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Abstract— The growing interest in biodegradable 

polymers and films as potential replacements for 

conventional plastics in various industrial applications has 

prompted extensive research into their synthesis and 

production methods. This review article provides a 

comprehensive overview of these methods, with a focus on 

their industrial applications. The synthesis methods 

covered include chemical synthesis, fermentation, and bio-

based processes, with an emphasis on their respective 

advantages and limitations. Additionally, the article 

explores production techniques for biodegradable films, 

such as film casting and extrusion, and their effects on film 

properties. Industrial applications of biodegradable 

polymers and films, including in packaging, agriculture, 

and biomedical fields, are discussed in detail. 

Furthermore, the article addresses the challenges and 

prospects of biodegradable polymer production for 

industrial applications, underscoring the importance of 

sustainable and environmentally friendly alternatives to 

traditional plastics. 

 

Indexed Terms- Biodegradable Polymers, Biodegradable 

Films, Biocompatible.   

 

I. INTRODUCTION 

 

The low-cost and durability of plastics have led to an 

annual worldwide production exceeding 335 million 

tons, most of which is eventually discarded into 

landfills or directly into the environment. By 2050, 

this number is predicted to reach 1.12 billion tons 

annually. Plastics that float often end up in the ocean, 

with an estimated 5 million tons of plastic per year 

reaching the ocean. Single-use items constitute a 

significant proportion of waste found in both marine 

and non-marine environments. In response, the 

European Union (EU) has recently implemented a ban 

on single-use plastics, focusing on items such as 

plastic bags, wrappers, cutlery, and straws. Due to the 

physical fragmentation of plastic waste, microplastics 

are now pervasive throughout the environment. It is 

reported that microplastics are contaminating human 

food items through integration into the food chain and 

contamination during production. As of now, the 

long-term consequences of microplastic waste on 

human health and the environment have yet to be fully 

established [1]. 

 

The extensive use of conventional plastics has raised 

serious environmental concerns, leading to a growing 

interest in biodegradable polymers as a sustainable 

alternative. Biodegradable polymers can undergo 

natural processes to break down into simpler, 

environmentally safe compounds. This stands in stark 

contrast to conventional plastics, which can linger in 

the environment for hundreds of years, exacerbating 

the problem of plastic waste. A key advantage of 

biodegradable polymers is their ability to degrade into 

non-toxic substances, including water, carbon 

dioxide, and biomass, through microbial action. This 

natural degradation process offers a more 

environmentally friendly disposal option for products 

made from biodegradable polymers compared to 

traditional plastics, which often end up in landfills or 

the natural environment, where decomposition can 

take centuries. Moreover, biodegradable polymers 

can help reduce dependence on finite fossil fuel 

resources, as many of them can be derived from 

renewable sources like plant-based materials. This 

has the potential to mitigate the environmental impact 

of plastic production, a significant contributor to 

greenhouse gas emissions and other environmental 

issues. The development and adoption of 

biodegradable polymers could substantially lessen the 

environmental impact of plastic waste and foster a 

more sustainable future. Biodegradable polymers can 

be derived from both natural and synthetic sources. 

Natural sources include polysaccharides (e.g., 

cellulose, starch), proteins (e.g., collagen, gelatin), 

and lipids (e.g., vegetable oils). Synthetic 

biodegradable polymers, such as polylactic acid 

(PLA) and polyhydroxyalkanoates (PHA), are 
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derived from petrochemicals but can also be produced 

from renewable resources. Biodegradable polymers 

can be synthesized using various methods, including 

chemical synthesis, fermentation, and bio-based 

processes. Chemical synthesis involves the 

polymerization of monomers to form polymer chains, 

while fermentation utilizes microorganisms to 

produce polymers. Bio-based processes involve the 

use of enzymes or other biological agents to catalyze 

polymerization reactions. Biodegradable films are 

typically produced using methods such as film casting 

and extrusion. Film casting involves spreading a 

polymer solution or melt onto a surface and allowing 

it to dry or solidify into a film. Extrusion involves 

forcing a molten polymer through a die to form a film 

of a specific thickness and width. Biodegradable 

polymers and films exhibit a range of properties, 

including mechanical strength, flexibility, and 

biodegradability. The properties of these materials 

can be tailored to meet specific industrial 

requirements through the selection of raw materials 

and synthesis methods. Biodegradable polymers and 

films are used in a variety of industrial applications, 

including packaging, agriculture, and biomedical 

applications. In packaging, biodegradable films are 

used to create environmentally friendly packaging 

materials that can degrade after use. In agriculture, 

biodegradable polymers are used in mulch films and 

controlled-release fertilizers. In the biomedical field, 

biodegradable polymers are used in drug delivery 

systems and tissue engineering. Despite their 

potential benefits, biodegradable polymers, and films 

face challenges such as cost-effectiveness, scalability, 

and end-of-life management. Future research is 

focused on addressing these challenges and further 

improving the properties and applications of 

biodegradable materials. Overall, the synthesis and 

production of biodegradable polymers and films for 

industrial applications represent a promising avenue 

for reducing the environmental impact of plastics and 

promoting sustainability in various industries. the 

synthesis of biodegradable polymers using chemical, 

fermentation, and bio-based processes offers a 

versatile and sustainable approach to producing 

materials with a wide range of applications. These 

methods continue to be the focus of research and 

development efforts aimed at creating more 

environmentally friendly alternatives to conventional 

plastics. 

II. CHEMICAL SYNTHESIS 

 

Chemical synthesis methods for biodegradable 

polymers involve the polymerization of monomers 

through various chemical reactions. These methods 

allow for precise control of polymer structure and 

properties. Here is an overview of the chemical 

synthesis methods commonly used for biodegradable 

polymers: 

2.1 Ring-Opening Polymerization (ROP): ROP 

is a widely used method for synthesizing 

biodegradable polymers such as polylactic acid 

(PLA), polyglycolic acid (PGA), and 

polycaprolactone (PCL). In ROP, cyclic monomers 

(lactones or lactides) are opened to form linear 

polymers using a catalyst, typically a metal alkoxide 

or a metal halide. The polymerization occurs through 

the nucleophilic attack of the monomer on the 

carbonyl carbon of another monomer, leading to chain 

growth. ROP is a significant method for synthesizing 

polymers, alongside chain (radical and ionic) 

polymerization and condensation polymerization. 

While some ROP reactions resemble chain 

polymerization (addition of monomers to a growing 

chain end), many are more intricate and involve 

activated monomers. ROP has proven valuable for 

creating polymers with specific, controllable 

properties (e.g., refractive index). It is also used to 

produce synthetic versions of natural polymers (e.g., 

chitin) or to enhance biodegradable polymers for 

agricultural, medicinal, and pharmaceutical 

applications. Polylactic acid (PLA) can be 

synthesized using two distinct methods: 

polycondensation of hydroxyl-carboxylic acids and 

ring-opening polymerization (ROP) of cyclic esters. 

ROP can occur via bulk polymerization or in solution, 

emulsion, or dispersion. An initiator is essential to 

initiate the polymerization process. Under mild 

conditions, it is possible to prepare high molecular 

weight aliphatic polyesters with low polydispersity in 

a short timeframe. While polycondensation is less 

costly than ROP, achieving high molecular weight 

polylactide with specific end groups remains 

challenging. ROP, on the other hand, avoids issues 

associated with condensation polymerization, such as 

the need for precise stoichiometry, high reaction 

temperatures, and the removal of low molecular 

weight by-products (e.g., water). Over the past four 

decades, researchers have extensively studied ROP of 
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lactide due to its versatility in producing various 

biomedical polymers under controlled conditions.  

 

 
Fig.1: Synthesis of Lactic acid to polylactic acid [2] 

 

Depending on the initiator, lactide ROP can proceed 

via cationic, anionic, or coordination-insertion 

mechanisms. Among the initiators used for 

polylactide synthesis, stannous octoate is commonly 

preferred for its high reaction rate, conversion 

efficiency, and ability to yield high molecular weights 

even under mild polymerization conditions. 

Additionally, the co-initiator triphenylphosphine 

(TPP) enhances both the polymerization rate and 

molecular weight, resulting in molecular weights 

ranging from thousands to tens of thousands [3]. 

 

Poly(glycolic acid) (PGA) is an aliphatic polyester 

that is biodegradable, with degradation rates similar 

to cellulose. It exhibits greater tensile strength, 

improved barrier properties, and higher thermal 

stability compared to many conventional packaging 

plastics. The growing demand for biodegradable 

packaging has led to increased interest in PGA-based 

materials due to their exceptional properties. 

However, PGA does have certain drawbacks, 

including brittleness, a high degree of crystallinity 

(>40%), and a high melting temperature (220–230 

°C), which can make processing challenging [4]. 

 
Fig 2. glycolide to polyglycolite synthesis [5] 

 

The PGA homopolymer is synthesized through the 

ring-opening polymerization of glycolide, the cyclic 

dimer of glycolic acid. The process typically employs 

tin-based catalyst initiators, which are known to be 

cytotoxic and challenging to remove from the final 

product. Despite yielding high molecular weights and 

high yields, this method is hindered by the expensive 

glycolide monomer and the toxicity associated with 

the tin-based catalysts, which limits its industrial 

scalability [6]. An alternative method for PGA 

synthesis involves acid-catalyzed polycondensation 

of glycolic acid. However, this method often results 

in low molecular weight polymers with inferior 

mechanical properties. 

 

2.2.  Polycondensation: Polycondensation is another 

common method for synthesizing biodegradable 

polymers, such as polyhydroxyalkanoates (PHA) and 

polyethylene terephthalate (PET). In 

polycondensation, two or more monomers react to 

form a polymer chain and a small molecule 

byproduct, such as water or an alcohol [7]. This 

method is used for synthesizing polymers with high 

molecular weights and can be carried out under mild 

conditions. 

 

2.3 Step-Growth Polymerization: Step-growth 

polymerization is a versatile method for synthesizing 

biodegradable polymers with complex structures. In 

this method, monomers containing functional groups, 

such as carboxylic acids and amines, react to form 

polymers through the formation of covalent bonds [8]. 

The polymerization occurs step by step, with the 

growth of the polymer chain and the release of small 

molecules as byproducts. Step-growth polymerization 

is a significant polymerization process where bi-

functional or multifunctional monomers react to 

create a polymer. Each reaction step contributes to the 

growth of the polymer chain. Unlike chain-growth 

polymerization, which involves adding monomers 

continuously to a growing chain, step-growth 

polymerization does not require the initiation and 

propagation steps found in chain-growth processes. 

Instead, it progresses through various polymeric 

species, including dimers, trimers, oligomers, and 

ultimately, the final polymer [9]. 

 

The fundamental principle of step-growth 

polymerization lies in the reaction between functional 

groups on monomers, leading to the formation of 

covalent bonds and the growth of a polymer chain. 

This reaction typically occurs between two different 

functional groups, such as hydroxyl (-OH) and 

carboxyl (-COOH) groups in polycondensation 

reactions, or within a single monomer molecule in 

ring-opening polymerization. 
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2.3.1. Comparison with Chain-Growth 

Polymerization: Step-growth polymerization differs 

from chain-growth polymerization in several key 

aspects. In chain-growth polymerization, monomers 

are added sequentially to a growing polymer chain, 

initiated by a reactive center like a free radical or 

anionic species [10]. In contrast, step-growth 

polymerization does not require an initiation step and 

can proceed with the simultaneous reaction of 

multiple monomer molecules. 

 

2.3.2. Importance in the Synthesis of Biodegradable 

Polymers: Step-growth polymerization plays a vital 

role in synthesizing biodegradable polymers, 

designed to degrade in the environment under specific 

conditions such as exposure to light, heat, moisture, 

or microbial activity. Biodegradable polymers 

synthesized through step-growth polymerization 

provide a sustainable alternative to traditional 

petroleum-based plastics, which can persist in the 

environment for centuries. 

 

In conclusion, step-growth polymerization is a 

versatile and efficient method for synthesizing 

biodegradable polymers with a wide range of 

properties and applications. Understanding the 

principles and mechanisms of step-growth 

polymerization is crucial for developing novel 

biodegradable polymers with improved performance 

and reduced environmental impact. 

 

2.4 Copolymerization: Copolymerization is used 

to synthesize biodegradable copolymers with specific 

properties. In this method, two or more different 

monomers are polymerized together to form a 

copolymer. The properties of the copolymer can be 

tailored by adjusting the ratio of monomers and the 

polymerization conditions [11]. Copolymerization is 

a crucial process where two or more different 

monomers undergo polymerization to form a 

copolymer. This technique enables the combination 

of distinct monomer properties, leading to 

copolymers with unique characteristics that 

homopolymers cannot achieve. In the realm of 

biodegradable polymers, copolymerization is a 

valuable strategy for tailoring polymer properties to 

specific applications, such as in biomedical materials, 

packaging, and agricultural products [12]. Several 

types of copolymerization exist, each resulting in 

copolymers with different structures and properties: 

Random Copolymerization: In this process, two or 

more monomers are polymerized together in a 

random sequence along the polymer chain. This 

approach allows for a wide range of monomer 

compositions, leading to copolymers with diverse 

properties [13]. Block Copolymerization: Block 

copolymerization involves polymerizing one 

monomer first to form a block, followed by 

polymerizing a second monomer to form another 

block. The resulting copolymer can exhibit a 

combination of the properties of each block [14]. 

Alternating Copolymerization: Monomers are added 

to the polymer chain in a regular, alternating 

sequence. This type of copolymerization results in 

copolymers with a highly ordered structure and 

specific properties [15]. 

 

Copolymerization is a versatile technique for 

synthesizing biodegradable copolymers with tailored 

properties for various applications. By combining 

different monomers in copolymerization reactions, 

researchers can create copolymers with a wide range 

of properties, making them highly valuable in the 

development of sustainable materials. 

 

2.5 Controlled Radical Polymerization (CRP): 

CRP techniques, such as atom transfer radical 

polymerization (ATRP) and reversible addition-

fragmentation chain transfer (RAFT) polymerization, 

allow for the synthesis of biodegradable polymers 

with controlled molecular weights and narrow 

molecular weight distributions [16]. These methods 

offer precise control over polymer structure and 

properties, making them useful for various 

applications. Controlled radical polymerization 

(CRP) is a technique used to synthesize biodegradable 

polymers with well-defined structures, narrow 

molecular weight distributions, and controlled 

architectures. CRP methods, including atom transfer 

radical polymerization (ATRP), reversible addition-

fragmentation chain transfer (RAFT) polymerization, 

and nitroxide-mediated polymerization (NMP), offer 

precise control over the polymerization process, 

enabling the synthesis of polymers tailored for 

various applications such as drug delivery, tissue 

engineering, and environmental remediation [17]. 
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2.5.1. Atom Transfer Radical Polymerization 

(ATRP): ATRP is a CRP method used for the 

synthesis of biodegradable polymers. It involves 

activating and deactivating monomers using a 

transition metal catalyst and a reducing agent. The 

catalyst controls initiation and propagation, leading to 

polymers with controlled molecular weights and low 

polydispersities [18]. ATRP has been used to 

synthesize biodegradable polymers like poly(lactic 

acid) (PLA) and poly(glycolic acid) (PGA), as well as 

their copolymers, with precise control over chain 

lengths and end-group functionalities. 

 

2.5.2. Reversible Addition-Fragmentation Chain 

Transfer (RAFT) Polymerization: RAFT 

polymerization is another CRP technique used for 

biodegradable polymer synthesis. It uses a RAFT 

agent to control the polymerization process by 

mediating addition and fragmentation of growing 

polymer chains. RAFT polymerization enables the 

synthesis of polymers with controlled molecular 

weights, architectures, and functionalities [19]. This 

method has been used to synthesize various 

biodegradable polymers, including polyesters and 

polyamides, with tailored properties for specific 

applications. 

 

2.5.3. Nitroxide-Mediated Polymerization (NMP): 

NMP is a CRP technique that uses stable nitroxide 

radicals to control polymerization. The nitroxide 

radical terminates growing polymer chains, leading to 

polymers with controlled molecular weights and 

architectures. NMP has been used to synthesize 

biodegradable polymers such as polyesters and 

polyurethanes with controlled structures and 

properties [20]. 

 

2.5.4. Applications of CRP in Biodegradable 

Polymers: CRP techniques are widely used in the 

synthesis of biodegradable polymers for various 

applications, including drug delivery, tissue 

engineering, and environmental remediation. 

 

2.5.4.1 Drug Delivery: CRP enables the synthesis of 

biodegradable polymers with controlled release 

properties, ideal for drug delivery systems. 

 

2.5.4.2. Tissue Engineering: CRP allows for the 

synthesis of biodegradable polymers with tailored 

mechanical properties and degradation rates, suitable 

for tissue engineering scaffolds. 

 

2.5.4.3. Environmental Remediation: CRP can 

synthesize biodegradable polymers for environmental 

applications, such as water purification and soil 

remediation. 

 

CRP is a versatile technique for synthesizing 

biodegradable polymers with controlled structures 

and properties. Methods like ATRP, RAFT, and NMP 

offer precise control over the polymerization process, 

enabling the synthesis of polymers tailored for 

specific applications. CRP has emerged as a valuable 

tool in polymer science, offering new opportunities 

for designing and synthesizing biodegradable 

polymers for a wide range of applications. 

 

Overall, chemical synthesis methods play a crucial 

role in the development of biodegradable polymers 

with tailored properties for specific industrial 

applications. These methods continue to be refined 

and optimized to improve the sustainability and 

performance of biodegradable polymers.  

 

3. Role Of Catalysts and Reaction Conditions in 

Chemical Synthesis of Biodegradable Polymers 

 

Catalysts and reaction conditions are pivotal in the 

chemical synthesis of biodegradable polymers, 

impacting the polymerization process and the 

properties of resulting polymers. Here, we discuss 

their significance in biodegradable polymer synthesis: 

 

3.1.  Catalysts: Polycondensation Catalysts: 

Utilized in synthesizing biodegradable polyesters, 

these catalysts, like tin (II) salts (e.g., stannous 

octoate), zinc salts, and titanium alkoxides, expedite 

the polycondensation reaction between diols and 

diacids or their derivatives, resulting in higher 

molecular weight polymers [21]. 

 

3.1.1. Ring-Opening Polymerization (ROP) 

Catalysts: Crucial for polyesters like poly(lactic acid) 

(PLA) and poly(glycolic acid) (PGA), these catalysts, 

such as stannous octoate or aluminum alkoxides, 

initiate the opening of cyclic monomers (e.g., lactide, 

glycolide) to form the polymer chain, influencing the 

polymerization rate and stereochemistry [22]. 
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3.1.2. Free Radical Polymerization Catalysts: While 

less common, these catalysts, such as 

azobisisobutyronitrile (AIBN) or peroxides, generate 

free radicals initiating the polymerization of 

monomers with double bonds, impacting the 

polymerization rate and resulting polymer properties. 

 

3.2. Reaction Conditions: 

3.2.1. Temperature: Significantly affects 

polymerization and polymer properties; higher 

temperatures often lead to faster polymerization but 

may cause side reactions or polymer degradation. For 

instance, in ROP, higher temperatures can accelerate 

polymerization but increase lactide racemization. 

 

3.2.2. Solvent: Influences solubility of monomers, 

catalysts, and polymers, and reaction kinetics. 

Common solvents include dichloromethane, 

tetrahydrofuran, and dimethylformamide, which 

should be compatible with the monomers and 

catalysts. 

 

3.2.3. Pressure: In certain polymerization reactions, 

pressure can affect reaction equilibrium and rate. For 

instance, in polycondensation of polyesters, 

increasing pressure can shift the equilibrium towards 

higher molecular weights, enhancing mechanical 

properties. 

 

3.3. Catalysts and Reaction Conditions in 

Copolymerization: 

3.3.1. Copolymerization Catalysts: Essential for 

selectively polymerizing different monomers, these 

catalysts control the copolymer composition. For 

example, in copolymerizing lactide and glycolide to 

form poly(lactic-co-glycolic acid) (PLGA), a catalyst 

like stannous octoate is used. 

 

3.3.2. Optimization of Reaction Conditions: 

Adjusting catalysts and reaction conditions in 

copolymerization can control copolymer 

composition, molecular weight, and properties. 

Modifying reaction temperature and catalyst 

concentration can influence monomer reactivity ratios 

and copolymer microstructure. 

 

In conclusion, catalysts and reaction conditions are 

pivotal in the chemical synthesis of biodegradable 

polymers, significantly affecting the polymerization 

process and properties of the resulting polymers. 

Careful selection and optimization of these factors are 

crucial for controlling the molecular weight, 

structure, and properties of biodegradable polymers 

for various applications. 

 

III. FERMENTATION 

 

Fermentation is a biological process in which 

microorganisms, such as bacteria, yeast, or fungi, 

convert organic compounds into useful products. In 

the context of producing biodegradable polymers, 

fermentation can be used to synthesize polymers from 

renewable resources, such as sugars or plant oils, 

through the metabolic activities of microorganisms 

[23]. This method offers several advantages, 

including sustainability, cost-effectiveness, and the 

ability to produce a wide range of biodegradable 

polymers with diverse properties. 

 

3.1. Microorganisms Used in Fermentation: Various 

microorganisms can be used in fermentation to 

produce biodegradable polymers: 

 

3.1.1 Bacteria: Certain bacteria, such as Cupriavidus 

necator and Ralstonia eutropha, are capable of 

producing polyhydroxyalkanoates (PHAs) as 

intracellular storage compounds. PHAs are 

biodegradable polyesters that can be used as 

alternatives to traditional plastics. 

 

3.1.2. Yeast: Yeasts, such as Saccharomyces 

cerevisiae, can be engineered to produce 

biodegradable polymers like polylactic acid (PLA) by 

fermenting sugars derived from biomass. 

 

3.1.3. Fungi: Fungi, such as Aspergillus niger, can 

produce biodegradable polymers like polysaccharides 

through fermentation processes. 

 

3.2. Steps in Fermentation for Biodegradable Polymer 

Production: The fermentation process for producing 

biodegradable polymers typically involves the 

following steps: 

 

3.2.1. Microorganism Selection: Choosing a 

suitable microorganism capable of producing the 

desired polymer. 
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3.2.2. Substrate Selection: Selecting a renewable 

substrate, such as sugars or plant oils, as the carbon 

source for the fermentation process. 

 

3.2.3. Fermentation: Culturing the microorganism in 

a bioreactor under controlled conditions (e.g., 

temperature, pH, oxygen supply) to optimize polymer 

production. 

 

3.2.4. Polymer Recovery: Recovering the 

biodegradable polymer from the fermentation broth 

through processes such as cell lysis, solvent 

extraction, or precipitation. 

 

3. 3. Advantages of Fermentation for Biodegradable 

Polymer Production: 

 

3.2.1. Sustainability: Fermentation can utilize 

renewable resources, such as plant-derived sugars, 

reducing the reliance on fossil fuels and minimizing 

environmental impact. 

 

3.2.2. Cost-Effectiveness: Fermentation processes 

can be cost-effective, especially when using 

inexpensive carbon sources and optimizing 

production conditions. 

 

3.2.3. Diverse Polymer Properties: Fermentation can 

be used to produce a wide range of biodegradable 

polymers with diverse properties, allowing for 

customization based on specific applications. 

 

3.4. Challenges and Future Directions: 

3.4.1. Process Optimization: Further optimization of 

fermentation processes is needed to improve polymer 

yields, reduce production costs, and enhance polymer 

properties. 

 

3.4.2. Scale-Up: Scaling up fermentation processes 

from laboratory to industrial scale requires careful 

consideration of process parameters and equipment 

design. 

 

3.4.3. Strain Engineering: Genetic engineering of 

microorganisms can be used to improve polymer 

production efficiency and tailor polymer properties. 

In conclusion, fermentation is a promising method for 

producing biodegradable polymers, offering 

sustainability, cost-effectiveness, and the ability to 

produce a wide range of polymers with diverse 

properties. Continued research and development in 

fermentation technology are essential for advancing 

the production of biodegradable polymers for various 

applications. 

 

IV. BIO-BASED PROCESSES 

 

The growing environmental concerns linked to 

traditional petroleum-based plastics have sparked 

interest in biodegradable polymers. These polymers 

offer a sustainable alternative, as they can be 

decomposed by microorganisms into natural 

compounds, thereby reducing environmental 

pollution [24]. Bio-based processes for 

manufacturing biodegradable polymers utilize 

renewable resources such as sugars, plant oils, or 

agricultural waste as raw materials. This review aims 

to provide an overview of bio-based processes for 

producing biodegradable polymers, encompassing 

both fermentation-based and chemical synthesis-

based approaches. 

 

4.1. Fermentation-Based Processes: 

Fermentation is a pivotal method for manufacturing 

biodegradable polymers from renewable feedstocks. 

Microorganisms like bacteria, yeast, or fungi are 

employed to convert sugars or plant oils into 

biodegradable polymers through fermentation. This 

process involves selecting a suitable microorganism, 

cultivating it in a bioreactor under controlled 

conditions, and extracting the biodegradable polymer 

from the fermentation broth [25]. Fermentation-based 

processes offer sustainability and versatility, enabling 

the production of a broad range of biodegradable 

polymers with diverse properties. 

 

4.2. Chemical Synthesis-Based Processes: 

Chemical synthesis pathways can also be utilized to 

produce biodegradable polymers from renewable 

feedstocks. Polycondensation reactions, for example, 

can yield biodegradable polyesters like polylactic 

acid (PLA) or polyhydroxyalkanoates (PHAs) from 

sugars or plant oils [26]. Ring-opening 

polymerization (ROP) is another technique that can 

produce polymers like PLA from lactide monomers 

derived from renewable resources. Additionally, 

copolymerization of different monomers can tailor the 

properties of biodegradable polymers for specific 
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applications. Chemical synthesis-based processes 

offer scalability and efficiency in producing 

biodegradable polymers. 

 

4.3. Advantages of Bio-based Processes: 

Bio-based processes for manufacturing biodegradable 

polymers offer several advantages. They utilize 

renewable resources, reducing the reliance on finite 

fossil fuels and lowering greenhouse gas emissions. 

Biodegradable polymers produced from bio-based 

processes can be decomposed by microorganisms, 

thus reducing environmental pollution. These 

processes also offer versatility, enabling the 

production of a wide range of biodegradable polymers 

with diverse properties for various applications [27]. 

Bio-based processes for producing biodegradable 

polymers provide a sustainable and environmentally 

friendly solution to the growing plastic pollution 

problem. By utilizing renewable feedstocks and 

employing fermentation or chemical synthesis 

pathways, bio-based processes can help mitigate the 

environmental impact of plastics and contribute to a 

more sustainable future. Continued research and 

development in bio-based processes are crucial for 

advancing the production of biodegradable polymers 

for various applications [28]. 

 

V. COMPARISON OF METHODS 

 

When comparing various methods for synthesizing 

biodegradable polymers, factors such as efficiency, 

cost-effectiveness, and environmental impact are 

crucial. Here's a comparison of fermentation-based 

and chemical synthesis-based processes commonly 

used for producing biodegradable polymers: 

 

5.1. Fermentation-Based Processes: 

Efficiency: Fermentation-based processes can be 

highly efficient, particularly with well-characterized 

microbial strains and optimized conditions. However, 

efficiency can vary based on the polymer type and 

fermentation process complexity. Cost-Effectiveness: 

These processes can be cost-effective, especially 

when utilizing inexpensive renewable feedstocks like 

sugars or plant oils. Costs may fluctuate depending on 

factors such as microbial strain costs and downstream 

processing expenses. Environmental Impact: 

Generally, fermentation-based processes are 

environmentally friendly as they utilize renewable 

resources and produce biodegradable polymers. 

However, the environmental impact can vary based 

on specific fermentation methods and byproduct 

disposal practices. 

 

5.2. Chemical Synthesis-Based Processes: 

Efficiency: Chemical synthesis can be efficient for 

producing biodegradable polymers with tailored 

properties. Efficiency hinges on factors like monomer 

selection, catalysts, and reaction conditions. Cost-

Effectiveness: These processes can be cost-effective, 

particularly with inexpensive monomers and 

catalysts. However, costs may vary based on 

synthesis complexity and raw material availability. 

Environmental Impact: Chemical synthesis can have 

a higher environmental impact, especially when using 

toxic or non-renewable raw materials. However, this 

impact can be mitigated by using renewable 

feedstocks and eco-friendly catalysts. 

 

5.3. Comparison: 

Efficiency: Both methods can be efficient, depending 

on the process and polymer requirements. 

Fermentation may be advantageous for complex 

structures or high molecular weights, while chemical 

synthesis offers versatility. Cost-Effectiveness: 

Fermentation is generally more cost-effective with 

renewable feedstocks, although costs can fluctuate. 

Chemical synthesis costs depend on complexity and 

raw material availability. Environmental Impact: 

Fermentation is more environmentally friendly with 

renewable resources, while chemical synthesis can 

have a higher impact when using toxic materials. The 

use of renewables and eco-friendly methods can 

reduce this impact. In conclusion, both fermentation-

based and chemical synthesis-based processes have 

their advantages and disadvantages. The choice 

depends on the specific requirements of the polymer 

and the overall sustainability goals of the production 

process. 

 

VI. RECENT ADVANCEMENTS AND 

FUTURE DIRECTIONS 

 

Recent advancements in biodegradable polymer 

synthesis have been directed towards enhancing 

properties, scalability, and sustainability. These 

advancements encompass several key areas: 
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6.1. Bio-based Monomers: Research is underway to 

explore novel bio-based monomers derived from 

renewable resources such as lignin, cellulose, and 

agricultural waste. These monomers offer a 

sustainable alternative to traditional petroleum-based 

monomers, reducing dependence on fossil fuels. 

 

6.2. Advanced Polymerization Techniques: 

Innovative polymerization methods, including 

controlled/living polymerization techniques like 

ATRP, RAFT, and NMP, enable precise control over 

polymer structure, molecular weight, and 

functionality. This control facilitates the production 

of polymers with tailored properties for specific 

applications. 

 

6.3. Functionalized Polymers: Functionalized 

biodegradable polymers containing specific chemical 

groups or additives are being developed to enhance 

properties such as mechanical strength, thermal 

stability, and biocompatibility. These polymers find 

applications in drug delivery and tissue engineering. 

 

6.4. Nanotechnology: Incorporation of nanomaterials, 

such as nanoparticles and nanofibers, into 

biodegradable polymers has resulted in the 

development of nanocomposites with improved 

mechanical, thermal, and barrier properties. These 

materials are used in packaging, biomedical devices, 

and environmental remediation. 

 

6.5. Biodegradable Blends and Copolymers: Blending 

different biodegradable polymers or copolymerizing 

them can improve properties and tailor degradation 

rates. For instance, blending PLA with 

polyhydroxyalkanoates (PHA) can enhance 

flexibility and toughness. 

 

6.6. 3D Printing: Advances in 3D printing technology 

have made it possible to fabricate complex structures 

using biodegradable polymers. This technology is 

applied in tissue engineering, drug delivery, and 

personalized medicine. 

 

6.7. Waste Valorization: Research is focusing on 

converting waste biomass, such as agricultural 

residues and food waste, into biodegradable 

polymers. This approach not only reduces waste but 

also provides a sustainable source of raw materials. 

6.8. Biodegradable Electronics: The development of 

biodegradable polymers for electronic applications, 

such as flexible displays and sensors, is gaining 

traction. These polymers can degrade harmlessly after 

use, reducing electronic waste. In summary, recent 

advancements in biodegradable polymer synthesis are 

aimed at enhancing sustainability, functionality, and 

versatility, thereby creating new possibilities for 

applications across various industries. 

 

CONCLUSION 

 

Synthesis and Production of Biodegradable Polymers 

and Films for Industrial Application highlights 

significant advancements in the field. Biodegradable 

polymers, such as PHAs, PLA, PBAT, and starch-

based polymers, are derived from renewable resources 

and offer eco-friendly alternatives to traditional 

plastics. Various synthesis methods, including 

chemical synthesis, fermentation, and enzyme-

catalyzed polymerization, show promise in producing 

these polymers. 

 

Biodegradable films, produced through methods like 

casting, extrusion, and compression molding, offer 

advantages like biodegradability, mechanical strength, 

and biocompatibility. These films find applications in 

packaging, agriculture, and biomedicine. 

 

Despite progress, challenges like cost, scalability, and 

property optimization remain. Future research aims to 

develop new polymers, optimize production 

processes, and enhance mechanical and barrier 

properties. Continued innovation is crucial to address 

environmental concerns and make biodegradable 

polymers viable alternatives for various industries. 
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