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Abstract 

The growing worries about the environment caused by traditional plastics made from 

petroleum have pushed the creation and use of biodegradable plastics as better options for the 

planet.These plastics are made from natural resources or special synthetic materials that can 

break down more easily.They help reduce the amount of plastic waste and lower 

pollution.Examples include polylactic acid (PLA), polyhydroxyalkanoates (PHA), 

polybutylene adipate terephthalate (PBAT), and plastics made from starch.These materials are 

being used in many areas like packaging, farming, medical products, and everyday items.But 

even though they are better for the environment, they still have some problems that stop them 

from being widely used.These issues include not being as strong, not holding up as well to 

heat or moisture, not lasting as long, being more expensive to make, and needing special 

conditions to break down properly.Also, not having enough recycling systems, mixing with 

other waste, and people not understanding what biodegradable really means are big obstacles 

to using them a lot.New developments like mixing different plastics, using nanotechnology, 

adding natural ingredients, and better ways to make these plastics have helped improve their 

strength, heat resistance, and ability to keep things inside safe.Scientists are also working on 

creating materials that are fully from natural sources, last longer, break down at the right 

time, and work well with recycling systems.This article covers the different types of 

biodegradable plastics, what they are used for today, the challenges they face, the new 

technologies helping them, and where they might go in the future. 
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Introduction 

Plastic materials are now very important in today’s world because they are light, strong, 

cheap to make, and can be used in many different ways.They are used a lot in packaging, 

healthcare, farming, building, electronics, and cars.However, using a lot of traditional plastics 
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made from oil has caused serious problems for the environment, like long-lasting plastic 

waste, tiny plastic particles in the water and soil, and pollution from making and throwing 

away plastics.These plastics can take hundreds of years to break down and end up in land and 

sea, which harms animals, plants, and people’s health.[1] To help with these problems, people 

are now using biodegradable plastics as better choices. These plastics break down into natural 

things like carbon dioxide, water, methane (when there is no oxygen), and organic matter 

with the help of microbes in the right environment.They can be made from things like corn, 

sugarcane, wood pulp, and vegetable oils, or from special synthetic materials that can be 

broken down.Some common types of biodegradable plastics are polylactic acid (PLA), 

polyhydroxyalkanoates (PHA), polybutylene adipate terephthalate (PBAT), polybutylene 

succinate (PBS), and starch-based materials.These are used in food packaging, farming, 

medical tools, single-use products, and even 3D printing because they are better for the 

environment and fit into a system where materials are reused or recycled[2]. 

Even though biodegradable plastics have good qualities, they still have some problems. 

Many of them are not as strong, don’t hold up well to heat, have poor protection against 

moisture and gases, and are more expensive to make than traditional plastics.Also, they often 

need special composting conditions to break down, and there is not enough waste 

management systems or people don’t understand how biodegradable works, which makes it 

harder to use widely[3] 

New discoveries in polymer science, nanotechnology, natural additives, and eco-friendly 

manufacturing methods have made biodegradable plastics better and more useful. 

Scientists are working on making these materials stronger, easier to recycle, and break down 

at the right time while making them cheaper and less harmful to the environment.This review 

looks at the main types of biodegradable plastics, the challenges they face, the latest 

improvements, and what the future might hold, showing how they can help create sustainable 

materials and reduce plastic waste worldwide.[3] 

Types of Biodegradable Plastics 

Biodegradable plastics are materials made from polymers that can break down into things 

like carbon dioxide, water, methane, biomass, and other natural substances with the help of 

microorganisms in the right environment.Unlike regular plastics made from oil, 

biodegradable plastics are made to help reduce pollution and support better waste 

management.Based on how they're made and what they're made from, biodegradable plastics 

can be divided into three main types: those made from biological sources, those made from 
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oil, and those made from natural materials. 

1. Polylactic Acid (PLA)  

PLA is one of the most common types of biodegradable plastics. It comes from renewable 

sources like corn, sugarcane, cassava, and sugar beets.It's made by fermenting these materials 

to get lactic acid, which is then turned into a plastic.PLA is clear, strong, and easy to work 

with using usual plastic-making methods like injection molding, extrusion, and 3D printing. 

PLA is used a lot in food packaging, disposable items, medical products, and 3D printing. 

It can break down in industrial composters that have high temperatures.However, it doesn't 

handle heat very well, can be brittle, breaks down slowly in nature, and isn't very flexible.To 

improve these qualities, scientists are working on mixing PLA with other biodegradable 

plastics or adding natural fibers and nanoparticles to strengthen it.[3] 

2. Polyhydroxyalkanoates (PHA)  

PHAs are biodegradable plastics that are made naturally by microorganisms as a way to store 

energy when they don't have enough nutrients. They can break down completely in soil, 

water, and compost without leaving harmful leftovers. PHAs are good for medical devices, 

surgical threads, drug delivery, food packaging, and farming films. They can also be used in 

marine environments.Even though PHAs have a lot of benefits, they're not widely used 

because making them is expensive, the process is complex, and the amount made is not 

enough.Scientists are working on ways to make PHAs more affordable, such as using waste 

materials for production and improving fermentation processes.[4] 

3.Starch-Based Biodegradable Plastics  

Starch-based plastics are some of the oldest and cheapest biodegradable options. 

They are made by taking starch from crops like corn, potatoes, wheat, cassava, and rice and 

blending it with plasticizers.This makes them easy to process like regular plastics. 

These plastics are used for bags, food containers, cutlery, agricultural films, compostable 

trash bags, and protective packaging.[4] 

They have low production costs, come from renewable sources, and break down quickly in 

the environment.But they aren't very water-resistant, don't have much strength, and can 

shrink or warp.To improve these issues, they are often mixed with other biodegradable 

plastics like PLA, PBAT, or PBS to make them more durable and flexible.[3] 

4.Polybutylene Adipate Terephthalate (PBAT)  

PBAT is a flexible biodegradable plastic made from petroleum-derived chemicals. 

Even though it's made from oil, it breaks down fully in industrial composting.It's strong, 

flexible, and easy to shape, which makes it good for items like compostable bags, food 
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packaging, and disposable products. PBAT is often mixed with PLA or starch to make it more 

flexible and less brittle. Scientists are looking for ways to increase the amount of bio-based 

materials in PBAT and to improve how well it can be recycled or composted.[5] 

5. Polybutylene Succinate (PBS)  

PBS is another type of biodegradable plastic that is flexible, strong, and can handle heat and 

chemicals well. It can be made from either oil or renewable sources, making it a good option 

for eco-friendly plastics. PBS is used for food packaging, disposable containers, agricultural 

films, biodegradable cutlery, textiles, and medical products. It's more flexible and impact-

resistant than PLA and still breaks down well.However, the high cost of producing PBS has 

limited its use.Researchers are working on cheaper ways to produce it using bio-based 

materials and blending it with other plastics to improve performance and lower costs.[6] 

6. Cellulose-Based Bioplastics  

Cellulose is the most common natural polymer on Earth and is used to make biodegradable 

plastics. These materials come from sources like wood pulp, cotton, and agricultural 

waste.Examples include cellulose acetate, regenerated cellulose films, and cellulose 

nanocomposites. These products break down naturally, are strong, clear, and non-toxic. 

They're used in food packaging, medicine, filters, coatings, and medical 

applications.Advances in nanocellulose technology have improved the strength and safety of 

these materials, helping them be used in more industries.[7] 

7. Protein-Based Biodegradable Plastics  

Protein-based plastics are made from natural proteins such as soy, gelatin, wheat gluten, 

casein, silk, and corn gluten. They have good film-forming abilities, break down well, and are 

safe for the body.These plastics are used for edible packaging, medical coatings, tissue 

engineering, bandages, and drug delivery. Even though they are eco-friendly, they aren't very 

water-resistant, don't handle heat well, and aren't as strong as other bioplastics. Scientists are 

experimenting with additives and blending techniques to make these plastics more durable 

and suitable for commercial use. In total, biodegradable plastics are a wide range of materials 

with different properties and uses.[8] 

Performance Challenges 

Although biodegradable plastics have become a popular choice as eco-friendly alternatives to 

regular plastics, there are still several issues that prevent them from being used on a large 

scale.One of the main problems is that they are not as strong as traditional plastics.Many 

types of biodegradable materials, like polylactic acid (PLA) and starch-based plastics, are 

very brittle, don't handle impacts well, and can't stretch much before breaking.This makes 
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them not suitable for things that need to be flexible and long-lasting, such as packaging, car 

parts, and building materials.Another big issue is that they don't handle heat very well.[8] 

Most biodegradable plastics start to soften or change shape at lower temperatures.This makes 

it hard to use them in high-temperature processes or for things like hot food packaging or 

sterilization.For example, PLA starts to change at around 55 to 60 degrees Celsius, which 

limits how well it can perform when exposed to heat.Scientists are trying different methods, 

like mixing materials or changing how the plastics are made, to improve their heat resistance. 

Moisture is also a problem. Starch-based plastics and plastic made from proteins tend to 

absorb water because they are naturally attracted to it.When they take in water, they can 

swell, lose strength, and become unstable in size.This can speed up how quickly they break 

down, reducing how long they last.These plastics also don't block out oxygen and water 

vapor well, making them less suitable for food packaging that needs to stay fresh for a long 

time.[9] 

The way biodegradable plastics break down depends a lot on the environment. 

Many types need special composting facilities with controlled temperature, humidity, and 

microorganisms to fully decompose.In natural settings like soil, water, or the ocean, they may 

not break down as quickly as expected.This can confuse people about how environmentally 

friendly they really are.Cost is another important factor. 

Biodegradable plastics usually cost more than normal plastics due to expensive materials, 

complex production processes, lower output, and special equipment.Without large-scale 

production, these costs stay high, making them less competitive in markets where price is a 

big concern.There are also challenges with waste management and recycling. When 

biodegradable plastics are mixed with regular plastic waste, it can lower recycling efficiency 

and cause contamination.Many countries don't have the right composting facilities to 

properly process them, so they end up in landfills where they don’t break down fully. 

Consumer understanding is another issue.[8-9] Many people don't clearly understand terms 

like "biodegradable," "compostable," and "bio-based," which can lead to incorrect 

disposal.To make the most of the environmental benefits of biodegradable plastics, it's 

important to have clear labeling, better education, and government support. 

Recent Technological Advancements 

Recent improvements in polymer science, biotechnology, nanotechnology, and materials 

engineering have greatly enhanced the performance and commercial value of biodegradable 

plastics.One key development is polymer blending.Scientists mix different polymers like 

PLA, polybutylene adipate terephthalate (PBAT), polybutylene succinate (PBS), and 
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polyhydroxyalkanoates (PHA) to create materials that are tougher, more flexible, stable at 

higher temperatures, and easier to work with.These blended materials address many 

weaknesses of individual polymers while still being biodegradable[9]. Nanotechnology is 

another important area of innovation. 

Adding nanofillers like cellulose nanocrystals, nanoclays, graphene oxide, carbon nanotubes, 

zinc oxide nanoparticles, and silica nanoparticles greatly improves the strength, heat 

resistance, barrier properties, and antimicrobial effects of biodegradable 

plastics.Nanocomposite biodegradable plastics perform better in food packaging, medical 

devices, and agriculture by reducing gas leakage and making structures stronger[9]. 

Biotechnology has also helped improve biodegradable plastic production.Improvements in 

metabolic engineering and synthetic biology allow genetically modified microorganisms to 

create higher amounts of polyhydroxyalkanoates (PHA) using cheap, renewable materials 

like agricultural leftovers, food waste, and industrial byproducts.These advances cut costs and 

make production more sustainable[10]. 

Another major development is the use of natural fibers and bio-based materials. 

Agricultural waste like rice husk, wheat straw, hemp fiber, bamboo fiber, flax fiber, coconut 

fiber, and cellulose fibers are added to biodegradable polymers to increase tensile strength, 

stiffness, and dimensional stability while lowering material costs.These bio-composites 

support the circular economy by using renewable and waste-based resources.Three-

dimensional (3D) printing has created new opportunities for biodegradable plastics in 

healthcare, tissue engineering, medical implants, customized devices, and sustainable 

manufacturing. 

PLA is one of the most commonly used materials for 3D printing because it is easy to print 

and requires low temperatures.Researchers are also developing new biodegradable filaments 

with better mechanical and thermal properties for engineering applications[8]. 

Recent developments in smart biodegradable materials have introduced packaging systems 

that can monitor food freshness, control bacterial growth, and prolong shelf life. 

Features like antimicrobial coatings, oxygen scavengers, and biodegradable sensors are being 

used in food packaging to enhance safety and reduce waste.  

Future Prospects 

The future of biodegradable plastics looks very bright as governments, companies, and 

people are looking for eco-friendly choices instead of regular plastics.More people are aware 

of how bad plastic pollution is, and there are tighter rules about the environment, plus 

international goals to cut carbon emissions.These factors are making more money and effort 
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go into studying and using biodegradable materials (UNEP, 2023).[9]Scientists are likely to 

focus on making new biodegradable plastics that are stronger, can stand higher heat, resist 

moisture, and break down at the right time. 

Creating fully plant-based plastics that work as well as regular plastics but cost less is a big 

goal for material experts. AI, machine learning, and computer-based materials science are 

going to change how biodegradable plastics are made. These tools can quickly find the best 

polymer designs, mix the right ingredients, test how materials break down, and find top-

performing biodegradable mixtures.This will lower development costs and speed up product 

creation[10]. 

Using a circular economy approach will be more important for sustainable biodegradable 

plastics. Future systems will use renewable materials, recyclable bio-based items, industrial 

composting, anaerobic digestion, and waste recovery to cut down on trash and use resources 

better.Legal help, taxes on carbon, and rules like extended producer responsibility will also 

push for more sustainable packaging choices. New biotech methods might allow making 

biodegradable plastics from algae, carbon dioxide, plant materials, farm leftovers, and food 

waste. This could cut reliance on food crops and fossil fuels, making the process more 

affordable and cutting greenhouse gas emissions. More composting facilities and standard 

certification systems are also expected to grow worldwide. Standards like ASTM D6400, EN 

13432, and ISO 17088 will help people trust that biodegradable products work as claimed. 

Biodegradable plastics will be used in more areas than just packaging, like cars, electronics, 

clothes, farming, medical products, drugs, and even space travel. Working together between 

scientists, manufacturers, leaders, and environmental groups will be key to fixing current 

problems and making biodegradable plastics a main part of eco-friendly materials. 

Conclusion 

Biodegradable plastics have become a hopeful option to replace regular plastics made from 

oil, helping fight the problem of plastic waste around the world.These plastics can break 

down naturally in the right environment, and they are made from materials that can be 

renewed, which makes them better for the environment.They help towards a system where 

resources are reused and waste is minimized.Examples of these materials include polylactic 

acid (PLA), polyhydroxyalkanoates (PHA), polybutylene adipate terephthalate (PBAT), 

polybutylene succinate (PBS), plastics made from starch, and materials made from 

cellulose.These materials show promise in many areas like packaging, farming, medical 

devices, clothing, and everyday products. Even though there are benefits to using 

biodegradable plastics, there are still some issues. These include things like not being as 



48 

www.njesr.com 
 

strong as regular plastics, not handling heat well, being sensitive to water, being more 

expensive to make, and needing special composting facilities to break down properly.Also, 

there aren't enough places to manage waste, recycling systems are limited, and people 

sometimes misunderstand how these plastics really work.Solving these problems needs work 

from scientists, companies, governments, and everyday people. To move forward, there needs 

to be better biodegradable plastics that are strong and affordable, more composting centers, 

clear standards to show how biodegradable they are, and laws that support the environment. 

More money for research, better education about these plastics, and better ways to manage 

trash will all help make biodegradable plastics a more sustainable choice. 
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