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Abstract

Biodegradable plastics offer a promising solution to address the growing environmental concerns associated with
conventional plastic pollution, as they can decompose into harmless compounds under appropriate conditions,
reducing long-term environmental accumulation. This study conducts a complete Life Cycle Assessment (LCA)
comparing conventional Low-Density Polyethylene (LDPE) with biodegradable plastic made by mixing LDPE
with 1% D2W additive. D2W is an additive designed to make conventional petroleum-based plastics degradable
through a process called oxo-biodegradation, exposed to oxygen, heat, or UV light. It evaluates the environmental
impacts caused by both products, from raw material transportation to the final product production, across five key
environmental impact categories. The analysis shows that biodegradable plastic has a higher global warming
potential, human toxicity potential, terrestrial ecotoxicity, and fossil resource scarcity compared to normal LDPE.
Despite higher impacts in certain life cycle stages, the ability of biodegradable plastics to break down in the
environment highlights their potential to mitigate long-term plastic pollution and fulfill their intended
environmental role. Overall, the integration of biodegradable additives like D2W into conventional plastic matrices
emerges as a promising approach to reducing plastic waste while preserving material performance, thereby
contributing to the shift toward more sustainable packaging solutions in industrial applications.
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1 Introduction

Low-density Polyethylene (LDPE) is produced from the byproduct of petroleum known as Naphtha. If plastic
production were to stop tomorrow, this byproduct would be a complete waste(Edwards & Parker, 2012). Whether
it's in construction, transportation, technology, or agriculture, plastic is everywhere(Zuthi et al., 2025). Despite its
many benefits, plastic has a profoundly negative impact on the environment (Edwards & Parker, 2012). In a country
like Bangladesh, where waste management is a greater issue, plastic pollution is dangerous than ever. To address
plastic pollution, a number of solutions have been surfaced, like paper, jute, etc. But research says major of these
alternatives have a major environmental impact in one or multiple stages of their cradle-to-grave phase.
Surprisingly, jute causes more harm than plastic in certain environmental aspects like resource exhaustion, acid
formation, eutrophication, ozone layer harm, and human toxicity(Khan et al., 2023). Fonseca et al., (2023)reviewed
LCA studies on Polylactic Acid (PLA) as a greener alternative to fossil-based plastics, noting that although PLA
is biodegradable, it contributes more to marine and freshwater eutrophication and human toxicity due to farming
practices. In contrast, Polystyrene (PS) leads in greenhouse gas emissions, while PET has the highest impact on
ozone depletion, though switching to alternative biomass sources may reduce these effects. Another study found
that while reusable cotton bags had the lowest environmental impact, alternatives like paper bags, biodegradable
cutlery, and containers often caused greater harm, with Styrofoam emerging as the least damaging foodware option
overall(Goodrum et al., 2024). The alternatives to traditional thermoplastic packaging include biodegradable, bio-
based, paper, and glass materials. While these options offer advantages in reducing reliance on fossil fuels and
improving end-of-life biodegradability, they also present challenges, particularly in the environmental impacts of
growing agricultural feedstocks and the lack of efficient composting infrastructure(Banerjee & Ray, 2022). The
study finds plastic pots have a slight environmental edge over glass jars due to lower production, transport, and
preservation impacts, but highlights the need also to improve food and material sourcing(Humbert et al., 2009).

The purpose of this study is to compare traditional LDPE plastic bags with oxo-biodegradable ones containing 1%
D2W, using Life Cycle Assessment to measure their environmental effects, from raw material transport to final
production, across six key areas, including climate change, human health risks, land pollution, fossil resource use,
and marine water quality. The nobility of this work lies in the fact that oxo-biodegradable plastic has almost a
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similar environmental impact to a conventional plastic bag, but its pre-programmed life helps it to degrade in an
adverse environment.

D2W, developed by Symphony, helps plastic break down faster, but only after it’s done serving its purpose. Its
usable life is controlled right from the production stage. (Edwards & Parker, 2012). After the plastic has served its
purpose, it begins to break down through a process called oxo-biodegradation, eventually turning into carbon
dioxide, water, and biomass. This breakdown is triggered during manufacturing when a small amount of D2W
additive is mixed in as the plastic granules are formed. The additive helps weaken the plastic by breaking the
internal carbon bonds, causing the material to lose its strength over time. To make sure the plastic remains durable
during use, stabilizers are added depending on how long it's meant to last.

2 Methodology

The following sections outline the methodology for conducting a Life Cycle Assessment (LCA) of both
conventional low-density polyethylene (LDPE) and LDPE with 1% D2W, per DIN EN 1SO 14044 (1SO 14044,
2006). The assessment considers factors like processing methods, transportation, and waste management. Key
components of the methodology include defining goals and scope, establishing system boundaries, collecting data,
conducting impact assessments, interpreting results, and making comparisons. Identifying reliable data sources is
crucial for an accurate evaluation of environmental impacts. This supports informed decision-making, promotes
transparency, and aids in developing sustainable products. Criteria and indicators should also be established to
assess variations in environmental impacts across diverse life cycle stages.

2.1 Goal and Scope Definition

The goal and scope phase of a Life Cycle Assessment defines why the study is being done and outlines key details
about the systems being analyzed such as what parts of the process are included or left out. In this study, the main
objective is to compare the environmental effects of a regular LDPE plastic bag with those of an oxo-biodegradable
LDPE bag. Both bags serve the same function and use nearly identical amounts of material, energy, and resources
aside from a small 1% addition of D2W in the biodegradable version, which has minimal impact. The assessment
focuses on two main stages: raw material transport and final product manufacturing. Data was gathered from both
firsthand observations and existing research.

2.2 Inventory Analysis
Inventory analysis involves collecting detailed data about the environmental effects linked to transporting raw
materials and making the products. This step focuses on measuring things like how much energy and resources are

used, what kinds of emissions are released into air and water, how much waste is produced, and other
environmental factors.
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Figure 1. Phases involved in Life Cycle Assessments (LCA) of LDPE bag products.
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Figure 2. Phases involved in Life Cycle Assessments (LCA) of Biodegradable bag products.

It involves gathering data from various sources, including primary data collected from the production factory as
well as secondary data obtained from existing databases. The actual functional unit definition will depend on the
specific products being assessed and the goals of the LCA study. Both conventional and biodegradable plastic bags
processing encompasses multiple essential stages (as seen in Figure 1 and Figure 2). Initially, the raw materials
i.e., LDPE granules and D2W additives are transported to the factory from the airport as both materials are
imported from different countries. After transportation, these LDPE granules are mixed with 1% D2W additives
in a mixture machine and then the mixed materials are passed through a machine called “blown film extruder
machine”. In case of the conventional plastic bag, the granules are directly passed through the extruder machine.
The product of this stage is a long thin film. This film of plastic is then passed through a printing machine, which
does flexographic printing on the bag. In the end, the printed film is passed through the cutting machine before
being ready for use. The printing and cutting stage are same for both conventional and biodegradable plastic bags.

3 Result and Impact Assessment

According to ISO 14044 (2006), Life Cycle Assessment evaluates the complete environmental footprint of a
product, from resource extraction to end-of-life, covering aspects such as greenhouse gas emissions, resource use,
pollution, and toxicity. This broad analysis helps pinpoint harmful stages and supports the development of more
sustainable alternatives.

3.1 Environmental Impacts Assessment from LCA

The environmental impact of conventional and biodegradable plastic bag production was evaluated using the
Ecoinvent 3.8 database and OpenLCA software, considering the same functional unit of 1kg production for carrier
bags(Masum et al., 2024). The analysis (as seen in Figure 3 and Figure 4) reveals that production of both carrier
bags shows similar results. This study highlights the substantial differences focusing on 6 distinct impact categories
from the total of 18 assessed.

Biodegradable products already offer environmental benefits, but their impacts can be reduced even further.
Enhancing manufacturing techniques by adopting energy-saving equipment and reducing material consumption
can significantly decrease greenhouse gas emissions, water usage, and overall waste. Additionally, responsibly
handling products at the end of their lifecycle, through processes such as recycling or composting, can minimize
reliance on landfills and reduce methane release. Sustainable packaging and smarter transportation choices also
reduce the overall footprint(Zuthi et al., 2025). Finally, swapping out certain materials for greener, recyclable, or
bio-based options can make these products even more eco-friendly.
Table 1: Impact analysis of Biodegradable plastic bag and LDPE plastic bag

Biodegradable plastic

Impact category Unit bag LDPE Plastic bag
Global warming kg CO2 eq 3.72163e+0 3.71167e+0
Human — carcinogenic 4 4 pcg 9.90177¢-2 9.90119e-2
toxicity

Human  ~  non- .14.DCB 2 30694e+0 2.32692¢+0
carcinogenic toxicity

Terrestrial ecotoxicity kg 1,4-DCB 4.23841e+0 4.23829e+0

Fossil resource scarcity kg oil eq 2.00397e+0 2.00256e+0
Marine eutrophication kg N eq 6.87872e-5 6.87861e-5
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Figure 3. Results of different environmental impact categories for the same functional unit (1 kg production) of
LDPE plastic bag
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Figure 4. Results of different environmental impact categories for the same functional unit (1 kg production) of
Biodegradable plastic bag

4  Conclusion

This Life Cycle Assessment (LCA) compares traditional LDPE bags with oxo-biodegradable variants containing
1% D2W additive, providing meaningful perspectives on their respective environmental effects. While both bags
function similarly and are made using almost identical processes, the D2W additive changes how the biodegradable
bag behaves after use, helping it break down under certain conditions and potentially reducing long-term plastic
pollution. The D2W additive allows oxo-biodegradable bags to degrade in the right conditions, easing plastic build-
up over time. Both bags have nearly the same environmental impact during production. Differences mainly appear
after use. This study focused only on raw material transport and production, not the use or disposal phases. While
this research provides a solid starting point, more studies are needed, especially those that consider real-world
usage, littering, and breakdown in various environments. In summary, using D2W additives could be a step toward
more sustainable plastic use, especially in countries like Bangladesh, where plastic pollution is a major issue. With
further research, better policies, and industry support, such solutions can help build a cleaner future.
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