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Abstract 

This research explores the emerging concept of bioengineered enzyme-based aircraft systems, focusing 

on the application of engineered enzymes in sustainable aviation fuel production, material recycling, and 

aerospace sustainability. Enzymes offer high specificity, low energy requirements, and reduced 

environmental impact compared to conventional chemical catalysts. Through advancements in synthetic 

biology, directed evolution, and computational enzyme design, biotechnology is increasingly 

intersecting with aerospace engineering. This paper presents a comprehensive interdisciplinary analysis 

highlighting current progress, challenges, and future directions. 
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1. Introduction 

The aviation industry significantly contributes to global greenhouse gas emissions. Sustainable solutions 

are urgently required to reduce environmental impact while maintaining performance and safety. 

Bioengineered enzymes represent a promising tool for green aviation through biofuel synthesis and 

material lifecycle management. 

 

2. Enzyme Biotechnology Background 

Enzymes are biological catalysts capable of accelerating chemical reactions under mild conditions. 

Advances in molecular biology allow tailoring enzymes for industrial conditions such as high 

temperature and pressure. 

 

3. Sustainable Aviation Fuel via Enzymes 

Bioengineered enzymes catalyze biomass conversion into jet-range hydrocarbons. Enzymatic pathways 

reduce reliance on metal catalysts and lower energy consumption. 

 

4. Enzyme Engineering Techniques 

Directed evolution, rational design, CRISPR gene editing, and computational modeling are key tools 

enabling enzyme optimization for aerospace applications. 

 

5. Bioengineered Materials and Aircraft Lifecycle 

Enzymes can degrade polymeric aircraft materials, enabling recycling and circular economy approaches  
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in aerospace manufacturing. 

 

6. Integration with Aerospace Systems 

Enzyme-derived fuels must comply with aviation standards. Collaboration between biotechnologists and 

aerospace engineers is essential. 

 

7. Challenges and Limitations 

Major challenges include enzyme stability, large-scale production, regulatory approval, and cost-

effectiveness. 

 

8. Future Prospects 

Future aircraft may integrate bioengineered systems across fuel, materials, and maintenance sectors, 

advancing sustainable aviation. 

 

9. Conclusion 

Bioengineered enzyme-based technologies offer transformative potential for the aviation industry. 

Continued interdisciplinary research is crucial. 
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