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ABSTRACT 

The growing concerns of the environment due to traditional plastics have had a 

birth in biodegradable plastics. However, the overall sustainability of such materials 

depends on whether they are environmentally and economically viable for their entire life 

cycle. This paper analyses the environmental and economic sustainability of biodegradable 

plastics based on production, the life cycle, disposal methodologies, and long-term effects 

on ecosystems. It looks at the resource intensity and carbon intensity of bioplastic 

production against conventional plastics, as well as the disposal and degradation pathways 

it takes, putting emphasis on how microbial activity, composting, and industrial recycling 

can impact these. Finally, economic factors including production costs, market viability, 

and regulatory incentives are considered for understanding the prospects of mass use. The 

potential risks-including incomplete degradation, microplastic formation, and ecological 

effects-are thoroughly discussed. Such findings point to the challenges and benefits of 

biodegradable plastics in promoting sustainable waste management.  

Keywords: Biodegradable Plastics, Environmental Sustainability, Economic Feasibility, 

Life Cycle Assessment, Microbial Degradation. 

 

1. INTRODUCTION 

Plastics have emerged as a global 

environmental crisis, which is largely the result of 

the conventional petroleum-based plastics that 

litter the land and marine environments. These 

plastics can persist in the environment for 

hundreds of years with severe ecological impacts 

such as contamination of soil and water and 

poisoning of wildlife. The excessive amount of 

plastic waste in landfills and natural ecosystems 

has led to urgent calls for sustainable solutions. 

Biodegradable plastics have emerged as a very 

promising alternative to conventional plastics and 

could offer less negative environmental impacts. 

These are materials that will degrade into natural 

components like water, carbon dioxide, and 

biomass under specific environmental conditions. 

Contrasting with the traditional plastics that are 

recycled through mechanical processes or burnt, 

biodegradable plastics decompose due to 

microbial action and reduce the piling up of waste. 

However, the usage of biodegradable plastics 

gives rise to various questions regarding the actual 

sustainability and cost-effectiveness of such a 

material in realistic degradation conditions. The 

shift towards biodegradable plastics from the 

conventional ones has been driven by increased 

environmental consciousness, government 

regulation, and demands for sustainable waste 

management practices. While biodegradable 

plastics present themselves as the most suitable 

solution to plastic pollution, the entire life cycle, 

from production and usage up to the disposal and 

degradation process, should be studied in detail to 

check real environmental and economic benefits. 

These factors are critical in deciding whether 
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biodegradable plastics may be used as a long-term 

approach to solving the world's plastic waste 

problem. 

Biodegradable plastics are a toxic, informal, or 

proprietary material created to degrade naturally 

into harmless environmentally benign byproducts 

such as water, carbon dioxide, methane, and 

biomass due to microbial action. They do not like 

petroleum-based conventional plastics, which 

persist in the environment for thousands of years; 

rather, they have been designed to degrade only in 

specific conditions like moisture, oxygen, and the 

microbial community associated with soil, 

compost, or aquatic ecosystems. Such plastics are 

derived from renewable resources, which include 

corn starch, sugarcane, and 

polyhydroxyalkanoates (PHA). They may be 

synthesized with additives that make the plastics 

degrade better. The reason biodegradable plastics 

matter is because of the potential in lightening up 

plastic pollution. As the contribution from 

conventional plastics towards severe 

environmental problems, which also include 

marine pollution, endanger wildlife, and involve 

microplastic contamination and risks to health, is 

increased. The use of biodegradable plastics may 

further reduce landfill build-up by offering an 

alternative which decomposes naturally. 

Additionally, they will comply with global 

sustainability goals because of their ability to 

promote a circular economy in which materials 

are designed to return safely to the environment or 

be used effectively in repurposed contexts. 

However, while this new generation of 

biodegradable plastics is indeed innovative, real-

world impact can be determined through many 

factors that may include conditions of 

degradation, costs of production, and systems of 

waste management. Proper disposal and industrial 

composting facilities would ensure efficient 

degradation because some of these biodegradable 

plastics would persist under adverse 

environmental conditions. Therefore, knowledge 

about the science behind biodegradable plastics 

and how they can be made more effective is 

necessary for achieving a sustainable and 

environmentally responsible approach to plastic 

use. 

2. LIFE CYCLE ASSESSMENT (LCA) OF 

BIODEGRADABLE PLASTICS 

The life cycle of biodegradable plastics 

contains several important stages, starting from 

raw material extraction to disposal or 

environmental degradation. In order to evaluate 

their overall sustainability and environmental 

impact, it is necessary to be aware of these stages. 

Firstly, at the raw material extraction stage, 

feedstocks that are sufficient for the production of 

biodegradable plastics are sourced. These 

materials come from renewable sources of 

biomass: corn starch, sugarcane, cassava, and the 

microbial fermentation of polyhydroxyalkanoates 

(PHA). Biodegradable plastics often base their 

raw material on plant materials, thus limiting 

fossil fuel intake and carbon dioxide emissions. At 

the same time, large-scale agricultural production 

may be associated with land use change, water 

abstraction, and increased competition for 

agricultural land with food crops. Polymerization, 

compounding, and final processing into finished 

plastic products all fall under the production 

phase. Depending on the type of biodegradable 

plastic, manufacturing can be done using 

extrusion, injection moulding, or film casting. 

Even though production produces fewer carbon 

emissions than traditional plastics, energy and 

chemical usage must be optimized for certain 

processes to improve sustainability. Advances in 

green chemistry and formulations of 

biodegradable polymers continue to increase 

production efficiency while reducing 

environmental impacts. In use, biodegradable 

plastics behave like traditional plastics in many 

applications, including packaging, agriculture, 

medical products, and consumer goods. The 

strength and mechanical properties of 

biodegradable plastics depend on the formulation, 

and some biodegradable plastics need special 

conditions, such as industrial composting, to 

degrade properly. The life cycle performance and 

lifetime should be a trade between functionality 

and environmental advantage. Disposal forms one 

of the critical life cycle events and contributes to 

the sustainability in the environment since it 

would determine end-of-life management. The 

biodegradable plastics are degraded through 

microbial action, which degrades the plastic into 

non-toxic end-products. However, there is a 
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difference in the rate of degradation depending on 

environmental factors that include temperature, 

moisture, and microbial concentration. Some 

biodegradable plastics have to be industrially 

composted. Others degrade in soil, water, or under 

landfill conditions. Thus, without waste 

management infrastructure in place, the plastics 

may outlive their projected lifespan, curtailing 

their perceived environmental benefits. A 

complete life cycle understanding of these stages 

must be achieved for the true sustainability of 

biodegradable plastics. Though providing a novel 

alternative to traditional plastics, their 

environmental impact would depend on 

responsible production, efficient use, and proper 

disposal strategies. 

➢ Comparison of biodegradable plastics 

with conventional plastics 

Biodegradable plastics and traditional plastics 

have quite different composition, environmental 

impact, and end-of-life degradation. The latter-are 

the most conventional, primarily based on 

petroleum-based polymers as polyethylene (PE), 

polypropylene (PP), and polyethylene 

terephthalate (PET)-have been used in industrial, 

commercial, and societal scales for their 

durability, versatility, and cost-effectiveness. 

Unfortunately, these plastics are not 

biodegradable, resulting in long-term 

environmental accumulation, affecting plastic 

pollution in landfills, oceans, and ecosystems. 

These plastics last hundreds of years and break 

down into microplastics that pose ecological and 

health threats. Biodegradable plastics are designed 

to break down through microbial action into 

natural byproducts like carbon dioxide, water, and 

biomass. Among these, biodegradable plastics 

include polylactic acid (PLA), 

polyhydroxyalkanoates (PHA), starch-based 

plastics, and polybutylene succinate (PBS). The 

speed and extent of biodegradation depend on the 

environmental conditions including temperature, 

moisture, and microbial activity. Although some 

biodegradable plastics degrade well in industrial 

composting facilities, others require the existence 

of particular conditions that are scarce in the 

current systems of waste management. Probably 

the most significant benefit of biodegradable 

plastics is their ability to reduce environmental 

persistence and microplastic pollution. They are 

the green alternatives in applications such as 

packaging, agriculture, and disposable products. 

However, a number of limitations exist, which 

include specialized waste disposal facilities and 

higher production costs, and that agricultural 

resources must be used in the production of bio-

based feedstocks. Besides, some of the 

biodegradable plastics do not degrade that fast in 

the marine and landfill environments, therefore 

limiting their performance in unregulated disposal 

environments. Despite these, the shift from 

traditional to biodegradable plastics is very 

cautious with life cycle impacts such as raw 

material origin, energy inputs during 

manufacturing and waste management facilities. 

Although biodegradable plastics offer an eco-

friendly alternative, sustainability is determined 

by the appropriate disposal systems, public 

awareness, and advancement in biodegradable 

polymer technology to improve performance and 

efficiency of degradation. 

 

Fig: Comparison Graph Between 

Conventional and Biodegradable Plastics 

• Environmental impact assessment at 

each stage 

This biodegradable plastic should be weighed 

in terms of environmental impact in the whole 

lifecycle from raw material extraction to final 

disposal. While raw material extraction is on, 

biodegradable plastics extracted from renewable 

sources like corn starch, sugarcane, and cellulose 

are bound to have less carbon footprint compared 

to those that come from petroleum. However, 

agricultural practices associated with these raw 

materials, such as land use, pesticide application, 

and water consumption, can also contribute to 



151                                                             JNAO Vol. 15, Issue. 2 :  2024 

environmental concerns. In the production phase, 

the energy and resource requirements vary 

depending on the type of biodegradable plastic. 

While some require less energy and generate 

fewer greenhouse gas emissions than traditional 

plastics, others still rely on fossil fuel-based 

processes. Additionally, certain biodegradable 

plastics involve chemical treatments that can 

produce toxic byproducts, requiring careful 

handling. During the usage phase, biodegradable 

plastics function similarly to conventional plastics 

in various applications, including packaging, 

agriculture, and medical industries. However, their 

long-term durability and resistance to degradation 

under certain conditions limit their application, 

requiring further research into improving their 

performance while maintaining biodegradability. 

Their disposal is the last step that can decide the 

true environmental benefit of biodegradable 

plastics. Proper disposal methods, such as 

industrial composting, ease efficient degradation 

and reduce landfill waste. However, in the ocean 

or soil, some biodegradable plastics may break 

down slowly, thus leading to pollution. In 

addition, the breakdown process can result in the 

emission of microplastics or leftover chemicals, 

thus indicating the need for efficient waste 

management strategies. It is the assessment of 

each stage of life cycle environmental impact that 

would indicate the sustainability and long-term 

feasibility of biodegradable plastics in place of 

regular plastics. 

3. PRODUCTION OF BIODEGRADABLE 

PLASTICS 

The production of biodegradable plastics 

begins with selecting raw materials that can be put 

into two large categories: the bio-based and 

synthetic alternatives. Bio-based biodegradable 

plastics are derived from renewable resources that 

include corn starch, sugarcane, cellulose, and 

vegetable oils. These materials result in a less 

reliance on fossil fuels and will have a decreased 

carbon footprint. For example, PLA is a product of 

fermented plant sugars. PHA, on the other hand, is 

manufactured by bacteria using organic 

feedstocks. Synthetic biodegradable plastics, on 

the other hand, are chemically engineered to break 

down under certain environmental conditions. 

Examples of these include PBAT and PCL, which, 

although derived from petroleum, have been 

engineered to break down much more efficiently 

than traditional plastics. Although they are still 

fossil-fuel-based, as they tend to degrade faster 

under industrial composting or microbial activity, 

they are considered promising alternatives. Bio-

based and synthetic biodegradable plastics present 

their own choice as the alternatives according to 

production cost, accessibility to raw materials, 

environmental impact, and requirements of an 

application. Hybrids with both natural and 

synthetic components are now being considered in 

an effort to introduce biodegradability into 

products without sacrificing strength, flexibility, 

and durability as well. The production of 

biodegradable plastics is heavily energy intensive, 

and carbon footprint will depend largely on raw 

material and production processes. Typically, bio-

based biodegradable plastics such as PLA and 

PHA tend to have a lower carbon footprint than 

the traditional petroleum-based conventional 

plastics. The reason for this is because renewable 

resources are used, and CO₂ is absorbed during 

their growth cycle partly to offset the production 

emissions. Still, there is a great amount of energy 

involved in fermenting, polymerizing, and 

refining biomass to turn it into biodegradable 

plastics. Transportation and agriculture, which 

also involve the use of fertilizers and irrigation, 

also contribute to greenhouse gas emissions. 

Whereas synthetic biodegradable plastics like 

Polybutylene Adipate Terephthalate (PBAT) and 

Polycaprolactone (PCL) are designed to break 

down, they typically contain fossil fuel- derived 

materials. Their manufacturing process tends to 

emit more CO₂ as they usually involve energy-

intensive processes of synthesis. Industrial 

composting of biodegradable plastic can also 

increase their carbon footprint on average 

depending upon the efficiency of the process for 

degradation and energy required for controlled 

composting. Thus, even if biodegradable plastics 

provide a greener option, maximizing 

manufacturing energy efficiency is still a crucial 

objective for reducing environmental effect. 

Scaling up production of biodegradable plastics 

poses considerable challenges related to cost, raw 

material availability, and production efficiency 

coupled with end-of-life management. One major 

obstacle is that the cost of production tends to be 
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higher than conventional plastics. Biodegradable 

plastics are processed differently than traditional 

plastics, and the raw materials may be costly as 

they are based on corn starch or sugarcane, whose 

production is restricted by agricultural needs and 

food supply. Quality and performance also need to 

be kept consistent. The mechanical strength, 

thermal resistance, and durability of biodegradable 

plastics are typically lower than those of 

traditional plastics, which renders them unsuitable 

for high-stress applications. Moreover, various 

biodegradable plastics degrade in different 

environmental conditions. Some are required to be 

industrially composted, whereas others break 

down in natural environments. The absence of 

standardized waste management and composting 

infrastructure complicates large-scale adoption 

further. Also important are consumer awareness 

and regulatory policies pertaining to the expansion 

of biodegradable plastic production. Without clear 

labelling and use/disposal methods, biodegradable 

plastics will likely end up in landfills where they 

will slowly biodegrade from lack of oxygen and 

microbial activity. It is the innovation of 

production methods, policy support, and improved 

recycling and composting facilities that can make 

biodegradable plastics a big answer to many. 

4. DISPOSAL AND DEGRADATION 

PATHWAYS 

4.1 Biodegradation mechanisms in different 

environments  

The biodegradation of plastics differs greatly, 

depending on the environmental conditions: 

temperature, diversity of microorganisms, 

moisture levels, and the presence of oxygen. 

There are three main environments in which 

biodegradable plastics decompose, including 

compost, soil, and marine ecosystems, which have 

specific microbial communities and degradation 

rates affecting how efficiently the biodegradable 

plastics break down. 

Biodegradation in Compost Environments 

High temperatures, abundance of microbial 

activity, and controlled humidity conditions make 

compost environments the ideal medium for 

plastic degradation. The presence of thermophilic 

bacteria and fungi has proved crucial in degrading 

biodegradable plastics by hydrolysing through 

enzymes and assimilation via microorganisms. 

Polylactic Acid (PLA) breaks down well under 

industrial composting facility temperatures, which 

exceed 50°C. It increases the breakdown of PLA 

into smaller oligomers and monomers. In these 

circumstances, plastics are rapidly hydrolysed by 

enzymes and then metabolized by 

microorganisms, producing biomass, carbon 

dioxide, and water. However, decomposition rates 

may be slower during home composting due to 

lower temperatures and less vigorous microbial 

activity. 

Biodegradation in Soil Environments 

The biodegradation of plastics in soil depends on 

microbial diversity, moisture content, and oxygen 

availability. The presence of bacteria like 

Pseudomonas and Bacillus that secrete 

extracellular enzymes for initiating polymer 

breakdown effectively breaks down biodegradable 

plastics such as Polyhydroxyalkanoates (PHA) 

and starch-based polymers. Environmental factors 

that affect the rate of degradation are soil pH, 

aeration, and organic matter content. The 

biodegradable mulching film used in agricultural 

applications is manufactured from PBAT or PLA 

so that it would degrade over time and reduce the 

plastic waste involved in farming. Though 

microbial activity is high in soil, it takes months 

and even years, depending on polymer 

composition and environmental conditions. 

Biodegradation in Marine Environments 

Biodegradation in marine environments is the 

slowest because of lower microbial activities, 

lower temperatures, and decreased oxygen levels. 

Saltwater also has impacts on enzymatic action, 

thus slowing down degradation processes 

compared with soil or compost environments. 

Some species, for example Alcanivorax and 

Vibrio, degrade plastics in marine environments. 

However, they have a limited capacity to break 

down plastic. Compared to PLA, which tends to 

survive longer, plastics like PHA and polybutylene 

succinate (PBS) biodegrade better in seawater. 

The problem of biodegradable plastic trash in 

ocean ecosystems is highlighted by research on 

marine biodegradation, which indicates that 

although microbial populations may metabolize 

certain bioplastics, full mineralization into CO₂ 
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and water is far slower. Therefore, understanding 

these mechanisms of biodegradation across 

environments will help to design biodegradable 

plastics along the disposal pathway so that 

appropriate waste management with minimum 

environmental pollution is ensured. 

4.2 Microbial activity and enzymatic 

breakdown 

Microbial biodegradation of plastic or 

biodegradable plastics is complex; it needs 

interaction from microbial communities and 

enzymatic action. Various bacteria and fungi have 

developed the ability to break the plastic polymers 

and to convert these plastic polymers into simpler 

compounds, which are environmentally benign. 

These often include the microorganisms' ability to 

colonize the surface of the plastics; enzymatic 

hydrolysis to break the large plastic pieces into 

smaller ones, which the microorganisms 

assimilate; and eventual mineralization through 

carbon dioxide, methane, water, and biomass. The 

type of plastic involved, the condition of the 

environment, and the metabolic ability of the 

microbial community determine the speed and 

effectiveness with which microbial decomposition 

occurs. Biodegradable plastics are designed to be 

degraded under natural conditions by microbial 

species. It has been proved that some microbes, 

including the bacteria Pseudomonas, Bacillus, 

Comamonas, Rhodococcus, and Ideonella, 

contribute to the process of plastic degradation. 

Extracellular enzymes from bacteria break down 

these polymeric materials into simpler molecules. 

Fungi, including Aspergillus, Penicillium, and 

Fusarium, also play an important role in plastic 

degradation. Often, these organisms colonize the 

plastic surface and secrete hydrolytic enzymes to 

break down complex polymer chains. Microbial 

action begins at the attachment stage when cells 

form a biofilm around the plastic surface, creating 

a stable environment for enzymatic reactions. 

Microbial colonies build up with time, with the 

resulting acids and enzymes breaking the plastic 

into increasingly smaller molecules. 

Enzymatic Breakdown of Biodegradable Plastics 

Enzymes are involved at the very beginning of 

the degradation process, as they catalyse the 

breakage of plastic polymers into smaller, 

metabolizable compounds. Various biodegradable 

plastics demand different classes of enzymes for 

degradation, depending upon the chemical 

structure of the polymer. One of the most popular 

biodegradable plastics is PLA, which comes from 

renewable sources such as cornstarch and 

sugarcane. It biodegrades through the hydrolysis 

of ester bonds mainly and then gets assimilated 

through microbes. Various enzymes like proteases, 

lipases, and cutinasescatalyse the degradation of 

PLA by hydrolysing the ester bonds into lactic 

acid, which then serves as a carbon and energy 

source to the microorganisms. On the other hand, 

PLA breaks down efficiently only when certain 

environmental conditions are met, including high 

temperatures and humid conditions. Considering 

these facts, it is more suitable for industrial 

composting rather than natural degradation. PHA 

refers to a biopolymer produced by bacteria as an 

energy reserve. Since it is naturally synthesized by 

microorganisms, it is also readily degradable by 

microbial enzymes. PHA depolymerases, 

extracellular hydrolases and esterases, break the 

polymer into hydroxyalkanoates, which are further 

degradable by the bacteria. As compared to PLA, 

PHA degrades within a broader environmental 

range, like soil, freshwater, and marine 

ecosystems. The starch-based bioplastics degrade 

fast due to their hydrophilic nature and 

susceptibility to microbial attack. Enzymes such 

as amylases break starch into glucose, which acts 

as a source of energy for numerous 

microorganisms. Due to its extensive 

biodegradability, starch is usually combined with 

synthetic polymers to accelerate the degradation 

rate of the latter. Another biodegradable polymer 

is PBS, which degrades through the enzymatic 

hydrolysis of ester bonds. The resultant products 

of PBS hydrolysis are further metabolized by 

microorganisms: succinic acid and 1,4-butanediol. 

The degradation of PBS occurs faster in compost 

and soil environments, rich with microbial 

activity. Crystallinity, molecular weight, and 

hydrophobicity define polymer characteristics that 

affect the rate of enzymatic degradation. Highly 

crystalline polymers do not easily succumb to 

microbial attacks. Their compact molecular 

structure does not easily allow enzyme access to 

the interior. Conversely, the amorphous regions of 

polymers are much more readily degradable 
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through enzymatic degradation because they offer 

easier access for microbial colonization and 

hydrolysis. 

Environmental Influence on Microbial 

Degradation 

Environmental factors like temperature, 

humidity, availability of oxygen, and pH play an 

important role in microbial degradation of 

plastics. It is known that these environmental 

factors govern microbial growth, enzymatic 

activity, and overall degradation rate. All these 

microbial activities and enzymatic reactions are 

dependent upon temperature. High temperatures 

accelerate hydrolysis as well as the microbial 

metabolism. Industrial composting systems, which 

preserve temperatures of 50-60°C, favour 

conditions for degradation of both PLA and PBS 

through microbes. In contrast, the degradation rate 

slows down in cooler temperatures in both marine 

and terrestrial environments. Water is essential in 

microbial colonization and enzymatic hydrolysis. 

Water molecules assist in the disruption of 

polymer chains and provide energy for microbial 

metabolism. Biodegradable plastics break down 

faster under moist conditions than dry soil or arid 

areas, such as composting and wastewater 

treatment. The biodegradable plastics are affected 

by aerobic and anaerobic conditions. In an aerobic 

environment, microbes decompose plastics into 

CO₂, water, and biomass. Anaerobic 

decomposition exists in landfills and deep-sea 

sediments where it is slower and might produce 

CH₄, which causes a lot of problems in the 

environment. The pH of the environment affects 

the stability of the enzyme and microbial growth. 

Most of the plastic-degrading enzymes exhibit 

optimal performance between a slightly acidic to 

neutral pH. Highly deviated pH will inhibit 

enzymatic activity and hence reduce the rate of 

degradation. Recent developments in 

biotechnology and genetic engineering are 

focused on developing microbes for higher 

biodegradation of biodegradable plastics. 

Microbial strain engineering that enables 

enhanced enzyme production and more efficiently 

degrades plastic can further hasten biodegradation. 

Genetic modifications in bacteria such as 

Pseudomonas putida and Ideonellasakaiensis have 

shown promising results in improving plastic 

degradation capabilities. Additional strategies 

include environmental techniques, such as 

bioaugmentation, which introduces specialized 

microbes to degradation sites and bio stimulation, 

which enhances the natural microbial activity 

through nutrient supplementation. The 

improvement of plastic degradation in 

contaminated environments can be enhanced by 

developing microbial consortia that have diverse 

enzymatic capabilities in breaking down complex 

polymer structures. 

4.3 Challenges in waste management and 

recycling of biodegradable plastics 

As a viable remedy for plastic pollution, 

biodegradable polymers have been marketed as a 

sustainable substitute for traditional plastics. To 

optimize their environmental advantages, their 

recycling and waste management pose serious 

obstacles that must be overcome. These 

difficulties result from problems with 

infrastructure for collecting, processing, 

contamination, and public awareness. 

1. Lack of Proper Waste Segregation and 

Collection Systems 

Probably one of the key challenges about the 

management of biodegradable plastics is 

inefficient source segregation of these materials. 

This is mostly due to unclear labelling of 

biodegradable plastics that causes them to mix 

with nonbiodegradable ones in municipal streams. 

Mix of biodegradable plastics at municipal 

recycling sites into traditional waste stream can 

damage conventional recycling activities as well 

as result in decreasing recycled material quality. 

Moreover, biodegradable plastics are usually sent 

to landfills, where their degradation is slowed 

down significantly because of the absence of 

optimal environmental conditions. 

2. Confusion Between Biodegradable and 

Conventional Plastics 

Consumers can only assume that all kinds of 

plastics are always biodegradable, compostable, 

and conventional plastics. This leads to improper 

disposal cases, where biodegradable plastic waste 

is mixed with non-biodegradable plastic waste 

hence influencing inefficient reuse by the 

recycling plants. Additionally, most biodegradable 



155                                                             JNAO Vol. 15, Issue. 2 :  2024 

plastics require industrial composting conditions 

before they break down easily. Most consumers 

mistakenly believe that once a plastic is 

biodegradable, it can decompose in any 

environment. It leads to improper disposal and 

environmental accumulation. 

3. Limited Industrial Composting Infrastructure 

For efficient breakdown, a number of 

biodegradable polymers need certain 

circumstances, including high temperatures, 

humidity, and microbial activity. These conditions 

are provided by industrial composting facilities, 

however many areas lack such equipment. The 

environmental advantages of biodegradable 

plastics are therefore lessened when they wind up 

in landfills or natural settings where they do not 

decompose as planned. Biodegradable plastics' 

promise as a sustainable substitute is limited by 

the absence of industrial composting 

infrastructure. 

4. High Costs of Processing and Recycling 

Recycling biodegradable plastics seems to be 

costlier than the traditional plastic recycling 

process because of the special sorting and 

processing technologies needed. In essence, the 

infrastructure for composting or enzymatic 

degradation of biodegradable plastics is still 

underdeveloped, which makes it costlier for 

operating systems. Nevertheless, the market for 

recycled biodegradable plastics is relatively low, 

which definitely makes the industries incur higher 

costs in large-scale biodegradable plastic 

recycling facilities. 

5. Slow and Inconsistent Degradation in Natural 

Environments 

While biodegradable plastics are composed to 

degrade gradually, the speed of degradation may 

vary depending on environmental conditions. For 

instance, in marine ecosystems, low temperature 

and oxygen limit the rate at which the degradation 

process occurs and hence, contribute to persistent 

plastic pollution. Also, in landfills, there is limited 

supply of oxygen as well as limited microbial 

activity for the biodegradable plastics. Thus, waste 

will continue accumulating over time, contrary to 

expectation. 

6. Contamination of Organic Waste Streams 

Biodegradable plastics are often sent to 

composting facilities when it is assumed that they 

will break down. The contamination of non-

compostable plastics and synthetic additives can, 

however, affect the quality of the compost 

produced. Many composting facilities reject 

biodegradable plastics due to fears of any 

contamination; hence it becomes hard to 

incorporate them into the existing organic waste 

management systems. More so, the inks, dyes, and 

chemical coatings added in most biodegradable 

plastics affect soil and compost quality. 

7. Environmental Trade-offs and Carbon Footprint 

Even though biodegradable plastics are effective 

in minimizing plastic pollution, production and 

disposal might have negative impacts on the 

environment. Production of bio-based plastics 

requires land, water, and energy to support 

agriculture. The production might cause 

deforestation and increased carbon emissions. 

When biodegradable plastics degrade in anaerobic 

environments, methane, a greenhouse gas, is 

emitted, causing climate change. Life cycle 

assessment is, therefore, fundamental in 

determining whether biodegradable plastics are a 

sustainable alternative as compared to other 

conventional alternatives. 

8. Regulatory and Policy Gaps 

The regulation and standardization of 

biodegradable plastics differ across regions, and 

the labelling, disposal guidelines, and 

management policies are different in various 

places. Most countries have no defined policies on 

the collection, processing, and recycling of 

biodegradable plastics. In the absence of strict 

policies, waste management systems become 

ineffective, and thus, the application of 

biodegradable plastics for environmental pollution 

control becomes inefficient. Standardized 

regulations and certifications may be implemented 

to ensure proper handling of waste and raise 

consumer awareness. 

9. Limited Market for Recycled Biodegradable 

Plastics 

In contrast to traditional plastics, biodegradable 

plastics still lack the kind of well-defined 

recycling markets as conventional plastics do. 
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Demand for recycled biodegradable plastic 

material is not yet significant, and the industry 

will not readily commit to recycling biodegradable 

plastic because of very low profit margin. In 

addition, large-scale adoption of recycled 

biodegradable plastics will only be achieved with 

a defined market for them. 

Potential Solutions to Overcome These 

Challenges 

Public education campaigns and clear labelling 

will help consumers differentiate between 

biodegradable, compostable, and conventional 

plastics, ensuring they dispose of them 

appropriately. Industrial composting infrastructure 

investments will provide a suitable environment 

for the degradation of biodegradable plastics, 

avoiding landfills and oceans. Governments 

should establish uniform regulations to effectively 

manage biodegradable plastic waste and prevent 

contamination in recycling streams. Research into 

enzymatic degradation, biodegradation supported 

by microbes and chemical recycling of bioplastics 

can make plastic processing from biomass more 

efficient. Incentives to the firms to create new 

markets for post-consumer, recycled bioplastics 

will develop economic value associated with 

waste and recycling activities. 

5. ECONOMIC SUSTAINABILITY AND 

MARKET FEASIBILITY 

5.1 Cost comparison with conventional plastics 

The cost of biodegradable plastics compared 

to the regular plastic still remains a leading factor 

in many industries to adopt biodegradable ones. 

Though they offer many environmental benefits, 

biodegradable plastics are made to be expensive 

during production and raw material intake due to 

their complex processing and less competitive 

towards the regular petroleum-based plastic. This 

section compares the cost of conventional plastics 

with biodegradable plastics based on essential cost 

factors, which include raw materials, production, 

market price, and long-term economic impact. 

Biodegradable plastics are obtained from 

renewable resources such as corn starch, 

sugarcane, and cellulose, which is generally more 

expensive than the raw materials for petroleum-

based conventional plastics. Agricultural 

production of bio-based polymers also consumes 

land, water, and energy, contributing to the cost. 

Due to the complexity involved in polymerization 

and fermentation steps, biodegradable plastics 

involve more complex operations than traditional 

plastics. Special facilities and additional steps are 

required, which are generally more expensive for 

the production process. Biodegradable plastics 

have different waste management costs compared 

with conventional plastics; they cannot be 

recycled mechanically since they require certain 

composting or enzymatic degradation. 

Biodegradable plastics are 2 to 5 times more 

expensive than the traditional ones mainly because 

of increased production and processing costs. 

Price reduction is, however dependent on market 

demand and economies of scale. Though the 

initial cost is high for biodegradable plastics, 

environmental advantages and decreased costs 

related to pollution might result in waste 

management and ecological restoration benefits in 

the long term. 

Table: Cost Comparison of Biodegradable and 

Conventional Plastics 

Cost Factor Biodegradable 

Plastics (e.g., 

PLA, PHA) 

Conventional 

Plastics (e.g., 

PET, PP, PE) 

Raw Material Cost 

($/kg) 

1.50 - 3.00 0.80 - 1.20 

Production Cost 

($/kg) 

2.50 - 4.00 1.00 - 1.50 

Processing/Disposal 

Cost ($/ton) 

150 - 400 50 - 200 

Market Price ($/kg) 3.00 - 6.00 1.00 - 2.00 

Recycling Cost 

($/kg) 

High (Limited 

Facilities) 

Low (Well-

Established) 

Environmental 

Cleanup Cost 

Low 

(Decomposes 

Naturally) 

High (Long-

Term 

Pollution) 

 

The graph below shows how the price of raw 

materials, production costs, and market prices 

differ for biodegradable and conventional plastics. 
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Fig:  Cost Analysis of Biodegradable vs. 

Conventional Plastics 

5.2 Market demand and adoption in various 

industries 

The market demand for biodegradable plastics 

is rising due to escalating environmental issues, 

increased government regulations, and consumer 

awareness. Industries such as packaging, 

agriculture, healthcare, and consumer goods are 

using biodegradable substitutes to reduce plastic 

pollution. The largest consumer in the packaging 

industry remains due to the demand for 

sustainable packaging solutions across food, 

beverages, and e-commerce. Agricultural 

applications involve biodegradable mulch films, 

which avoid soil contamination; healthcare uses 

biodegradable sutures and medical packaging to 

prevent medical waste. Yet, factors such as the 

increased production costs, limited availability of 

industrial composting facilities, and poor 

performance in some applications continue to 

hamper their full adoption. 

Table: Market Adoption of Biodegradable Plastics 

by Industry 

Industry Primary 

Applications 

Adoption 

Level 

(%) 

Growth 

Trend 

Packaging Food 

containers, 

shopping bags, 

films, cutlery 

45% High 

Agriculture Mulch films, 

seed coatings, 

plant pots 

20% Moderate 

Healthcare Sutures, drug 

capsules, 

15% High 

medical 

packaging 

Consumer 

Goods 

Disposable 

tableware, 

hygiene 

products 

10% Moderate 

Textiles Biodegradable 

fibres, eco-

friendly apparel 

5% Low 

Automotive Interior parts, 

upholstery 

5% Low 

 

The market share and anticipated growth patterns 

of biodegradable plastics across important sectors 

over the next ten years are displayed in this graph. 

 

Fig: Market Growth of Biodegradable Plastics in 

Various Industries 

6. ENVIRONMENTAL IMPACT AND LONG-

TERM EFFECTS ON ECOSYSTEMS 

The implications of biodegradable plastics 

for environmental health, particularly soil and 

water quality, are significant. Biodegradable 

plastics degrade by microbial activity whereas 

conventional plastics take centuries to be present 

in the environment. Environmental conditions 

such as temperature, humidity, and presence of 

microbes have an effect on the rate at which 

biodegradable plastics break down. Once buried in 

the soil, biodegradable plastics can increase the 

microbial diversity and organic matter content. 

However, some biopolymers can form residues 

that affect soil pH and nutrient balance. 

Biodegradable plastics may be used to mitigate 

marine plastic pollution in water environments, 
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but degradation may be slower in water due to 

lower microbial activity than under composting 

conditions. One of the biggest concerns about 

biodegradable plastics is the potential to create 

microplastics from incompletely degraded 

products. Even though biodegradable plastics are 

formulated to decompose into natural components 

such as carbon dioxide, water, and biomass, 

unfavourable environmental conditions can result 

in partial degradation, creating microscopic plastic 

fragments that remain in the ecosystem. 

Microplastics may enter food chains, become 

embedded in organisms, and have negative health 

impacts on aquatic and terrestrial life. 

Additionally, the degradation products of some 

biopolymers may have yet unknown ecological 

effects, and there is a need for further study on 

their long-term impacts. However, there are 

several environmental benefits of biodegradable 

plastics in the long term if used appropriately. 

These plastics can easily decompose into natural 

components thus reducing landfill wastes and 

plastic pollution. Biodegradable plastics 

contribute to the emergence of circular economy 

through the transformation of waste products into 

valuable resources when integrated with 

sustainable waste management practices such as 

industrial composting and controlled 

biodegradation. By taking into account future 

growth in biopolymer formulation, microbial 

engineering, and environmental monitoring, this 

product would still be able to take its promises to 

becoming an alternative and environmentally 

friendly option against the conventional plastics. 

7. CONCLUSION 

Environmental and economic sustainability of 

biodegradable plastics is necessary through 

detailed evaluation of the life cycle assessment, 

efficiency in production process, disposal 

procedures, and long-term effects on the 

ecosystem. Biodegradable plastics have a lot of 

promise for plastic pollution, but the on-going 

challenges are related to high production costs and 

variable degradation rates, and some unknown 

risks from incomplete breakdown processes 

leading to microplastic development. The research 

study throws emphasis on resource efficiency in 

manufacturing, the role of microbial activity in 

effective degradation, and economic feasibility for 

large-scale production. It is shown in comparison 

to traditional plastics that the biodegradable 

alternatives do have a tendency to reduce 

environmental pollution, though it is much more 

dependent on advancement in processing 

technologies, waste management infrastructure, 

and regulatory support. Further innovations to 

enhance the viability of biodegradable plastics 

require additional improvements in developing 

bio-based materials, upgrading industrial facilities 

for composting and recycling, and building in 

stronger policy frameworks. A holistic approach 

that covers scientific research, economic 

incentives, and environmental responsibility is 

important for the incorporation of biodegradable 

plastics in a sustainable future. 
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