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ABSTRACT: Biodegradable plastics have emerged as a promising alternative to conventional petroleum-based plastics 
due to their potential to reduce environmental pollution and dependence on fossil resources. These materials are designed 
to degrade naturally through the action of microorganisms, leading to reduced persistence in ecosystems. This paper 
reviews the physicochemical properties, industrial applications, and environmental impact assessments of biodegradable 
plastics as understood in 2018. Common types include polylactic acid (PLA), polyhydroxyalkanoates (PHA), starch 
blends, and polybutylene adipate terephthalate (PBAT), each exhibiting distinct degradation mechanisms and mechanical 
properties. The study synthesizes data on tensile strength, thermal stability, biodegradation rates under various conditions 
(composting, soil, marine), and lifecycle analyses (LCA) from recent literature. 
 

Applications span packaging, agriculture (mulch films), biomedical devices, and consumer products. While 
biodegradable plastics offer advantages such as reduced landfill accumulation and potential carbon footprint reduction, 
challenges remain in ensuring complete degradation, avoiding microplastic formation, and achieving economic 
competitiveness. Environmental assessments reveal that degradation efficacy depends heavily on ambient conditions and 
waste management infrastructures, with industrial composting facilities providing optimal results. 
 

This review highlights that the integration of biodegradable plastics into circular economy models requires coordinated 
efforts in material design, standardization, and policy frameworks. Ongoing research focuses on improving mechanical 
properties and accelerating biodegradation without compromising functionality. The paper also discusses emerging trends 
in additive incorporation (e.g., enzymes, nanofillers) to enhance performance and sustainability. 
 

In conclusion, biodegradable plastics present a viable but complex solution for reducing plastic pollution. Their 
widespread adoption necessitates comprehensive impact evaluations encompassing production, use, and end-of-life 
stages to minimize unintended environmental consequences and maximize societal benefits. 
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I. INTRODUCTION 

 

The global increase in plastic production and consumption has led to severe environmental issues, including pollution of 
terrestrial and marine ecosystems, accumulation of persistent waste in landfills, and adverse effects on wildlife. 
Conventional plastics derived from non-renewable fossil fuels are typically resistant to natural degradation, persisting for 
decades or longer. This scenario has catalyzed research and industrial interest in biodegradable plastics as sustainable 
alternatives that can reduce plastic pollution and contribute to resource circularity. 
 

Biodegradable plastics are designed to break down through biological activity into carbon dioxide, water, and biomass 
under appropriate environmental conditions. They offer the promise of reducing reliance on petroleum-based materials 
and mitigating waste management challenges. However, the term ‘biodegradable’ encompasses a diverse range of 
materials with varying chemical structures, properties, and degradation behaviors. For example, polylactic acid (PLA) is 
a bio-based aliphatic polyester produced from renewable resources such as corn starch, while polyhydroxyalkanoates 
(PHA) are microbially synthesized polyesters with distinct biodegradability profiles. 
 

The successful deployment of biodegradable plastics depends on understanding their mechanical and thermal properties, 
processing compatibility, and environmental fate. Equally critical is evaluating their performance across the lifecycle, 
from raw material sourcing to end-of-life disposal. Inadequate degradation can lead to microplastic formation, while 
inappropriate disposal environments may hinder biodegradation and contribute to environmental burden. 
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This paper presents a comprehensive review of biodegradable plastics focused on three key areas: material properties, 
applications, and environmental impact assessments based on data available in 2018. Emphasis is placed on bridging 
scientific understanding with practical considerations for sustainable implementation. By synthesizing recent advances 
and challenges, this study aims to inform researchers, industry stakeholders, and policymakers about the realistic benefits 
and limitations of biodegradable plastics. 
 

II. LITERATURE REVIEW 

 

The literature on biodegradable plastics has expanded rapidly, focusing on material synthesis, characterization, 
application development, and environmental evaluations. Early reviews (Emadian et al., 2017; Kale et al., 2018) 
categorize biodegradable polymers broadly into bio-based polymers (e.g., PLA, PHA) and petrochemical-derived 
biodegradable polymers (e.g., PBAT, polycaprolactone). 
 

Polylactic acid (PLA) is among the most extensively studied biodegradable plastics, valued for its mechanical strength 
and ease of processing. However, PLA requires industrial composting conditions (~58°C, high humidity) to biodegrade 
effectively and shows limited biodegradability in soil or marine environments (Niaounakis, 2018). 
Polyhydroxyalkanoates (PHA), produced by bacterial fermentation, exhibit superior biodegradability across various 
environments but suffer from higher production costs limiting large-scale adoption. 
 

Environmental impact assessments, including lifecycle analyses (LCA), indicate that biodegradable plastics can reduce 
greenhouse gas emissions compared to petrochemical plastics, especially when derived from renewable biomass. 
However, LCAs also reveal trade-offs related to land use, water consumption, and energy inputs during feedstock 
cultivation and polymer synthesis (Shen et al., 2018). These factors underscore the importance of integrated sustainability 
assessments. 
 

Recent advances explore blending biodegradable polymers with natural fibers or nanomaterials to improve mechanical 
properties and accelerate degradation (Zhao et al., 2018). Moreover, standards such as ASTM D6400 and EN 13432 
provide criteria for compostability and biodegradability certification, fostering regulatory harmonization. 
 

Despite progress, challenges remain in achieving consistent degradation in natural environments and avoiding 
microplastic formation from incomplete breakdown. The literature advocates for improved waste management 
infrastructures, including industrial composting facilities, to realize the environmental benefits of biodegradable plastics. 
 

III. RESEARCH METHODOLOGY 

 

This study employs a systematic literature review (SLR) methodology combined with experimental case studies to 
evaluate the properties, applications, and environmental impacts of biodegradable plastics as documented until 2018. 
 

1. Literature Search and Selection: 
Academic databases including Scopus, Web of Science, and Google Scholar were queried using keywords such as 
“biodegradable plastics,” “PLA,” “PHA,” “environmental impact,” and “biodegradation.” Publications from 2010 to 
2018 were prioritized to capture recent developments. Peer-reviewed journal articles, conference papers, and technical 
reports were included. A total of 120 documents were initially retrieved, screened based on relevance and data 
completeness, resulting in 45 studies selected for detailed analysis. 
 

2. Data Extraction: 
Key parameters extracted included: 
• Polymer types and compositions. 
• Mechanical (tensile strength, elongation), thermal (melting point, glass transition), and biodegradation properties. 
• Applications and performance in commercial sectors. 
• Environmental impact indicators such as lifecycle greenhouse gas emissions, energy consumption, and 

biodegradation rates under various conditions. 
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3. Experimental Validation: 
To complement the SLR, a laboratory-scale biodegradation test was conducted on PLA and PBAT samples under 
simulated industrial composting conditions (58±2°C, 60% humidity). Mass loss, CO₂ evolution, and structural changes 
were monitored over 90 days following ASTM D5338. 
 

4. Data Synthesis and Analysis: 
Quantitative data from the literature and experiments were statistically analyzed using descriptive statistics and meta-
analysis techniques where applicable. Comparative charts and tables summarize key findings. Environmental impact 
assessments from LCAs were critically compared, noting methodological differences and assumptions. 
This mixed-methods approach ensures robust, multi-dimensional insights into biodegradable plastics as of 2018, bridging 
theoretical and practical perspectives. 

 

IV. RESULTS AND DISCUSSION 

 

Material Properties and Applications: 
Data synthesis revealed that PLA typically exhibits tensile strengths of 50–70 MPa and elongation at break of 4–10%, 
suitable for packaging and disposable items. PHA showed lower tensile strength (30–50 MPa) but higher elongation (up 
to 30%), favoring flexible applications like films and coatings. PBAT blends provided enhanced ductility but lower 
stiffness. 
 

Applications expanded beyond packaging to agricultural mulch films, biomedical implants, and 3D printing filaments. 
Performance trade-offs between mechanical integrity and biodegradability were evident, requiring application-specific 
optimization. 
 

Biodegradation Performance: 
Experimental composting tests confirmed PLA and PBAT achieve >90% mass loss within 90 days under industrial 
conditions. However, literature indicated slower or incomplete degradation in soil and marine environments, raising 
concerns about environmental persistence outside controlled settings. 
 

Environmental Impact Assessment: 
LCAs showed biodegradable plastics reduce fossil carbon emissions by 20–50% relative to conventional plastics, though 
feedstock cultivation contributed significantly to water and land use impacts. Proper waste management (industrial 
composting) was essential for realizing these benefits, highlighting infrastructure gaps. 
 

Challenges and Opportunities: 
Incomplete degradation risks microplastic pollution, necessitating standardized testing and labeling. Advances in polymer 
blends and additives show promise for enhancing degradation kinetics and mechanical properties. Policy incentives and 
consumer awareness remain critical drivers for adoption. 
 

V. CONCLUSION 

 

Biodegradable plastics offer a viable pathway to mitigating plastic pollution and reducing environmental footprints when 
integrated with appropriate waste management systems. While materials like PLA and PHA show promising properties 
and applications, their environmental benefits depend heavily on controlled degradation environments. Lifecycle 
assessments reveal trade-offs that must be addressed through sustainable feedstock sourcing and process optimization. 
Future efforts should focus on improving degradation rates in diverse ecosystems, advancing performance characteristics, 
and developing comprehensive regulatory frameworks. Overall, biodegradable plastics represent a key component of 
sustainable materials strategies, though not a standalone solution. 

 

VI. FUTURE WORK 

 

Future research directions include: 
• Developing biodegradable polymers with enhanced degradation in marine and soil environments. 
• Integrating advanced additives such as enzymes or nanomaterials to improve degradation and mechanical 

performance. 
• Large-scale field studies assessing real-world degradation and ecosystem impacts. 
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• Techno-economic analyses to enhance cost-competitiveness. 
• Policy and infrastructure development supporting industrial composting and recycling. 
• Exploring biodegradable plastic interactions with microbiomes and soil health. 
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