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Abstract - Biodegradable plastics present a compelling 

option compared to traditional petroleum-based plastics, 

providing a means to mitigate environmental pollution and 

promote sustainable material utilization. Despite the global 

interest and innovation surrounding bioplastics like 

polylactic acid (PLA), polyhydroxyalkanoates (PHAs), and 

starch-based polymers, their uptake in developing nations 

is alarmingly minimal. This investigation analyzes the 

various socioeconomic and environmental obstacles that 

hinder the adoption of biodegradable plastics in low- and 

middle-income countries (LMICs). By conducting a 

thorough examination of scholarly articles, policy 

documents, and case studies from areas including South 

Asia, Sub-Saharan Africa, and Southeast Asia, this paper 

highlights significant challenges: elevated production and 

import expenses, insufficient local manufacturing 

capabilities, a deficit in public awareness and education, 

and inadequately developed waste management systems 

that struggle to process biodegradable materials 

efficiently. Moreover, the lack of explicit policy guidelines, 

economic incentives, and uniform labeling standards 

undermines market confidence and complicates regulatory 

enforcement. The results highlight the critical necessity for 

governmental action, funding in innovative studies and 

local manufacturing technologies, as well as the 

encouragement of decentralized waste management 

approaches. By overcoming these obstacles, developing 

nations can more efficiently shift to sustainable plastic 

alternatives and minimize their environmental impact 

while promoting local economic opportunities in the green 

materials sector. 

Keywords: Plastic Waste, Awareness, Waste management, 

Policy, Environment. 

INTRODUCTION 

Plastic pollution represents a significant environmental 

challenge that demands urgent attention in the 21st century[1]. 

Following the onset of mass plastic production in the mid-20th 

century, there has been a remarkable increase in global plastic 

generation, exceeding 400 million tons each year, with 

approximately 11 million tons making its way into the oceans 

annually[2]. While we appreciate plastics for their durability, 

versatility, and affordability, these same traits also contribute 

to their enduring presence in the environment. Traditional 

plastics, primarily sourced from fossil fuels, can persist in the 

environment for hundreds of years, resulting in the buildup of 

plastic waste in both land and water ecosystems[3]. This 

accumulation presents serious threats to biodiversity, human 

health, and the functioning of ecosystems[4]. 

In light of the escalating crisis, biodegradable plastics 

have surfaced as a viable alternative[5]. The materials are 

engineered to decompose into natural elements like water, 

carbon dioxide, methane, and biomasswhen exposed to 

particular environmental conditions. Typical varieties 

encompass Polylactic Acid (PLA), Polyhydroxyalkanoates 

(PHAs), Polybutylene Succinate (PBS), Polybutylene Adipate 

Terephthalate (PBAT), and composites derived from starch[6]. 

A significant portion of these materials originates from 

renewable resources, including cornstarch, sugarcane, and 

microbial fermentation processes. In contrast to conventional 

plastics, biodegradable plastics present an opportunity for 

diminished greenhouse gas emissions, reduced carbon 

footprints, and minimized long-term pollution when disposed 

of appropriately[7]. 

The transition to biodegradable plastics, while beneficial, 

is not occurring uniformly across the globe. Countries with 

high income levels, including Germany, Japan, and the United 

States, have achieved significant advancements in the 

production and policy integration of bioplastics[8]. 

Conversely, nations in the developing world, frequently facing 

the harshest impacts of plastic pollution stemming from swift 

urban growth, inadequate waste management, and increasing 

consumer habits, remain behind in the implementation of these 

sustainable options[9]. 

This disparity underscores a significant contradiction: 

although developing nations are in dire need of alternatives to 

traditional plastics, they encounter numerous obstacles that 
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impede the broad implementation of biodegradable 

plastics[10]. The obstacles present are not solely of a 

technological nature; they are intricately woven into the fabric 

of socioeconomic conditions, environmental limitations, and 

institutional structures[11]. 

From an economic perspective, biodegradable plastics 

typically cost 2–5 times more than traditional plastics, which 

limits their accessibility for low-income consumers and small-

scale manufacturers[12]. The majority of biodegradable 

polymers are sourced from abroad or manufactured with 

overseas technology, which introduces additional logistical 

and financial challenges[13]. Many developing nations face 

challenges in establishing the industrial capacity necessary for 

large-scale production of biodegradable plastics. In the 

absence of government subsidies or investment in local 

manufacturing, the cost of these materials remains 

prohibitive[14]. 

Social factors hold significant importance as well. In 

numerous low- and middle-income countries, public 

awareness regarding biodegradable plastics and their 

appropriate disposal methods remains limited[15]. 

Misconceptionslike the belief that all "biodegradable" 

materials can break down in natural environments without 

specific conditions result in incorrect usage and disposal, 

ultimately diminishing the true advantages of these 

materials[16]. Moreover, in numerous areas, purchasing 

decisions are influenced more by pressing economic needs 

than by lasting environmental issues, which poses challenges 

for the market acceptance of biodegradable plastics unless 

accompanied by extensive educational efforts[17]. 

A significant obstacle exists in the realm of infrastructure 

and waste management systems. To ensure effective 

decomposition of biodegradable plastics, particularly PLA, it 

is essential to utilize industrial composting facilities that 

maintain elevated temperatures and regulated microbial 

activity[18]. A significant number of developing nations are 

deficient in this type of infrastructure. In urban areas 

characterized by irregular waste collection and poor landfill 

management, biodegradable plastics frequently find their way 

into anaerobic landfills, waterways, or open dumpsites. In 

these environments, they can remain for extended periods, 

comparable to traditional plastics, or even release methane as 

they decompose[19]. 

The challenges posed by institutions and policies 

significantly intensify the issue. Numerous developing nations 

face challenges due to the absence of well-defined regulatory 

frameworks aimed at establishing, standardizing, and 

advancing biodegradable plastics. Sometimes, companies 

falsely promote products as "eco-friendly" or "biodegradable" 

without the required certification, resulting in green washing 

and a reduction in public confidence[20]. Furthermore, 

initiatives that aim to ban plastics and implement regulations 

often focus on traditional single-use plastics without providing 

practical, cost-effective alternatives or the necessary 

infrastructure to handle new materials. Consequently, the 

enforcement mechanisms are insufficient, leading to a failure 

in attaining the intended environmental results[21]. 

Furthermore, the environmental trade-offs linked to 

biodegradable plastics must be carefully considered. Certain 

bioplastics are derived from food crops like corn, sugarcane, 

or cassava, which prompts concerns regarding food security, 

land utilization, and water usage in areas that are already 

experiencing agricultural and resource limitations[22]. 

Without meticulous planning, the drive for biodegradable 

alternatives might unintentionally lead to land degradation, 

monoculture farming, or disputes over food supply[23]. 

Considering the interconnected economic, social, 

environmental, and institutional challenges, it is clear that the 

implementation of biodegradable plastics in developing 

nations presents a multifaceted and systemic dilemma[24]. A 

comprehensive transformation is necessary, going beyond the 

mere substitution of materials. It involves policy reform, 

active public engagement, infrastructure development, and a 

commitment to investing in local innovation[25]. 

This study seeks to explore the complex challenges 

associated with the adoption of biodegradable plastics in 

developing countries through the analysis of case studies, a 

review of existing literature, and an evaluation of policy 

deficiencies. This will also investigate actionable strategies to 

expedite sustainable plastic transitions via localized solutions, 

collaborations between public and private sectors, and 

capacity-building initiatives designed to align with the 

socioeconomic contexts of the Global South. 

Background 

 In 2023, the situation regarding plastic pollution 

escalated to critical proportions, with approximately 122 

million tons of plastic waste inadequately handled across 

the globe, leading to substantial harm to ecosystems in 

oceans, landfills, and urban environments. The extensive 

mismanagement intensifies pollution, endangers marine 

and terrestrial ecosystems, and presents significant health 

hazards to communities worldwide. 

 Biodegradable plastics such as PLA, PHAs, and starch 

blends present sustainable options compared to 

traditional plastics, decomposing naturally under certain 

conditions and minimizing long-term environmental 

pollution and landfill buildup. 
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 Advanced nations are at the forefront of embracing 

biodegradable plastics, benefiting from superior 

infrastructure and supportive policies. In contrast, 

developing areas struggle to keep pace, grappling with 

significant plastic pollution and insufficient waste 

management systems. 

RESULT AND DISCUSSION 

SOCIOECONOMIC AND ENVIRONMENTAL 

BARRIERS 

The high economic cost stands as a significant obstacle to 

the widespread adoption of biodegradable plastics in 

developing countries. Biodegradable alternatives, including 

polylactic acid (PLA), polyhydroxyalkanoates (PHAs), and 

starch-based polymers, generally come at a cost that is two to 

five times higher than that of traditional petroleum-based 

plastics such as polyethylene or polypropylene[26]. The 

difference in costs stems from the high price of raw materials, 

restricted economies of scale, and intricate production 

methods that necessitate sophisticated technologies and 

regulated environments. Moreover, many developing nations 

face challenges in establishing domestic production 

capabilities, resulting in a reliance on imports[27]. This 

dependency exacerbates costs due to tariffs, transportation 

expenses, and restricted availability. 

In areas where a considerable segment of the population 

resides on limited incomes, affordability emerges as a critical 

determinant in consumer decisions. Individuals within the 

general population, along with informal markets and small-

scale manufacturers, frequently choose more affordable plastic 

products, even considering the negative effects on the 

environment[28]. In the absence of financial incentives like 

tax breaks, subsidies, or backing for local bioplastic startups, 

biodegradable alternatives are likely to remain inaccessible to 

the average citizen. The market penetration of eco-friendly 

plastics in developing countries is still quite limited. To tackle 

these economic obstacles, a multifaceted approach is essential, 

involving government action, investment from the private 

sector, and advancements in technology to enhance the 

accessibility and competitiveness of biodegradable 

plastics[29]. 

A significant obstacle to the adoption of biodegradable 

plastics in developing nations is the insufficient waste 

collection and processing infrastructure. Biodegradable 

plastics are engineered to decompose naturally; however, they 

often necessitate particular environmental conditions such as 

increased temperatures, high humidity, and thriving microbial 

populationsthat are usually found only in industrial 

composting facilities[30]. Nevertheless, such facilities are 

infrequent or absent in the majority of low- and middle-

income countries, where waste disposal frequently depends on 

open dumping or inadequately managed landfills. In 

uncontrolled environments, materials such as PLA (Polylactic 

Acid) and PBAT (Polybutylene Adipate Terephthalate) exhibit 

slow degradation rates, if any, and have the potential to 

fragment into microplastics[31], thereby contributing to 

environmental challenges similar to those posed by 

conventional plastics. Moreover, the presence of mixed waste 

streams and insufficient segregation systems results in 

biodegradable plastics frequently being discarded with non-

compostable waste, which complicates the process of effective 

degradation. In the absence of focused investments in 

composting infrastructure and reforms in public waste 

management, the environmental benefits of biodegradable 

plastics remain unfulfilled[32]. 

WASTE MANAGEMENT AND INFRASTRUCTURE 

Several prerequisites, including high temperatures, 

adequate humidity, and the presence of living microorganisms, 

are necessary for the efficient decomposition of biodegradable 

polymers. These conditions typically exist in industrial 

composting facilities, which are rare or nonexistent in most 

developing countries[33]. Biodegradable plastics do not break 

down as planned and frequently linger in the environment like 

conventional plastics in nations where waste is frequently 

disposed of in open landfills, rivers, or open fires[34].  

Furthermore, it might be challenging to segregate 

biodegradable items from ordinary waste streams in poor 

nations since many municipalities lack trash segregation 

infrastructure. Because of this, even when biodegradable items 

are utilized, they are frequently disposed of incorrectly, either 

in landfills, burnt, or mixed with non-compostable trash, 

where breakdown is either delayed or nonexistent. In addition 

to reducing the environmental benefits of biodegradable 

plastics, such circumstances can also result in the creation of 

microplastics, particularly when polymers such as PLA or 

PBAT partially decompose in inappropriate environments[35].  

The full potential of biodegradable plastics is hindered by 

inadequate logistics, infrastructure, and training throughout 

municipal waste management systems; therefore, 

infrastructure development is a crucial issue for adoption 

success[36]. 

CULTURAL AND SOCIAL BARRIERS 

The acceptance of any new technology, including 

biodegradable polymers, is heavily influenced by consumer 

behavior, public perception, and societal comprehension. The 

general public in many poor nations is not well-informed 

about biodegradable plastics, their properties, or proper 

disposal techniques. Compostable, biodegradable, and Oxo-
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degradable items are often confused and misused since most 

consumers are unable to tell the difference[37]. 

One widespread misunderstanding is that a product can 

be thrown out anywhere and will naturally break down in the 

environment if it is labeled as "biodegradable." This idea 

promotes careless disposal practices like littering, which 

paradoxically exacerbates the environmental damage that 

biodegradable plastics are meant to prevent[38]. 

Furthermore, conventional plastics are frequently thought 

to be more dependable and long-lasting, particularly in 

industries like retail, packaging, and agriculture. 

Manufacturers and customers are discouraged from switching 

to biodegradable plastics due to doubts about their strength, 

water resistance, and shelf life. Behavior change is sluggish in 

the absence of awareness efforts, product demos, and 

education programs[39]. 

Furthermore, due to either financial constraints or a lack 

of technical expertise, producers in underdeveloped nations 

are frequently ignorant of biodegradable alternatives or 

reluctant to alter established production methods. The 

preference for conventional plastics is reinforced by cultural 

aversion to change, particularly in informal economies[40]. 

ENVIRONMENTAL CONSEQUENCES 

Specific contexts significantly influence the ecological 

advantages of biodegradable plastics, which are frequently 

considered environmentally friendly substitutes for traditional 

plastics. Improper management can lead to the emergence of 

new environmental challenges instead of addressing the 

current ones[41]. 

INCOMPLETE DEGRADATION AND 

MICROPLASTIC CONTAMINATION 

Various biodegradable plastics, including PLA and 

PBAT, necessitate particular industrial composting 

conditions—elevated temperatures, regulated humidity, and 

active microbial involvement to achieve complete degradation. 

Without these specific conditions, particularly in unmanaged 

landfills or natural settings, degradation may occur only to a 

limited extent, leading to the formation of microplastics[42]. 

Microplastics can endure within ecosystems, contaminate 

aquatic environments, and infiltrate the food chain, presenting 

risks to both human and environmental health akin to those 

posed by traditional plastics[43]. 

EMISSIONS OF METHANE FROM LANDFILL SITES 

In anaerobic landfill environments, the degradation of 

biodegradable plastics can lead to the release of methane, a 

greenhouse gas that is more than 25 times as potent as carbon 

dioxide. The absence of adequate systems for capturing 

landfill gas compromises the carbon-reduction objectives 

linked to the utilization of bioplastics[44]. 

ANALYSIS OF FOOD SECURITY AND 

AGRICULTURAL EFFECTS 

Certain bioplastics are derived from agricultural products 

such as corn, cassava, or sugarcane. In developing nations, this 

presents both ethical and practical dilemmas, as reallocating 

arable land and food resources for plastic production could 

worsen food insecurity, heighten land use conflicts, and 

diminish biodiversity[45]. 

CHALLENGES IN PUBLIC AWARENESS AND 

EDUCATION 

A major obstacle to the effective implementation of 

biodegradable plastics in developing nations is the insufficient 

public awareness and education. In these regions, there is a 

notable lack of understanding regarding biodegradable 

plastics, including their functionality and the appropriate 

disposal methods. The lack of understanding frequently leads 

to incorrect usage or disposal methods, like putting 

compostable plastics in regular waste bins or believing that 

biodegradable materials can be carelessly discarded without 

causing environmental damage. In practice, numerous 

biodegradable plastics necessitate particular conditions for 

degradation, and incorrect disposal can make them as enduring 

as conventional plastics[46].  

The situation is further complicated by the phenomenon 

of misleading marketing, where companies inaccurately 

promote their products as ―biodegradable‖ or ―eco-friendly‖ 

despite not adhering to any established criteria. This deceptive 

labeling creates confusion among consumers and erodes 

confidence in authentic sustainable options. In the absence of 

clear regulations and standardization, the market is inundated 

with unverified claims, complicating the ability of consumers 

to make informed decisions[47]. 

CHALLENGES RELATED TO POLICY, 

REGULATION, AND THE ENVIRONMENT 

Although there is increasing awareness of the 

environmental impact of plastic pollution, the policies and 

regulations that facilitate the adoption of biodegradable 

plastics in developing nations tend to be inadequate, 

disjointed, or insufficiently enforced. A number of low- and 

middle-income countries have adopted strategies like banning 

plastic bags or imposing taxes on single-use plastics. 

Nonetheless, these policies often fall short of providing a 

thorough approach to incorporating biodegradable 

alternatives. Industry influence, public opposition, or 
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difficulties in enforcement logistics have in certain instances 

overturned or eased prohibitions. The lack of uniform 

definitions, certification frameworks, and labeling standards 

for biodegradable plastics permits the entry of unverified or 

misleadingly labeled products into the market, resulting in 

greenwashing and eroding public confidence in sustainable 

materials[48]. 

In addition to regulatory frameworks, the economic 

incentives for fostering domestic production and driving 

innovation in bioplastics remain quite limited. Many 

developing nations frequently depend on imported 

biodegradable materials, which tend to be expensive and 

scarce. In the absence of governmental backing, financial 

incentives, or investment in domestic manufacturing, 

establishing a competitive bioplastics sector that meets 

regional requirements proves to be a significant challenge[49]. 

From an environmental perspective, the sustainability of 

certain bioplastics is currently being examined. A segment of 

biodegradable plastics is derived from food-based feedstocks 

such as corn, cassava, or sugarcane, potentially creating 

conflicts with food security in areas where malnutrition and 

land scarcity are pressing issues. The increase in land 

dedicated to bioplastic crops may lead to deforestation, 

monoculture practices, depletion of water resources, and a 

decline in biodiversity if not governed by robust 

environmental protections. Furthermore, the degradation of 

biodegradable plastics in anaerobic settings, like landfills, can 

result in the release of methane, a powerful greenhouse gas 

that plays a significant role in climate change[50]. 

The interconnected nature of economic, social, 

environmental, and governance challenges underscores that 

moving towards biodegradable plastics involves more than 

just a straightforward replacement. A comprehensive approach 

is necessary, encompassing policy reform, infrastructure 

enhancements, public awareness initiatives, and backing for 

local research and innovation, particularly in the utilization of 

non-food biomass or agricultural waste. Enhancing 

collaborations between public and private sectors, securing 

international funding, and developing institutional capabilities 

will be crucial for the sustainable integration of biodegradable 

plastics in developing areas[15]. 

DIRECTIONS AHEAD 

A comprehensive and context-aware strategy is crucial to 

address the various obstacles that impede the adoption of 

biodegradable plastics in developing nations. Initially, 

financial interventions—like government subsidies, tax 

incentives, and international funding can play a crucial role in 

lowering production costs and enhancing the competitiveness 

of biodegradable alternatives. Investing in local biopolymer 

production, particularly through the utilization of non-food 

biomass such as agricultural waste, has the potential to reduce 

reliance on imports and foster local innovation[51].  

Furthermore, the advancement of infrastructure is 

essential. Governments and municipalities need to allocate 

resources towards the establishment of industrial composting 

facilities, the implementation of waste segregation systems, 

and the development of decentralized recycling units to 

facilitate the effective degradation of bioplastics. Enhancing 

public understanding via educational initiatives can address 

misunderstandings and promote responsible consumer 

practices[52]. 

Third, it is essential to establish strong policy and 

regulatory frameworks. It is essential to establish precise 

definitions, standards, and certification systems for 

biodegradable products, along with robust enforcement 

mechanisms to address the issue of greenwashing. Advancing 

research and development in both academic and industrial 

realms will foster innovation that is specifically aligned with 

local environmental and economic contexts[53]. 

Ultimately, fostering collaborations between public and 

private sectors, engaging in international partnerships, and 

enhancing capacity-building initiatives can significantly 

expedite the transfer of technology, the development of skills, 

and the achievement of long-term sustainability. The 

coordinated initiatives will facilitate the ability of developing 

nations to successfully shift towards a circular, bio-based 

economy while alleviating their plastic pollution 

challenges[54]. 

CONCLUSION 

Biodegradable plastics present considerable potential as 

sustainable substitutes for traditional plastics, providing 

possible answers to the growing issue of plastic pollution. 

Nonetheless, the uptake in developing nations is obstructed by 

a multifaceted combination of economic, infrastructural, 

social, and regulatory challenges. The financial viability of 

biodegradable plastics is hindered by elevated production 

costs, insufficient subsidies, and restricted access to cost-

effective technologies, posing challenges for numerous small-

scale industries. The lack of adequate infrastructure, especially 

the unavailability of industrial composting facilities and 

systematic waste segregation, significantly diminishes their 

environmental impact. The lack of public awareness and 

widespread misconceptions contribute to misuse and improper 

disposal practices. Additionally, the regulatory framework is 

fragmented, characterized by inadequate standards, 

enforcement, and support for local innovation.  
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Furthermore, issues related to the environment, including 

microplastic pollution due to inadequate degradation, methane 

emissions resulting from landfill disposal, and food security 

threats posed by crop-based bioplastics, underscore the 

necessity for a careful and well-regulated strategy. For 

effective adoption, a comprehensive approach is crucial—

incorporating financial incentives, infrastructure enhancement, 

public awareness, and strong governance. Promoting local 

studies, utilizing non-food biomass, and fostering 

collaborations between public and private sectors can 

effectively customize solutions to fit regional contexts. In 

summary, although biodegradable plastics are not a complete 

solution, they can significantly contribute to sustainable waste 

management when backed by thorough and inclusive policies 

in the Global South. 
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