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Abstract: Herein, we compare natural and synthetic polymers in terms of their structures, as well 

as their usage in industries and potential influences in the environment. Natural polymer-based 

materials, including cellulose, proteins, and the natural rubber, present several advantages such 

as biodegradability, renewability, biocompatibility, which make them potential candidates for 

sustainable applications in fields of textiles, food processing, drugs, and biomedicine. 

Nonetheless, these present issues like, variability, low 'scalability' and lower mechanical strength 

and pose limitations in their industrial application. In contrast, man-made polymers like 

polyethylene, nylon, and polyester are cheap, resistant, and structurally diverse, allowing them to 

be widely used in packaging, construction, electronics, or consumer goods.  
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Introduction 

Polymers, whether from artificial sources or obtained from the natural resources, 

continue to take a central form in applications in various industries due to unique 

properties. In this comparison, the key difference and similarity of the two types of 

materials are discussed in terms of molecular structure, application and environmental 

impact. Based on the study of natural polymers (cellulose, proteins, etc.) and the 

synthetic alternatives to the natural polymers (polyethylene, nylon, etc.), this review not 

only comprehensively summarizes the advantages and disadvantages of these natural and 

synthetic materials, but also the growing prominence of biodegradability and 

sustainability when choosing materials. 
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Natural Polymers: Properties and Applications 

Natural polymers are produced via the biosynthetic process by living organisms, 

consisting of a long chain of monomeric units. These are polysaccharides, proteins, 

polyamides, and polyoxoesters, which present characteristics such as biodegradability, 

biocompatibility, and low toxicity (Amara et al., 2022). For this reason natural polymers 

are extremely useful in areas such as biomedical, pharmaceutical and environmental. 

For instance, cellulose, which is the principal structural element in plant cell walls, has 

high tensile strength and is degradable, and hence, it is considered suitable for use in 

textiles, packaging, and in the medical field. Tunable mechanical properties and 

sequence variability of proteins like collagen and silk make them suitable for drug 

delivery and tissue engineering (Assabo et al., 2024). Natural rubber, which is obtained 

from Hevea brasiliensis, possesses both elastic and water-resistant characteristics, 

making it a popular choice in products, such as medical gloves. Polysaccharides such as 

alginate and chitosan are commonly used in food and pharmaceutical preparations for 

their bioadhesive and gelling properties (Benalaya et al., 2024). Renewable sources The 

renewable source is considered as the primary strength of natural polymers. These are 

biological, plant, animal or microbe derived making them part of a 24/7 low cyclic supply 

chain that are in keeping with responsible use and meeting worldwide sustainability 

objectives. Their natural biodegradability enables them to degrade naturally by the 

activity of micro-organisms or enzymes, resulting in decreased environmental pollution 

as compared to that of synthetic plastics (Samir et al., 2022). However, challenges 

remain. Natural polymers generally suffer from non uniformity in molecular 

characteristics due to geographical and seasonal changes, which can lead to lack of 

reproducibility and inability to upscale (Singha et al., 2019). Notably, their mechanical 

properties and fatigue resistance are also often inferior to those of synthetic polymers, 

and often require chemical modification or reinforced with additives (e.g., nano-cellulose 

blended) to achieve industrial specifications. 

 

Synthetic Polymers: Properties and Applications 

In opposite to this, synthetic polymers are artificially prepared macromolecules achieved 

by controlled polymerization way. This wealthy features system provides full control of 

their structure and properties, aiming at the desired performance in a wide range of 

usages. (Sahoo & Dash, 2023). Materials such as polyethylene (PE), nylon, and polyester 

are now everyday commodities and widely used for packaging, textiles, automotive, 

electronics. Polyethylene is popular for its flexibility, chemical resistance, low cost, and 
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is used in the manufacture of films, containers, bottles, and other consumer products. 

Nylon has high tensile strength, is both lightweight and resistant to abrasion and 

chemicals and is ideal for use in textiles, mechanical parts, and automotive components. 

Polyester Polyester is extremely durable and well known for keeping its shape in the face 

of wear and for industrial uses as well as in fabricsfor clothingware (Desidery & Lanotte, 

2022). Synthetic polymers also have some more advantages for most purposes (e.g., 

longer life span, cheaper, tunable). Their homogeneous structure and reliable 

performance support efficient mass production of high quality product that can be used 

in various common applications as well high-tech applications (Islam et al., 2020). 

However, these benefits also have environmental tradeoffs. Majority of synthetic 

polymers are made from non-renewable fossil resources and from being non-

biodegradable, long-term pollution and microplastic accumulation are the outcomes that 

follow (Sahoo & Dash, 2023). Recycling technologies do exist, but are technically and 

financially constrained (contamination, complicated sorting) in their effectiveness. As a 

result, man-made polymers are frequently a burden to the environment and waste 

disposal. 

2. Applications of Natural Polymers 

Natural polymers have long been valued across diverse industries for their favorable 

biological and physicochemical properties. In the textile sector, protein-based fibers 

such as silk and wool are widely employed because of their compatibility with 

human skin, ability to regulate moisture, and provision of both comfort and strength. 

In the food industry, polysaccharide-based polymers like starch and gelatin serve 

essential functions as thickeners, stabilizers, and gelling agents, directly influencing 

product texture, consistency, and shelf-life (Amara et al., 2022). Within the 

pharmaceutical sector, biopolymers such as alginate and chitosan play a central role 

in drug delivery systems and wound dressings, as their intrinsic biocompatibility 

supports controlled drug release while promoting tissue regeneration and 

integration. Collectively, these examples illustrate how the biodegradability, non-

toxicity, and structural diversity of natural polymers underpin their widespread use 

across textiles, food processing, and pharmaceutical applications (Amara et al., 

2022). 

Cellulose and proteins, in particular, represent foundational natural polymers 

integrated into numerous consumer and industrial products. Cellulose, extracted 

predominantly from plant cell walls, remains essential in paper and textile 

production, where it imparts mechanical strength and durability while supporting 

sustainable production practices. Its uses are also found in pharmaceuticals, where, 

in particular, cellulose serves as a bulking agent in tablets aiding in the control 

release profile and tablet hardness. Proteins such as silk and gelatine can also be 
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readily processed and have broad applications including producing artificial 

medical sutures, edible films or encapsulating agents in food or drug preparations. 

Their biocompatibilities and degradation safely in biological environments are 

highly preferred in biomedical and packaging applications (Benalaya et al., 2024). 

Another example of natural polymer, natural rubber, has indispensable applications 

for automobile and rubber industries.  

One such example is the packaging industry, for instance, especially uses PE/PP 

polymers due to their low weight, resistance to water and flexible nature suitable 

for food, medical, and consumer packaging (Morin-Crini et al., 2019). The 

construction industry employs polyvinyl chloride (PVC) and expanded polystyrene 

materials for thermal insulation, piping, and coatings due to their durability and 

easier workability. The electronics industry also largely relies on synthetic 

polymers, for insulating coatings, printed circuit board, and flexible support for the 

displays where the appropriate dielectric and mechanical properties are required for 

reliable device operation (Morin-Crini et al., 2019). Polyethylene and 

Polypropylene have been noted among them the most used materials worldwide as 

packaging. Due to its flexibility, superior moisture barrier properties, and resistance 

to chemical degradation, polyethylene is commonly utilized in films, bags, and 

bottles. Polypropylene on the other hand provides a higher stiffness and heat 

resistance which makes it an ideal material for containers, closures, and protection 

wrappings in food and medical applications. Crucially, the molecular structure of 

these polymers can be modified to achieve higher levels of mechanical strength, 

transparency, and sealability, while being cost competitive (Desidery & Lanotte, 

2022). By replacing heavier and less adaptable materials, polyethylene and 

polypropylene have advanced packaging toward lighter, resource-efficient, and 

scalable solutions, reinforcing their global dominance (Desidery & Lanotte, 2022). 

Synthetic fibers such as nylon and polyester have also revolutionized the textile 

industry, offering durability, uniformity, and adaptability at scales unmatched by 

natural fibers. Their engineered molecular arrangements result in high tensile 

strength, abrasion resistance, and resilience to mechanical stress—qualities critical 

for clothing, upholstery, and industrial textiles. Polyester fibers, in particular, are 

valued for their dimensional stability, low moisture absorption, and wrinkle 

resistance, which support their widespread use in apparel, household textiles, and 

technical fabrics. Nylon, with its elasticity and strong recovery properties, remains 

a material of choice for hosiery, activewear, and high-performance outdoor textiles 

where comfort and endurance are key (Islam et al., 2020). The ability to mass-

produce these fibers with consistent properties has significantly shaped the global 

textile market, consolidating the central role of synthetic polymers in modern 

material innovation.  
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3. Environmental Impacts and Sustainability 

synthetic variants, particularly with regard to biodegradability and lifecycle 

sustainability. Natural polymers, derived from renewable biological sources, 

typically degrade through microbial or enzymatic action, leading to lower 

persistence and minimal accumulation in both terrestrial and aquatic environments. 

In contrast, synthetic polymers are often resistant to natural degradation, resulting in 

long-lasting waste, landfill congestion, and the formation of microplastics that pose 

ecological and health risks (Moshood et al., 2021). Although the development of 

biodegradable synthetic plastics aims to mitigate these issues, their success depends 

on factors beyond materials science. Considerations such as economic viability, 

public policy, and societal support for new waste management strategies influence 

their large-scale adoption. As such, a comprehensive sustainability evaluation 

covering environmental, economic, and social footprints is necessary for guiding the 

responsible production of both natural and synthetic polymers at industrial scale 

(Moshood et al., 2021). 

Natural polymers such as polysaccharides and proteins have inherent 

biodegradability which is characteristic of eco-friendly material management. They 

are naturally biodegradable and can be easily reintegrated into natural 

biogeochemical cycles through microbial decomposition, which makes them valid 

candidates for applications in which end-of-life fate is a key concern – such as in 

packaging, agriculture, and even in biomedicines (Haider et al., 2019). Their 

renewable feedstock derived nature also lessens dependency upon fossil resources 

in line with principles of the circular economy. Nevertheless, field-scale 

biodegradation evaluations are still needed in order to ascertain the environmental 

advantages of these materials. Laboratory studies must be complemented by real-

world tests to ensure that natural polymers perform as expected under varying 

environmental conditions (Haider et al., 2019). 

Synthetic polymers pose more complex environmental challenges, primarily due to 

their persistence in ecosystems. Their resistance to degradation often leads to long-

term accumulation in landfills, and when mismanaged, they can contribute to 

microplastic pollution in oceans, rivers, and soils (Unni & Muringayil Joseph, 

2024).Recycling infrastructure—while evolving through mechanical and chemical 

recycling techniques—still struggles to meet the growing volume and variety of 

plastic waste. Issues such as contamination, material sorting, and economic 

feasibility hinder widespread recycling success. This has led to increased 

contamination of ecosystems and heightened concerns over human exposure to 

micro- and nanoplastics. Even with ongoing innovations such as upcycling and 

hybrid recycling platforms, the scale of the challenge underscores the urgency of 

developing comprehensive, systemic waste management strategies (Unni & 

Muringayil Joseph, 2024).Despite these challenges, polymer science is evolving to 

support more sustainable production paradigms. Recent innovations increasingly 

integrate green chemistry principles and prioritize end-of-life considerations 

alongside performance characteristics. Modern research focuses on designing 
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materials with tailored thermomechanical properties that also possess a reduced 

environmental footprint. 

Tools such as the E factor, Toxicity Estimation Software Tool (TEST), and Life 

Cycle Assessment (LCA) are now employed to evaluate the sustainability of 

polymer production and guide material optimization.  

4. Comparative Analysis 

When both the above discussions are combined, it is obvious that the two classes of 

natural and synthetic polymers have a world of difference to each other in their sources, 

performance characteristics, and environmental impact. Natural Polymers, as a Type of 

Biodegradable Polymers Natural polymers, being one species of biodegradable 

polymers, are obtained from renewable biological sources, and are capable of being 

degraded and returned to the ecological cycles. Both of them are very commonly used in 

packaging, textiles, and automotive components, but synthetic polymers usually prevail 

for applications requiring high mechanical strength, or chemical resistance, or 

scratch/abrasion resistance. However, the gap is slowly shrinking as greener synthetic 

replacements—made from renewable feedstocks and conceived for recyclability or 

compostability—begin to be developed; a sign of a changing trajectory of more 

responsible material advances (Mohanty et al., 2022). A fair assessment recognises that 

there are substantial merits and flaws associated with each category. Natural polymers 

possess their appeal due to their biodegradability, natural biocompatibility and renewable 

origin that make them especially appealing in the eco-friendly fields of food packaging, 

medical appliances and regenerative therapies (Satchanska et al., 2024). However, they 

are still limited by the volatile nature of raw material, inferior mechanical performance, 

and process incompatibility for high-volume production. Synthetic polymers, however, 

are admired for their flexibility, their low price, and their ability to satisfy stringent 

technical requirements in a wide range of sectors, from biomedical engineering and 

electronics to water treatment. Yet, they pose major challenges due to their persistence 

in the environment and complex end-of-life practices (Satchanska et al., 2024). Thus, the 

selection between natural and synthetic polymers often involves facing these trade-offs, 

where the choice is tuned by the application, performance requirements and long-term 

environmental sustainability perspective.  

 

Conclusion 

This comparative review focuses on the important properties of natural and synthetic 

polymers for industrial uses and presents the opportunities and challenges for each. 
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Natural-based polymers are also favoured as they are environment-friendly, and large 

concern is given to natural based polymers as they are biodegradable per se and as such 

they can be used for greener applications. Nevertheless, the limitations of its raw material 

range and the scale up are still to be solved. On the other side synthetic polymers show 

superior mechanical and thermal properties, low production cost, and they are easily to 

use, but their environmental persistence and complex waste management are important 

issues for their sustainability. In encouraging responsible material selection and 

sustainable polymers technologies, it is critical to comprehend the complementarity and 

trade-offs between these two classes of materials. The challenge for the future of polymer 

science will be to achieve an important performance while being respectful of the 

environment, through green synthesis, circular design, advanced recycling of plastics and 

designing of biodegradable polymers. As global sustainability requirements progress 

these integrated approaches will be critical in ensuring the sustainable use of polymers 

to meet industrial and societal needs without detrimental impact on the environment. 
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