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Warmest Greetings to all our Esteemed Readers!!

It is with great pleasure that I present the NAM S&T Centre's latest Fact File on “Green Polymers”. The document highlights 
the growing importance of environmentally sustainable materials such as green polymers in addressing global challenges 
such as plastic pollution, resource depletion and severe environmental degradation. 

Green polymers derived from renewable biological sources and designed to be biodegradable and recyclable, offer a 
promising pathway towards sustainable development and responsible industrial practices. Green polymers are sustainable 
and eco-friendly materials which help in reducing reliance on fossil fuels, lowering carbon footprint, and reducing greenhouse 
gas emissions, and thus contribute greatly towards achieving the United Nations Sustainable Development Goals (SDGs). 
This Fact File briefly describes various issues on green polymers, including their classification, properties, synthesis and 
related technological advances; and highlights their various applications. The document also examines the role of green 
polymers in advancing a circular economy; reviews global market trends & challenges; and recommends measures to 
accelerate the adoption of green polymers in the society. 

We would like to express our sincere appreciation to Dr. B.S. Madhukar, Associate Professor, JSS Science and Technology 
University (JSS STU), Mysuru, India for serving as the Principal Author and Scientific Editor of this Fact File. We also gratefully 
acknowledge the contributions of Dr. S. Suriyanarayanan, Associate Dean (Research), JSS STU and Mr. M. 
Bandyopadhyay, Senior Adviser, NAM S&T Centre for their guidance. We are thankful to Ms. Yashaswini V.L. from JSS 
STU and Ms. Abhirami Ramdas, Programme Officer, NAM S&T Centre in the preparation of this informative document. 

I am confident that this Fact File will serve as a valuable source of information for those who are interested in environmentally 
sustainable materials, and the global efforts on the transition towards a Circular Economy.

A Fact File on 

1. Introduction

2. Rise of Green Polymers: 

Green polymers are environmentally friendly, biodegradable 
materials that are naturally occurring and derived from 
renewable plant and microbial sources, including starch, 
cellulose and plant oils, agricultural waste, algae and other bio-
based materials. These polymers have gained significant 
attention due to growing environmental concerns, plastic 
pollution and the depletion of fossil fuel resources. Additionally, 
green polymers produce fewer toxic by-products during 
degradation, making them safer for ecosystems. Green 
polymers offer a promising solution to reduce pollution, lower 
carbon footprints and promote sustainability.

One of the major environmental challenges today is the 
increasing accumulation of non-biodegradable waste, which 
causes serious ecological imbalance and long-term damage to 
ecosystems. Green polymers have emerged as sustainable 
alternative materials to address these concerns by offering 
biodegradability, renewability and reduced environmental 
impact. In contrast, conventional polymer production often 
depends on toxic and hazardous solvents, leading to significant 
environmental contamination and potential health risks.

· The earliest natural fibre-based polymer composites 
were phenol or melamine-formaldehyde resins 
reinforced with cotton or paper, developed in the early 
1900s. 

· Glass fibre-reinforced polymers (GRPs) were widely 
used in automobiles, construction and electronics in the 
1940s, due to their durability and affordability. However, 
concerns related to their high density and disposal 
challenges led to the search for more sustainable 
alternatives.

· Biocomposites were used in consumer products and 
construction in the 1990s when researchers and 
automobile firms explored vegetable fibres as an eco-
friendly reinforcing material. 

· Fully biodegradable materials have become popular in 
stthe 21 century. Increased public awareness and 

government legislation have encouraged the 
replacement of petroleum-derived polymer matrices with 
bio-based alternatives.

Recent advances in polymer nanocomposites have 
significantly enhanced the properties of green polymers. Figure 
1 shows the key properties of green polymers. Green 
composites, consisting of a renewable polymer matrix and 
reinforcing fibres were vital. With the incorporation of 
nanoparticles, these materials exhibit improved mechanical 
strength, elasticity, dimensional stability and enhanced gas and 
water barrier properties.

3. Key Properties of Green Polymers
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Figure 1: Key Properties of Green Polymers
Source: Created by the authors
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4. Classification of Green Polymers:

5. Applications of Green Polymers in Different Fields

Green polymers are classified according to their sustainability 
features, biodegradability and their place of origin as shown in 
Figure 2.

· Natural or agro-based Polymers are directly extracted from 
biomass such as starch, cellulose, proteins and 
triglycerides.

· Bio-based polymers are produced from renewable raw 
materials using chemical synthesis.

Eg: PLA (Polylactic Acid), PBS (Polybutylene succinate) 
and biopolyethylene

· Microbial-based polymers are produced by micro-
organisms.

Eg: PHAs (Polyhydroxyalkanoates) and PHB (Poly-
hydroxybutyrate)

· Fossil-based fuels are derived from non-renewable 
petroleum or natural gas sources. 

Eg: PCL (Polycaprolactone)

Green polymers are widely applied across various sectors, 
including packaging, pharmaceutical, electronics, energy, 
textile and automobile sectors, as illustrated in Figure 3. Green 
polymers provide sustainable and affordable solutions that are 
especially valuable for countries in the Global South, where 
environmental protection, energy access, agriculture and 
healthcare are key priorities.

· Food packaging: Biodegradable polymer films, trays 
and coatings help preserve food quality while reducing 
non-degradable waste. Compostable packaging 
materials are particularly beneficial in regions with 
limited plastic waste management systems.

· Agricultural films: Green polymer-based mulch films 
improve soil moisture retention, suppress weed growth 
and enhance crop productivity. Unlike conventional 
plastic films, biodegradable alternatives naturally 
decompose in soil, preventing long-term soil 
contamination.

· Biomedical disposables: Biodegradable gloves, 
syringes, masks and medical packaging help reduce 
the burden of healthcare waste. Bio-compatible green 
polymers are also used in low-cost medical 
applications, supporting safer and more sustainable 
healthcare systems.

· Textile fibres from agro-waste: Agro-waste materials 

such as husk, banana fibre, jute, and other plant 
residues can be converted into biodegradable textile 
fibres. This reduces dependence on synthetic fibres 
and promotes rural income generation and circular 
economy practices.

· Green polymer-based solar cells: Conducting and 
semiconducting green polymers are used in organic 
solar cells as light-absorbing and charge-transport 
materials. These solar cells are lightweight, flexible and 
potentially low-cost, making them suitable for rural 
electrification and decentralized energy systems.

· Green polymers based energy conversion 
devices: Green polymers are also applied in energy 
conversion technologies such as triboelectric 
nanogenerators, piezoelectric devices and bio-based 
batteries. These systems can harvest mechanical or 
solar energy and convert it into electricity, offering 
sustainable power solutions for remote and resource-
limited areas.

Overall, green polymers contribute not only to environmental 
protection but also to energy access, healthcare improvement 
and sustainable industrial development in emerging 
economies.

Green polymer synthesis emphasises environmentally friendly
solvent-free methods to produce sustainable materials. The 
key polymerisation techniques are illustrated in Figure 4. These 
methods employ green chemistry principles, such as the use of 
enzymes instead of toxic solvents.

The circular economy promotes a "reduce, reuse, recycle" 
model to minimize waste and maximize resource efficiency. 
Green polymers support this model through:

· Biodegradability: They degrade into natural 
components like CO₂, water and biomass under suitable 
conditions, reducing long-term environmental burden.

· Recyclability and Compostability: Many green 
polymers can be industrially composted, closing the 
materials loop without accumulating in landfills.

· Low Carbon Footprint: Being derived from renewable 
feedstocks, they contribute to lower greenhouse gas 
emissions compared to fossil-derived plastics.

6. Synthesis of Green Polymers

7. Role of Green Polymers in Circular Economy and 
Sustainable Development Goals

, 

Figure 2: Types of Green Polymers
Source: Created by the authors

Figure 3: Applications of Green Polymers in Different Fields
Source: Created by the authors

Figure 4: Key Polymerisation Techniques
Source: Created by the authors
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7.1 Green Polymer Market and Circular Economy

7.2 Alignment with Sustainable Development Goals 
(SDGs)

· Rapid Market Growth: The green polymer market is 
expected to double by 2030, growing from US$39.46B to 
US$74.95B due to high demand for eco-friendly materials.

· Consumer Shift towards Sustainability: About 75% of 
consumers prefer recyclable or biodegradable packaging, 
pushing brands like Nestlé to adopt recycled plastics.

· Government Policies driving Change: Bans on plastic 
bags, taxes on plastic use and laws like the UK Plastic Tax 
(2022) are pushing companies to adopt greener materials.

· Europe's Circular Economy Growth: The European 
Union (EU) aims for 25% recycled plastic in PET bottles by 
2025 and 30% in all packaging by 2030, promoting a 
looped system of reuse.

· Asia-Pacific leading Growth: Countries like India, China 
and Japan are investing heavily in green polymers and 
sustainable technologies.

· Support for the Circular Economy: Green polymers 
reduce plastic waste by promoting reuse, recycling and 
biodegradability, which are key components of a circular 
economy.

Green polymers directly contribute to several United Nations 
Sustainable Development Goals (SDGs), as shown in Figure 5, 
such as:

· SDG 3 – Good health and well-being: Green polymers 
reduce the use of toxic chemicals and harmful solvents in 
material production. They are also used in biomedical 
applications such as drug delivery systems and 
biocompatible implants, improving healthcare safety.

· SDG 9 – Industry, innovation and infrastructure: The 
development of bio-based and biodegradable polymers 
encourages sustainable industrial growth and 
innovations in material sciences, reducing reliance on 
fossil fuels.

· SDG 12 – Responsible consumption and production: 
Green polymers promote the use of renewable raw 
materials, reduce waste generation and support 
biodegradable alternatives to conventional plastics, 
contributing to a circular economy.

· SDG 13 – Climate action: Bio-based polymers help 
lower greenhouse gas emissions by reducing 
dependence on petroleum-based plastics, thereby 
supporting efforts to combat climate change.

· SDG 14 – Life below water and SDG 15 – Life on Land:  
Biodegradable polymers reduce long-term environmental 
accumulation and help minimize microplastic pollution in 
oceans and on land, protecting ecosystems and 
biodiversity.

These contributions highlight the important role of green 
polymers in achieving sustainable and environmentally 
responsible development.

8. Challenges and Barriers to the Adoption of Green 
Polymers

10. Green Polymer Development in Global South 
Countries

Despite their many potential benefits, most industries are not 
yet ready to use green polymers due to the following limitations 
and challenges, as shown in Figure 6.

· Increased Recycling & Reuse – A shift towards a circular 
economy for plastics.

· Better Recycling Methods – Improved ways to recycle 
bioplastics.

· Government Incentives – Tax benefits for businesses 
using biodegradable plastics.

· Expansion into More Industries – Growing application of 
green polymers in sectors such as electronics, 
construction and cosmetics.

Figure 7 illustrates collection, sorting, cleaning, reprocessing 
and re-manufacturing of green polymers into new 
biodegradable products.

· Future research aims to enhance green polymers by 
improving their mechanical strength, thermal stability and 
biodegradability. 

· Another significant research area is smart green polymers, 
which respond to external stimuli like temperature, pH, 
moisture or light. 

· Enzyme-assisted degradation is another promising 
innovation, enabling faster and more efficient 
biodegradation of green polymers. This could lead to fully 
compostable materials that break down naturally, thereby 
reducing environmental impact.

· India: India is adopting biodegradable polymers in 
packaging, agriculture and healthcare. Compostable 
plastics are replacing traditional plastic bags and research 
in biomedical applications and energy harvesting is 
growing. The country recycles approximately 30% of its 
plastic waste,  supported by strong government policies 

9. Future Trends & Opportunities

9.1 Future Prospects & Research Trends

Figure 5: Sustainable Development Goals of Green Polymers
Source: Created by the authors

Figure 7: Recycling Process of Green Polymers
Source: Created by the authors

Figure 6: Challenges and Barriers to the Adoption of Green Polymers
Source: Created by the authors
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like the Plastic Waste Management Rules (2016) 
promoting sustainability. 

· China: China recycles about 45% of its plastic waste and 
has advanced chemical recycling technologies. The 
country exports biodegradable plastics to Europe and 
North America.

· Brazil: The country recycles around 24% of its plastic 
waste and offers tax incentives for compostable 
packaging. Major producers include Braskem and Dow 
Brazil, with São Paulo and Rio de Janeiro as key hubs. 

· South Africa: The country recycles 46% of its plastic 
waste, the highest rate in Africa. Plastic bag levies 
encourage biodegradable alternatives and public-private 
partnerships aid in waste management. 

· Indonesia: The National Plastic Action Plan aims to 
reduce marine plastic waste by 70% by 2025. Although 
recycling rates remain low (around 10%), international 
collaborations are driving innovation in sustainable 
materials.

· Mexico: The country recycles 17% of its plastic waste, 
with foreign investment and tax incentives promoting 
sustainability. 

· Nigeria: Nigeria is advancing biodegradable polymer 
innovation by converting cassava starch and plantain peel 
residues into eco-friendly packaging materials. 

To ensure the wider adoption of green polymers in industry and 
everyday life, a clear and collaborative strategy is essential. 
This includes focused efforts in investment, research, 
infrastructure and policy support. Below is the roadmap and key 
recommendations for moving forward:

· Funding for Startups and Industries: Encourage 
investments in companies that develop or scale green 
polymer technologies.

· Public–Private Partnerships: Collaborations among 
governments, industries and academic institutions can 
help reduce production costs and expand commercial 
applications.

· Infrastructure Development: Invest in composting units, 
biodegradable material collection systems and advanced 
manufacturing facilities to support green polymer usage.

· Material Development: Improve mechanical, thermal and 
barrier properties of green polymers to match or surpass 
those of conventional plastics.

· Cost Reduction Techniques: Focus on low-cost 
feedstocks like agricultural waste or marine biomass to 
make green polymers more affordable.

· Advanced Composites: Develop hybrid bio-composites 
with enhanced durability, heat resistance and recyclability.

· Life Cycle Assessment (LCA): Encourage research on 
the full environmental impact of green polymers to ensure 
truly sustainable development.

· Government Incentives: Government policies and 
industrial initiatives play a vital role in driving large-scale 
adoption of green polymers. Offer tax benefits, subsidies 
and R&D grants to green polymer manufacturers and 
users.

· Regulations Promoting Eco-friendly Materials: Waste 
reduction and circular economy practices will accelerate 
the transition towards sustainable alternatives.

· Plastic Bans and Bio-Based Mandates: Gradually phase 
out single-use petroleum-based plastics and mandate the 
use of bio-based alternatives where feasible.

11. Strategic Recommendations for Green Polymers

i. Increased Investment

ii.     Strengthening Research and Innovation

iii.    Supportive Policies and Regulations

· Standards and Certification: Implement strict 
certif ication systems for biodegradabil i ty and 
compostability to ensure material authenticity and 
consumer trust.

· Awareness and Education: Conduct campaigns to 
educate industries, policymakers and consumers about 
the environmental and economic benefits of green 
polymers.

· Scaling Production: Improve scalability through 
automation and optimization of bio-polymer production 
processes.

· Integration in Key Sectors: Encourage use in packaging, 
agriculture, textiles and medical fields by showcasing 
successful case studies.

· Circular Economy Alignment: Design products and 
systems based on reuse, recyclability and end-of-life 
management of green polymers.

Wider adoption of green polymers requires a coordinated 
strategy combining financial investment, scientific innovation, 
policy support and public awareness. With focused action 
across these areas, green polymers can play a significant role in 
achieving global sustainable development goals, reducing 
plastic pollution and driving the transition towards a circular 
economy.

Green polymers are an eco-friendly alternative to conventional 
plastics, offering biodegradability, recyclability, and reduced 
environmental impact. They are widely used in sectors such as 
packaging, electronics, energy and healthcare, helping 
industries to transition to sustainable materials. With 
advancements in nanotechnology, enzyme-assisted 
degradation and smart polymers, green polymers are becoming 
stronger, more durable and more adaptable for various 
applications. However, their success depends on industrial 
commitment, supportive policies and consumer awareness. 
These materials play a key role in reducing plastic pollution, 
lowering carbon emissions and supporting a circular economy. 
The green polymer market is growing rapidly, driven by 
government regulations, environmental concerns and 
consumer demand. While North America and Europe lead in 
adoption, Asia-Pacific is the fastest-growing region. By 2030, 
green polymers are expected to significantly replace 
conventional plastics, making industries more sustainable and 
eco-friendlier. 
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