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Abstract 

Biodegradable plastics are an eco-friendly substitute to traditional petroleum-based bioplastics, with 

tremendous environmental dividends through plastic waste reduction accumulation. Biodegradable plastics 

are explained in detail in this present research, including their chemical structure, physical characteristics, 

degradation mechanisms, and industrial applications. We discuss different types of biodegradable plastics, 

their manufacture, and how different environmental conditions influence their degradation. We also discuss 

new developments in the subject and address the regulatory and economic concerns involved with their large-

scale production. Through experimental methodologies, we evaluate the performance of various 

biodegradable polymers under various conditions. Our findings highlight the potential of biodegradable 

plastics to combat plastic pollution but overcoming the existing challenges of commercial adoption. This study 

presents an entry point for future research that contributes to developing biodegradable plastic technology 

and improving sustainable practices. 

Keywords: Bioplastics, Polyhydroxyalkanoates (PHA), Polylactic Acid (PLA), Sustainable polymers, Green 

Chemistry, Eco-friendly packaging, Waste Management. 

 

1. Introduction  

Over the years, plastic properties, compositions, and 

low production costs even have made the material a 

very high-quality product, but this progress and 

developments also cause problems with 

management in the society. While adored for their 

longevity and utility, concerns about plastics' 

environmental damage and contribution to the global 

energy crisis have become a staple of the 

conversation. Plastics are cheap, and therefore 

provide consumers with affordable options, but as the 

negative environmental impact of plastic products 

has become increasingly understood, public opinion 

has shifted. This is leading to the rise of bio-based 

and biodegradable polymers, which are seen as more 

environmentally sustainable alternatives. Such 

materials can be disposed of sustainably, and it is 

hoped that they provide solutions to the plastics 

crisis. Accordingly, many policymakers have 

proposed measures to promote research and 

development of bio-based plastics. Regional 

developments, particularly in North America and 

Europe, along with significant investment from 

countries such as Malaysia and Germany further 

identify the opportunity for improvements in 

biodegradable Plastic research. The terms “bio-

based” and “biodegradable” are sometimes used 

interchangeably, although they do not mean the 

same thing and it is worth making that distinction. 

Bio-based plastics are produced using renewable 

resources that are not derived from petroleum, and 

biodegradable plastics—regardless of whether they 

are of bio-based or petroleum origin—decompose 

when exposed to microorganisms under natural 

conditions. While some bio-based plastics are 

biodegradable, not all of them share this 

characteristic. The bio-based and biodegradable 

plastic is a very promising approach to achieve 

sustainable development of the plastic industry as this 

can be replaced with bio-based plastic as the 

alternative to petrochemical-based plastics in the 

future. This shift can help save our landfills and 

other waste management systems, and make 

recycling work better and be more cost- Effective all 

while protecting the environment. Made from 
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renewable sources, biodegradable plastics may help 

to minimize accumulate waste in landfills, because 

they are capable of  ecomposing into carbon dioxide 

(CO2) and water (H2O) within 20 to 45 days [3] 

under optimum conditions. This is in stark contrast 

to most plastics, which can take hundreds or even 

thousands of years to decompose. 

To make sure that biodegradable plastics meet the 

mechanical strength of conventional plastics, it is also 

imperative to develop the properties of materials 

further. That would allow them to be competitive in 

the market.” The role of policy interventions will be 

very important in increasing the adoption and large-

scale use of biodegradable plastics. Hence, these 

materials are already revolutionizing the way 

organizations operate in many industries. That said 

there are challenges, especially on the mechanical 

quality of biodegradable plastics. Although at least 

in the US, biofuel development has had government 

support, there is little to no government action on 

biodegradable plastics. While measures such as bans 

on plastics deposits and waste mitigation strategies 

can get us to reduce the amount of plastic waste, 

careful design is needed so that they align with 

recycling priorities and don’t create perverse 

incentives that lead to a rise in the incineration of 

plastic waste [1-3].  

2. Literature Review 

There have been many studies investigating the 

degradation kinetics of these materials in terms of 

factors affecting the breakdown kinetics. Hopewell 

2009, studied the biodegradability of polylactic acid 

(PLA) in composting environments, where extreme 

ambient conditions can be simulated for microbial 

degradation, but even so, the degradation rate is 

relatively slow. In a study conducted by Niaounakis 

in 2019, emphasis was placed on 

polyhydroxyalkanoates (PHAs) as being non-toxic 

and able to undergo marine biodegradation. Starch 

based plastics are also well studied for their faster 

decomposition and low-cost relative to synthetic 

biodegradable polymers. Biodegradable plastics have 

been extensively researched across several fields, 

such as material science, environmental engineering, 

and industrial applications. Biodegradable plastics 

are a possible solution, but they can degrade much 

more slowly than soil, especially at low temperatures, 

low humidity and when microbial activity is low [4]. 

Round the World in 80 Diets: A Guide to the Best 

Food-Free Off-Roader in the World. Hopewell et al. 

(2009) pointed out the difficulty’s plastic waste poses 

in terms of management and stressed the importance 

of finding sustainable solutions.  For biodegradable 

plastics, researchers (Niaounakis, 2019) have 

classified them into subgroups according to the 

source materials used to create them (starch-based, 

polylactic acid (PLA), polyhydroxyalkanoates 

(PHA), etc, Figure 1. 

 

 
Figure 1 Image 

 

3. Bio-Based and Biodegradable Plastics 

Biobased and biodegradable plastics are being 

adopted more widely in a range of applications 

including food packaging, food service ware, retail 

bags, fibers, nonwovens, and agricultural uses. Many 

similar applications rely on bio-based drop-in 

plastics such as bio-PE and bio-PET, which 

compatible with fossil-based plastics. It is also key in 

packaging to pick bio-based and biodegradable 

materials that allow appropriate shelf life like 

traditional plastics (and I would go far as to say, a lot 

of these intrinsically, or not necessarily 

biodegradable materials are actually worse as they 

take long to break). For particular applications, some 

physical properties of bio-based plastics, such as 

comparatively low water vapor barrier, could prove 

useful, while, at the same time, may cause issues in 

other applications. PLA, for example, may not be the 

best choice for water bottles because of its sensitivity 
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to moisture; but it’s an excellent material for 

breathable packaging of fruit and vegetables. What is 

more, just like fossil-based plastics, bio-based and 

biodegradable plastics are subject to the same food 

safety requirements, and many materials are certified 

as suitable for food contact. Considering growing 

attention on the environmental footprint of plastics 

waste, implications on natural resource depletion and 

CO2 emissions should be mitigated by reducing 

plastic load. 10–30% from waste: Due to the 

resilience of plastics to break down through natural 

processes, they account for a large percentage of 

domestic and industrial waste. These plastics boast 

toxic compounds that endanger ecosystems, and 

their manufacture wastes essential resources. Plastic 

waste accumulates, inhibits water and oxygen flow, 

and brings destruction to ecosystems. Plastic waste 

was traditionally consigned to landfills, but rising 

environmental awareness and dwindling landfill 

space is now pushing recycling to the forefront. As 

great as it is that plastic can be recycled, there are still 

several things that manage to keep it a complex 

subject: polymer compositions, the need for 

advanced technologies, and resource constraints. 

Recycling creates dust and toxic gas (CO2, NOx, 

SOx) and causes other forms of pollution. In response 

to these issues, those in the packaging space are 

looking for greener options to help curb the 

continuing plastic waste crisis. They can be seen as 

a promising alternative, such as biodegradable 

plastics that are degraded through the action of 

microorganisms. Replacing these plastics with 

biodegradable materials will relieve landfill spaces as 

well as minimize plastic pollution and green house 

gas emissions during their usage. When discarded, 

biodegradable plastics disintegrate into harmless 

products at composting sites, which renders them a 

more sustainable option. Biodegradable plastics are 

increasingly used due to their rapid decomposition in 

composting conditions, which is suitable for short-

term packing applications. These plastics can be 

generated from either synthetic or natural resins. 

Synthetic biodegradable plastics are manufactured 

from non-renewable, petroleum-based materials, 

while natural biodegradable plastics are mainly 

produced based on renewable resources, which has 

other environmental benefits. Using renewable-

based biodegradable plastic helps us reduce reliance 

on petroleum, and by reducing reliance on petroleum, 

we make an impact on carbon emissions. PLA and 

Polyhydroxyalkanoates (PHAs) are some of the most 

researched bio-based and ecological-friendly plastics 

produced from different annually renewable plant 

sources, confirming their sustainability [4-7]. 

4. Biodegradable Plastics: Issues on 

Sustainability 

The idea of “sustainability” was first used 1840s in 

Germany (with respect to forests and natural 

resources). It was later introduced to the United 

States by Gifford Pinchot. Originally the word 

described the responsible management of natural 

resources; however, it has come to encompass a 

variety of practices aimed at ensuring that resources 

are being consumed and preserved at sustainable 

rates. This paradigm shift included agriculture — a 

larger transition in how society ascribed value to its 

resource utilization. Sustainability is often tied to 

long-term planning and foresight that only the most 

conscious consumers seem able to engage in. It 

indicates how present needs, such as those regarding 

plastics, should be used in a manner that does not 

compromise future generations' capacity to fulfil 

their needs. Consumers who indulge in short-term 

gratification at the expense of long-term benefit 

might be described as acting “irrationally” when 

their choices threaten future well-being. 

Sustainability emerged as a key concept starting in 

the 1970s, notably in texts such as Goldsmith’s, 

framing sustainability as a fair and desirable value for 

humanity’s future. At the 1972 United Nations 

Conference on the Human Environment in 

Stockholm, a definition of sustainability was 

established as a framework for meeting present 

needs without compromising the needs of future 

generations with respect to natural resources. This 

notion developed over decades — scholars such as 

Ayar and Gürbüz wrote that economic and regional 

development had to occur within the limits of 

ecological sustainability, reached through mutualistic 

interactions over time. Sustainable consumption 

means practices that meet the basic needs of people 

but reduce the use of natural resources and minimize 
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the environmental impact throughout the lifecycle of 

a good or service. This not only contributes to better 

quality of life but also allows for more access to 

services. The definition of sustainability has evolved 

over the years, and it no longer pertains only to the 

environment but includes social and economic issues 

as well. Numerous studies have examined areas 

such as pollution, waste collection, recycling, 

greenhouse gas emissions, and so on, to find solutions 

to counteract the adverse effects of modern-day 

consumption behaviours. However, with the 

advancement of technology often comes greater 

exploration of the earths environment and depletion 

of natural resources. But heightened awareness of 

the environmental issues, compounded by the advent 

of communication channels, and a growing call in our 

society for human rights and equity have pushed 

consumers to make an ever-increasing number of 

decisions based on how human- and earth-friendly 

the products and services they buy are. Sustainable 

consumption takes that further by not only protecting 

the environment, but also tackling social equity, 

poverty, business, improving health, education, and 

quality of life. Walker and Rothman said 

sustainability’s aims are based in three underlying 

pillars — economic prosperity, social fairness and 

environmental protection. These goals can be 

accomplished by making biodegradable plastics more 

sustainable by limiting their environmental 

consequences during their entire lifecycle. 

 Social Sustainability: Social sustainability is 

quite often confronting the well-managed 

social capital: a non-material but lucrative 

resource that is contained by organizations 

and communities. Social capital is the more 

lasting relationships and networks through 

which organizations work. This covers 

creating a positive work system and 

enhancing the skills of the workforce, 

promoting collaboration, and granting access 

to knowledge. The power of individual and 

community empowerment is how big 

challenges such as world hunger or access to 

education can be addressed through strong 

networks of employees within organizations. 

When organizations invest in their human 

resources by providing opportunities for 

growth and networking, strong communities 

are built. 

 Economic Sustainability: Based on the 

available evidence, the long-term economic 

sustainability of biodegradable plastics 

requires an investigation of low-cost 

production methods or approaches that both 

conserve resources while providing normal 

human and social capital benefits. Managing 

these resources in a strategic way creates 

stable, longer-term economic outcomes, 

linked to broader sustainability goals. One 

direct measure of the economic effects of 

biodegradable plastics is job creation. And as 

new industries develop to support these 

materials, they help spur economic growth 

through jobs and taxes. Sustainable 

materials help to lower manufacturing costs, 

reduce energy consumption, and minimize 

waste disposal. Biodegradable plastics can 

benefit society at large as a whole and 

propose a more sustainable and resilient 

economy more than just addressing 

environmental aspects 

5. Applications of Bioplastics 

Bioplastics, which are made from renewable 

resources, including plants or microorganisms, are 

becoming increasingly popular in industries for their 

environmentally friendly properties. Bioplastics are 

an important part of sustainable manufacturing 

thanks to their ability to replace traditional 

petroleum-based plastics with biodegradable and bio-

based alternatives. Some of the main types of 

bioplastics are as follows- PLA (polylactic acid), 

PHA (polyhydroxyalkanoates), and starch-based 

plastics, which can serve different functions in many 

industry bodies. 

5.1 Food Packaging 

Bioplastics are used in a range of applications, with 

one of the largest and most relevant being food 

packaging. PLA is used in food containers including 

cups, bottles, films, food trays, cutlery, and fresh 

produce packaging. Bioplastics for food packaging 

can solve many worries about plastic waste and 

pollution as they are much user-friendlier and can be 
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composted or biodegraded. PLA has other 

advantages too as it's sourced from renewable sources 

like corn starch or sugarcane, and it is transparent and 

food safe which makes it perfect for packaging that 

is consumer facing.In addition to PHA, many more 

bio-based materials are also valuable for packaging, 

especially where high moisture barriers and 

biodegradability are required. Post-usage, these 

bioplastics can be composted, providing eco-friendly 

packaging compared to plastic. 

5.2 Health Care and Drug Development 

Bioplastics are being utilized in the medical and 

pharmaceutical industry for diverse applications 

such as drug delivery systems, surgical implants, 

wound-care, etc. Bioplastics, such as 

polyhydroxyalkanoates (PHAs), are highly 

biocompatible and degradable, making them ideal 

candidates for use in medical applications where 

long-term retention of a foreign material in the body 

is undesirable or unnecessary. PHA, for example, is 

the biopolymer used to make bioresorbable sutures, 

medical repair devices and wound dressings.  Its 

ability to decompose means that once these materials 

have been put to use, they naturally revert to 

environmentally friendly materials to break down 

without toxic residues. The biodegradability of PHA 

has brought great advantage to the areas of tissue 

engineering and controlled drug release due to its 

tunable degradation rates, which make it a candidate 

for targeted drug delivery. There has also been 

research into PHA for use in implantable medical 

devices. It can be molded for certain medical 

applications, such as artificial blood vessels, tendon 

repair devices, and even scaffolds to grow tissue. 

Furthermore, PHA's unique biodegradation 

characteristics allow these medical devices toshatter 

harmlessly in vivo or in situ, eliminating the 

requirement for surgical removal. 

5.3 Textile and Consumer Products 

Textiles: PLA is used to create bio-degradable 

fabrics for apparel and textile non-wovens, 

upholstery, among others. They are biodegradable, 

capably lightweight, and breathable, driving the 

usage of PLA-based fibers in the sustainable fashion 

and green building materials market. This has led 

manufacturers to explore whether PLA can be subbed 

in for producing diapers and other personal care 

products that have been used in landfills, since it is 

non-toxic and biodegradable. Foamed PLA, created 

by companies such as Synbra, is also a more 

sustainable option than the equally inert expanded 

polystyrene (EPS) foam commonly used for 

packaging and insulation. The composite offers 

comparable performance attributes including 

protection but with the added advantage of being 

biodegradable, minimizing the long-term effects of 

foam products on the environment. In addition, PHA 

is also being applied in consumer products such as 

biodegradable plastics for cleaning products, 

personal care packaging, and agricultural films. Such 

applications can immensely minimize the plastic 

waste that gets stored into landfills and the oceans. 

5.4 Agricultural Applications 

Biodegradable plastics, such as 

polyhydroxyalkanoates (PHA), can also be utilized 

in agriculture by producing mulch films or plant pots 

that decompose in the soil, addressing the problem of 

post-harvest waste disposal in crops. Traditionally p 

lastic mulch films are employed for promoting 

vegetative growth by conserving moisture in the soil, 

controlling weed growth, and boosting crop yields. 

These plastic films may fulfill their purpose, but 

remain in the soil decades after serving their role, 

helping to burden long-term pollution. For instance, 

PHA can be used to make biodegradable mulch films, 

churning out an environmentally-sustainable solution 

that breaks down and decomposes after its 

usefulness ceases without leaving behind harmful 

residues. 

PLA for use in plant pots and other horticultural 

products. They are biodegradable which confirms no 

plastic waste is left as it can also seems planted 

directly after used to the ground. This is particularly 

relevant as the agriculture industry strives to lower its 

carbon emissions and dependence on non-renewable 

products. 

5.5 Automotive and Electronics 

Within the automotive industry, bioplastics have 

found applications in various aspects, from interior 

components to packaging and even external parts 

such as body panels. Automotive applications 

requiring strength and durability can use heat-
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resistant PLA developed by corporate partners like 

Mazda and Teijin. Components like seat covers, 

cockpit and insulation are made from PLA-based 

materials in the automotive interior. In the field of 

electronics, there are up-and-coming bioplastics 

being used for mobile phone case making, where 

PLA reinforced with natural fibers such as kenaf is 

used as a jisao alternative to conventional plastic 

casings. PHA is also being explored as a component 

in producing biodegradable components in 

electronics, making it compostable and reducing the 

environmental impact of e-waste. 

5.6 Biodegradable Plastics in Drug Delivery 

PHA's flexibility even reaches the pharmaceutical 

area, where it is being applied as a medication carrier 

in targeted delivery systems. PHA's biodegradability 

in the body with little to no harmful byproducts 

makes it a promising candidate for utilisation in 

controlled-release drug formulations. Furthermore, 

PHA can also be used for drug delivery applications, 

where it provides sustained and controlled release of 

therapeutic agents, leading to improved treatment 

efficacy and reduced side effects. This is especially 

relevant to personalized medicine, where drugs are 

tailored to the individual; PHA's role as a 

biodegradable drug carrier can help increase the 

effectiveness of these treatments. 

5.7 Waste Management 

The Importance of Bioplastics(like PLA & PHA) in 

Waste Management Being biodegradable, they 

decompose naturally over time, which helps to 

minimize the long-term build-up of plastic waste in 

landfills and oceans. This is particularly useful for the 

packaging and consumer goods industries, where 

hundreds of millions of tons of waste are produced 

every year. Biodegradable plastics must be 

composted, creating a closed-loop system that returns 

nutrients in the soil and thus reducing wastes and 

promoting sustainability. 

6. Results and Discussion 

6.1 Findings 

 Under ambient temperatures, however, PLA 

retained structural integrity but showed 

moderate biodegradation under industrial 

composting conditions. 

 High susceptibility of starch-based plastics to 

microbes were seen that led to they degrade 

in short span of time in soil and water 

environments. 

 PHAs showed promising results for marine 

applications with significant degradation seen 

over months. Under the industrial 

composting environment, PLA showed 

moderate biodegradation, while it was still 

intact under ambient temperature. 

 Enzymatic treatments accelerated the 

degradation rate of some bioplastics to a level 

suitable for industrial applications. 

6.2 Analysis 

 The ability of biodegradable plastics to 

degrade successfully is closely linked to 

environmental conditions like microbial 

diversity, temperature, and humidity. 

 Even though biodegradable plastics would 

minimize plastic pollution, there might be 

potential issues in terms of costs, mechanical 

strength and industrial scalability. 

 Hybrid designs, combining biodegradable 

plastic with natural fibers or modifying the 

polymer structure, may offer a better balance 

of performance and sustainability. 

 Hybrid approaches, such as blending 

biodegradable plastics with natural fibers or 

modifying polymer structures, could improve 

performance and sustainability, Shown in 

Figure 2. 

 

 
Figure 2 Flow Chart 
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Conclusion and Future Scope 

Biodegradable plastics offer a sustainable solution to 

the plastic pollution problem by creating materials 

that disintegrate in nature. While these plastics are 

proven to work remarkably well environmentally, 

they are not achieving widespread adoption due to 

economic and technical barriers, our research shows. 

PLA, PHA and starch-based plastics have great 

differences in properties and they are applying for 

different aspects, meanwhile they still need to 

optimize the material strength, reduce the cost and 

improve the degradation mechanism. 

Future Scope 

 Biodegradable plastics with enhanced 

mechanical properties for high-performance 

plastic replacements. 

 New methods of enzymatic and microbial 

degradation to facilitate breakdown. 

 Scientists are now working on the use of 

biodegradable plastic at the global level so 

that the process of production is used to 

reduce environmental impact. 

 Research on bio-based additives that drive up 

degradation rates without loss of properties. 
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