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Abstract: Bioplastics are a type of material that can decompose or come from renewable sources, such as plant starch and
Cellulose. These materials show great potential as an eco-friendly alternative to regular plastics because they assist in
minimizing the adverse effects that plastic manufacture, use, and disposal have on the environment. Furthermore, bioplastics
may significantly reduce our reliance on oil-based plastics that contribute to climate change and are not renewable. This
summary examines the present state of the bioplastics study, exploring subjects such as their manufacture, features, uses, and
probable environmental consequences.

Index Terms: Bioplastics, Ecofriendly, Sustainable, Renewable, Biodegradable.

1 INTRODUCTION

Plastics are artificial or semi-artificial materials made of different polymer materials that can be moulded
into various shapes and forms. They have softness, heat sealability, excellent strength-to-weight ratio, and
transparency. Polyethylene (PE), Polypropylene (PP), Polystyrene (PS), Polyvinyl Chloride (PVC),
Polyurethane (PUR), Polyethylene Terephthalate (PET), Polybutalene Tereptheline (PBT), Nylon as well as
other petrochemical-based plastics, are used in everyday life because of qualities like adaptability,
durability, lightweight, affordability, and corrosion resistance [1,2,3]. Synthetic or semi-synthetic
compounds significantly impact the ecosystem. Worldwide, millions of tons of plastic are used. Oceans and
the earth both contaminate large amounts of plastic. According to this information, burning plastics releases
harmful chemicals like methane, CO2, and other greenhouse gases. It immediately impacts the retreating
glaciers and climate change [4]. Records show that burning 1 kilogram of plastic releases about 2.8
kilograms of carbon dioxide into the atmosphere [5]. Many metric tons of plastic are made yearly, but only
7% are recycled; the remaining 93% end up in landfills and the ocean [6,7]. In a water sample taken from
the North Atlantic Ocean, long-term research discovered the equivalent of 580,000 pieces of plastic per
square kilometre [8]. Bioplastics can replace synthetic polymers. The use of bioplastics produced from
biological materials has gained popularity worldwide [4]. In 2022, 2.22 million metric tons of bioplastics
were produced worldwide, as shown in Fig.1. Biodegradable and non-biodegradable bioplastics are
available in two varieties [9]. Currently, bioplastics are one of the innovative materials made from waste,
biomass, and renewable resources such as food waste, waste banana peels, waste potato peels, algal
biomass, coconut husk fibre, bacterial strains, microorganisms, wastewater sludge, jackfruit seeds, waste
cooking oil, rice straw, agricultural waste, corn starch, cassava peel, and avocado seeds Globally, the focus
has been on increasing the production of bioplastics. Many types of waste can be used as raw materials in
the production of bioplastics [7]. This review goes through bioplastics, raw materials, classification,

processing, biodegradation and standardization, life cycle, advantages and disadvantages, and applications.
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Fig. 1. Global production capacities of bioplastics 2022. [9]

2 WHAT ARE BIOPLASTICS

Bioplastics are defined as "plastic based on renewable resources or plastics that are biodegradable and/or
compostable” by the European Bioplastics Organization (EBO). These bioplastics decompose naturally or
when stimulated, primarily through the enzymatic activity of microorganisms, into CO,, H,O, organic
compounds, or biomass. The following four requirements must be met to qualify as a bioplastic polymer.

o Chemical characteristics: Organic matter must comprise at least 50% of the end composition.

o Biodegradation: Under conditions promoting composting, the developed polymer should degrade by
at least 90% of its weight or volume in six months.

o Disintegration: Under controlled composting conditions, the bio-based polymer should, at the very
least, fragment microscopic, undetectable components (2mm) within two months.

o Eco toxicity: After biodegradation for six months, non-degradable biopolymer residues should not
pose a danger to plant growth [10].

Many polymers, like Cellulose or chitin, which are either made naturally or by microorganisms during their
growth cycles, are included in the growing field of biodegradable polymers. Bio-based plastics
(biodegradable bioplastics) and non-biodegradable bioplastics are the two categories into which bioplastics
fall. Although produced from renewable resources, bio-based plastics may not always be biodegradable. On
the other hand, biodegradable plastics are made to decompose rapidly in the environment [11]. Bioplastics
are growing in popularity as an environmentally favourable substitute for traditional petroleum-based
plastics made from nonrenewable resources. They can take hundreds of years to decompose in landfills.
Bioplastics provide a more environmentally friendly option because they can be made from renewable
resources and biodegrade rapidly, minimizing the environmental impact of plastic waste. It is crucial to
note, though, that not all bioplastics are created equal. In some environments, bioplastics may not degrade
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correctly and may still take a long time to break down. In order to prevent environmental pollution, it is
also crucial to ensure that bioplastics are disposed of correctly, such as in composting facilities [7,11,12].

3  BIO-WASTE FOR PRODUCTION OF BIOPLASTICS

Most of the raw materials used to make bioplastic come from agricultural products. Lands that can be
farmed are necessary for creating raw materials; otherwise, they should have been used for food
production. As a result, the rivalry for arable land prompts ethical questions about the expansion of
bioplastics. Additionally, the expense of growing those crops and the following processing of those crops
make bioplastics an expensive endeavour. Bio-waste, including agricultural waste, food industry biomass
waste, peel waste, seed waste, waste oil, bio-waste from effluents, domestic wastewater, and municipal
solid waste, among others, can be used there to address these issues while minimizing environmental
impacts. The table below (Table 1.) overviews the different types of waste used to turn bio-waste into
bioplastics [13].

Table 1. Type of waste, for example, bio waste, type of plastics produced

Types of waste Examples of bio-waste Type of plastics produced
Lignocellulosic bio- Sugar cane bagasse, cotton linter, corn cob, Cellulose Based bioplastic and
waste corn husk, rice husk, rice straw, wheat barn PHB polymers

Food industry biomass Peel waste: Cassava, potatoes, pineapple, Starch-based bioplastics and
waste orange and banana peels Cellulose based bioplastic,

PLA and PHB polymers

Seed water: Mango, Date, Avocado, jackfruit | Lipid-based bioplastic, starch-
based bioplastic, PHB

polymers
Crustertaceans shells waste: shells waste Chitin-based bioplastic and
from squillas, shrimp, crabs, lobs, and PHA polymers
prawns like crustaceans
Waste oil: Waste frying oil, Non-edible oil Lipid-based bioplastics and PA
like Castor and Jatropha polymers
Biowaste from effluents | Domestic wastewater, food and dairy PH, PHA, poly-3-
industry wastewater, wood mill effluent, Oil | (hydroxybutyrate-co-
industry effluent hydroxyvalerate) and PHA
polymers
Miscellaneous waste Municipal solid waste, Feather quill, Paper PHA, Protin based bioplastics,
waste PLA polymers

4 CLASSIFICATION OF BIOPLASTICS
In addition to being produced from fossil or bio based materials, bioplastics can be biodegradable. While

bioplastics can be made entirely of green resources, biodegradable plastic is either made of fossil-based
polymers or a mix of both renewable and fossil resources. Bioplastics come in three major categories as
follows [14].

. Biodegradable and bio based bioplastics

. Biodegradable and fossil bioplastics
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. Non-biodegradable and bio based bioplastics

The examples for the above categories are shown in Fig. 2. and Table 2.
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Table 2. Types of bioplastics

B10-BASED PETROLEUM-BASED REFERENCE
BIODEGRADABLE | BIOPLASTICS BIOPLASTICS [14,16,17,18]
E.G.:-STARCH, CELLULOSE, E.G.:-POLYCAPROLACTONE,
POLYBUTYLENE SUCCINATE,
POLYHYDROXY ALKANOATES, POLYBUTYLENE ADIPATE
POLYLACTIC ACID TEREPHTHALATE
NON- BIOPLASTICS CONVENTIONAL PLASTICS, [17,18,19]
BIODEGRADABLE E.G.:-PVC
E.G.:-BIO-POLYETHYLENE,
POLYPROPYLENE
BIOPOLYPROPYLENE POLYETHYLENE

5 PROCESS OF BIOPLASTICS PRODUCTION

The selection, processing, and modification of raw materials are just a few processes in creating bioplastics.
Starch-based and non-starch-based materials are the two major groups into which the raw materials for the
production of bioplastics can be divided. Because they are simple to make and have solid mechanical
qualities, materials based on starch are frequently utilized to make bioplastics. Lignin and Cellulose, which
are not based on starch, are being researched as potential raw ingredients for creating bioplastics. The
extraction of the raw materials, followed by their alterations to produce the necessary qualities, is the first
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step in the manufacturing of bioplastics. This may entail physical alteration, such as introducing Nano
fillers to increase strength and durability, or chemical modification, such as using plasticizers or
crosslinking agents [20].

These are the main steps of bioplastic production:

Raw Material Preparation:

Bioplastics can be made from various sources, including cornstarch, sugarcane, Cellulose, and vegetable
oils. The first step in the manufacturing process is to extract and prepare the raw materials for use.
Fermentation:

In this process, the raw material is fermented, and the sugar in the raw material is converted to lactic acid.
Polymerization:

Lactic acid is polymerized into polylactic acid (PLA), a biodegradable and compostable plastic.

Moulding:

The PLA is then moulded into the desired shape using injection, blow, or thermoforming techniques
[21,22].

Completion:

After the bioplastic product is formed, the excess material is trimmed off, and the edges are smoothed and
finished.

Quality Management:The final step in the production process is quality control of the finished bioplastic
product to ensure it meets the required specifications and standards. It is important to note that the specific
details of the bioplastic manufacturing process may vary depending on the type of raw materials used and
the desired end product [23,24,25].

The manufacture of bioplastics can be better understood by looking at the accompanying Fig. 3. Process
flow diagram and Fig. 4.
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6 BIODEGRADATION OF BIOPLASTICS
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"biodegradation" refers to the process of microorganisms (such as fungi, bacteria, and archaea)
mineralizing organic matter to produce carbon dioxide and water as the end products under aerobic
conditions. Organic and inorganic metabolites, or transformation products, are created when mineralization
is incomplete [26]. The rise in the production of bioplastics and their promising applications in the market
has spurred interest in assessing the biodegradation of these materials within the context of waste treatment
processes for organic municipal solid waste. Various studies have followed established standards, such as
those set by the American Society for Testing and Materials (ASTM), International Organization for
Standardization (ISO), and European Standards (EN), which guide factors such as environmental
conditions, testing timeframes, and testing scales. These studies have yielded a series of analyses, mainly at
the laboratory scale, considering different factors such as waste treatment simulation duration, bioplastic
types, film thicknesses, and temperature variations. The outcomes of these studies, however, are heavily
influenced by the combinations of these factors affecting the biodegradation of bioplastics[27]. The use of
bioplastics as a substitute for fossil-fueled plastics is increasing in popularity. Biodegradable bioplastics, in
particular, offer an added advantage as they can generate biogas once utilized[28]. When there is a lack of
oxygen, the biodegradation process generates biogas, water, hydrogen sulfide, and ammonia. It is digested
due to the activity of microorganisms. In contrast to aerobic composting, organic materials, including
bioplastics, deteriorate in anaerobic conditions, particularly in an AD (anaerobic digestion) facility, offering
various benefits. These advantages include reducing odour emissions, using the generated methane as an
energy source, and providing nutrient-rich digestate that can serve as a fertilizer[29].

7 LIFE CYCLE OF BIOPLASTICS
The Life Cycle of bioplastics involves several steps, beginning with the extraction of the raw materials,

refinement, manufacturing, disposal, and ending with composting and renewal. Biodegradable bioplastics,
one of the two kinds, go through their entire life cycle, as shown in Fig. 5. Other bioplastics are not
biodegradable despite being made from plant-based raw materials. Pollution is being removed from the
atmosphere. At the same time, the plants develop, giving bioplastics their "green" appeal [14].

The Life Cycle of Bioplastics
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e

e
v ounds

"
Thie comps

such products
aren't biodegr
the use of pla

stics
ble. But even in those cases,
based raw materials means
ing removed from the

de the plants grow,

Fig. 5. The life cycle of bioplastics (https://www.sciepub.com/reference/84613)

8 ADVANTAGES OF BIOPLASTICS
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8.1 Benefits of Using Biodegradable Bioplastics for Waste Management

To limit the quantity of plastic trash produced by society, grocery store chains, the food service business,
and the agricultural sector have successfully implemented bioplastic packaging. Managing biological waste
is made simpler by biodegradable plastics. For instance, catering businesses, which dispose of much
garbage, including plastic tableware, have started using biodegradable flatware. This has increased the pace
of composting and reduced the amount of rubbish gathered and dumped in landfills[30].

8.2 Bioplastics' Carbon Neutrality

Since global warming has become a significant worry, bioplastics have gained more attention as a way to
reduce society's overall carbon dioxide (CO2) emissions. Whereas making regular plastics necessitates the
net addition of carbon to the atmosphere, the CO2 released by BPs originates from biomass. It may
therefore be carbon neutral throughout its existence. Even if the BPs feedstock may be carbon-neutral,
bioplastics processing may still be powered by fossil fuels[30].

8.3 Possibility of A Much Smaller Carbon Footprint

It should be noted that whether or not a bioplastic permanently stores the carbon drawn from the air by the
growing plant significantly impacts its carbon footprint. A synthetic material derived from living organisms
sequesters the CO2 the plant takes during photosynthesis. This sequestration is undone if the resulting
bioplastic reverts to CO2 and water. However, a permanent bioplastic that resembles polyethylene or other
common plastics can permanently store CO2. The CO2 initially removed from the atmosphere is still
trapped in the plastic, even after it has been recycled numerous times[31].

8.4 Reduction in Energy Use (Less Petroleum Dependence)

Possible petroleum shortages are now a significant worry. Compared to the production of conventional
plastics, the production of bioplastics uses less fossil fuel. Multilayer films made of polylactic acid had a
life cycle assessment that revealed their environmental impact was almost half that of films made of
petroleum[30].

8.5 Manufacturing Will Pay Less for Energy
Nevertheless, just 4% of the oil consumed worldwide yearly is used to make plastics. Plastic production is
more vulnerable to price fluctuations due to the lack of 0il[31].

8.6 Avoid using Limited Crude QOil
In comparison, producing one kilogram of plastic often takes more energy than producing one kilogram of
steel or 20 kilowatt hours. About all of this is derived from fossil sources[31].

8.7 Utilizing Biodegradable Bioplastics Results in A Decrease in Litter and An Increase in Composability

The decrease in the persistent litter is the benefit of biodegradable bioplastics that is most understood.
Using single-use shopping bags is the most prominent illustration of how plastics may persistently and
significantly damage the environment. Disposable plastic bags account for a significant portion of the trash
in our waters. Towns and nations worldwide are fighting litter, sometimes by outright banning non-
biodegradable plastic bags[31].

8.8 Reduction of CO, Emissions
Between 0.8 and 3.2 tons less carbon dioxide is produced per ton of bioplastics than petroleum-based
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plastics[32].

8.9 Benefits for Rural Economy

As nations worldwide hunt for alternatives to oil to protect the environment and achieve energy security,
the price of crops like maize has increased significantly. This is because a growing interest is in
manufacturing biofuels and bioplastics worldwide [32].

9 DISADVANTAGES OF BIOPLASTICS

9.1 High Production Cost

The cost of producing bioplastics is higher than that of traditional plastic. If the usage of bioplastics on a
large industrial scale spreads, it will likely result in cost savings. The cost of producing bioplastics is more
than twice as high as that of ordinary plastics. Several studies have supported this assertion[33].

9.2 Bioplastics Have Weak Mechanical Properties

Packaging materials comprised of starch and cellulose-based plastics have low long-term stability, poor
processability, brittleness, and inferior mechanical properties because of their hydrophilic nature. The
limited mechanical strength of bioplastics frequently restricts their use. It uses other environmentally
hazardous components such as carbon, glass, nano clay, fiber, and nanoparticles[33].

9.3 Uncertainty Among Consumers

Most bioplastics' labels and identifications do not give customers enough information. This creates
uncertainty and makes it challenging to handle bioplastics correctly. This results from the manufacturers'
inadequate information delivery[33].

9.4 The Stockpiles of Raw Materials Used to Make Bioplastics Can Decline

In order to reduce energy consumption during the production of bioplastics, prevent potential competition
with agricultural resources for food, and provide new sources of raw materials, it is also becoming more
popular to utilize food byproducts[34].

9.5 Isolated Recycling
A contamination issue may be if bioplastic material is recycled with regular plastics[32][34].

9.6 Toxins Can Be Formed
The inefficient breakdown of plastic caused by improper disposal of biodegradable plastics can result in the
release of pollutants (such as carbon dioxide and methane) into the environment[33][34].

10 APPLICATIONS OF BIOPLASTICS

When made into hydrophilic matrices, natural polymers and polysaccharides are well-liked in biomaterials
for controlled-release dosage forms because they lengthen release dosage form[7]. The construction and
building business has been one of the significant areas of exciting bioplastic investigation. Using
bioplastics for various items, such as a fence, decking, and other uses, is appealing to builders and
homeowners[7]. Bioplastics are used in electroacoustic device manufacturing firms as a membrane for
high-quality sound. The benefit of using this type of material is that it produces a sound that is as delicate
and fast-moving as one made of titanium or aluminium. Also, it creates bass notes that are incredibly deep
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and trebles that are brilliantly pure[7]. Many biomedical applications, such as bone plates, screws, tissue
engineering scaffolds, and drug delivery systems, utilize biodegradable bioplastics[32]. Packaging made of
plastic is more durable and thinner than more recent alternatives. Unfortunately, the short packaging
lifespan (usually six months) results in significant waste. Biodegradable packaging helps reduce the overall
environmental impact[35].

11 FUTURE PROSPECTS
Bioplastic has emerged in recent years as an innovative and eco-friendly material. While it is widely

viewed as a promising alternative to traditional chemical-based plastics, several challenges still need to be
addressed. These include improving mechanical properties such as heat and shock resistance, enhancing
processability, expanding the range of applications, developing industry standards, and reducing production
costs. Researchers are currently studying ways to overcome these obstacles, including exploring new
plasticizers and creating composite polymers to improve mechanical properties. A fundamental way to
increase the sustainability of the production process is to identify suitable biological sources - particularly
from waste products. If these efforts are successful, bioplastics could be extended across various industries,
leading to rapid growth in this sector.

12 CONCLUSIONS
To sum up, the rise of bioplastics is a hopeful advancement in the pursuit of sustainable materials. By

utilizing renewable resources, they have the potential to decrease the ecological effects of conventional
plastics. Nevertheless, it is crucial to note that not all bioplastics are alike. Further investigation is
necessary to identify the optimal materials and manufacturing methods. Although bioplastics are replaced
with traditional chemical-based plastics, there is no point if people's mindsets do not change. Moreover, it
is essential to dispose of bioplastics correctly to prevent harmful environmental consequences. While facing
severe concerns regarding climate change and resource exhaustion, bioplastics could be a valuable step
towards achieving a more sustainable tomorrow.
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