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ABSTRACT: 

Bio plastics represent a transformative pathway toward sustainable materials by addressing the 

ecological limitations of conventional petroleum-based plastics through the use of renewable resources, 

biodegradability, and reduced environmental persistence. Contemporary research on bio plastics 

production increasingly emphasizes the valorisation of agricultural residues and organic waste streams, 

aligning material innovation with circular economy principles. Lignocellulose wastes such as sugarcane 

bagasse and fruit-based residues including banana peels, jackfruit rind, nutmeg husk, and durian shells 

are emerging as promising feedstock due to their abundance of cellulose, hemicellulose, lignin, and 

fermentable sugars, which can be efficiently converted into biopolymers through microbial fermentation 

and chemical synthesis routes. Among the most studied bio plastics, polylactic acid (PLA)and poly-3-

hydroxybutyrate (PHB) demonstrate significant potential owing to their favourable mechanical 

properties, thermoplastic behaviour, and biodegradation characteristics under controlled conditions. The 

sustainability impact of these materials extends beyond resource renewability, encompassing lower life-

cycle greenhouse gas emissions, reduced reliance on fossil fuels, and improved end-of-life management 

compared to conventional plastics. However, challenges related to cost competitiveness, feedstock 

variability, processing efficiency, and performance limitations continue to constrain large-scale adoption. 

Addressing these challenges requires advances in pre-treatment technologies such as enzymatic 

hydrolysis, optimization of microbial strains for higher polymer yield, and development of polymer 

blends and bio-composites to enhance strength, thermal stability, and barrier properties. Comprehensive 

life-cycle assessment and techno-economic analysis are essential to ensure that bio plastics deliver 

genuine environmental benefits without unintended trade-offs related to land use, water consumption, or 

waste management. Integrating scientific innovation with policy frameworks, industrial partnerships, 

and consumer awareness will be critical in translating laboratory-scale advances into commercially 

viable solutions. Collectively, bio plastics derived from waste resources offer a credible route toward 

sustainable manufacturing, reduced plastic pollution, and long-term environmental resilience. 

 

Key:  Bioplastics, Renewable biomasses, thermoplastic starch,        Polylactic acid (PLA), PHB 

 

1. INTRODUCTION: 

Towards a sustainable future, bio plastics production has emerged as a promising response to the 

escalating environmental challenges posed by conventional fossil-based plastics, which are associated 
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with high greenhouse gas emissions, depletion of non-renewable petroleum resources, and persistent 

accumulation in terrestrial and marine ecosystems. Bio plastics are broadly defined as plastics derived 

wholly or partly from renewable biologically resources such as corn, sugarcane, potatoes, cellulose, 

algae, or microbial biomass, and they may be either bio-based, biodegradable, or both, leading to two 

main categories: bio-based non-biodegradable plastics (such as bio-polyethylene and bio-PET) and bio-

based biodegradable plastics. The growing interest in these materials is driven by their potential to 

reduce dependence on fossil fuels and to lower life-cycle carbon emissions when compared with 

conventional plastics, particularly when sustainably sourced biomass and low-carbon energy are used in 

production. Bio plastics are typically manufactured through an integration of biological processes, 

including microbial fermentation of sugars to produce monomers like lactic acid or hydroxyalkanoates, 

followed by chemical polymerization and compounding to achieve materials with properties suitable for 

packaging, agriculture, medical, and consumer applications. Despite these advantages, bio plastics are 

not automatically sustainable, and their environmental performance depends heavily on multiple 

interconnected factors across their life cycle, including feedstock selection, agricultural practices, 

fertilizer and pesticide use, energy demand during processing, and transportation requirements. The 

diversion of agricultural land for bio plastic feedstock cultivation may compete with food production, 

contribute to land-use change, and increase water consumption, especially in regions already facing 

resource scarcity. Furthermore, the end-of-life stage plays a critical role in determining overall 

sustainability, as biodegradable bio plastics require specific industrial composting or controlled 

conditions to decompose effectively, while inadequate waste management infrastructure can limit their 

environmental benefits. Life cycle assessment (LCA) has therefore become an essential tool for 

evaluating bio plastics, enabling a systematic comparison of energy use, carbon footprints, land and 

water requirements, and waste management options relative to conventional plastics. Recent studies 

highlight that while some bio plastics demonstrate clear reductions in greenhouse gas emissions, others 

may exhibit higher impacts in categories such as eutrophication or water use, underscoring the 

importance of a holistic and transparent assessment. (Stevens, 2002) 1 

 

 
Figure1. 1 : Bio plastics are produced using a variety of techniques that differ depending on the 

type of   bioplastic and its intended application. Below are some common production techniques: 
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Table1.1: comparison of Bio plastic Production Techniques 
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2. Types of Bioplastics: 

2.1. Cellulose based-bio plastics:  Cellulose plastics are derived from cellulose acetate, nitro cellulose 

andCellulose esters. These kinds of cellulose are present in plant material like forestry residue and by 

products of agricultural production.Research and scientists worldwide are currently figuring out how to 

extract cellulose frequently from model feedstock leaves, stalks,Tassels left after harvesting and then 

adding inorganic salts to separate. 

2.3Starch- based bioplastics: Engineered polymers produced by microorganisms, materials synthesized 

through genetically modified cells, and polymers derived from renewable and sustainable resources are 

broadly classified as bioplastics. Several approaches are employed for polymer degradation, such as soil 

burial, aquatic immersion, microbial action, and thermal decomposition through pyrolysis 

.Petrochemical-based plastics continue to dominate industrial applications due to their wide availability, 

ease of processing, and superior mechanical and physicochemical properties. Nevertheless, their 

environmental persistence and resistance to natural degradation have driven extensive research toward 

the development of oxidizable and biodegradable polymeric alternatives. Among the available 

degradation strategies, microorganism-mediated degradation is considered the most effective in 

minimizing the accumulation of polymeric waste in terrestrial and aquatic ecosystems during the 

Anthropocene era. 

By tailoring polymer structures to enhance biodegradability, blending conventional plastics with 

biodegradable polymers, or incorporating suitable biodegradable additives, many commercially used 

petrochemical polymers can be converted into environmentally degradable materials 

2.3 Polylactic acid (PLA): PLA is polylactic acid (2-hydroxypropionic acid), which can be extracted 

from starch, sugarcane, and other natural substances. It is transparent, nontoxic, and has good 

mechanical strength properties. In the past few decades, due to increasing environmental issues, many 

researchers have been studying PLA for bioplastic industries. PLA biopolymer has been successfully 

used in the packaging, tissue engineering, biomedical, and drug delivery industries. However, due to 

high production costs, PLA has received less attention than other materials. Different processes, control 

tactics, and application developments have been carried out, and the market trend for PLA has increased 

in recent years. PLA has a strong thermal resistance and properties similar to petroleum-based plastics. 

Transparent films can be developed for packaging applications. After degradation, PLA produces carbon 

dioxide and water, making it a more environmentally friendly polymer compared to petroleum-based 

polymers. With proper injection molding processes, biodegradable mechanical parts such as cups and 

utensils can be produced. The thermal degradation of PLA occurs in the temperature range of 180–

190°C. However, PLA has lower melting strength due to poor processability. Many researchers are 

working on improving the biodegradability of PLA, such as degrading PLA through ultrasonic 

irradiation to enhance its degradation, and combining slicing/leaching and sonication to improve the 

exocrine and degradation behaviour of PLA. Other research also focuses on developing PLA with 

various properties for different applications. 

2.4 Polyhydroxyalkanoates (PHAs): Several different types of PHAs exist. Most of the polymers refer 

to a broad class of compounds based on a repeating hydroxyalkanoic exclusively in the carbon atoms in 
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the main chain. As an example, Figure 1 shows the structure of the simpler molecule of this family, 

entitled poly(3-hydroxybutyrate), or 3-hydroxybutyrate homopolymer. However, the index “n” in this 

structure represents a variable which can be adjusted to the required degree of polymerization of PHAs. 

In this case, the PHA molecule corresponding to n = 1 is simply again 3-hydroxybutrate, collected in fact 

P. The simplest and widespread name for P is PHB. This compound is recognized as the most common 

PHA family due to its high crystallinity and hydrophobicity. 

 

 
Figure 1.2.:  Polyhydroxyalkanoates structure 

 

2. USES OF BIOPLASTICS CELLULOSE BASED: 

The most versatile and impactful material classes within green materials science, owing to their 

abundance, renewability, chemical tenability, and inherent biodegradability, and their applications now 

extend across food systems, electronics, healthcare, textiles, and emerging industrial sectors, positioning 

them as a cornerstone of circular bio-economies. In food packaging and preservation, cellulose bio 

plastics dominate the market because of their exceptional optical clarity, mechanical strength, gas 

permeability control, and safety for direct food contact; regenerated cellulose films such as cellophane 

have long been used as biodegradable alternatives to petroleum-based plastic wraps for bakery items, 

confectionery, and fresh produce, as they allow controlled oxygen and moisture exchange that enables 

food to “breathe” while still acting as a physical barrier against dust, microorganisms, and handling 

contamination, thereby reducing spoilage without relying on synthetic additives. Recent advances 

reported during 2025-2026 have further enhanced this role through the development of active packaging 

systems, in which antimicrobial agents, natural antioxidants, essential oils, or metal-free bioactive 

compounds are incorporated into cellulose matrices, enabling extended shelf life for perishable products 

such as biscuits, processed meats, and ready-to-eat foods by inhibiting microbial growth and oxidative 

degradation. Additionally, cellulose derivatives such as cellulose acetate, carboxymethyl cellulose, and 

hydroxypropyl methylcellulose are increasingly used as bio-based coatings for paper and cardboard 

packaging, imparting grease resistance, oil repellence, and moisture barriers without the use of toxic per- 

and polyfluoroalkyl substances (PFAS), often referred to as “forever chemicals,” thereby aligning 

packaging performance with environmental and public health imperatives. Beyond food systems, 

cellulose-based bio plastics play a critical role in consumer electronics and optical applications, where 

cellulose acetate is particularly valued for its high transparency, excellent surface gloss, dimensional 

stability, and distinctive “soft-touch” tactile feel that enhances user experience; in the eyewear industry, 

cellulose acetate remains the material of choice for high-end, eco-friendly spectacle frames because it is 

hypoallergenic, derived from renewable feed stocks, easily thermoformed, and capable of being dyed 

into deep, rich, and stable colours, allowing designers to meet both aesthetic and sustainability goals.2 

In electronics, major technology manufacturers have developed high-concentration cellulose-reinforced 

moulding compounds for device housings, home appliances, and mobile phone components, offering 

sufficient mechanical durability while significantly reducing fossil-carbon content, and in some cases 
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achieving marine biodegradability, a crucial advantage in addressing plastic leakage into aquatic 

ecosystems. Furthermore, the optical clarity, low birefringence, and resistance to ultraviolet-induced 

yellowing of cellulose-based films make them indispensable in display technologies, particularly as 

polarizing films in liquid crystal displays (LCDs) used in televisions, laptops, and smartphones, where 

long-term optical stability and material safety are paramount. In medical and pharmaceutical fields, the 

biocompatibility, non-toxicity, and physiological inertness of cellulose have enabled a wide range of 

high-value applications involving direct interaction with human tissues and biological systems; 

cellulose-based hydrogels, nanofibers, and nanoparticles are extensively used in controlled drug delivery 

systems, where their porous structure and chemical modifiability allow precise tuning of drug release 

rates, targeted delivery to specific tissues, and improved therapeutic efficiency while minimizing side 

effects. Bacterial cellulose, in particular, has gained prominence in wound care and regenerative 

medicine, being used to fabricate advanced wound dressings and artificial skin substitutes for burn 

victims, as it exhibits exceptional water-holding capacity, mechanical flexibility, breathability, and 

transparency, enabling clinicians to monitor healing while maintaining a moist environment conducive 

to tissue regeneration, and its non-adhesive nature allows painless removal without damaging newly 

formed tissue. In surgical contexts, cellulose-based materials are employed in biodegradable sutures, 

haemostatic agents, and absorbent pads that can be safely broken down or expelled by the body, 

reducing the need for secondary surgical interventions and lowering the risk of chronic inflammation. 3 

The textile and fashion industry represents another major domain where cellulose-based bio plastics 

contribute to sustainability transitions, particularly through man-made cellulosic fibres (MMCF) such as 

rayon, viscose, lyocell, and modal, which are produced by regenerating cellulose from wood pulp or 

agricultural residues; these fibres offer superior breathability, softness, and moisture-wicking properties 

compared to petroleum-based polyester, making them highly suitable for clothing, home textiles, and 

nonwoven fabrics while also being biodegradable under appropriate conditions. More recently, 

innovative bio-synthetic blends combining cellulose with polylactic acid (PLA) have been developed to 

create fast-biodegrading textiles designed to reduce microfiber pollution in marine environments, 

addressing one of the most persistent environmental challenges associated with synthetic apparel. 

Looking toward emerging industrial uses around 2026, cellulose-based bio plastics are increasingly 

incorporated into automotive interiors, where they are used in trim panels, carpets, headliners, and seat-

back components, particularly in concept and “visionary” vehicles aimed at reducing total vehicle 

carbon footprints through light weighting and renewable material substitution. In environmental 

engineering, cellulose-chitosan bio composites are being deployed as advanced bio sorbents in 

wastewater treatment systems, capable of selectively removing heavy metals, dyes, and pharmaceutical 

residues from industrial effluents through adsorption mechanisms, thereby contributing to cleaner water 

cycles and reduced ecological toxicity. In agriculture, cellulose-based mulch films provide crop 

protection, moisture retention, and weed suppression while offering the crucial advantage of being 

ploughed directly into the soil after harvest, where they biodegrade naturally, eliminating the problem of 

residual plastic fragments known as “white pollution” that plagues conventional polyethylene 

mulches.(Bohn, A. 2005)4 

3.1 USES OF STARCH-BASED BIOPLASTICS: 

Among their applications, flexible packaging represents the largest and most mature market, driven by  
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the inherent “breathability” of starch-based films, which allows controlled gas exchange and moisture 

regulation, significantly reducing condensation and microbial growth that commonly cause spoilage in 

fresh and baked foods; this property makes them especially suitable for food wraps, bakery packaging, 

and snack films, where oxygen barrier performance is critical to maintaining freshness and shelf life 

without reliance on synthetic additives. In shopping and garbage bags, starch-based polymers are 

frequently blended with biodegradable polyesters such as polybutyleneadapter terephthalate (PBAT) to 

overcome starch’s natural brittleness and low tensile strength, resulting in materials that can withstand 

heavy loads while remaining fully compostable under industrial or controlled composting conditions, 

thereby aligning with municipal organic waste management systems. Produce bags used in supermarkets 

for fruits and vegetables exemplify a closed-loop application, as these bags can be disposed of directly 

into organic waste bins along with food residues, simplifying consumer behaviour and reducing 

contamination in compost streams. Beyond packaging, starch-based bio plastics play a transformative 

role in agriculture and horticulture, where they address the persistent problem of “white pollution,” a 

term used to describe the accumulation of polyethylene mulch films and fragments in soil that degrade 

land quality and crop productivity over time. Biodegradable mulch films made from starch blends 

suppress weed growth, regulate soil temperature, and retain moisture during cultivation, and unlike 

conventional plastic mulches that require labour-intensive removal and disposal, these films can be 

ploughed directly into the soil after harvest, where they biodegrade into carbon dioxide, water, and 

biomass through microbial action, thereby enhancing soil organic matter and closing nutrient cycles. 

Similarly, starch-based biodegradable pots for seedlings enable direct planting into the ground, 

eliminating root disturbance and transplant shock while reducing plastic waste generated by 

conventional nursery containers. 5 

In the food service sector, starch-based bio plastics have gained prominence as a leading alternative to 

single-use plastics following regulatory bans and restrictions across many regions, particularly for 

disposable cutlery, trays, and takeaway containers; when formulated with appropriate plasticizers and 

reinforcing agents, starch-based cutlery exhibits improved heat resistance and rigidity compared to pure 

polylactic acid (PLA), making it suitable for hot foods and beverages, while trays and egg cartons 

benefit from starch’s cushioning properties and compost ability. Loose-fill packaging materials, 

commonly known as packing peanuts, represent another successful application, as starch-based foams 

mimic the shock-absorbing performance of expanded polystyrene yet dissolve instantly in water, are 

non-toxic, and pose no risk if accidentally ingested by pets or wildlife, thereby eliminating a major 

environmental hazard associated with conventional foam packaging. In medical and pharmaceutical 

applications, starch’s natural biocompatibility and predictable degradation behaviour make it an 

attractive material for temporary and bioresorbable devices; starch-based drug capsules, often referred to 

as “veggie caps,” dissolve reliably in gastric conditions, providing a plant-based alternative to gelatine 

while meeting strict pharmaceutical standards for safety and consistency. In advanced biomedical 

research, starch-based scaffolds are being explored for bone tissue engineering, where their porous 

structure supports cell adhesion and proliferation, gradually degrading as new bone tissue forms and 

replaces the scaffold, thus avoiding the need for secondary surgical removal. Absorbable surgical sutures 

and temporary medical staples made from starch blends further illustrate the material’s capacity to 

perform critical mechanical functions during healing and then safely resorb within the body. 6 
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Looking toward emerging technical uses in the 2025–2026 timeframe, starch-based composites are 

increasingly being integrated into automotive interiors, including door panels, floor mats, and seat 

cushioning, where starch fibres reinforced with natural fillers or blended with bio-based polymers 

contribute to weight reduction, improved acoustic damping, and enhanced sustainability without 

compromising performance requirements; such applications support automotive industry goals for lower 

life-cycle emissions and improved recyclability.(Pollet, E. 2012) 7 

3.2 USES OF PROTEIN-BASED BIOPLASTICS: 

The uses of protein-based bio plastics represent one of the most transformative intersections of materials 

science, environmental stewardship, and applied biotechnology, offering functional advantages that 

extend far beyond simple replacement of petroleum-derived plastics. In advanced food packaging, 

protein-based bio plastics have emerged as leaders in active and edible packaging systems, 

fundamentally redefining how food preservation, safety, and waste reduction are addressed. Proteins 

such as soy protein isolate, whey protein, gluten, and albumin can be processed into transparent, flexible 

films and coatings that are tasteless, odourless, and fully edible, allowing fruits, vegetables, 

confectionery, and minimally processed foods to be coated directly with a consumable protective layer 

that reduces oxygen diffusion, moisture loss, and lipid oxidation, thereby extending shelf life without 

generating packaging waste. These edible films act as semi-permeable barriers, carefully regulating gas 

exchange to slow respiration in fresh produce, while their inherent film-forming capability ensures 

uniform coverage and mechanical integrity. Beyond passive protection, protein-based materials 

dominate the field of active packaging because of their natural affinity for incorporating bioactive 

compounds; antimicrobial packaging based on whey, albumin, and soy proteins exploits the intrinsic 

antibacterial activity of amino acid residues while serving as effective carriers for essential oils and 

bacteriocins such as oregano oil and nixing, which are embedded within the protein matrix to form bio-

active films capable of inhibiting or killing foodborne pathogens like Escherichia coli, Listeria 

monocytogenes, and Salmonella directly on the food surface. These systems reduce dependence on 

synthetic preservatives and enable targeted microbial control at the packaging–food interface. Equally 

significant is the exceptional oxygen barrier performance of protein-based films, particularly soy protein 

films, whose densely packed hydrogen-bonded networks provide oxygen permeability values hundreds 

of times lower than conventional low-density polyethylene, making them uniquely suitable for oil-rich 

and oxidation-sensitive foods such as nuts, cheese, and ready-to-eat meals, where preventing rancidity is 

critical to both quality and nutritional preservation. 8 

In controlled drug delivery, protein bio plastics are engineered into microcapsules and matrices that 

protect sensitive pharmaceutical compounds from the harsh acidic environment of the stomach while 

enabling precise, programmable release in the intestines through pH-sensitive swelling and enzymatic 

breakdown, thus improving drug bioavailability and patient compliance. In tissue engineering, protein-

based scaffolds derived from collagen, gelatin, silk fibroin, and soy protein provide a three-dimensional 

architecture that closely mimics the extracellular matrix, supporting cell adhesion, proliferation, and 

differentiation while gradually resorbing as new tissue forms; such scaffolds are indispensable for 

regenerating skin, cartilage, and bone tissue, as they combine mechanical support with biochemical cues 

that actively guide tissue growth. Beyond food and healthcare, protein-based bio plastics play an 
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increasingly important role in personal hygiene and agriculture, driven by their hydrophilic nature and 

nutrient-rich composition. Proteins can be chemically modified and cross-linked to form super-absorbent 

polymers capable of retaining more than ten times their weight in water, enabling their use in eco-

friendly diapers, sanitary napkins, and incontinence products that match or exceed the performance of 

petroleum-based absorbents while offering the crucial advantage of full biodegradability in soil and 

composting environments, thereby addressing the severe waste management challenges associated with 

conventional hygiene products. In agriculture, protein-based mulch films, seedling pots, and controlled-

release fertilizer carriers provide a multifunctional solution: they protect crops during early growth 

stages by conserving soil moisture, regulating temperature, and suppressing weeds, and as they 

biodegrade, they release nitrogen-rich amino acids directly into the soil, enhancing soil fertility and 

reducing the need for synthetic fertilizers which are energy-intensive to produce and contribute to 

greenhouse gas emissions. The textile and advanced materials sector further highlights the versatility of 

protein-based bio plastics through the development of bio-fibres and high-performance protein 

polymers. Biosynthetic spider silk, produced via microbial fermentation and recombinant protein 

engineering, represents a landmark achievement in sustainable materials science, yielding fibres that 

rival steel in tensile strength while remaining lightweight, flexible, and biodegradable; these fibres are 

increasingly applied in high-performance sportswear, medical sutures, parachutes, and even ballistic 

protection, demonstrating that renewable protein materials can meet or exceed the demands of extreme 

mechanical performance. Alongside these advanced fibres, hypoallergenic protein textiles derived from 

milk casein, soy protein, and other plant proteins are gaining acceptance in clothing and medical fabrics 

for sensitive skin, offering a soft, silk-like texture, superior moisture absorption, and reduced risk of 

irritation compared to synthetic fibres, while also aligning with circular economy principles through 

biodegradability and renewable sourcing.(Ha, C.-S. 2013) 9 

3.3 USES OF POLY HYDROXY HEXANOATE (PHA ): 

Polyhydroxylhexanoate (PHH), a member of the polyhydroxyalkanoate (PHA) family, represents a 

transformative biopolymer in the transition toward a sustainable and circular bioeconomy due to its 

unique combination of mechanical flexibility, biocompatibility, and true environmental biodegradability. 

In advanced regenerative medicine, PHH is widely regarded as a benchmark material for medical bio 

plastics because its elasticity and tensile behavior closely resemble those of soft human tissues, 

outperforming rigid polymers such as polylactic acid. In tissue engineering, PHH and its copolymer 

PHBHHx are extensively used to fabricate three-dimensional scaffolds for bone, cartilage, skin, and 

neural regeneration, where their porous architecture and surface chemistry actively promote cell 

adhesion, proliferation, and differentiation; experimental studies demonstrate that PHBHHx scaffolds 

significantly enhance stem cell differentiation into osteopenia and neurogenic lineages, making them 

particularly valuable for complex regenerative therapies. In cardiovascular applications, PHH-based 

vascular grafts and heart valves offer a major advantage over conventional plastics by exhibiting 

dynamic flexibility, allowing them to expand and contract synchronously with pulsatile blood flow; 

surface coatings of PHBHHx on heart valves have been shown to reduce calcification, improve fatigue 

resistance, and enhance long-term mechanical integrity, thereby extending implant lifespan and patient 

safety. Additionally, PHH plays a crucial role in nerve repair, where it is processed into soft, flexible 

nerve conduits that guide axonal regrowth across damaged neural gaps; its low stiffness minimizes 

mechanical irritation and inflammation, enabling effective regeneration in both peripheral nerves and 
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sensitive neural tissues. Beyond medicine, PHH has emerged as a critical material for marine-safe and 

eco-friendly packaging, distinguished by its ability to biodegrade naturally in seawater, freshwater, and 

soil environments without generating persistent micro plastics, a limitation common to many other bio 

plastics. This property enables the production of marine-degradable straws, cutlery, and disposable items 

that retain functional integrity during use yet safely decompose if released into aquatic ecosystems. PHH 

is also employed in flexible packaging films for food applications, where its high elongation at break, 

hydrophobic nature, and resistance to moisture make it suitable for wrapping high-water-content foods, 

providing durability without reliance on petroleum-based plasticizers. In consumer goods, PHH blends 

are increasingly used in electronics casings and cosmetic packaging to achieve a premium “soft-touch” 

feel, aligning aesthetic performance with environmental responsibility. In smart agriculture, PHH 

contributes to sustainable farming through controlled-release fertilizer and seed coatings that erode at 

precisely engineered rates, ensuring gradual nutrient delivery, improved uptake efficiency, and reduced 

runoff-related pollution. Furthermore, PHH-based mulch films offer superior puncture resistance and 

mechanical strength compared to starch-based alternatives, allowing them to withstand wind stress and 

agricultural machinery while remaining fully biodegradable in soil, eliminating the need for post-harvest 

plastic removal. Collectively, these diverse applications demonstrate that PHH is not merely a 

biodegradable alternative but a high-performance biopolymer capable of addressing critical challenges 

in healthcare, packaging, marine pollution, and agriculture, reinforcing its pivotal role in advancing 

sustainable materials science and environmentally responsible industrial practices. (Chen, G.-Q. 2010) 10 

3.4 ENVIRONMENTAL IMPACT OF CONVENTIONAL PLASTICS: 

The environmental impact of conventional fossil-based plastics represents one of the most pressing 

sustainability challenges of the modern era and has significantly accelerated the search for greener 

material alternatives such as bio plastics. Conventional plastics are favoured globally for their durability, 

lightweight nature, low production cost, and adaptability across sectors ranging from packaging and 

construction to healthcare and electronics; however, these same characteristics are responsible for severe 

and long-lasting environmental consequences throughout their life cycle. The environmental burden 

begins at the production stage, as most plastics are derived from non-renewable fossil resources 

including crude oil and natural gas, whose extraction, transportation, refining, and polymerization are 

highly energy-intensive processes. These stages release substantial amounts of greenhouse gases, 

particularly carbon dioxide, thereby contributing directly to climate change and global warming, while 

also exacerbating concerns related to fossil fuel depletion and long-term energy security. As plastic 

demand continues to rise worldwide, the cumulative carbon footprint associated with their manufacture 

further undermines global climate mitigation efforts. Beyond production, the most critical issue 

associated with conventional plastics is their extreme resistance to degradation. Unlike natural materials, 

plastics can persist in the environment for hundreds of years, leading to their accumulation in landfills, 

agricultural soils, freshwater bodies, and oceans. Poor waste management practices, limited recycling 

infrastructure, and increasing consumption intensify this accumulation, particularly in developing 

regions where plastic waste is often openly dumped or incinerated. Plastics disposed of in landfills 

occupy vast land areas and can release hazardous additives such as plasticizers, flame retardants, and 

stabilizers, which gradually leach into soil and groundwater, posing long-term ecological and human 

health risks. 11 
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Marine plastic pollution is among the most visible and devastating consequences of plastic 

mismanagement, as millions of tonnes of plastic waste enter the oceans annually through rivers, coastal 

runoff, and maritime activities. Marine organisms frequently ingest plastic debris, mistaking it for food, 

resulting in internal injuries, starvation, reproductive failure, and mortality, while entanglement in plastic 

waste further threatens aquatic life and disrupts marine ecosystems, fisheries, and coastal economies. 

Over time, environmental weathering causes larger plastic items to fragment into micro plastics, which 

are now ubiquitously detected in water, soil, air, and food systems. These microscopic particles can be 

ingested by organisms across multiple trophic levels, facilitating their entry into food chains and acting 

as vectors for toxic chemicals and pathogens, thereby amplifying ecological and potential human health 

risks. In addition, plastic pollution has serious socio-economic implications, as open burning of plastic 

waste releases toxic compounds such as dioxins and furans that are linked to respiratory diseases, 

endocrine disruption, and other health disorders, while contaminated agricultural lands, fisheries, and 

tourist destinations suffer economic losses. Although recycling is frequently promoted as a mitigation 

strategy, global recycling rates remain low due to mixed polymer compositions, contamination, 

technological limitations, and high processing costs, resulting in a predominantly linear “take-make-

dispose” system that is environmentally unsustainable. Collectively, these impacts underscore the urgent 

need for sustainable material alternatives and circular economy approaches to reduce reliance on 

conventional plastics and mitigate their profound environmental footprint. (Geyer et al., 2017) 12 

4.1 Impact on Conventional plastics on Wildlife: 

Conventional plastic pollution has emerged as a serious threat to wildlife across terrestrial, freshwater, 

and marine ecosystems. Large plastic debris such as bags, bottles, and fishing gear are frequently 

ingested by animals that mistake them for food. In marine environments, species including sea turtles, 

seabirds, and fish often consume plastic fragments, which can block digestive tracts, reduce nutrient 

absorption, and ultimately lead to starvation or death (Least, 1997). Plastic entanglement is another 

major concern, particularly caused by discarded fishing nets and packaging materials. Animals trapped 

in plastic waste may suffer from restricted movement, deep wounds, suffocation, or drowning, severely 

affecting survival and reproductive success.13 

4.2 Addressing the Problem: 

Addressing the environmental problems caused by conventional plastics requires a combined approach 

that includes reduction, improved waste management, and the development of sustainable alternatives. 

Limiting the use of single-use plastics through policy measures, eco-design, and increased consumer 

awareness is one of the most effective ways to reduce plastic waste at its source (UNEP, 2018). While 

recycling plays an important role, it alone cannot solve the plastic pollution problem due to low 

recycling rates, material contamination, and economic constraints (Geyer et al., 2017). As a result, 

increasing attention has been given to bioplastics as a potential sustainable alternative. Bioplasticscan 

reduce reliance on fossil resources and, in some cases, lower greenhouse gas emissions when assessed 

across their life cycle (European Bioplastics, 2021). However, their environmental benefits depend 

strongly on responsible feedstock sourcing, efficient production processes, and appropriate end-of-life 

management, such as industrial composting. Clear regulations, standardized labeling, and the 

development of suitable waste treatment infrastructure are essential to ensure proper disposal and 
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prevent environmental misuse. Furthermore, continuous research supported by life cycle assessment 

studies is necessary to accurately evaluate the sustainability of bioplastics and avoid shifting 

environmental impacts to other stages of the life cycle.14 

4.3 Impact of Plastics on Human Health: 

The widespread use of conventional plastics has raised growing concerns regarding their impact on 

human health, primarily due to chemical exposure and environmental contamination. Many plastic 

products contain additives such as bisphenol A (BPA), phthalates, and flame retardants, which can leach 

into food, drinking water, and the environment during use or disposal. These chemicals are known 

endocrine disruptors and have been linked to reproductive disorders, developmental abnormalities, and 

metabolic diseases (Rochman et al., 2013). In addition, the breakdown of plastic waste leads to the 

formation of microplastics, which are now commonly detected in seafood, bottled water, and air, making 

human exposure increasingly unavoidable (Smith et al., 2018). Once ingested or inhaled, microplastics 

may trigger inflammatory responses, oxidative stress, and cellular damage, while also acting as carriers 

for toxic substances and pathogens, Another serious concern is the open burning or improper 

incineration of plastic waste, which releases hazardous pollutants such as dioxins and furans that are 

associated with respiratory diseases, immune system suppression, and an increased risk of cancer 

(WHO, 2018). Although long-term health impacts are still being investigated, existing evidence suggests 

that continuous exposure to plastic-derived pollutants poses a significant public health risk.15 

4.4 Addressing the Issue: 

Addressing the widespread problems caused by conventional plastics requires a coordinated approach 

that combines policy measures, technological innovation, and changes in consumer behaviour. Reducing 

plastic pollution at its source is essential, particularly through limiting single-use plastics, promoting 

reusable products, and encouraging eco-friendly material design (UNEP, 2018). Although recycling 

remains an important strategy, its effectiveness is limited by low collection rates, contamination, and 

economic challenges, making it insufficient as a standalone solution (Geyer et al., 2017). Therefore, 

increasing attention has been directed toward sustainable alternatives such as bioplastics, which have the 

potential to reduce dependence on fossil resources and lower greenhouse gas emissions when evaluated 

across their life cycle (European Bioplastics, 2021). However, the benefits of bioplastics can only be 

realized if they are supported by clear regulations, standardized labelling, and appropriate waste 

management and composting infrastructure. In addition, life cycle assessment studies are crucial to 

ensure that environmental impacts are not shifted to other stages, such as agricultural feedstock 

production or disposal.16 

4.5 Impacts of Plastics on Animals: 

Conventional plastic pollution has become a major threat to animals across marine, freshwater, and 

terrestrial environments. Many animals ingest plastic debris after mistaking it for food, which can block 

digestive systems, reduce nutrient intake, and ultimately lead to injury or death. Marine animals such as 

sea turtles, seabirds, and fish are particularly vulnerable, as floating plastic items resemble prey and are 

widely distributed in oceans (least, 1997). In addition to ingestion, plastic entanglement poses serious 

risks to animals. Discarded fishing nets, plastic packaging, and ropes can trap animals, restrict 

movement, cause deep wounds, and impair feeding or reproduction. Smaller plastic fragments, known as 
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microplastics, have further intensified the problem. These particles are easily consumed by organisms at 

different trophic levels and can accumulate in animal tissues.(UNEP, 2018) 17 

 

5. PRODUCTION OF BIOPLASTICS AT GLOBAL LEVEL: 

Bio plastics production at the global level has emerged as a key component of the transition toward a 

more sustainable materials economy, driven by escalating environmental concerns, stringent regulations 

on single-use plastics, and advances in bio-based technologies. Over the past decade, global bio plastics 

production capacity has increased steadily, reflecting growing acceptance across multiple industrial 

sectors despite remaining a small fraction of overall plastics output. In 2019, global bio plastics 

production capacity was estimated at around 2.1 million tonnes, rising to approximately 2.3 million 

tonnes by 2023 and projected to reach about 2.31 million tonnes by 2025, according to European Bio 

plastics, with forecasts indicating a substantial increase to nearly 4.7 million tonnes by 2030.18 

North America, particularly the United States, plays a critical role through research, development, and 

commercialization, focusing on scalable bio-polymer technologies and performance-oriented 

applications. Major industrial players such as NatureWorks in the United States, which specializes in 

polylactic acid production, Nova Mont in Italy, known for starch-based and compostable materials, and 

Biome Bio plastics in the United Kingdom, which develops a wide range of bio-based polymer 

solutions, have significantly contributed to global capacity expansion and technological maturity. 

Despite these advances, bio plastics currently account for less than one % of total global plastic 

production, underscoring persistent challenges in scaling up. High production costs relative to 

petroleum-based plastics remain a major barrier, influenced by feedstock prices, energy inputs, and 

limited economies of scale. Competition for raw materials between food, feed, and industrial uses raises 

concerns about feedstock availability and sustainability, particularly in regions reliant on first-generation 

biomass.(Bioplastics Market Development Update 2025) 19 

 

6. FUTURE TRENDS AND PROJECTIONS IN BIOPLASTICS: 

Over the coming decade, the bio plastics sector is expected to experience robust growth, with global 

production volumes projected to rise from approximately 4 million tonnes in the mid-2020s to nearly 15-

18 million tonnes by 2036, reflecting both expanding demand and improving material performance. 

Although this would represent only about 3-4% of the total polymer market, the significance lies in the 

qualitative shift toward renewable, low-carbon, and biodegradable alternatives that directly address the 

environmental limitations of fossil-based plastics. Economically, the market is forecast to expand from 

roughly USD 16-18 billion to as high as USD 80-98 billion by the mid-2030s, fuelled by strong uptake 

in packaging, automotive components, agricultural films, textiles, and consumer electronics, alongside 

global policy frameworks targeting single-use plastic reduction, carbon neutrality, and sustainable 

manufacturing. Technological innovation remains central to these projections, with continuous 

advancements in polylactic acid (PLA), polyhydroxyalkanoates (PHA), and other bio-based polymers 

enhancing thermal stability, mechanical strength, and barrier properties, thereby narrowing the 

performance gap with conventional plastics while simultaneously reducing production costs. A key 

future trend is the increasing reliance on second-generation feedstock’s, such as agricultural residues, 

food-processing waste, lignocelluloses’ biomass, and algae, which mitigate ethical concerns related to 
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food security and land-use competition while improving life-cycle sustainability metrics. Parallel 

developments in industrial composting, chemical recycling, and bio-based polymer recovery systems are 

expected to improve end-of-life management, ensuring that bio plasticsdeliver tangible environmental 

benefits rather than shifting waste burdens. The emergence of marine-biodegradable plastics represents 

another critical frontier, directly addressing the growing crisis of ocean plastic pollution by enabling 

materials that safely degrade under marine conditions without releasing toxic residues. Regionally, Asia-

Pacific is projected to maintain production leadership due to abundant biomass resources, cost-efficient 

manufacturing, and expanding industrial infrastructure, while Southeast Asia in particular is likely to see 

significant capacity expansion linked to agricultural feedstock availability. At the same time, Europe and 

North America are expected to increase their market shares through regulatory incentives, extended 

producer responsibility schemes, and strong corporate sustainability commitments. Despite this positive 

outlook, challenges related to large-scale feedstock supply, standardization of biodegradability claims, 

infrastructure gaps, and economic competitiveness persist, underscoring the need for coordinated 

research, policy support, and international collaboration. (Fact.MR 2025-2035 market analysis) 20 

 
Figure: 1.2:  the current and projected global production capacities of different two categories   of bio 

plastics (Bio based/ Non-biodegradable and Biodegradable) in 2023 and 2028. Comparison of bio 

plastics production capacities of different market segments in 2023 to 2028. The statistics are sourced 

from European Bio plastics and the nova-Institute Research Institutes. 

 

7. India’s bioplastics sector is poised for robust growth in the coming National  Level: 

The methodology adopted for assessing bio plastics production and its environmental, economic, and 

technological impacts at the national level in India is designed as a comprehensive, multi-layered 

framework integrating material flow analysis, techno-economic assessment, life cycle assessment, and 

policy-driven market evaluation to reflect the country’s emerging bio plastics ecosystem accurately. The 

study begins with a systematic mapping of the Indian bio plastics value chain, covering feedstock 

sourcing, polymer synthesis, product manufacturing, distribution, use, and end-of-life pathways, with 
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particular emphasis on the bio-based polymers such as polylactic acid (PLA), polyhydroxyalkanoates 

(PHA), starch-based blends, and emerging alternatives including algae-derived polymers. Primary data 

are obtained from industrial reports, pilot-scale production facilities, and national manufacturing 

statistics to estimate current domestic production capacity (tonnes per annum), technology readiness 

levels, and dependence on imports for key resins such as PLA and PBAT, while secondary data are 

drawn from peer-reviewed literature, government policy documents, and market intelligence reports to 

contextualize national growth trends and sectoraldemand. Feedstock assessment forms a critical 

methodological component, wherein agricultural residues (sugarcane bagasse, corn stover, rice husk), 

food-grade crops (maize, cassava), and non-food biomass are evaluated based on availability, seasonal 

variability, logistics, and competing uses, ensuring that food security and land-use change implications 

are incorporated into the analysis; spatial data from Indian agricultural production zones are used to 

model regional bio plastic production potential and to identify optimal locations for future bio refineries. 

The production process analysis employs a bottom-up approach, examining key conversion pathways 

such as fermentation (for lactic acid and PHA), polymerization, compounding, and product forming, 

with energy and material inputs quantified at each stage to assess process efficiency and scalability 

under Indian industrial conditions, including constraints related to power reliability, water use, and 

infrastructure. 21 

The policy and institutional analysis component systematically reviews national regulations, incentives, 

and strategic roadmaps, including Plastic Waste Management Rules, proposed National Bio plastics 

Policy frameworks, and state-level initiatives, to evaluate their effectiveness in stimulating domestic 

manufacturing, innovation, and investment, while stakeholder mapping is employed to capture the roles 

of start-ups, multinational corporations, research institutions, and government agencies within the 

innovation ecosystem. To address future pathways, the methodology incorporates foresight analysis and 

technology road-mapping, assessing second and third-generation feedstock’s, advanced biopolymer 

blends, and integrated bio refinery models that co-produce fuels, chemicals, and materials, thereby 

aligning bio plastics development with circular economy principles. Data triangulation and validation 

are ensured through cross-comparison of multiple data sources and expert consultation, while limitations 

related to data gaps, regional heterogeneity, and rapidly evolving technologies are explicitly 

acknowledged. Overall, this integrated methodological framework enables a robust, evidence-based 

assessment of India’s bio plastics sector at the national level, capturing current capabilities, identifying 

structural bottlenecks, and evaluating environmental and economic trade-offs, while providing a scalable 

analytical foundation for guiding policy formulation, industrial investment, and sustainable material 

transition strategies in alignment with India’s long-term environmental and circular economy objectives. 

(ISO 14040:2006 and ISO 14044:2006) 22 
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Figure 1.3: Overview of the indian bioplastics market , highlighting market size growth (2023- 

2030), product – wise market share , and usage  pattern of compostable bags 

 

Table1.2  : Difference between petroleum –based plastics and bioplastics: 

Aspects Petroleum –based Plastics Bioplastics 

Raw materials Derived from fossil fuels(crude 

oil,natural gas). 

Made from renewable sources like 

corn,sugarcane or cassava. 

Profduction process Energy intensive polymerization of 

petrochemicals. 

Fermentataion or polymerization of plant –

based sugars or bacterial synthesis. 

Environmental 

impacts 

Non-renewable ;contributes to 

greenhouse gases and pollution. 

Lower carbon footprint;renewable but 

depends on agricultural pracrices. 

Degradability Non-biodegradable ; persists for 

hundred of years . 

Biodegradable or  compostable 

(deepending on type). 

Cost Cheaper due to established 

infrastructure and scale . 

Gennerally more expensive ;cost are 

decreasing with advancements. 

Recycling  and 

disposal 

Durable to recycle ; often ends up 

in landfills or incinerated . 

Used in eco-friendly packaging ,agriculture, 

and medical sectors. 

Economic impact Supports existing global 

infrastructure ;faces regulatory 

pressure. 

Compostable bioplastics decompose under 

specific conditions;some are recyclable. 

Dependence on 

resources 

High dependency on finite fossil 

fuels. 

Promotes sustainable agricultural resources 

; may complete with food crops . 

Application Widespread in packaging Used in eco-friendly packaging , agriculture 
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,construction , automotive , etc. ,and medical sectors. 

 

 
Figure 1.4: Overview of  bioplastics  from renewable plant- based  feed-stocks and their 

biodegradation  pathway 

 

7. CONCLUSION: 

In conclusion, Bio plastics represent a promising alternative to conventional petroleum-based plastics, 

offering significant environmental benefits through their renewable sources and potential for 

biodegradability. Advances in bioplastic production have improved their performance, affordability, and 

accessibility, allowing for broader applications across various industries. However, challenges such as 

resource competition with food production, the economic feasibility of scaling up, and the need for more 

robust end-of-life recycling systems must be addressed for bioplastics to reach their full potential. Future 

research and technological innovations, combined with supportive policies, are essential to overcome 

these hurdles. Continued investment in sustainable feedstock’s and efficient processing methods will 

pave the way for bioplastics to play a pivotal role in reducing the global plastic footprint and fostering a 
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circular economy.The growing body of research demonstrates that biopolymers such as polylactics Acid 

(PLA) and polyhydroxyalkanoates (PHAs) can achieve mechanical strength, Thermal stability, and 

functional versatility comparable to petroleum-derived plastics, enabling their adoption across high-

impact sectors including packaging, automotive components, electronics, and consumer goods. 

Importantly, the valorisation of bio-waste not only minimizes environmental pollution but also adds 

economic value to agricultural and food-processing industries, supporting sustainable rural development 

and resource efficiency. Despite these advantages, the widespread implementation of bio plastics is not 

without challenges. Issues related to feedstock availability, potential competition with food crops, high 

production costs, and inconsistent biodegradability under real-world conditions continue to limit large-

scale adoption. Furthermore, inadequate waste management infrastructure and the lack of standardized 

composting and recycling systems hinder effective end-of-life management, risking the dilution of 

environmental benefits if bio plastics are mismanaged. Addressing these concerns requires an integrated 

approach that combines advances in green chemistry, biotechnology, and process optimization with 

robust life cycle assessment to ensure genuine environmental gains. Policy interventions, such as 

incentives for bio-based materials, stricter regulations on single-use plastics, and investments in waste 

treatment infrastructure, will play a decisive role in accelerating market penetration. Equally important is 

public awareness and industry collaboration to promote responsible production, consumption, and 

disposal practices.. 

 

Acknowledgements: 

We would like to offer our heartfelt gratitude to the Management of Kanpur Institute of Technology 

(KIT), Kanpur, for providing the necessary academic environment and institutional support for this 

review work. We are especially thankful to the Director, Prof. Brajesh Varshney, for his encouragement 

and guidance throughout the course of this study. We extend our sincere appreciation to Dr. Ashish 

Ranjan Singh, Head of the Department of Biotechnology, for his valuable support, insightful 

suggestions, and continuous assistance during the preparation of this review. This work was carried out 

by Miss Manashvi Pal, B.Tech Biotechnology Scholar, Department of Biotechnology, Kanpur Institute 

of Technology, Uttar Pradesh, India. 

 

8. References: 

1. Stevens, E. S., Green Plastics: An Introduction to the New Science of Biodegradable Plastics, 

Princeton University Press, 2002. 

2. Avérous, L., Pollet, E., Environmental Silicate Nano-Biocomposites, Springer, 2012 

3. Sudesh, K., Polyhydroxyalkanoates from Palm Oil: Biodegradable Plastics, Springer, 2013. 

4. Kalia, S., Avérous, L., Biopolymers: Biomedical and Environmental Applications, Wiley-Scrivener, 

2011. 

5. Gross, R. A., Kalra, B., Biodegradable Polymers for the Environment, Springer, 2002. 

6. Siracusa, V., Food Packaging: Procedures, Management and Trends, Wiley, 2016. 

7. Chen, G.-Q., Plastics from Bacteria: Natural Functions and Applications, Springer, 2010. 

8. Narayan, R., Biobased and Biodegradable Polymer Materials, ACS Publications, 2015. 

9. 1Environmental Fate of Bioplastics: Microplastics& Ecosystem Impact. 

10. Bastioli, C., Handbook of Biodegradable Polymers, Rapra Technology, 2005 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260169120 Volume 8, Issue 1, January-February 2026 19 

 

11. Shen, L., Haufe, J., & Patel, M. K. (2009). Product Overview and Market Projection of Emerging 

Bio-based Plastics Utrecht University 

12. 1Vink, E. T. H., & Davies, S. (2015). Life Cycle Inventory and Impact Assessment Data for 

Polylactic Acid Production, Industrial Biotechnology 

13. Andrady, A. L. (2011). Plastics and Environmental Sustainability 

14. Narayan, R. (2014). Biobased and Biodegradable Polymer Materials 

15. Biodegradation Rates of Bioplasticsunder Different Conditions, 

16. Shah, A. A., Hasan, F., Hameed, A., & Ahmed, S. (2008). Biological degradation of plastics: A 

comprehensive review. Biotechnology Advances, 26(3), 246–265 

17. 1Social Life Cycle Assessment (S-LCA) for Bioplastic Products. 

18. Standardization & ISO Guidelines for LCA in Bioplastics. 

19. PlasticsEurope (2018). Eco-profiles of the European Plastics Industry,PlasticsEurope Association 

20. 1Nandiyanto, A.B.D., Fiandini, M., Ragadhita, R., Sukmafitri, A., Salam, H. and Triawan, F., 2020. 

MECHANICAL AND BIODEGRADATION PROPERTIES OF CORNSTARCH-BASED 

BIOPLASTIC MATERIAL, Materials Physics & Mechanics 

21. Atiwesh, G., Mikhael, A., Parrish, C.C., Banoub, J. and Le, T.A.T., 2021. Environmental impact of 

bioplastic use: A review. Heliyon, 7(9) 

22. 1Thakur, S., Chaudhary, J., Sharma, B., Verma, A., Television, S. and Thakur, V.K., 2018. 

Sustainability of bioplastics: Opportunities and challenges. Current opinion in Green and Sustainable 

chemistry, 13, 

23. Gironi, F. and Piemonte, V., 2011. Bioplastics and petroleum-based plastics: strengths and 

weaknesses. Energy sources, part a: recovery, utilization, and environmental effects, 33(21), 

pp.1949-1959. 

24. 1Policy Tools for Bioplastic Adoption & Regulation. 

25. Integrated Environmental, Economic & Social LCA. 

26. Bioplastic made from seaweed polysaccharides with green production methods. Journal of 

Environmental Chemical Engineering, 

27. Comparative Study of PLA, PHB, PBS in Environmental LCA. 

28. Production of bioplastic through food waste valorization. Environment international, 127, pp.625-

644 

29. Liu, F., Li, J. and Zhang, X.L., 2019, October. Bioplastic production from wastewater sludge and 

application 

30. In IOP conference series: earth and environmental science (Vol. 344, No. 1, p. 

012071). IOP Publishing 

31. 1Bioplastic Waste Management: Composting vs Anaerobic Digestion. 

32. Life Cycle Costing (LCC) of Bioplastic Systems. 

33. Geyer, R., Jambeck, J. R., & Law, K. L. (2017). Production, use, and fate of all plastics ever made. 

Science Advances, 3(7), e1700782. 

34. Jambeck, J. R., et al. (2015). Plastic waste inputs from land into the ocean. Science, 347(6223), 768–

771. 

35. Plastics Europe. (2020). Plastics -the Facts 2020: An analysis of European plastics production, 

demand and waste data. 

36. Thompson, R. C., et al. (2004). Lost at sea: Where is all the plastic? Science, 304(5672), 838 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260169120 Volume 8, Issue 1, January-February 2026 20 

 

37. 1Energy Use & Emissions in Bioplastic Manufacturing. 

38. Bioplastic Recycling Infrastructure Challenges. 

39. World Health Organization (WHO). (2018). Dioxins and their effects on human health 

40. Soil & Marine Biodegradation Studies of Bioplastics. 

41. Wright, S. L., Thompson, R. C., & Galloway, T. S. (2013). The physical impacts of microplastics on 

marine organisms 

42. European Bioplastics. (2021). Bioplastics: Facts and figures. 

43. Bioplastic Risk Assessment: Health & Ecosystem Perspectives. 

44. Novel Catalytic Routes to Bioplastic Monomers. 

45. Laist, D. W. (1997). Impacts of marine debris: Entanglement of marine life in marine debris 

including a comprehensive list of species affected. Marine 

46. Microplastics in seafood and the implications for human health 

47. World Health Organization (WHO). (2018). Dioxins and their effects on human health 

48. Thompson, R. C. (2013). Policy: Classify plastic waste as hazardous. Science, 

49. Smith, M., Love, D. C., Rochman, C. M., & Neff, R. A. (2018). Microplastics in seafood and the 

implications for human health 

50. 1World Health Organization (WHO). (2018). Dioxins and their effects on human health 

51. World Health Organization (WHO). (2019). Microplastics in drinking-water 

52. 1Stevens, E. S. (2002). Green Plastics: An Introduction to the New Science of Biodegradable 

Plastics. 

53. Mishra, A. K. &Hussain, C. M. (Eds.) (2024). Bioplastics for Sustainability: Manufacture, 

Technologies, and Environment. 

54. Springer (Ed.) (2021). Bioplastics for Sustainable Development 

55. Bioplastic  Nanocomposites  & Property Enhancement 

56. 1Bioplastic Feedstock Competition with Food Systems 

57. Ali, S. S., Abdelkarim, E. A., Elsamahy, T., et al. (2023). Bioplastic production in terms of life cycle 

assessment: A state-of-the-art review. 

58. Hobbs, S. R., Harris, T. M., Barr, W. J., & Landis, A. E. (2021). Life Cycle Assessment of 

Bioplastics and Food Waste Disposal Methods 

59. Walker, S., & Rothman, R. (2020). Life Cycle Assessment of Bio-based vs Fossil-based Plastics: 

Comparative review. 

60. Basit, M. (2025). Separating facts and fictions for biodegradability of  bioplastics 

61. 1Moshood, T. D., et al. (2022). A Literature Review on Sustainability of Bio-Based and 

Biodegradable Plastics 

62. Garrido, R., Cabeza, L. F., &Falguera, V. (2021). Bioplastic research and national policies 

63. Alvarez-Chavez, C. R., Edwards, S., Moure-Eraso, R., &Geiser, K. (2012). Sustainability of bio-

based plastics 

64. Atiwesh, G., Mikhael, A., Parrish, C. C., et al. (2021). Environmental impact of bioplastic use 

Heliyon review. 

65. Andrade, D. M. F. C., Souza, P. M. S., Cavalett, O., & Morales, A. R. (2016). LCA of PLA: reuse, 

recycling, composting path 

 

 

http://www.ijfmr.com/

