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I. INTRODUCTION  
 

Climate change is one of the most significant 

environmental challenges facing the world today. 

The continuous increase in greenhouse gas 

emissions, particularly carbon dioxide (CO₂), 

methane (CH₄), and nitrous oxide (N₂O), has resulted 

in global warming, changing weather patterns, rising 

sea levels, and loss of biodiversity. Human activities 

such as fossil fuel combustion, deforestation, 

industrialization, and intensive agriculture are major 

contributors to these changes. Therefore, effective 

and sustainable strategies are urgently required to 

reduce green nhouse Gas Emissions; Microbial 

Biotechnology; Algae; Sustainable Agriculture; 

Bioremediation; Carbon Capture; Renewable Energy; 

Synthetic Biology. Biotechnology has emerged as a 

promising field for addressing climate-related 

challenges by using biological organisms, cells, 

enzymes, and genetic technologies to develop 

environmentally friendly solutions. It can contribute 

to climate change mitigation through the production 

of renewable biofuels, biological carbon 

sequestration, sustainable agriculture, waste 

treatment, and bioremediation. Microorganisms and  

 

algae can be utilized to capture and convert carbon 

dioxide into useful biomass and valuable products. 

Similarly, biotechnology can help develop climate-

resilient crops that require fewer resources and can 

withstand drought, heat, salinity, and other 

environmental agriculture, microbial biotechnology 

can improve soil fertility and reduce dependence on 

synthetic fertilizers, thereby lowering greenhouse 

gas emissions. Biotechnology also supports the 

conversion of agricultural and industrial waste into 

bioenergy and other useful products. Thus, the 

integration of biotechnology with renewable energy, 

agriculture, and environmental management offers 

significant opportunities for reducing emissions and 

promoting sustainable development. This paper 

highlights the important role of biotechnology in 

climate change mitigation and its potential 

contribution to building a low-carbon and 

sustainable future. 

 

II. LITERATURE SURVEY 
 

Biotechnology has been increasingly recognized as 

an important tool for addressing climate change 

through biological approaches to reduce 

Abstract-  Climate change is one of the major global challenges, requiring innovative and sustainable approaches 

to reduce greenhouse gas emissions and protect the environment. Biotechnology plays an important role in climate 

change mitigation by using biological systems and processes to develop eco-friendly solutions. It contributes to 

carbon sequestration through the use of microorganisms, algae, and plants, while also supporting the production 

of biofuels such as bioethanol, biodiesel, and biogas as alternatives to fossil fuels. Biotechnology can improve 

agricultural productivity through climate-resilient crops, reduce the use of chemical fertilizers and pesticides, and 

promote sustainable waste management through biodegradation and bioconversion. Advances in microbial 

biotechnology and synthetic biology also offer opportunities for carbon dioxide capture and conversion into 

valuable products. Thus, biotechnology provides diverse strategies for reducing greenhouse gas emissions, 

conserving natural resources, and promoting a low-carbon and sustainable economy. Integrating biotechnology 

with renewable energy, agriculture, and environmental management can significantly contribute to global efforts 

to mitigate climate change. 

Keywords— Biotechnology; Climate Change; Climate Change Mitigation; Carbon Sequestration; Biofuels; Gree 



 M. Kalavathi, International Journal of Science, Engineering and Technology, 

 2026, 14:5 

 

2 

 

 

greenhouse gas emissions and promote sustainable 

resource utilization. Several studies have explored 

the potential of microorganisms, plants, algae, and 

enzymes in climate change mitigation. 

Biotechnology-based approaches have been applied 

in areas such as biofuel production, carbon 

sequestration, sustainable agriculture, waste 

management, and bioremediation. Research on 

biofuels has shown that biological resources can 

provide alternatives to fossil fuels. Bioethanol, 

biodiesel, biogas, and other bioenergy products can 

be produced from agricultural residues, energy 

crops, algae, and organic wastes. These technologies 

can contribute to reducing dependence on 

conventional fossil fuels when produced and 

managed sustainably. Studies on microalgae have 

highlighted their ability to absorb atmospheric or 

industrial carbon dioxide during photosynthesis 

while producing biomass that can be used for 

biofuels, animal feed, and other valuable products. 

Similarly, research on biological carbon 

sequestration has demonstrated the importance of 

plants, microorganisms, soils, and marine 

ecosystems in storing carbon and reducing 

atmospheric CO₂ concentrations In agriculture, 

biotechnology has contributed to the development 

of climate-resilient crops with improved tolerance to 

drought, heat, salinity, and pests. Microbial 

inoculants and bio fertilizers can improve nutrient 

availability and soil health while potentially reducing 

the environmental impacts associated with excessive 

chemical fertilizer use. Biotechnology also plays a 

role in waste management and bioremediation by 

converting organic waste into useful products and 

using microorganisms to degrade pollutants. Recent 

advances in synthetic biology and metabolic 

engineering have further expanded opportunities for 

biological carbon capture and conversion. Overall, 

the literature indicates that biotechnology offers 

diverse and promising strategies for climate change 

mitigation. However, challenges such as production 

costs, scalability, resource requirements, 

environmental impacts, and technological 

limitations must be addressed for large-scale 

implementation. 

 

 

 

III. METHODOLOGY 
 

The present study was conducted as a systematic 

review-based study to examine the role of 

biotechnology in climate change mitigation. The 

methodology was designed to collect, organize, 

evaluate, and synthesize information on major 

biotechnological approaches that can reduce 

greenhouse gas emissions, improve carbon 

sequestration, promote renewable energy, and 

support sustainable environmental management. 

The study focused on published scientific literature 

and reliable secondary sources rather than 

conducting laboratory or field experiments. 

 

1. Research Design 

A descriptive and analytical research design was 

adopted. The study investigated different 

applications of biotechnology associated with 

climate change mitigation, including biofuel 

production, biological carbon sequestration, 

sustainable agriculture, microbial biotechnology, 

algal biotechnology, bioremediation, waste 

management, and carbon capture and utilization. 

The collected information was compared to 

understand the environmental benefits, applications, 

limitations, and future potential of each approach. 

 

2. Literature Search and Data Collection 

Relevant scientific information was collected from 

research articles, review papers, academic books, 

conference publications, and reports from 

recognized scientific and environmental 

organizations. Online scientific databases and 

academic search platforms were used to identify 

relevant literature. Keywords such as “biotechnology 

and climate change,” “biotechnology for climate 

change mitigation,” “biofuels and greenhouse gas 

reduction,” “microbial carbon sequestration,” “algal 

carbon capture,” “climate-resilient crops,” 

“bioremediation,” “biofertilizers,” “waste-to-energy,” 

and “carbon capture and biotechnology” were used 

during the literature search. 

 

Studies published in English and directly related to 

biotechnology and climate change mitigation were 

given priority. Both recent publications and 

important earlier studies were considered to provide 
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a comprehensive understanding of the development 

of biotechnology-based climate solutions. 

 

3. Selection of Relevant Literature 

The collected studies were screened according to 

their relevance to the objectives of the study. 

Publications that discussed biological approaches 

for reducing greenhouse gas emissions, increasing 

carbon storage, producing renewable energy, 

improving agricultural sustainability, or managing 

environmental pollution were included. Studies that 

were unrelated to biotechnology or did not provide 

useful information about climate change mitigation 

were excluded. 

 

Preference was given to peer-reviewed scientific 

publications and authoritative reports. Information 

from different studies was compared to identify 

consistent findings, technological developments, 

and areas requiring further research. 

 

4. Major Areas of Investigation 

The literature was categorized into several major 

areas of biotechnology-based climate change 

mitigation. 

 

Biofuel production: The study reviewed biological 

methods for producing bioethanol, biodiesel, 

biogas, and other renewable fuels. Particular 

attention was given to the use of agricultural 

residues, organic wastes, microorganisms, and 

microalgae as feedstocks. The potential of biofuels 

to replace fossil fuels and reduce greenhouse gas 

emissions was examined. 

 

Carbon sequestration: Studies involving biological 

carbon sequestration were reviewed to understand 

how plants, microorganisms, soils, algae, and other 

biological systems capture and store carbon dioxide. 

The role of photosynthetic organisms in removing 

CO₂ from the atmosphere was also considered. 

 

Algal biotechnology: Research on microalgae was 

analyzed because algae can utilize carbon dioxide 

through photosynthesis and produce biomass 

containing lipids, carbohydrates, and proteins. Their 

potential applications in carbon capture, biofuel 

production, wastewater treatment, and production 

of valuable bioproducts were evaluated. 

 

Sustainable agriculture: The study examined the 

application of biotechnology in developing climate-

resilient crops with tolerance to drought, heat, 

salinity, pests, and diseases. The role of genetically 

improved crops, biofertilizers, microbial inoculants, 

and plant-growth-promoting microorganisms in 

improving agricultural productivity and reducing 

environmental impacts was also assessed. 

 

Microbial biotechnology: Research on bacteria, 

fungi, archaea, and other microorganisms was 

reviewed. Their applications in decomposition, 

methane management, soil carbon storage, nutrient 

cycling, biofertilizer production, and conversion of 

organic waste into useful products were considered. 

Waste management and bioremediation: Studies on 

biological treatment of municipal, agricultural, and 

industrial wastes were evaluated. Anaerobic 

digestion, composting, microbial degradation, and 

other biological processes were considered for their 

ability to convert waste into useful products such as 

biogas, compost, and bio-based materials while 

reducing environmental pollution. 

 

5. Evaluation of Greenhouse Gas Reduction 

Potential 

The reviewed biotechnology applications were 

evaluated according to their potential contribution 

to greenhouse gas mitigation. Particular attention 

was given to reductions in carbon dioxide, methane, 

and nitrous oxide emissions. Technologies that 

replace fossil fuels, increase biological carbon 

storage, reduce synthetic fertilizer use, improve 

resource efficiency, or convert waste into renewable 

energy were considered important mitigation 

strategies. 

 

Where information was available, reported emission 

reductions, carbon capture rates, energy 

requirements, and resource-use efficiency were 

compared between different approaches. However, 

the results were interpreted carefully because 

performance can vary depending on feedstock, 

geographical conditions, production methods, 

technology scale, and management practices. 
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6. Comparative Analysis 

A comparative analysis was carried out to identify 

the advantages and limitations of different 

biotechnology-based strategies. Each approach was 

considered in terms of environmental sustainability, 

greenhouse gas reduction potential, availability of 

resources, technological requirements, economic 

feasibility, scalability, and possible environmental 

risks. 

 

For example, biofuels may reduce fossil fuel 

dependence but can create land-use competition if 

food crops are used as feedstocks. Similarly, algae-

based carbon capture has significant potential but 

may require substantial water, nutrients, 

infrastructure, and energy. Climate-resilient crops 

can improve agricultural adaptation and 

productivity, but their development and large-scale 

adoption require appropriate technological, 

economic, and regulatory support. 

 

7. Data Organization and Synthesis 

The information obtained from the literature was 

organized according to the major themes identified 

during the review. Findings were summarized 

descriptively rather than statistically because the 

study included different types of research conducted 

under different experimental and environmental 

conditions. 

 

The results from individual studies were compared 

and synthesized to identify common conclusions 

and emerging trends. Particular attention was given 

to technologies that demonstrate multiple benefits, 

such as simultaneous carbon capture and biofuel 

production, waste treatment and biogas generation, 

or improved crop productivity and reduced fertilizer 

requirements. 

 

8. Assessment of Challenges 

The methodology also included an assessment of 

challenges associated with biotechnology-based 

climate mitigation. These included high production 

costs, energy and water requirements, technological 

complexity, limited infrastructure, scalability issues, 

uncertain long-term environmental impacts, and 

regulatory concerns. The study also considered the 

importance of life-cycle assessment to ensure that a 

biotechnology process produces genuine net 

reductions in greenhouse gas emissions. 

 

9. Ethical and Environmental Considerations 

Environmental and ethical considerations were taken 

into account when evaluating biotechnology 

applications. Technologies involving genetically 

modified organisms, engineered microorganisms, or 

large-scale biological production were considered in 

relation to biosafety, biodiversity, ecological impacts, 

and responsible use. Sustainable biotechnology 

should minimize unintended environmental 

consequences while providing measurable climate 

benefits. 

 

10. Overall Methodological Framework 

Finally, the findings from all categories were 

integrated to develop an overall assessment of the 

contribution of biotechnology to climate change 

mitigation. The study considered biotechnology not 

as a single solution but as a group of complementary 

approaches that can be integrated with renewable 

energy, sustainable agriculture, waste management, 

and environmental conservation. 

 

The overall methodology therefore involved 

literature identification, screening, classification, 

comparative evaluation, thematic analysis, and 

synthesis of findings. This approach provides a 

comprehensive understanding of how 

biotechnology can contribute to reducing 

greenhouse gas emissions, enhancing carbon 

sequestration, producing renewable resources, and 

supporting sustainable development. The 

methodology also helps identify current limitations 

and research gaps, providing a basis for future 

studies aimed at improving the efficiency, 

affordability, scalability, and environmental 

sustainability of biotechnology-based climate 

change mitigation strategies. 

 

IV. EXPERIMENTAL RESULTS 
 

The present study evaluated the potential of 

biotechnology in mitigating climate change through 

a review and comparative analysis of published 

scientific findings. The results indicate that 

biotechnology provides several effective approaches 
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for reducing greenhouse gas emissions and 

promoting sustainable resource utilization. Among 

the major applications, biofuel production, carbon 

sequestration, algal biotechnology, sustainable 

agriculture, and biological waste management 

showed considerable potential. The reviewed studies 

indicated that microalgae are particularly promising 

for carbon dioxide utilization because they can 

absorb CO₂ during photosynthesis while producing 

biomass that can be converted into biofuels and 

other valuable products. Similarly, microbial 

processes such as anaerobic digestion can convert 

organic and agricultural wastes into biogas, reducing 

waste accumulation and providing a renewable 

energy source. Biotechnology-based biofertilizers 

and microbial inoculants were also found to improve 

soil nutrient availability and plant growth. Their 

application can reduce dependence on synthetic 

fertilizers, thereby contributing to lower greenhouse 

gas emissions associated with fertilizer production 

and use. The development of climate-resilient crops 

through biotechnology was found to improve 

tolerance to drought, heat, salinity, and other 

environmental stresses, supporting agricultural 

productivity under changing climatic conditions. 

Biological carbon sequestration through plants, soils, 

algae, and microorganisms was identified as another 

important mitigation strategy. These biological 

systems can capture atmospheric carbon and store it 

in biomass or soil organic matter. Bioremediation 

and biological waste-treatment technologies further 

demonstrated potential for reducing pollution while 

converting waste materials into useful resources. 

Overall, the results show that biotechnology can 

contribute to climate change mitigation through 

multiple interconnected pathways. However, the 

effectiveness of each technology depends on factors 

such as resource availability, operating conditions, 

energy requirements, economic feasibility, and scale 

of application. The findings suggest that integrating 

different biotechnology-based approaches with 

renewable energy and sustainable agricultural 

practices could provide more effective and long-

term climate mitigation benefits. 

 

 

 

 

V. DISCUSSION 
 

The findings of the present study demonstrate that 

biotechnology has significant potential to contribute 

to climate change mitigation through a wide range 

of biological, agricultural, and industrial applications. 

Unlike conventional mitigation strategies that mainly 

focus on reducing emissions through technological 

or engineering approaches, biotechnology utilizes 

living organisms, cells, enzymes, and biological 

processes to provide sustainable solutions. The 

reviewed literature indicates that biotechnology can 

simultaneously address greenhouse gas emissions, 

resource conservation, waste management, food 

security, and renewable energy production. One of 

the most important applications identified is biofuel 

production. Bioethanol, biodiesel, biogas, and other 

bio-based fuels can provide alternatives to fossil 

fuels and potentially reduce carbon emissions. The 

use of agricultural residues, organic wastes, and 

algae as feedstocks is particularly beneficial because 

it can reduce competition with food production and 

improve resource utilization. However, the overall 

environmental benefit depends on the feedstock, 

cultivation practices, energy consumption, and 

processing methods. Therefore, life-cycle 

assessment is essential for determining the actual 

climate benefits of different biofuel technologies. 

Algal biotechnology also shows considerable 

promise. Microalgae can capture carbon dioxide 

through photosynthesis and convert it into biomass. 

This biomass can subsequently be used for biofuel 

production, animal feed, fertilizers, and other 

valuable products. The integration of carbon capture 

with biomass production could improve the 

economic feasibility of algal systems. Nevertheless, 

large-scale cultivation may require significant 

amounts of water, nutrients, energy, and 

infrastructure, which can limit widespread 

implementation. In agriculture, biotechnology can 

contribute to climate mitigation by developing 

climate-resilient crops and improving soil 

management. Crops with improved tolerance to 

drought, heat, salinity, and pests can maintain 

productivity under changing climatic conditions. 

Biofertilizers and beneficial microorganisms can 

enhance nutrient availability and soil health while 

reducing the dependence on synthetic fertilizers. 
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This is important because fertilizer production and 

excessive fertilizer application contribute 

substantially to greenhouse gas emissions Microbial 

biotechnology and waste management provide 

additional mitigation opportunities. Anaerobic 

digestion can convert organic waste into biogas, 

while microbial degradation can reduce pollutants 

and facilitate the recycling of organic materials. 

These approaches help minimize waste 

accumulation while generating useful energy and 

agricultural products. Biological carbon 

sequestration through plants, soils, algae, and 

microorganisms can further contribute to removing 

and storing atmospheric carbon dioxide. Despite 

these advantages, several challenges must be 

considered. High production costs, technological 

limitations, energy requirements, availability of raw 

materials, scalability, and regulatory issues can 

restrict the commercial application of biotechnology. 

Some technologies may also create unintended 

environmental impacts if they are not properly 

managed. Therefore, biotechnology should not be 

considered a single solution to climate change but 

rather as an important component of an integrated 

mitigation strategy. Overall, the discussion suggests 

that combining biotechnology with renewable 

energy, sustainable agriculture, circular-economy 

practices, and effective environmental management 

can strengthen climate change mitigation efforts. 

Continued research, investment, policy support, and 

appropriate environmental assessment are 

necessary to improve the efficiency, affordability, 

and large-scale application of biotechnology-based 

solutions. 

 

Future Works 

Future research should focus on improving the 

efficiency, affordability, scalability, and 

environmental sustainability of biotechnology-

based approaches for climate change mitigation. 

Although biotechnology has demonstrated 

considerable potential, many technologies are still 

limited to laboratory or small-scale applications. 

Further research is therefore required to translate 

these technologies into commercially viable and 

large-scale solutions. One important area for future 

work is the development of advanced microbial and 

algal systems for efficient carbon dioxide capture 

and utilization. Genetic engineering, metabolic 

engineering, and synthetic biology could be 

explored to improve the ability of microorganisms 

and algae to capture CO₂ and convert it into biofuels, 

bioplastics, chemicals, and other valuable products. 

Further studies should also focus on the 

development of next-generation biofuels using non-

food biomass, agricultural residues, municipal 

organic waste, and algae. Improving conversion 

efficiency and reducing production costs will be 

essential for increasing the sustainability and 

competitiveness of biofuels compared with fossil 

fuels. In agriculture, future research should 

emphasize the development of climate-resilient 

crops with improved tolerance to drought, heat, 

salinity, and emerging pests and diseases. Research 

on biofertilizers, plant-growth-promoting 

microorganisms, and soil microbiomes could help 

reduce fertilizer requirements while improving soil 

carbon storage and crop productivity. Another 

important area is the integration of biotechnology 

with circular economy and waste-management 

systems. Future studies can investigate efficient 

biological methods for converting agricultural, 

industrial, and municipal wastes into biogas, 

biofertilizers, biomaterials, and other value-added 

products. Comprehensive life-cycle assessments 

should be conducted to determine the actual 

greenhouse gas reduction potential of 

biotechnology-based technologies. Future research 

should also evaluate water consumption, energy 

requirements, land use, biodiversity impacts, and 

economic feasibility. Finally, collaboration among 

biotechnologists, environmental scientists, 

agricultural researchers, engineers, policymakers, 

and industries will be essential. With continued 

research, technological innovation, appropriate 

regulations, and investment, biotechnology can 

become an increasingly important component of 

global climate change mitigation and sustainable 

development. 

 

VI. CONCLUSION 
 

Biotechnology offers significant potential for 

addressing the growing challenges of climate 

change by providing sustainable and 

environmentally friendly solutions. The present study 
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highlights its important applications in biofuel 

production, carbon sequestration, algal 

biotechnology, sustainable agriculture, microbial 

biotechnology, bioremediation, and biological waste 

management. These approaches can contribute to 

reducing greenhouse gas emissions, decreasing 

dependence on fossil fuels, improving resource 

efficiency, and supporting sustainable development. 

Biotechnology can also help agriculture adapt to 

changing climatic conditions through the 

development of climate-resilient crops and the use 

of biofertilizers and beneficial microorganisms. 

Similarly, algae and microorganisms can contribute 

to carbon dioxide capture and conversion into useful 

products. Biological treatment of organic waste can 

generate renewable energy while reducing 

environmental pollution. However, biotechnology 

alone cannot solve climate change. Challenges such 

as high production costs, scalability, energy and 

resource requirements, environmental risks, and 

regulatory concerns must be addressed. Careful life-

cycle assessment and responsible implementation 

are necessary to ensure that biotechnology-based 

solutions provide genuine environmental benefits. 

Overall, biotechnology represents an important 

component of an integrated climate change 

mitigation strategy. Continued research, 

technological innovation, investment, and 

collaboration among scientists, industries, and 

policymakers can improve the efficiency and large-

scale application of these technologies. The 

integration of biotechnology with renewable energy, 

sustainable agriculture, circular-economy practices, 

and environmental conservation can contribute 

substantially to achieving a low-carbon, sustainable, 

and climate-resilient future. 
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