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Abstract: Plastic production has emerged over the decades as one of the world’s most
significant contributors to carbon emissions. The most popular plastic types in the US, PET,
HDPE, LDPE, PVC, PP, and PS, were calculated to have 208 million metric tons of carbon
dioxide equivalent (COze) in 2022. LDPE was the top contributor among these plastics,
producing 72.6 million metric tons of COze. This study evaluates the climate impacts of
various plastics, comparing them based on production volumes and associated CO>
emissions. The life cycle of plastic production released 232 million metric tons of CO> in
2021. Plastic waste incineration and anaerobic decomposition in landfills further exacerbate
CO> and methane emissions. With plastic consumption quadrupling over the past 30 years,
only 20% of plastic waste is recycled or incinerated, while the rest contributes to
environmental pollution. Policymakers can mitigate plastic production's environmental
impact by promoting recycled paper packaging, switching factories to renewable energy, and
raising public awareness to boost climate activism. Implementing these measures can
significantly reduce CO2 emissions and combat climate change.
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1. Introduction

Climate change impacts every aspect of nature and human development (EPA 2016). It poses a severe
threat to the Earth’s environment and ecosystems as rising temperatures, changes in precipitation, and
rising chances of extreme weather. The greenhouse gasses (GHG) are trapped in the Earth’s
atmosphere, increasing climate change. These effects of climate change have consequences such as
habitat destruction, extinction of species, and disruption of the balance of ecosystems. Humans have
caused recent climate change, and the repercussions, directly and indirectly, affect them. These
repercussions include health, economic, and resource problems. If climate change cannot be dealt
with in the future, humans might face an inevitable and irreversible downfall. Plastic production
releases enormous amounts of CO; into the environment, significantly contributing to climate change.
The plastic production life cycle annually produced 232 million metric tons in 2021 (Earth.org 2021).
The incineration of plastic waste also leads to CO2 emissions. Around 4 - 8% of annual oil
consumption is associated with plastics (Momani 2009).

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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According to the Organization for Economic Co-operation and Development (OECD), plastic
consumption has quadrupled in the past 30 years. Plastic consumption has increased fourfold in the
last 30 years. Between 2000 and 2019, global plastics production doubled, reaching 460 million
tonnes. Byproducts of plastic production contribute to 3.4% of global GHG emissions. (OECD 2022
Catherine Bremer). Driven by the demand, global plastics production doubled from 2000 to 2019 to
reach 460 million tons. As plastic production rises, waste follows. At the same time, the percentage
of recycled plastic increases, and incinerated and disposed of plastic is still 80% of all plastic waste.
The incineration of plastic waste produces CO> that fuels GHG. According to Statista, 12% of US
municipal solid waste generation is from plastic (Statista 2024 Bruna Alves). When buried, plastic
goes through anaerobic decomposition, which produces a significant amount of methane, another
potent GHG 28 times CO» in terms of climate change impact. Another connection between plastic
and climate change is energy consumption; manufacturing items requires energy, and the primary
forms of energy come from burning fossil fuels, which can also emit GHG. GHG, principally water
vapor (H20), Carbon Dioxide (CO2), and Ozone (O3), are naturally found in Earth’s Troposphere.
They absorb thermal infrared (IR) radiation from the Earth’s surface and atmosphere. (Ledely 2011).
With this mechanism and the relentless increase in carbon emissions, the thermal energy of Earth’s
atmosphere and surface rises; with no possible way for the heat to escape without damaging the
ecosystem, humanity is on the path of irreversible climate change that could negatively alter social
structures forever. Changes in the climate that directly respond to the increasing levels of GHG
include creases in mean surface air temperature, increases in global mean rates of precipitation and
evaporation, rising sea levels, and changes in the biosphere.

Plastics, directly and indirectly, affect many parts of the world, such as land and water, wildlife,
global warming, and human evolution and health. Humans created plastic for its ease of use and cheap
production. However, plastics can pollute oceans and require landfills at the end of life. Marine
animals often mistake plastic debris for food or become entangled in it. Sea turtles, whales, seabirds,
and other marine species may ingest plastic, leading to internal injuries, blockages, or starvation.
Ingesting plastics diminishes appetite, leading animals to lose the energy needed for survival,
ultimately resulting in death. (Plastic Soup Foundation 2011). Additionally, animals like seals and
dolphins can get entangled in plastic waste, causing physical harm or drowning. There are also
microplastics in the ocean that marine life consumes. Humans then catch these marine life, allowing
the microplastics to enter the human body. The production of plastics involves extracting and refining
fossil fuels. Factories then use these fossil fuels to produce GHG. Yale Climate Connections states
that the extraction and refinement of plastics in the United States emit between 12.5 and 13.5 million
metric tons of carbon dioxide each year. (2019).

The rapid increase in plastic production corresponds to the rise of CO2 emissions. This study aims
to evaluate various plastic types' climate change impacts and compare them based on annual
production volume. First, we collected data on the production volume, waste, recycling rate, market
volume, and CO» emissions. We also calculated the total CO> emissions of plastic production and
total COz emissions of plastic waste of the plastic types, including polyethylene terephthalate (PET),
High-density polyethylene (HDPE), Low-density polyethylene (LDPE), Polyvinyl Chloride (PVC),
Polypropylene (PP), Polystyrene (PS), and other plastics. We then analyzed which plastic type
contributes the highest CO2 emissions and discussed the future implication of carbon saving in
plastics.

2.  Methodology

We researched six plastic types from various websites and articles to evaluate the carbon footprint.
The six plastic types we collected information on were PET, HDPE, LDPE, PVC, PP, and PS. We
collected the following data: production volume, waste, recycling rate, market volume, and CO>
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emissions. To calculate the total carbon footprint, we multiplied the CO; emissions of plastic
production with the production volume. We ranked the total carbon footprint for each plastic type
and went deep into the top carbon emissions contributors. We then analyzed the other data for the
plastic type with top carbon emissions and compared the data to other plastics. This way, we can
discover why that plastic type is the top carbon emission contributor.

The production volume used in the study is the total mass amount of plastic produced, in this case,
in a year (Di et al., 2021). The production volume compares the total waste and recycled percentage
of the plastic. Waste is the total amount of each plastic type wasted in a year (OECD, 2022). The
recycling rate is the total percentage of each plastic type recycled compared to what is produced in a
year (Institute for Global Environmental Strategies, 2013). Market volume is the total amount of
plastic buyers and sellers interact, calculated by millions of dollars (Wikipedia, 2022). Market volume
monitors which plastic has the highest sales and compares it to the other aspects of different plastics.
CO; emissions are the amount of each plastic type’s CO> emissions during production, considering
cradle-to-gate emissions (World Data Bank, 2023). Gathering the CO- data allows us to find the most
significant CO2 emissions contributor and to compare if the other values are linear to the emission
percentage. The production volume was based on the paper examining plastic flows’ production, use,
and waste (Di et al., 2021). Table 1 presents the collected data for various plastic types.

Table 1: Plastic production, waste, recycling rate, and CO; emissions data.

Plastic Type Production Waste Recycling rate CO; emissions
volume
Unit (mlllgﬁgemc (thousand ton) | (% of generation) (kgCO2¢e/kg)
PET 4.4 5290 18.5 5.3
HDPE 8.6 6300 8.9 4.5
PVC 6.7 840 NA 4.4
LDPE 9.8 8590 43 4.5
PP 7.8 8150 0.6 4.3
PS 2.0 2260 0.9 5.6
Others 3.6 1110 26.7 4.8
Year 2015 2018 2018 2022

The LCA method for carbon emissions analyzes a product's life. It examines raw material
extraction, production, transportation, use, disposal, and recycling. Our research uses the LCA
method to analyze plastic production and disposal of carbon emissions. After gathering the raw
materials, such as crude oil and natural gases. Resources that are required to produce plastic, the
materials are then refined into monomers such as ethylene (for polyethylene (PE)) and propylene (for
polypropylene (PP). Then comes the polymerization process, which chemically combines the
monomers to create polymers, hence the name polymerization. The raw polymer is then blended with
additives that give different characteristics to the plastics made by melting and mixing
(compounding). Lastly, the compounded polymers are molded into the desired shapes in multiple
ways, which include injection molding, blow molding, and extrusion. After gathering the necessary
data for the LCA of plastics, we comprehensively understood the environmental impacts of these
different plastic types. PS, emitting 5.6 kgCOze/kg stands at the highest CO emitted per kilogram
made. Following PS, there are PET (5.3), LDPE (4.5), and HDPE (4.5) that also hold a high
percentage in CO> emitted.
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3. Results

This work examined the production volume of different plastic types in the US. Figure 1 shows that
the plastic production volume ranged from 2.0 to 9.8 million metric tons in 2015. The lowest
production volume is from PS, contributing to the total plastics production volume by 5.1%. The
highest production volume is LDPE, taking 25% of all production volume. LDPE has a production
cost of ten times less than other plastic types like PET. It has a high raw feedstock availability (Grand
et al., 2023). LDPE is a commonly used plastic that makes up plastic bags and other everyday
household items.
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Figure 1: The percentage of PET, HDPE, LDPE, PVC, PP, and PS plastic production volume in 2015.
LDPE and HDPE held 42.9% of the total production volume of all plastics in the US.

Plastic waste generation

Figure 2: The percentage of waste generation of each plastic type in 2018. LDPE, as shown in Fig 1,
had the highest percentage, leading to the highest waste generation as; the contrary, PP, the third
highest-produced plastic (behind HDPE), is ranked second on plastic waste generation (25%
compared to the production volume percent of 18.2%).
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Recycling rate (% of generation) vs. Plastic Type
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Figure 3: Bar graph for the recycling rate by type in 2018. The y-axis provides the percentage of each
plastic type’s recycling rate. The overall negative trend from PET plastic’s recycling rate relates to
the difficulty of recycling each plastic; PET plastics are 100% recyclable compared to a complex,
expensive recycling process of PS plastics, standing at only a 46% recycling rate.

Plastic market volume
PS

Figure 4: Pie chart for market volume of each plastic type in 2021. PET, the easiest to be produced
and recycled, holds a significant percentage of the total plastic production volume.
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Figure 5: The total CO> emissions using the LCA values in 2022. PS plastics having the highest
emissions during the production and waste process (LC) is because of its structural complexity during
its production and recycling.
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4.  Case Study

Total CO2 emissions of plastic production

50
& 40
o]
S
= 30
w
c
©
g 2
E
4]
o 10
o]
&)

0

PET HDPE PVC LDPE PP PS
Plastic Type

Figure 6: Total CO2 emissions of plastic production of each plastic type.

According to our analysis on the plastic carbon emissions in Fig 6, low-density polyethylene (LDPE)
is the top CO; contributor in the U.S, having more than a million metric tons of production volume
compared to the second highest production volume of plastic, high-density polyethylene (HDPE).
LDPE is a very commonly used product in various containers, dispensing and squeeze bottles, tubing,
plastic parts of computer components, molded laboratory equipment, and many caps and closures.
The production volume of LDPE is 9.8 million metric tons, while LDPE has 8.6 million metric tons.
Incineration and landfilling play significant roles in CO> emissions relating to plastic end-of-life. In
the case of LDPE, with a significantly lower recycling rate, its incineration rate is much higher than
other plastics, producing more CO; emissions into the atmosphere. The recycling rate of LDPE is
4.3% of waste generation per year, which is much lower than the recycling rate of PET, 18.5%, and
also lower than HDPE, 8.9%.

To reduce the CO; emissions for LDPE, we can promote the reuse and recycling of LDPE
products, switch to bio-based plastic to replace fossil-based LDPE, and encourage efficient
packaging. Reusing LDPE products reduces the average LDPE waste annually, reducing the
incineration of LDPE annually. Switching to bio-based plastics would also decrease CO> emissions
as the plastic would be biodegradable and would not require incineration to decompose. Bio-based
plastics would also be less impactful to the environment when manufactured (Choo, 2017).
Nowadays, packaging for take-out, mail, and deliveries is necessary for people, so efficient packaging
is crucial for using fewer materials each year; the packages could be much smaller or tighter around
the product.

Even with all the alternatives mentioned previously, we still cannot wholly cease the production
of LDPE. There are, however, ways to reduce CO> emissions during the production phase. We can
use recycled LDPE instead of virgin LDPE since recycled LDPE will require fewer production stages
than virgin LDPE. This reduces the energy consumption of the machines used to create the plastic.
Creating LDPE is very energy intensive, so using renewable energy such as wind, solar, or
hydroelectric power for production plants would reduce CO> emissions from gathering fossil fuels.
While recycled LDPE requires less effort to turn into new and reusable ones, the contamination and
the quality consistency of the plastics may vary, which may cause plastic waste from these plastics
that do not fit product requirements. Different types of LDPE plastics have varying chemical
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compositions based on their intended uses. For instance, LDPE plastics for food storage must have
high purity to ensure safety. In contrast, recycled LDPE products typically have lower purity. Despite
these challenges, pursuing sustainability and environmental benefits in LDPE production remains an
attractive and necessary option.

5. Conclusion and discussion

We first hypothesized that PET plastic LCA, including raw material extraction, production,
transportation, use, disposal, and recycling, has the largest environmental impact as PET plastics
could be seen constantly being used in everyday life. Through a series of data collection and analysis
as shown in the charts above. We analyzed the production volume in million metric ton, waste in
thousands ton, recycling rate of generation, and market volume in billion dollars of PET, HDPE,
PVC, LDPE, PP, and PS plastic types. We found that LDPE had the highest production, taking 25%
of all production volume of plastics produced annually. LDPE also has a production cost of ten times
less than other plastic types like PET creating a high availability of raw feedstock.

It was difficult to cross reference many datasets as various websites and articles frequently present
disparate figures for the same type of data. This proved a problem as the data needed to be the most
accurate for analysis, making data collecting even more arduous. Finding the data sources for market
volume was especially troublesome as a lot of websites provided limited data and the data across the
sites varied widely. Researching the data points could be sped up by having more knowledge about
trustworthy and efficient websites. It was challenging to find the data points for all the plastics’ market
volume as there are countless articles displaying vastly different values. Our work could be improved
by cross referencing more articles to create more accurate results and to pay more attention to details
such as creating more graphs and figures, such as providing descriptions for the “other” plastic types
that in some figures, have a significant percentage.

Based on our study, we suggest policy and decision-makers implementing regulations that require
a minimum percentage of recycled content in packaging materials. This can drive demand for
recycled paper and ensure its quality improves over time. Additionally, setting standards for the
durability and recyclability of paper packaging can further promote its use. They could also
implement mandates requiring factories to utilize a significant portion of their energy from renewable
sources such as solar, wind, or hydroelectric power. We could also raise plastic waste awareness in
the mainstream through social media platforms to enable civilians into the solution towards reducing
climate change.
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