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Abstract 
Synthetic biology is emerging as a powerful technological approach for redesigning 

biological systems to produce chemicals, materials, fuels, pharmaceuticals, foods, and other 

high-value products using renewable biological resources. Its convergence with sustainable 

manufacturing offers new pathways for transitioning from linear production systems based on 

fossil resources towards circular bioeconomy models that prioritise renewable feedstocks, 

biological conversion, resource efficiency, waste valorisation, and closed-loop production. 

This paper examines the role of synthetic biology in sustainable manufacturing and analyses 

how engineered microorganisms, metabolic engineering, cell-free systems, biocatalysis, and 

biological design platforms can contribute to circular production systems. A conceptual 

qualitative methodology is adopted to examine technological developments, industrial 

applications, sustainability opportunities, and implementation challenges. Particular attention 

is given to microbial cell factories, metabolic pathway engineering, biomass valorisation, bio-

based chemicals, sustainable materials, alternative proteins, biorefineries, carbon utilisation, 

and biological recycling. The paper proposes an integrated Synthetic Biology Circular 

Manufacturing Framework connecting renewable feedstocks, biological conversion, product 

manufacturing, recovery, recycling, and resource regeneration. The study identifies major 

challenges involving scale-up, feedstock variability, metabolic burden, process economics, 

life-cycle impacts, biosafety, regulatory governance, and competition with food and 

ecological resources. The analysis suggests that synthetic biology can contribute significantly 

to a circular bioeconomy when biological production systems are designed alongside 

resource recovery, renewable energy, efficient downstream processing, and end-of-life 

strategies. The future of sustainable manufacturing will therefore depend not only on 

engineering organisms capable of producing desired products but also on designing complete 

biological-industrial systems in which carbon, nutrients, water, and materials are retained 

within productive cycles. 
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1. Introduction 
Modern manufacturing has traditionally relied heavily on finite resources, particularly fossil-

derived raw materials. 

The conventional industrial model can be represented as: 

 

Extract → Produce → Consume → Dispose 

This linear system creates several challenges: 

 Resource depletion.  

 Greenhouse-gas emissions.  

 Industrial waste.  

 Pollution.  

 Energy consumption.  

 Dependence on non-renewable feedstocks.  

The circular bioeconomy proposes a different approach. 

Instead of treating biological resources as disposable inputs, biological materials can be 

repeatedly converted, recovered, reused, and regenerated. 

Synthetic biology provides an important technological foundation for this transition. 

It enables researchers to engineer biological systems for specific functions. 

The emerging model can therefore be represented as: 

Renewable Resources → Engineered Biology → Manufacturing → Recovery → Reuse → 

Regeneration 

 

2. Concept of Synthetic Biology 
Synthetic biology combines principles from: 

 Biology.  

 Genetics.  

 Engineering.  

 Computational science.  

 Biotechnology.  

Its objective is to design or redesign biological systems with predictable functions. 

Synthetic biology can involve: 

 Genetic circuit design.  

 Metabolic pathway engineering.  

 Genome engineering.  

 Microbial engineering.  

 Protein engineering.  
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 Cell-free biological systems.  

 

3. Sustainable Manufacturing 
Sustainable manufacturing seeks to minimise environmental impacts while maintaining 

economic and industrial productivity. 

Key objectives include: 

1. Resource efficiency.  

2. Energy efficiency.  

3. Waste reduction.  

4. Renewable resource utilisation.  

5. Emission reduction.  

6. Product durability.  

7. Recycling.  

8. Circular resource flows.  

Synthetic biology can contribute by replacing some energy- and resource-intensive chemical 

processes with biological production routes. 

 

4. Circular Bioeconomy 
A circular bioeconomy combines circular-economy principles with renewable biological 

resources. 

Potential feedstocks include: 

 Agricultural residues.  

 Forestry residues.  

 Food-processing waste.  

 Organic municipal waste.  

 Algal biomass.  

 Industrial by-products.  

 Captured carbon.  

The goal is to retain biological carbon and nutrients within productive systems for as long as 

possible. 

 

5. Research Objectives 
This paper aims to: 

1. Examine synthetic biology as a foundation for sustainable manufacturing.  

2. Analyse engineered microbial production systems.  

3. Explore biomass and waste valorisation.  

4. Examine bio-based chemicals and materials.  

5. Investigate biological carbon utilisation.  

6. Analyse circular biomanufacturing systems.  

7. Examine sustainability and life-cycle considerations.  
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8. Identify technological and economic barriers.  

9. Explore biosafety and regulatory challenges.  

10. Propose a circular synthetic-biology manufacturing framework.  

 

6. Research Methodology 
A conceptual qualitative methodology is adopted. 

The study synthesises research themes across: 

 Synthetic biology.  

 Industrial biotechnology.  

 Metabolic engineering.  

 Circular economy.  

 Sustainable manufacturing.  

 Biorefineries.  

 Bio-based materials.  

The framework evaluates technologies according to: 

Dimension Focus 

Resource efficiency Feedstock utilisation 

Energy efficiency Process energy requirements 

Carbon efficiency Carbon retention and utilisation 

Waste reduction By-product minimisation 

Scalability Industrial deployment 

Economics Production cost 

Circularity Resource recovery and reuse 

Safety Biological and environmental risks 

 

7. Synthetic Biology as an Industrial Platform 
Synthetic biology can transform microorganisms into biological production platforms. 

Examples include engineered: 

 Bacteria.  

 Yeasts.  

 Fungi.  

 Algae.  

 Mammalian cells.  

These organisms can be programmed to produce specific molecules. 
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8. Microbial Cell Factories 
A microbial cell factory is an engineered microorganism designed to manufacture a target 

product. 

The general process is: 

 

Feedstock → Engineered Microorganism → Bioconversion → Product 

Applications include: 

 Organic acids.  

 Enzymes.  

 Biofuels.  

 Pharmaceuticals.  

 Biopolymers.  

 Specialty chemicals.  

 

9. Metabolic Engineering 
Metabolic engineering modifies cellular pathways to increase production of desired 

compounds. 

Researchers may: 

 Introduce new pathways.  

 Remove competing pathways.  

 Increase enzyme activity.  

 Modify regulatory mechanisms.  

The objective is to redirect cellular resources towards the desired product. 

 

10. Pathway Optimisation 
A biological production pathway can contain multiple reactions. 

If one reaction becomes a bottleneck, overall production may be reduced. 

Synthetic biology can therefore optimise: 

 

Substrate → Intermediate 1 → Intermediate 2 → Product 

AI and computational modelling can increasingly assist this optimisation. 

 

11. Design–Build–Test–Learn Cycle 
Synthetic biology commonly follows an iterative engineering cycle: 

 

Design → Build → Test → Learn 

Modern platforms can accelerate this cycle through: 

 Automation.  

 High-throughput screening.  

 Robotics.  
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 Machine learning.  

This allows researchers to evaluate many biological designs more efficiently. 

 

12. AI and Synthetic Biology 
Artificial intelligence can support: 

 Protein design.  

 Pathway optimisation.  

 Genome engineering.  

 Strain selection.  

 Fermentation optimisation.  

 Process monitoring.  

The combination of AI and synthetic biology may significantly accelerate biological 

manufacturing. 

 

13. Sustainable Biochemicals 
Petrochemical manufacturing produces many industrial chemicals from fossil resources. 

Synthetic biology can produce alternatives using renewable carbon sources. 

Potential products include: 

 Organic acids.  

 Alcohols.  

 Amino acids.  

 Solvents.  

 Specialty chemicals.  

 

14. Bio-Based Polymers 
Synthetic biology can contribute to the production of renewable polymers. 

Examples include: 

 Polyhydroxyalkanoates (PHAs).  

 Polylactic acid-related biological routes.  

 Bio-based polyesters.  

 Protein-based materials.  

These materials can potentially reduce dependence on petroleum-derived plastics. 

 

15. Biodegradable Materials 
Biological engineering can produce materials designed for improved end-of-life 

characteristics. 

Potential advantages include: 

 Renewable feedstocks.  

 Biodegradability.  

 Reduced fossil-resource dependence.  
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However, biodegradability depends strongly on environmental conditions and should be 

evaluated through life-cycle analysis. 

 

16. Sustainable Textiles 
Synthetic biology can produce: 

 Bio-based fibres.  

 Engineered proteins.  

 Natural dyes.  

 Sustainable textile chemicals.  

This could reduce the environmental footprint of some textile-production processes. 

 

17. Bio-Based Adhesives and Coatings 
Engineered biological systems can produce functional molecules used in: 

 Adhesives.  

 Coatings.  

 Resins.  

 Surface treatments.  

These applications could create alternatives to certain petroleum-derived chemical products. 

 

18. Sustainable Food Production 
Synthetic biology has applications in: 

 Precision fermentation.  

 Alternative proteins.  

 Food ingredients.  

 Flavour compounds.  

 Nutritional molecules.  

Microorganisms can be engineered to produce specific proteins or ingredients under 

controlled fermentation conditions. 

 

19. Precision Fermentation 
Precision fermentation uses microorganisms as production platforms. 

The process can be represented as: 

 

Microorganism Design → Fermentation → Product Recovery 

Potential products include: 

 Proteins.  

 Enzymes.  

 Vitamins.  

 Flavour compounds.  

 Functional ingredients.  
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20. Agricultural Waste Valorisation 
Large quantities of agricultural residues are generated globally. 

Examples include: 

 Crop straw.  

 Corn residues.  

 Sugarcane residues.  

 Fruit-processing waste.  

Synthetic biology can help convert these materials into valuable products. 

 

21. Lignocellulosic Biomass 
Lignocellulosic biomass contains: 

 Cellulose.  

 Hemicellulose.  

 Lignin.  

Biological systems can help convert these components into: 

 Sugars.  

 Organic acids.  

 Biofuels.  

 Chemicals.  

 Biomaterials.  

 

22. Waste-to-Bioproduct Systems 
The circular bioeconomy seeks to convert waste into new resources. 

A potential pathway is: 

 

Waste → Pretreatment → Biological Conversion → Product → Recovery → Reuse 

This reduces the need for virgin resources. 

 

23. Industrial Biorefineries 
Biorefineries use biomass to produce multiple products. 

Instead of producing only one output, a biorefinery may generate: 

 Chemicals.  

 Fuels.  

 Materials.  

 Proteins.  

 Energy.  

This increases resource utilisation. 

 

24. Cascading Biomass Utilisation 
Biomass can be used sequentially. 
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For example: 

 

High-Value Product → Intermediate Product → Energy Recovery → Nutrient 

Recovery 

This approach aims to maximise value before final disposal. 

 

25. Biological Carbon Utilisation 
Synthetic biology can potentially convert carbon-containing resources into useful products. 

Potential carbon sources include: 

 Biomass.  

 Organic waste.  

 Methane.  

 Industrial carbon dioxide.  

Engineered organisms may convert these carbon sources into fuels and chemicals. 

 

26. Carbon Capture and Biomanufacturing 
Captured carbon could potentially serve as a feedstock for biological production. 

A simplified model is: 

 

CO₂ Capture → Biological Conversion → Chemical/Product 

This could connect carbon management with manufacturing. 

However, the overall climate benefit depends on energy requirements and full life-cycle 

emissions. 

 

27. Methane Bioconversion 
Methane-using microorganisms can convert methane into useful biological products. 

This creates an opportunity to link: 

 Methane management.  

 Waste treatment.  

 Biomanufacturing.  

Such approaches could be relevant to emissions from waste and industrial activities. 

 

28. Biological Recycling 
Synthetic biology could contribute to recycling difficult materials. 

Engineered enzymes and microorganisms may help break down certain polymers. 

Potential applications include: 

 Plastic recycling.  

 Textile recycling.  

 Biomass processing.  
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29. Enzyme Engineering 
Enzymes are biological catalysts. 

Protein engineering can improve: 

 Stability.  

 Activity.  

 Temperature tolerance.  

 Substrate specificity.  

Improved enzymes can make industrial biological processes more efficient. 

 

30. Enzymatic Plastic Recycling 
Some enzymes can degrade particular plastic polymers. 

Synthetic biology can help: 

 Improve enzyme performance.  

 Increase production.  

 Optimise degradation pathways.  

The resulting monomers could potentially be recovered and used to manufacture new 

materials. 

 

31. Circular Polymer Systems 
A highly circular biological-material system could be represented as: 

Renewable Feedstock → Polymer → Product → Collection → Depolymerisation → 

Monomers → New Polymer 

This moves beyond simple disposal or downcycling. 

 

32. Bio-Based Fuels 
Engineered microorganisms can produce: 

 Ethanol.  

 Butanol.  

 Biodiesel-related compounds.  

 Sustainable aviation-fuel intermediates.  

However, fuel applications must be evaluated against land, water, energy, and feedstock 

requirements. 

 

33. Resource Efficiency 
Biological manufacturing can potentially operate under comparatively mild conditions. 

Many biological reactions occur at: 

 Moderate temperatures.  

 Near-atmospheric pressure.  

 Aqueous conditions.  

This can reduce energy requirements for some processes. 
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34. Water Efficiency 
Water remains a major consideration in biotechnology. 

Sustainable biomanufacturing should therefore investigate: 

 Water recycling.  

 Low-water fermentation.  

 Process-water recovery.  

 Closed-loop systems.  

 

35. Nutrient Recovery 
Biological production systems require nutrients such as: 

 Nitrogen.  

 Phosphorus.  

 Carbon.  

 Trace minerals.  

Circular manufacturing can recover nutrients from waste streams and return them to 

production systems. 

 

36. Circular Manufacturing Architecture 
The proposed architecture consists of: 

 

Stage 1 – Resource Identification 

Identify renewable and waste feedstocks. 

 

Stage 2 – Biological Design 

Engineer microorganisms or enzymes. 

 

Stage 3 – Bioconversion 

Convert feedstock into valuable products. 

 

Stage 4 – Product Recovery 

Separate and purify the desired products. 

 

Stage 5 – By-Product Utilisation 

Convert residual streams into additional products. 

 

Stage 6 – Recycling 

Recover materials and nutrients. 

 

Stage 7 – Regeneration 

Return resources to the production cycle. 
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37. Proposed Synthetic Biology Circularity Framework 
Renewable/Waste Feedstock 

↓ 

Synthetic Biology Design 

↓ 

Engineered Biological System 

↓ 

Biomanufacturing 

↓ 

Product + By-products 

↓ 

Recovery & Recycling 

↓ 

Resource Regeneration 

↓ 

New Production Cycle 

 

This framework aims to integrate biological engineering with circular manufacturing. 

 

38. Sustainability Assessment 
Synthetic biology does not automatically guarantee sustainability. 

Each process should be evaluated through: 

 Life-cycle assessment.  

 Carbon accounting.  

 Water footprinting.  

 Land-use assessment.  

 Energy analysis.  

 Material-flow analysis.  

 

39. Life-Cycle Assessment 
Life-cycle assessment should consider: 

 

Feedstock → Production → Processing → Distribution → Use → End-of-Life 

A bio-based product may still have substantial environmental impacts if it requires: 

 Intensive agriculture.  

 Large quantities of water.  

 High-energy processing.  

 Long-distance transportation.  
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40. Techno-Economic Assessment 
Commercial viability depends on: 

 Feedstock cost.  

 Fermentation productivity.  

 Product yield.  

 Downstream processing.  

 Capital investment.  

 Market demand.  

Improving biological productivity alone may not guarantee commercial success. 

 

41. Scale-Up Challenges 
Laboratory-scale biological systems can behave differently at industrial scale. 

Challenges include: 

 Oxygen transfer.  

 Heat transfer.  

 Mixing.  

 Contamination.  

 Nutrient gradients.  

 Genetic instability.  

Scale-up therefore requires both biological and engineering optimisation. 

 

42. Metabolic Burden 
Engineering microorganisms with multiple genetic modifications can impose stress on cells. 

This can reduce: 

 Growth.  

 Stability.  

 Product yield.  

Future synthetic biology must therefore balance complexity with biological robustness. 

 

43. Feedstock Variability 
Waste-based feedstocks are often heterogeneous. 

Their composition can vary by: 

 Season.  

 Geography.  

 Processing conditions.  

 Source material.  

Biological production systems must therefore tolerate variability. 

 

44. Biosafety 
Engineered organisms require appropriate containment and risk-management strategies. 
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Potential concerns include: 

 Accidental release.  

 Horizontal gene transfer.  

 Ecological interactions.  

Biosafety should be incorporated throughout the design and manufacturing process. 

 

45. Biosecurity 
Synthetic biology can create organisms with new capabilities. 

Therefore, responsible development requires attention to: 

 Genetic safeguards.  

 Access controls.  

 Laboratory security.  

 Responsible research practices.  

 

46. Regulatory Challenges 
Commercial synthetic biology may involve regulation covering: 

 Genetically modified organisms.  

 Food products.  

 Pharmaceuticals.  

 Industrial biotechnology.  

 Environmental release.  

Regulatory frameworks must evolve alongside technological development. 

 

47. Intellectual Property 
Synthetic biology involves valuable intellectual property related to: 

 Genetic sequences.  

 Engineered strains.  

 Enzymes.  

 Production pathways.  

 Manufacturing processes.  

Balancing innovation incentives with research accessibility remains important. 

 

48. Economic Opportunities 
Synthetic biology could create new markets in: 

 Bio-based chemicals.  

 Sustainable materials.  

 Alternative proteins.  

 Enzymatic recycling.  

 Biofuels.  

 Carbon-based manufacturing.  
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This could support the emergence of new biotechnology industries. 

 

49. Employment and Skills 
The emerging bioeconomy requires interdisciplinary expertise in: 

 Molecular biology.  

 Genetic engineering.  

 Chemical engineering.  

 Data science.  

 Process engineering.  

 Sustainability.  

 Regulatory affairs.  

Workforce development will therefore be important. 

 

50. AI-Enabled Synthetic Biology 
Artificial intelligence can accelerate synthetic biology through: 

 Protein structure prediction.  

 Enzyme engineering.  

 Metabolic modelling.  

 Strain optimisation.  

 Process control.  

The emerging combination can be expressed as: 

AI Design → Biological Engineering → Automated Experimentation → Data → AI Learning 

 

51. Autonomous Biomanufacturing 
Future facilities could combine: 

 Robotic laboratories.  

 Automated fermentation.  

 AI optimisation.  

 Real-time sensors.  

The system could continuously adjust: 

 Temperature.  

 pH.  

 Nutrient supply.  

 Oxygen.  

 Feed rates.  

This could increase manufacturing efficiency. 

 

52. Digital Twins for Biomanufacturing 
Digital twins can model biological production processes. 

A digital twin could integrate: 
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 Sensor data.  

 Biological models.  

 Process conditions.  

 Historical production data.  

This may support predictive optimisation. 

 

53. Major Applications 
Application Circular Opportunity 

Bio-based chemicals Replace fossil feedstocks 

Bioplastics Renewable materials 

Plastic recycling Recover monomers 

Precision fermentation Efficient ingredient production 

Waste valorisation Convert residues into products 

Carbon utilisation Reuse captured carbon 

Biorefineries Multi-product resource use 

Enzyme manufacturing Low-impact catalysis 

Biofuels Renewable energy carriers 

Biomaterials Sustainable material production 

 

54. Future Research Directions 
54.1 Programmable Microbial Factories 
Microorganisms may become increasingly programmable for manufacturing different 

products. 

 

54.2 Cell-Free Manufacturing 
Cell-free systems could produce biological products without maintaining living organisms. 

 

54.3 AI-Designed Enzymes 
AI may accelerate discovery of enzymes for difficult industrial reactions. 

 

54.4 Biological Carbon Factories 
Engineered organisms may increasingly convert captured carbon into valuable products. 

 

54.5 Circular Biomaterial Platforms 
Materials could be designed from the beginning for biological recovery and recycling. 
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55. Research Agenda 
Future research should prioritise: 

1. High-productivity microbial strains.  

2. Robust waste-feedstock conversion.  

3. Low-energy bioprocessing.  

4. Enzyme engineering.  

5. Biological recycling.  

6. Carbon utilisation.  

7. AI-driven strain optimisation.  

8. Automated biomanufacturing.  

9. Life-cycle sustainability.  

10. Circular product design.  

 

56. Discussion 
Synthetic biology has the potential to change manufacturing at a fundamental level. 

Traditional chemical manufacturing generally begins with a raw material and transforms it 

through chemical and physical processes. 

Synthetic biology introduces another possibility: 

Design the biological system that performs the desired transformation. 

This creates a new form of manufacturing in which biological organisms can function as 

programmable production platforms. 

However, the sustainability value of synthetic biology depends on system-level design. 

A product should not be considered sustainable simply because it is bio-based. 

Its complete life cycle must be evaluated. 

For example, a biological process may use renewable feedstocks but still require substantial 

energy for: 

 Feedstock processing.  

 Fermentation.  

 Separation.  

 Purification.  

 Transportation.  

Therefore, sustainable synthetic biology requires integration of biological engineering with: 

 Renewable energy.  

 Efficient processing.  

 Waste recovery.  

 Recycling.  

 Circular design.  
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57. Strategic Implications 
Organisations seeking to develop sustainable manufacturing systems should consider 

synthetic biology as part of a broader technological portfolio. 

Key strategic priorities include: 

 Investing in biological design capabilities.  

 Developing waste-based feedstocks.  

 Integrating AI with laboratory automation.  

 Building circular manufacturing infrastructure.  

 Conducting rigorous life-cycle assessments.  

 Developing responsible biosafety frameworks.  

 

58. Conclusion 
Synthetic biology provides a powerful technological foundation for developing a circular 

bioeconomy. 

Through metabolic engineering, microbial cell factories, enzyme engineering, precision 

fermentation, biological recycling, and carbon utilisation, biological systems can potentially 

replace or complement conventional fossil-based manufacturing processes. 

The proposed circular framework— 

Feedstock → Biological Design → Bioconversion → Product → Recovery → Recycling → 

Regeneration 

—illustrates how synthetic biology can be integrated into closed-loop manufacturing systems. 

The greatest opportunity lies not simply in producing bio-based alternatives but in 

engineering entire production systems around renewable carbon, resource recovery, waste 

minimisation, and circular product design. 

Future progress will depend on combining synthetic biology with artificial intelligence, 

automation, advanced fermentation, materials science, process engineering, and life-cycle 

assessment. 

When these technologies are developed together, synthetic biology could become a major 

enabling technology for a manufacturing economy in which biological resources are used 

more efficiently, waste streams become valuable inputs, and carbon and nutrients remain 

within productive cycles for longer periods. 

 

References 
1. Cameron, D. E., Bashor, C. J., & Collins, J. J. (2014). A brief history of synthetic 

biology. Nature Reviews Microbiology, 12, 381–390.  

2. Church, G. M., & Regis, E. (2012). Regenesis: How Synthetic Biology Will Reinvent 

Nature and Ourselves. Basic Books.  

3. Keasling, J. D. (2010). Manufacturing molecules through metabolic engineering. Science, 

330(6009), 1355–1358.  

http://www.ajamri.com/


 

American Journal of Advanced Multidisciplinary 

Research and Innovation (AJAMRI) 

 
E-ISSN: XXXX-XXXX   ●   Website: www.ajamri.com   ●   Email: editor@ajamri.com 

 

  

AJAMRI Volume 6, Issue 4, July-August 2024 74 

 

4. Nielsen, J., & Keasling, J. D. (2016). Engineering cellular metabolism. Cell, 164(6), 

1185–1197.  

5. Stephanopoulos, G. (1999). Metabolic fluxes and metabolic engineering. Metabolic 

Engineering, 1(1), 1–11.  

6. Lee, S. Y., Kim, H. U., Chae, T. U., et al. (2019). A comprehensive metabolic map for 

production of bio-based chemicals. Nature Catalysis, 2, 18–33.  

7. Bornscheuer, U. T., Huisman, G. W., Kazlauskas, R. J., Lutz, S., Moore, J. C., & Robins, 

K. (2012). Engineering the third wave of biocatalysis. Nature, 485, 185–194.  

8. Panke, S., Held, M., & Wubbolts, M. G. (2004). Trends and innovations in industrial 

biocatalysis. Current Opinion in Biotechnology, 15(4), 305–310.  

9. Choi, S., Song, C. W., Shin, J. H., & Lee, S. Y. (2015). Biorefineries for the production of 

top building block chemicals and their derivatives. Metabolic Engineering, 28, 223–239.  

10. Ragauskas, A. J., Williams, C. K., Davison, B. H., et al. (2006). The path forward for 

biofuels and biomaterials. Science, 311(5760), 484–489.  

11. Lynd, L. R., Laser, M. S., Bransby, D., et al. (2008). How biotech can transform biofuels. 

Nature Biotechnology, 26, 169–172.  

12. Carus, M., & Dammer, L. (2018). The circular bioeconomy—Concepts, opportunities, 

and limitations. Industrial Biotechnology, 14(2), 83–91.  

13. Kirchherr, J., Reike, D., & Hekkert, M. (2017). Conceptualizing the circular economy: 

An analysis of 114 definitions. Resources, Conservation and Recycling, 127, 221–232.  

14. Ellen MacArthur Foundation. (2019). Completing the Picture: How the Circular Economy 

Tackles Climate Change. Ellen MacArthur Foundation.  

15. European Commission. (2018). A Sustainable Bioeconomy for Europe: Strengthening the 

Connection Between Economy, Society and the Environment. Publications Office of the 

European Union. 

 

http://www.ajamri.com/

