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Abstract 

The environmental impact of conventional plastics has spurred the development of biodegradable, 

recyclable, and renewable polymers as sustainable alternatives. Biodegradable, recyclable, and 

renewable polymers are developing as viable alternatives to standard petroleum-based plastics 

due to their environmental benefits and sustainability. These polymers can be manufactured using 

renewable sources such as plants and microbes, reducing reliance on fossil fuels and minimizing 

plastic pollution. Biodegradable polymers offer end-of-life solutions through composting or 

natural breakdown, reducing plastic pollution. Recyclable biopolymers can be processed into new 

products, minimizing waste. Biodegradable and renewable polymers are often derived from 

natural sources, making them inherently more biocompatible and non-toxic. This opens up 

applications in medical and food packaging industries where safety and biodegradability are 

paramount. These polymers offer a significant reduction in environmental impact by minimizing 

waste and pollution. The production of renewable polymers typically involves lower carbon 

emissions compared to traditional plastics. This shift is crucial for mitigating climate change and 

reducing greenhouse gas emissions. Renewably sourced polymers utilize biomass, a natural 

resource, to lessen dependence on fossil fuels. These polymers, derived from renewable resources 

such as plant-based materials, agricultural by-products, and microbial fermentation, offer several 

advantages over conventional plastics, including reduced environmental impact, decreased 

dependence on fossil fuels, and enhanced end-of-life options. 
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1. Introduction  

Traditional petroleum-based polymers have a huge, varied environmental impact. 

These plastics, which are made from natural gas or oil, have become commonplace in modern 

civilization, with global output exceeding 322 million tons in 2015. Unfortunately, 

petroleum-based plastics are stable and resistant to natural degradation, resulting in ongoing 

environmental pollution. Even biodegradable polymers can survive a long time, releasing 

hazardous compounds as they degrade. The accumulation of plastic garbage in marine 

habitats, particularly as a result of inappropriate disposal, endangers marine life and 

ecosystems (1-2). 

According to studies, petroleum-based plastics can absorb metals and organic 

contaminants from the environment, acting as stressors for organisms and having negative 

impacts when consumed. Plastic pollution on coasts offers aesthetic and ecological issues in 

countries such as India, where large amounts of petroleum-based plastics are consumed each 

year. To reduce the environmental impact of typical plastics, actions such as recovery, 

treatment, and recycling are essential. Proper plastic waste management through qualitative 
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and quantitative research can assist lessen the economic and ecological impacts on marine 

biomes (3). In contrast to standard plastics, bioplastics are developing as prospective 

replacements. However, bioplastics have environmental consequences, such as greenhouse 

gas emissions and changes in land use connected with agricultural biomass. The move from 

standard petroleum-based plastics to biodegradable alternatives such as bioplastics can help 

reduce carbon emissions and pollution caused by plastic waste as shown in fig 1. Assessing 

and managing both traditional and biodegradable materials (4). 

 

 
Figure 1. Petroleum-based plastics (4) 

 

Alternative polymers for sustainability are essential for reducing the environmental 

impact of plastics, increasing resource efficiency, and moving toward a more sustainable 

future. Bio-based polymers, with their adaptability, renewability, and environmentally 

friendly, are key component for sustainable polymer development and a critical component in 

the shift to more ecologically friendly materials (5). Reduced environmental cleanup costs 

and lower healthcare expenditures due to decreased pollution-related illnesses can offset the 

initial investment. The transition to biodegradable polymers can spur job creation in green 

industries. From research and development to manufacturing and recycling, new employment 

opportunities can emerge, boosting local economies and providing sustainable livelihoods. As 

consumer demand for environmentally friendly products increases, businesses that invest in 

biodegradable polymers can tap into new markets. This can lead to competitive advantages 

and increased market share for companies committed to sustainability. As part of the social 

benefits, reducing plastic pollution has direct benefits for public health. Fewer plastics in the 

environment mean less exposure to harmful chemicals and microplastics, leading to improved 

health outcomes for communities. The adoption of biodegradable polymers can raise public 

awareness about environmental issues. Educational campaigns and product labeling can 

inform consumers about the benefits of choosing sustainable materials, fostering a culture of 

environmental responsibility (6). 

Biodegradable, recyclable, and renewable polymers are developing as viable 

alternatives to standard petroleum-based plastics due to their environmental benefits and 

sustainability. These polymers can be manufactured using renewable sources such as plants 

and microbes, reducing reliance on fossil fuels and minimizing plastic pollution (7).  

Bio-based polymers, commonly known as bioplastics, are being developed to replace non-

biodegradable plastics in a variety of applications. They can be classified as biomass-derived 
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polymers, monomer-based polymers, or microorganism-derived polymers. Biodegradable 

polymers offer the advantage of being able to decompose into easily disposed products 

through a controlled process, hence reducing environmental effect (8). 

The usage of biodegradable polymers provides various benefits, including raw 

material regeneration, biodegradation, and a reduction in carbon dioxide emissions that 

contribute to global warming. Microorganisms such as bacteria and fungi can break down 

biodegradable polymers into water, carbon dioxide, and methane. The biodegradation process 

is influenced by material composition, polymer size, structure, and molecular weight (9). 

Biodegradable polymers offer a wide range of applications, particularly in food packaging. 

They can be utilized in modified environment packaging, active packaging systems, and 

edible packaging to extend the shelf life of food goods (10). Sufficient research on the 

interaction of food components and biopolymers during processing and storage is required 

before implementing any packaging. Despite their apparent potential, biodegradable 

polymers now replace just around 1% of all plastics (11). The study aim to explore the 

applications of biodegradable, recyclable, and renewable polymers as alternatives to 

traditional petroleum-based plastics. 

 

2. Biodegradable Polymers 

Since the 1990s, following an initial phase of pilot plant production, the scaling up of 

biodegradable plastic manufacturing by both niche and established firms has grown to an 

industrial scale. Today, a substantial portion of both emerging and established biodegradable 

plastics are derived from renewable sources rather than petrochemicals. Comprehensive 

information regarding the chemical makeup, production methods, processing, structure, and 

properties of a wide array of bioplastics used in packaging can be found in other literature 

(paper-based materials are traditionally considered a distinct category). Globally, the 

production capacity for biodegradable plastics stands at around 350,000 tonnes (Bioplastics 

07/08), which represents less than 0.2% of the roughly 260 million tonnes of petrochemical-

based plastics produced. Nevertheless, environmental benefits alone are not sufficient for 

bioplastics to be widely adopted as alternatives to conventional plastics; they must also be 

cost-efficient, meet performance standards, and ideally offer unique advantages. As a result, 

bioplastic polymers have not yet fully realized their potential. In the UK, there are currently 

more than 300 composting facilities that collectively process approximately 2 million tonnes 

of waste annually (about 75% from households, 5% municipal non-household waste, and 

20% commercial waste). Aerobic biodegradation systems, which are particularly important 

for biodegradable plastics (BDPs), are explored in detail in the following section of this 

paper. Some BDPs are also suitable for anaerobic digesters, which convert organic waste into 

methane for energy generation. However, research on the anaerobic degradation of 

bioplastics is limited and will not be further discussed here (12). 

Biodegradable plastics and polymers were first introduced in the 1980s. These 

materials can be sourced from both synthetic and natural polymers. Natural polymers are 

abundant and come from renewable resources, while synthetic polymers are derived from 

non-renewable petroleum sources. Biodegradation occurs through enzymatic activity or 

chemical breakdown facilitated by living organisms (13). Due to their positive environmental 

impact, biodegradable polymers have garnered significant interest. Over time, 

microorganisms such as bacteria or fungi can degrade these polymers into simpler, non-toxic 
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substances, offering a promising alternative to traditional plastics, which can persist in the 

environment for hundreds of years (14). This helps address the widespread problem of plastic 

pollution. Some of the Characteristics of biodegradable polymers include: 

• Environmental Friendliness: The principal attribute of biodegradable polymers is their 

capacity to undergo biological degradation into elements found in nature, such as 

carbon dioxide, water, and biomass (15). This minimizes pollution and damages to 

ecosystems by preventing them from building up in the environment. 

• Renewable Sources: Starch, cellulose, and other plant-based compounds are examples 

of renewable resources that are used to create several biodegradable polymers. This is 

in contrast to traditional plastics, which are mostly made from fossil fuels that are not 

renewable (16). 

• Versatility: Biodegradable polymers are appropriate for a variety of applications 

because they may be made to have a wide range of qualities. Depending on the 

intended function, they can be made to be transparent or opaque, stiff or flexible, and 

even water-soluble or water-resistant. 

• Biocompatibility: Certain biodegradable polymers can be employed in medical 

applications, including scaffolds for tissue engineering, drug delivery systems, and 

sutures, because they are compatible with living tissues. Because of their natural 

tendency to break down within the body, removing implanted devices requires fewer 

extra surgical procedures. 

• Mechanical Properties: Even though biodegradable polymers might not always be as 

strong and durable as conventional plastics, continuous research and development 

initiatives are meant to enhance their mechanical characteristics. Strength, toughness, 

and other mechanical properties can be improved by modifying variables such 

polymer composition, manufacturing methods, and additives (17). 

• Degradation Rate: The degradation rate of biodegradable polymers is subject to 

variation based on various factors, including the nature of the polymer, the 

surrounding environment, and the existence of microorganisms. While some polymers 

may break down rather fast in soil conditions or composting facilities, others could 

need to go through anaerobic digestion processes or industrial composting to break 

down (18). 

 

Polylactic Acid (PLA): Polylactic acid (PLA) as shown in fig 2 is a biodegradable 

polymer derived from renewable sources like corn starch and sugarcane. Its properties, such 

as transparency, stiffness, and processability, are similar to traditional petroleum-based 

plastics. PLA is available in various grades, allowing for customization of mechanical and 

thermal properties. It finds applications in various industries, including packaging, textiles, 

3D printing, biomedical implants, sutures, drug delivery systems, and agricultural mulch 

films (19). PLA is biodegradable under composting conditions, where microbial enzymes 

break down the polymer chains into lactic acid, which can be metabolized by microorganisms 

into carbon dioxide and water. However, the degradation rate depends on factors like 

temperature, moisture, and microbial activity. 



 

Journal homepage: https://journal.scitechgrup.com/index.php/ajer 

 
156  

 

 
Figure 2. Polylactic Acid (PLA) bioplastic, chemical structure (19) 

 

Polyhydroxyalkanoates (PHAs): Polyhydroxyalkanoates (PHAs) are a family of 

biodegradable polyesters produced by microorganisms as intracellular carbon and energy 

storage compounds. They are composed of various polymers, including polyhydroxybutyrate 

(PHB), polyhydroxyvalerate (PHV), and copolymers with different monomeric units. PHAs 

have various properties, including biocompatibility, biodegradability, and thermoplastic 

behavior, and can be processed using conventional polymer techniques (20). They are used in 

packaging, biomedical devices, agriculture, and consumer goods, including compostable 

bags, food packaging, disposable tableware, sutures, drug delivery systems, and agricultural 

mulch films. PHAs are biodegradable under various environmental conditions, and 

microorganisms enzymatically degrade them into monomeric units, which are further 

metabolized into carbon dioxide and water as shown in figure 3. 

 

 
Figure 3. Polyhydroxyalkanoates (PHAs) chemical structure (20) 

 

Polybutylene Succinate (PBS): Polybutylene succinate (PBS) is a biodegradable 

polyester made from succinic acid and 1,4-butanediol. It is derived from renewable resources 

and can be synthesized through polycondensation reactions. PBS has properties similar to 

conventional plastics, including transparency, flexibility, and processability. It can be 

processed using extrusion, injection molding, and blow molding techniques (21). PBS is used 

in various applications, including packaging films, agricultural mulch films, disposable 

tableware, compostable bags, and injection-molded products. Its biodegradability is achieved 

under composting conditions, where microbial enzymes hydrolyze the polymer chains into 

succinic acid, 1,4-butanediol, and other intermediate compounds. 
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Figure 4. Polybutylene Succinate (PBS) chemical structure (21) 

 

2.1. Factors Influencing Biodegradation Rates and Mechanisms  

• Chemical Structure: The polymer's susceptibility to biodegradation is greatly 

influenced by its structure and chemical makeup (22). A number of factors, including 

chain length, branching, cross-linking, crystallinity, and the presence of functional 

groups, influence how accessible a polymer is to microbial enzymes. In general, 

polymers with amorphous regions and more accessible linkages degrade more quickly 

than those with heavily cross-linked or crystalline structures. 

• Environmental Conditions: Biodegradation rates increase with higher temperatures, 

but excessively high temperatures can denature enzymes. Adequate moisture levels 

are crucial for microbial activity and enzymatic degradation, while dry environments 

may slow down or inhibit it (23). The pH of the environment influences microbial 

activity and enzyme function, with optimal pH ranges varying based on the polymer 

and microbial species involved. Aerobic conditions promote microbial growth and 

degradation processes, while anaerobic conditions, like those found in landfills or 

marine sediments, favor anaerobic pathways. 

• Presence of Microorganisms: The key to biodegradation is the existence and activity 

of microorganisms that can metabolize the polymer (24). The microbial variety, 

population density, and metabolic pathways are among the factors that impact the 

polymer degradation efficiency in various conditions. Biodegradation rates can be 

greatly increased by microbial communities that possess specific enzymes for 

polymer degradation. 

• Polymer Properties: Polymers' degradation is influenced by their molecular weight, 

chemical composition, and additives. Higher molecular weight polymers degrade 

slower due to their less accessible nature to microbial enzymes. Polymers with easily 

metabolizable monomers are more easily degraded (25). Additives like plasticizers, 

antioxidants, and fillers can also affect the biodegradability of polymers, with some 

accelerating or inhibiting degradation based on their chemical properties and 

interactions with microorganisms. 

• Mechanical Stress: Biodegradable polymers can degrade more quickly when 

mechanical stress, including shearing, abrasion, or fragmentation, increases surface 

area and exposes weak spots to microbial attack. Nevertheless, fragmentation without 

total degradation can also result from high mechanical stress (26). 

• Surface Area and Morphology: Degradation rates are influenced by the accessibility 

of microorganisms to the polymer matrix, which is determined by the surface area, 
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shape, and porosity of biodegradable materials (27). Microbial colonization and 

deterioration can be facilitated by increased surface area and porosity. 

• Co-Substrates and Nutrients: Biodegradation rates can be influenced by the 

availability of co-substrates and nutrients in the environment, which can impact 

microbial growth and activity (28). In composting facilities, the addition of nutrient-

rich substrates or composting chemicals may promote polymer decomposition. 

 
Figure 5. Factors affecting Biodegradation (11) 

 

2.2. Mechanisms of Biodegradation 

Hydrolysis is the process of breaking down polymer chains into smaller fragments 

through the addition of water molecules, facilitated by enzymes like hydrolases. This 

process is used to break down polyesters like polylactic acid (PLA), which can be broken 

down into lactic acid monomers (29). Oxidative degradation occurs through the oxidation 

of polymer chains by oxygen-containing free radicals or enzymes like oxidases, breaking 

down the polymer into smaller fragments. Enzymatic degradation involves the action of 

specific enzymes produced by microorganisms to metabolize polymer substrates, 

catalyzing the cleavage of bonds within the polymer chain (30). Microorganisms, such as 

bacteria, fungi, and algae, produce various enzymes that target specific chemical bonds in 

polymers. Microbial assimilation involves the uptake and utilization of polymer fragments 

by microorganisms as carbon and energy sources for growth and metabolism. Polymer 

degradation products are metabolized through cellular processes, leading to the production 

of biomass, carbon dioxide, and water. Co-metabolism occurs when microorganisms 

indirectly metabolize polymer substrates using co-substrates or nutrients, allowing 

enzymes involved in the degradation of co-substrates to act on the polymer, facilitating its 

degradation (31). 
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Figure 6. Mechanism of biodegradation of bioplastics (11) 

 

2.3. Recyclable Polymers 

Recyclable polymers are materials that can be recycled into new goods or materials. 

These polymers are engineered with certain properties that allow them to be broken down and 

reused, promoting a more sustainable approach to material use. Polymer structure, additives, 

and end-of-life processing processes are all factors to consider when designing for 

recyclability. Recyclable polymers are ones that can be chemically or physically recycled, 

allowing them to be returned to their original monomeric state or reprocessed into new 

products with minimal loss of characteristics (32). These polymers have the following 

characteristics:  

• Chemical Recyclability: Recyclable polymers can be depolymerized back into their 

monomeric state via chemical processes such as chemolysis, enzymatic recycling, 

allowing them to be reused in a closed-loop system as shown in figure 7 (32). 

 

 
Figure 7. Processes of chemical recycling (32) 

 

• Mechanical Recyclability: Some polymers can be mechanically recycled by melting and 

reshaping without significantly affecting their properties. 
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• Sustainability: Recyclable polymers help to reduce waste and environmental impact by 

encouraging circular material flows and minimizing the requirement for virgin materials. 

• Design Considerations for Recyclability: The polymer's molecular structure determines its 

recyclability. Linear polymers with homogeneous structures are typically more easily 

recyclable than branched or cross-linked polymers. The presence of additives in polymers 

might affect their recyclability. Plasticizers, fillers, and flame retardants are examples of 

additives that may impede the recycling process or impair the quality of recycled material. 

Polymer design must take into account end-of-life processing procedures (33).  

 

2.3.1. Recycling Technologies and Processes for Different Types of Polymers  

Like the production of petrochemical-based plastics, biorefineries and polymerization 

processes for bioplastics are energy-intensive due to numerous energy-demanding steps such 

as heating and separation. Although bioplastic production is generally viewed as less 

hazardous than petro-plastic production, it still involves several risks, including exposure to 

biological agents, pesticides, solvents, and volatile organic compounds. These hazards can 

lead to increased carbon emissions and pose risks to worker safety. A thorough analysis of 

how bioplastic production impacts worker health and safety is available in (34). As a capital- 

and energy-intensive industry, bioplastic production via biorefineries may also contribute to 

job creation. A structural path analysis conducted by (35) indicated that producing 

biopolymers from domestic biomass resources could have a positive impact on local 

economies, such as increasing added value and employment opportunities. 

At present, the manufacturing and selling prices of bioplastics remain higher than 

those of petroplastics, and studies have shown that consumers and plastic processors are 

generally unwilling to pay a premium for bioplastics. There is also skepticism regarding the 

sustainability of these materials. However, advancements in technology could potentially 

lower the cost of bioplastics, leading to greater consumer acceptance as prices decrease and 

awareness grows. One area of technological focus could be the development of durable 

bioplastics designed for multiple reuses. 

• Solvent-Based Recycling: APK AG developed a solvent-based technology for 

recycling polyolefins such as polyethylene and polypropylene. This method enables 

the conversion of home and municipal garbage into useful plastic products, so 

contributing to the circular economy (36). 

• Mechanical and chemical recycling: Each form of plastic requires a unique recycling 

procedure. Thermoplastic polymers, which can be melted and reconfigured, are easily 

recyclable via mechanical techniques. Thermosetting polymers, which harden when 

heated, are more difficult to recycle. Another method, chemical recycling, tries to 

make virgin-like polymers, although it is energy-intensive and not extensively 

applied. 

• Recyclable and Non-Recyclable Plastics: Plastics are recyclable or non-recyclable 

depending on their resin code. Plastics such as PET, HDPE, and PP are commonly 

recycled; however PVC, LDPE, and PS provide issues due to their characteristics or 

processing difficulties. Plastics that cannot be recycled include bioplastics, composite 

plastics, and polycarbonate (37). 

• Closed-Loop and Open-Loop Recycling: Closed-loop recycling involves the endless 

recycling of used plastic into new things of the same quality, supporting a circular 
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economy. However, issues like as polymer breakdown and impurity buildup limit its 

widespread application. Open-loop recycling, also known as downcycling, degrades 

the quality of plastic with each cycle, eventually rendering the material unrecyclable. 

This process is increasingly popular and involves changing plastics into lower-quality 

items like fleece or fibers (38). 

 

2.4. Renewable Polymers  

Renewable polymers, also known as bio-based polymers or biopolymers, are a type of 

polymer made from sustainable, renewable resources including biomass, plant-based 

materials, agricultural byproducts, or microorganisms. Renewable polymers, as opposed to 

standard petroleum-based polymers, are made from resources that may be renewed naturally 

over time. 

Renewable polymers are sustainable, biodegradable, and versatile, making them 

suitable for various industries like packaging, agriculture, automotive, textiles, and 

healthcare. They reduce reliance on fossil fuels and mitigate environmental impact. 

Biodegradable polymers can degrade into natural components when exposed to moisture, 

heat, and microorganisms. Their production results in lower greenhouse gas emissions than 

petroleum-based polymers, helping combat climate change. Advances in biotechnology, 

chemical engineering, and materials science have led to new processes and materials for 

manufacturing renewable polymers with improved performance and cost-effectiveness (39). 

Renewable polymers can be derived from various sources, including biomass, plant-

based materials, vegetable oils, agricultural by-products, and microorganisms. Biomass, 

which is organic materials derived from plants, animals, or microorganisms, can be processed 

to extract sugars, cellulose, and other organic compounds for fermentation. Plant-based 

materials, such as starch from crops like corn, wheat, potatoes, and cassava, can be converted 

into biodegradable polymers for packaging, disposable products, and agricultural films. 

Cellulose, the most prevalent organic polymer on Earth, is used in the manufacture of 

bioplastics, textiles, paper, and composites. Vegetable oils from crops like soybeans, palm, 

rapeseed, or sunflower can be converted into bio-based polymers like polyesters, 

polyurethanes, and epoxy resins. Agricultural by-products, such as straw, husks, bagasse, or 

fruit pomace, can be used as feedstock for sustainable polymer production, promoting the 

circular economy. Microorganisms like bacteria, yeast, and algae can create biopolymers 

through fermentation or bioconversion processes (40). 

Renewable resources can be converted into polymers through various processes, 

including fermentation, chemical synthesis, biological conversion, extrusion and molding, 

and additive manufacturing (3D printing). Fermentation involves the use of microorganisms 

like bacteria, yeast, and fungi to convert sugars and organic molecules from renewable 

biomass into biopolymers. Examples include the creation of polylactic acid (PLA) from 

fermented corn or sugarcane sugars and polyhydroxyalkanoates (PHA) from various carbon 

sources. 

Chemical synthesis involves the polymerization of bio-based monomers from 

renewable sources, such as vegetable oils, cellulose, or lignin. Examples include bio-based 

polyethylene terephthalate (PET) made from bio-based ethylene glycol and terephthalic acid. 

Biological conversion involves the direct conversion of renewable feedstocks into polymer 

precursors or polymers using enzymatic or microbiological methods (41). Examples include 
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enzymatic polymerization of starch to biodegradable polymers and microbial synthesis of 

polyhydroxyalkanoates (PHA) from renewable carbon sources. 

Extrusion and molding are classic processing processes used to shape polymers into 

finished goods. Examples include extrusion, which melts polymer feedstock and drives it 

through a die to generate continuous structures, and injection molding or compression 

molding for complex shapes and structures. Additive manufacturing technologies, such as 3D 

printing, offer unique methods for producing polymer-based goods from renewable materials, 

allowing for customized, complex items with minimal material waste. 

Renewable polymers offer several advantages over traditional plastics, including 

sustainability, biodegradability, and lower carbon footprint. They are made from renewable 

resources, reducing dependency on finite fossil fuels and mitigating environmental effects. 

Many renewable polymers are biodegradable or compostable, reducing plastic pollution 

concerns. The production of renewable polymers often results in lower greenhouse gas 

emissions, contributing to climate change mitigation. They are versatile, suitable for various 

industries, and some have unique features not found in typical plastics, such as increased 

biocompatibility, biodegradability, or barrier properties (42). However, there are challenges 

to consider, such as performance variability, cost, end-of-life management, material 

compatibility, and regulatory landscape. Performance varies depending on feedstock, 

processing processes, and environmental conditions, making it difficult to maintain consistent 

mechanical, thermal, and barrier qualities. Costs may be higher due to factors like feedstock 

availability, processing complexity, and economies of scale. End-of-life management 

infrastructure may be required to fully realize the environmental benefits of renewable 

polymers. Material compatibility is also crucial, as different processing needs, material 

characteristics, and recycling processes can cause compatibility concerns. Finally, regulatory 

frameworks and regulations controlling the manufacturing, use, and disposal of renewable 

polymers may differ by area, influencing market acceptance and uptake (43). 

Renewable polymers have been developed and applied in various industries. 

NatureWorks LLC, a major producer of polylactic acid (PLA), is a sustainable polymer made 

from fermented plant sugars, particularly maize starch. PLA is biodegradable, compostable, 

and versatile, making it suitable for various applications. PLA-based packaging solutions, 

textile fibers, and 3D printing filaments are examples of these applications. 

Danimer Scientific specializes in the synthesis of polyhydroxyalkanoates (PHA), a 

biodegradable polymer produced through bacterial fermentation of renewable feedstocks. 

PHA-based products include single-use plastics replacement, marine biodegradable items, 

and flexible packaging films, pouches, and bags for food, personal care products, and 

consumer goods (44). 

Braskem, a global pioneer in bio-based polyethylene (Bio-PE), produces bio-based 

polyethylene (Bio-PE) from sugarcane ethanol. Bio-PE has qualities similar to ordinary 

polyethylene but with a smaller carbon footprint. It is used in flexible packaging films, 

pouches, and bags for food, personal care products, and consumer goods, providing 

renewable and recyclable alternatives to traditional plastics (45). 

 

Conclusion  

The ever-growing problem of plastic pollution has driven the development of 

biodegradable, recyclable, and renewable polymers as replacements for traditional petroleum-
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based plastics. These bio-based alternatives offer a promising solution by reducing 

dependence on fossil fuels, lowering greenhouse gas emissions, and mitigating plastic waste 

accumulation in landfills. Biodegradable polymers decompose by microorganisms, while 

recyclable ones can be processed into new products. Renewable resources like starch and 

cellulose serve as feedstock for bio-based polymers, promoting sustainability. Biodegradable 

plastic breakdown requires specific conditions for optimal composting, and industrial 

composting infrastructure may not be universally available. Large-scale production of bio-

based polymers from crops could compete with food security. Further research is needed to 

improve the performance and affordability of bio-based alternatives to make them truly 

competitive with traditional plastics. One key area for future research is the development of 

advanced polymer synthesis techniques. Novel bio-based monomers, derived from 

unconventional biomass sources such as algae, agricultural waste, and fungi, hold the 

potential to create polymers with superior properties. Additionally, the use of green 

polymerization methods, such as enzymatic or microbial catalysis, can further enhance the 

sustainability of production processes by reducing energy consumption and eliminating toxic 

by-products. Additionally, Future research efforts should focus on enhancing the mechanical 

strength, flexibility, and thermal stability of these materials to match or exceed the properties 

of traditional plastics. This could involve the development of polymer blends and composites 

that incorporate natural fibers or nanoparticles. Furthermore, improving the gas and moisture 

barrier properties of renewable polymers is essential for applications in food packaging and 

other sensitive uses. 
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