol production. Even the microbes are
being genetically modified. This trend has encouraged countries with large coastlines to invest in seaweed cultivation
and bioethanol production.

Government Policies and Support

India has implemented several policies and schemes to promote biofuel production. Initially, most initiatives were for
the first generation, which included food-based livestock. Through the national policy on biofuels, the government of
India has encouraged ethanol blending in petrol. These efforts have seen success and have strengthened the conventional
biofuel sector. Later, the second generation gained popularity, which utilised crop residues and agricultural waste. A
major initiative in this regard is the Pradhan Mantri JI-Van Yojana, which supports the establishment of advanced
bioethanol refineries through financial support. This aims to convert agricultural waste into ethanol while directly
addressing environmental issues.

Now a greater focus is provided to the third generation particularly those derived for, microalgae and seaweeds due to
their potential to address the limitations set by the earlier generations although currently India doesn’t have a dedicated
national scheme that exclusively focuses on third generation biofuels, existing frameworks such as the nations policy on
biofuels, the national bioenergy program and government supported marine biotechnology initiatives provide indirect
support for research. Agencies like the Department of Biotechnology (DBT), Department of Science & Technology
(DST) and the Ministry of New and Renewable Energy have funded projects related to algal and marine biomass
utilisation.

Conclusion

These slimy, shiny marine organisms are a safe zone that could fuel cars and industries in the near future. Though
challenges remain, they stay as an indicator that progress can be made and perfection can be attained with further
scientific advancements. An end to the fossil fuels era would mean a start to an era which is cleaner, greener and better.
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