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Resumen— Desde los ultimos afos, las practicas de
reutilizacién y reparacién de productos para alargar su vida
util y reducir la generacién de residuos ganan interaccion.
Asi como impulsar fuertemente el reciclaje potenciando al
maximo la industrializaciéon de materiales para convertir
los residuos en nuevos recursos. Por lo tanto, actualmente
se discute sobre dos materiales controvertidos (vidrio y
pldstico). En 2020 se produjeron 385 millones de toneladas
de plastico a nivel mundial, en comparacién con 143 millones
de toneladas de vidrio. En 2020 el consumo per cépita de
vidrio fue de 32 kg al afio, en comparacién con el plastico de
105 kg afio. Sin embargo, el manuscrito tiene como objetivo
discutir el uso de pldstico versus vidrio para aprender sobre
cada material, sus beneficios y desventajas para hacer
una perspectiva critica. La metodologia es investigativa
recopilando estadisticas de articulos de investigacion en
el periodo del 2017 a 2022. Los resultados muestran que
la eleccién entre vidrio o plastico depende de factores
muy particulares como la aplicacién especifica en la que
se requiere y las preferencias del fabricante o usuario final.
Ademads, es importante destacar que, en comparacion con
los plasticos, el vidrio tiene menos impactos negativos en el
cambio climético, ya que tiene una menor huella de carbono.
Sin embargo, se requiere un enfoque integral para minimizar
los efectos del vidrio en el cambio climatico debido a su
alto consumo de energia, incluidas practicas de produccion
eficientes. Se recomienda que cada pais defina estadisticas
de mercado para la recuperacion, reciclaje e industrializacion
de vidrio, plastico y otros articulos como cartén, papel y latas
de aluminio para promover la recuperacién de residuos y
prevenir la contaminaciéon ambiental a nivel mundial.

Palabras claves: Basura, economia circular, leyes, plastico,
polimero, politicas, vidrio.

Abstract— Since the last few years, the practices of
reuse and repair products to extend their useful life and
reduce waste generation gained interaction. As well as
strongly promoting recycling, maximizing the materials
industrialization to convert waste into new resources.
Therefore, two controversial materials are currently discussed
(Glass and Plastic). In 2020, 385 million tons of Plastic were
produced globally, compared to 143 million tons of Glass. In
2020, the per capita consumption of Glass was 32 kg yearly,
compared to Plastic at 105 kg yearly. However, the manuscript
aims to discuss the use of Plastic versus Glass to learn about
each material, its benefits, and disadvantages to make a
perspective criticism. The methodology is investigative
collecting from investigation articles statistics from 2017
to 2022. The results show that the choice between Glass or
Plastic depends on very particular factors, such as the specific
application in which it is required and the manufacturer’s or
end user’s preferences. Moreover, it is important to highlight
that, compared to Plastics, Glass has fewer negative impacts
on climate change since it has a lower carbon footprint.
However, a comprehensive approach is required to minimize
the Glass effects on climate change due to its high energy
consumption, including efficient production practices. It is
recommended that each country define market statistics for
the recovery, recycling, and industrialization of Glass, Plastic,
and other items such as cardboard, paper, and aluminum
cans to promote waste recovery and prevent surrounding
pollution globally.

Keywords: Circular Economy, Glass, Laws, Plastic, Policies,
Polymer, Waste.
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1. INTRODUCTION

Since the 1980s, there has been a strong tendency to
change the habit models, disposal, and resource use, and the
term a circular world emerged, referring to a system in which
resources are used efficiently, products are designed to be
reused or recycled, and the waste generation is minimized.
Instead of the linear model of “take, make, and dispose’; in a
circular world, the aim is to keep materials in use for as long
as possible, closing the life cycles of products and reducing
dependence on natural resources [1].

From these concepts arose parameters such as reducing
the resources seeking to minimize the extraction of raw mate-
rials, thus reducing the environmental impact associated with
their extraction and promoting the conservation of natural
resources. In addition, reuse and repair products and compo-
nents to extend their useful life and reduce waste generation.
As well as strongly promoting recycling and recovery, maxi-
mizing the materials industrialization to convert waste into
new resources, thus preventing it from ending up in landfills
or being released into the environment [2], [3]. Therefore, two
controversial materials are currently being discussed, which
compete in similar products, Glass and Plastic.

In 2020, approximately 385 million metric tons of Plastic
were produced globally, compared to 143 million tons of
manufactured Glass. The per capita consumption of Glass
varies in each country, but according to the Glass Packaging
Institute, on average, around 32 kg of Glass is consumed per
person per year. In comparison, according to the Plastic Atlas
report in 2020, Plastic per capita consumption was about 105
kg per person yearly [4], [5].

The global Glass industry generates annual profits of
about USD 75 billion. The US, France, Japan, China, India,
and Germany are the main glass-exporting countries. The
most common products in the Glass industry are fiberglass,
flat glass, glass containers, and specialty products such as
lenses, fiber optics, mirrors, glassware, and television tubes.
In 2020, a production of 610,520 million glass bottles and
containers was registered, and it is expected to reach 883,520
million units in 2027. In comparison to plastic bottles, by
2020, around 815,000 million single-use plastic bottles were
manufactured. Furthermore, the plastic bottle and container
market were estimated at USD 104 billion in 2020 and is
expected to reach a value of USD 152 billion by 2026 [6], [7].

According to The International Energy Agency, the glass
container and flat sheet industry emit more than 60 megatons
of CO2 annually. Although glass containers can be reused
12 to 20 times, Glass is often treated as a single-use contai-
ner [8]. To 2019 data, The European Union and The United
Kingdom have a glass recycling rate between 74% and 76%,
respectively, while the percentage in the United States was
31.3%. Besides, the global plastic recycling rate can vary
across countries and regions. However, the plastic recycling
rate is generally low compared to total production. According
to The International Association of Plastic Distribution for

2019 in Europe, the average recycling rate is 41% for plastic
containers, while in the United States was 8.4% [9], [10].

It is important to highlight those various factors, such as
the available recycling infrastructure, waste management
policies, education, and citizen awareness, can influence the
recycling rate of any material. Nevertheless, there is a growing
awareness of the negative impacts of single-use plastics, such
as plastic bags, food packaging, and disposable utensils. As a
result, there is a trend toward reducing these products and
promoting more sustainable alternatives, such as reusable
bags, biodegradable packaging, and durable products.

Therefore, concerning citizen perception, when Glass is
left in the natural environment over time, it is less likely to
cause pollution than Plastic. Plastics break down into micro-
plastics that can seep into the soil and water. Glass is not toxic,
but it is sensitive to breakage and cuts by the personnel who
treat, separate, and transport it. Another important factor
to consider: if the Glass or Plastic ends up abandoned in the
environment, the Plastic will have a time of 800 to 1,200 years
to disintegrate, depending on the product. And, over time,
it will break down into smaller pieces without changing its
chemical composition. Although it takes much longer than
Plastic to decompose at around 4,000 years, Glass does so
mainly by erosion [11], [12].

On the other hand, for Glass manufacture, mainly sand,
sodium, and silica are required, and they constitute 59% of
the earth’s crust, and since they are natural compounds, there
is no concern about their possible filtration or environmental
degradation. However, sand, silica, and sodium extraction
can cause significant ecological damage, from soil deteriora-
tion to biodiversity loss. Thus, sand is the second most used
resource in the world after water, and globally about 50,000
million tons of industrial compound of sand and gravel are
used each year [13], [14].

Uses for the sand range from soil restoration to micro-
chip manufacturing. Still, according to 2019 research from the
United Nations, the sand is currently being used faster than it
can be replenished, which will start in a short time to cause a
unigue problem [15].

Glass is an inert material that does not have an impact, nor
does it transfer flavor to the food or drinks it contains. It can
be reused as often as desired without any problem or losing
much of its quality. Plastic is much more porous; in some cases,
it contains chemical elements that can pass into food or drink
when recycled with simple methods, and when it is recycled,
depending on the material, it requires migration tests to verify
that it can be used again in contact with food [14], [16].

Nevertheless, considering another factor, it long does mate-
rial travel from when it is collected to when it is recycled? Someti-
mes it thinks that when it puts an object in the recycling container,
another recycling is obtained without much effort, but the reality
is different. Sometimes these materials travel a long distance
to be recycled. Until recent years, 70% of the Plastic recycled
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worldwide ended up in China. Since 2019, this Asian country
has prohibited certain waste imports, including Plastic, due to
the environmental problems that they entail, by basing their
recycling systems on the waste imported from other countries
for the reduced price without collecting their trash. It means, it
is not sustainable for long trips to manage recycling [171-[19].

In contrast, plastics are very versatile and can be molded
into various shapes and sizes. It allows great design flexibili-
ty and adaptability to each application’s needs and specific
requirements. In addition, by molecular density, plastics are
generally lighter than other materials, such as metal or glass.
Plastics make it easy to handle, transport, and use in products
where weight is an important factor, such as packaging, elec-
tronics, and automobiles [20].

For example, adopting polyethylene terephthalate (PET)
bottles can lead to a weight reduction of up to 90% compared
to Glass, allowing for a more economical transportation process.
Today, plastic bottles made of PET are widely replacing heavy
and fragile glass bottles, offering reusable containers for mineral
water and other beverages. According to the British Plastics
Federation, more than 70% of soft drinks on the world market
are packed in plastic bottles, and only 30% of that is packed in
various other packaging materials, such as glass bottles, metal
cans, and pressed paper [21], [22].

Undoubtedly, Glass and Plastic still play an important role in
many industries. Its durability and lack of toxicity make it ideal for
packaging food and other substances that require conservation.
However, it is incorrect to assume that Glass is sustainable simply
because it is more recyclable. If the entire life cycle of Glass is con-
sidered, its production can be just as harmful to the environment
as Plastic. Under these perspectives, this manuscript aims to dis-
cuss the use of Plastic versus Glass to learn about each material,
its benefits, and disadvantages to make a perspective criticism.

2. MATERIALS AND METHODS

Based on the data collected from various sources, the
methodology is investigative. For this analysis, data was
collected systematized mainly from investigation articles.
However, the method is used for determining the actions
taken to reduce the use of plastics and glass, the period for
determination is from 2017 to 2022 to verify the information
that is currently available.

From the Google Academic database information collec-
ted from research articles. This database was selected because
there is considerable uncertainty about the subject, especially
in developing countries, such as Latin America, where few
studies on plastic or glass pollution have been conducted.
A key feature of Google Academic is its ease of use, agility
in academic searches, and availability of free services with
high visibility for linked documents.

During the first round of searches, it uses to find data
with keywords; around 63 documents related to this subject
were found in the Google Academic database. A wide variety

of documents were included in this collection, including
research articles, reports, web pages, and theses.

As a result, the keywords were: “Glass and plastic pollu-
tion”, “Circular Economy Actions in the Plastic and Glass Sec-
tors’, and “Policies for reducing plastics and glass”. Therefore,
only 31 academic documents referenced in the manuscript
were selected.

3. RESULTS

In a general and comparative way between Glass and
Plastic, there are several tenders, often similar, and certain
separate cases with the two materials. Then, Figure 1 deter-
mines each main application of these materials.

Fig. 1. GLASS AND PLASTIC APPLICATIONS

Plastic (Bottles, jars, containers,
chemical containers, protective sheets)

Glass (Bottles, vials, ampoules of
medicines)

Plastic (Couplings, pipes, corners,
cladding, blocks)

Glass (Windows,
doors, facades)

Applications

Plastic (Foam seats,
protections, boards, joints

Glass (Windshield, moons,
headlights, windows)

Plastic (Trays, protections)

Glass (Screens for ovens, microwaves,
televisions, and refrigerators)

Sources: [23]-[27].

From Figure 1, just some applications were explained
where they coincide or support each other to form an ele-
ment, but there are more uses; for example, in the decora-
tion case, artists and designers use Glass to create artworks,
sculptures, and decorative elements. Blown or fused Glass
and other craft techniques shape Glass and develop pieces.
Due to its transparency, chemical resistance, and ease of
sterilization, Glass is used to manufacture laboratory instru-
ments, such as test tubes, flasks, pipettes, and burettes [28].

On the other hand, Plastic also has several uses due to
its various types and low cost; it is important to consider
that the exact properties vary significantly depending on
its composition, molecular structure, and processing. Each
Plastic type has its specific properties, making it suitable
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for many different industrial and commercial applications,
including many more than Glass [29], [30].

In contrast, although it is a very versatile material, Plastic
is currently demonized environmentally, which is why there is
a growing awareness of single-use plastics negative impacts,
such as plastic bags, food containers, and disposable utensils.
As a result, there is a trend toward reducing these products
and promoting more sustainable alternatives (reusable bags
and biodegradable products). In addition to an increase in
plastics recycling to reduce their environmental impact, im-
plementing initiatives to improve waste industrialization
infrastructure, increase the recycling rate and promote the
circular economy of Plastic.

Additionally, as part of the comparison below, in TABLE I,
several comparative concepts are summarized that illustrate the
criteria of each element based on various instances of analysis.

4. DISCUSSION

As shown in TABLE |, several characteristics define each
material; However, the raw materials are obtained from
non-renewable resources, Glass is made with materials that
are more easily extracted on the planet for its production.

But when it comes to the production of each item is dif-
ferent, for example, much more than making a Plastic one.
To shape the Glass, it is necessary to heat it to very high
temperatures between 1,200 - 1,500°C, which requires large
amounts of energy. It is the material with the highest energy
expenditure in its production, even more than aluminum
[11], [34].

According to studies of the Life cycle environmental
impacts of carbonated soft drinks, a bottle of Glass would
have to use a glass bottle three times to reduce the carbon
footprint of a Plastic one. For example, if you compare a glass
bottle with a plastic one, the weight is about 1200% more
in Glass under similar volume conditions. However, Plastic is
generated more than Glass. Many plastics can generate di-
oxins, persistent substances in the environment, which can
travel long distances and end up in the food chain [35].

On the other hand, regarding product distribution, one
cancan be someone other than an expert to verify that Glass
is heavier than Plastic. Any product packaged in Glass will
need more energy to transport than if packaged in Plastic. In
addition, Glass is much more fragile, it can break much more
easily, so sometimes you may need to use other materials to
protect it during transport. In this case, plastic wins by far. Its
transportation is much more efficient and requires less energy.

Finally, when seeking to close the cycle, the materials indus-
trialization must be exposed; Glass has a great advantage, it is
100% recyclable and can be recycled as many times as you want,
losing only a small amount of quality, so it closes the recycling
circle with recycled Glass you can make bottles or jars that are
used for food. There is only one limitation, the color. Colored

Glass can no longer be transparent. In addition, recycling uses
40% less energy than producing new Glass. It still requires more
energy for plastic production or recycling [36].

In contrast, although most Plastic can be recycled, it is
often not practical or economically viable. Its recycling is
limited; depending on the type, it can be recycled 2 to 5 times.
And every time it is recycled, it needs to improve its quality,
especially regarding resistance. Finally, being porous and
carrying additives in certain cases, migration tests must be
generated to be in contact with food. In addition, worldwide,
there is no campaign to recover the vast majority produced
and marketed, causing a negative perception [37], [38].

Nevertheless, as indicated in Figure 1, Plastic is used in
the packaging industry for bottle manufacture, containers,
bags, protective films, pharmaceuticals, and cosmetics. In
the construction industry, various applications include pipes,
cable jackets, thermal and acoustic insulation, doors, buil-
ding panels, waterproof membranes, and roofing materials.
The electronics industry manufactures mobile phone cases,
computers, televisions, household appliances, cables, and
connectors. Plastics are used to manufacture synthetic fibers
such as polyester, nylon, and spandex, which are used in
producing fabrics and clothing with quick-drying properties.
In addition, there are also medical applications with rigo-
rous safety standards and compatibility with chemicals for
products and patients. But, one can go on listing an infinite
number of applications for Plastic because polymer products
offer a variety of colors, shapes, and textures that are resistant
and economical [39]-[41].

Nonetheless, because Plastic is found more frequently
and, above all, it is observed in pollution debris on beaches, si-
dewalks, and islands, the truth is that, due to its cost, easy ma-
nufacturing versatility with several processes, it has created
its use in a wide variety of applications in various industries,
businesses, and sectors generating an irrational use, without
order or control [42]. Figure 2 shows some considerations to
keep in mind when comparing Glass and Plastic:

On the other hand, the advantages and disadvantages of
each material may vary depending on the specific application
and individual needs. Choosing the most suitable material
must be based on carefully analyzing each case’s technical,
environmental, and economic requirements. It is so where
circular criteria enter as sustainable design considering its
complete life cycle, using materials with low toxicity, easily
recyclable, and thinking about its reuse.

Moreover, it is important to note that these trends in the
use and disposal of Plastic and Glass can vary in different
regions and are influenced by factors such as government
policies, consumer awareness, and industry practices. Howe-
ver, it can be seen from the data collected that there are areas
where Glass and Plastic compete, such as liquid bottles, light
containers, and containers; however, in most sectors, the two
materials are complementary.
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Fig. 2. ADVANTAGES OF GLASS AND PLASTIC

Transparency and Aesthetic Appearance: Glass offers high transparency and gloss, making it ideal for
applications where aesthetics are important.

Glass advantages to plastics.

High-Temperature Resistance: Glass can withstand higher temperatures without warping or melting compared

Corrosion resistance: Glass is resistant to most chemicals and does not rust easily.

Recyclability: Glass is recyclable and can be industrialized repeatedly without losing quality.

Lightness: Plastics are generally lighter than Glass, making them easier to handle and transport.

versatility.

Versatility and Flexibility: Plastics can be molded into various shapes and sizes, allowing for greater design

Plastic advantages

Impact Resistance: Plastics can be more resistant to impact and breakage than Glass, making them suitable for
applications requiring higher impact resistance.

Glass.

Thermal and acoustic insulation: Some plastics offer better thermal and acoustic insulation properties than

Sources: [43]-[46].

There is no definitive answer regarding which material is
better, between Glass and Plastic, as it depends on various
factors and specific tenders. Both materials have different
advantages and disadvantages, but from the data presented,
Glass is generally considered more sustainable and suitable
regarding environmental impact and food safety. However,
Plastics use is more convenient in certain cases due to its
lightness and versatility. Thus, this manuscript is only an
applications vision of Glass and Plastic; it is not determined
which is more polluting or better because more data should
be available and similar products should be compared to di-
fferentiate specifically, for which there are still gaps to cover,
such as the social aspects that have generated the overuse of
Plastic and its bad disposal that create a negative perspective.

5. CONCLUSIONS AND RECOMMENDATIONS

The choice between Glass or Plastic depends on very
particular factors such as the specific application in which it
is required, the required properties, cost, sustainability, and
preferences of the manufacturer or end user.

Compared to Plastics, Glass has fewer negative impacts
on climate change since it does not contain toxic chemicals
and has a lower carbon footprint. However, a comprehensive
approach is required to minimize the Glass effects on climate
change due to its high energy consumption, including adop-
ting more efficient production practices, using renewable
energy sources, and promoting reduction, reuse, and glass
recycling to maximize its environmental benefits.

It is important to consider the complete life cycle of
materials, from the extraction of raw materials, production,
distribution, disposal, and recyclability, to assess the specific
context and make the most appropriate decision between
the two materials.

It is essential to encourage reducing, reusing, and recy-
cling any material to minimize its negative environmental
impact. In many cases, Glass and Plastic are used in similar

products such as beverage bottles, but there are also di-
fferent applications depending on their particular features
and benéefits.

It is recommended that each country define market
statistics for the recovery, recycling, and industrialization
of Glass, Plastic, and other items such as cardboard, paper,
and aluminum cans to promote waste recovery and prevent
surrounding pollution globally. Future lines will be able to
determine the current recycling trends of Glass and Plastic
as study materials of this manuscript.
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