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ABSTRACT
This article aims to provide an overview of important moments in the consolidation of the use of conventional and
biodegradable polymersthroughout history. It begins by discussing the definition of conventional and biodegradable

plastics, followed by a historical contextualization of petroleum-derived plastics, referred to here as conventional
plastics, highlighting significant events in their evolution. The article then emphasizes the development and
growth of biodegradable polymer applications. To this end, a literature review was conducted, supported by data
collection from publications discussing polymer technologies. The studies highlight the environmental advantages
of biodegradable polymers, despite their still higher production costs. Although biodegradable polymers are a
viable alternative to petroleum-derived polymers, there are cases in which their use is not yet feasible, depending
on the context of application, economic conditions, and consumer experience.
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RESUMO

Este artigo tem como objetivo fornecer uma visao geral dos momentos importantes na consolidacéo do uso de polimeros
convencionais e biodegraddveis ao longo da histdria. Ele comega discutindo a defini¢éo de pldsticos convencionais e
biodegraddveis, seguido por uma contextualizacéo histdrica dos pldsticos derivados do petrdleo, referidos aqui como
pldsticos convencionais, destacando eventos significativos em sua evolugdo. O artigo entdo enfatiza o desenvolvimento e
crescimento das aplicacdes de polimeros biodegraddveis. Para isso, foi realizada uma reviséo da literatura, apoiada pela
coleta de dados de publicacées que discutem tecnologias de polimeros. Os estudos destacam as vantagens ambientais
dos polimeros biodegraddveis, apesar de seus custos de produc¢do ainda serem mais altos. Embora os polimeros
biodegraddveis sejam uma alternativa vidvel aos polimeros derivados do petréleo, hd casos em que seu uso ainda néo é
vidvel, dependendo do contexto de aplicacéo, das condicdes econémicas e da experiéncia do consumidor.
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RESUMEN

Este articulo tiene como objetivo proporcionar una visién general de los momentos importantes en la consolidacion
del uso de polimeros convencionales y biodegradables a lo largo de la historia. Comienza discutiendo la definicion de
pldsticos convencionales y biodegradables, seguido de una contextualizacidn histérica de los pldsticos derivados del
petroleo, referidos aqui como pldsticos convencionales, destacando eventos significativos en su evolucion. El articulo luego
enfatiza el desarrollo y crecimiento de las aplicaciones de polimeros biodegradables. Para ello, se realizé una revisién de la
literatura, respaldada por la recopilacién de datos de publicaciones que discuten tecnologias de polimeros. Los estudios
destacan las ventajas ambientales de los polimeros biodegradables, a pesar de que sus costos de produccién aun sean
mds altos. Aunque los polimeros biodegradables son una alternativa viable a los polimeros derivados del petréleo, hay
casos en los que su uso aun no es factible, dependiendo del contexto de aplicacién, las condiciones econémicas y la
experiencia del consumidor.

PALABRAS CLAVE

Polimero Biodegradable; Polimero Sintético; Desarrollo Sostenible de Productos, Disefio y Tecnologia.

Mix Sustentavel | Floriandpolis | v.10 | n.4 | p.113-125 | SET. | 2024



ersand Sustainability: Overview of the use of concencional and biodegradable polymers. N. S. Schaulet; V. G. Ribeiro; J. J. Jacques.

1. INTRODUCTION

Conventional synthetic polymers emerged as catalysts
for innovation and the development of various products
in the 20th century. However, the variety and widespread
use of these materials led to environmental damage, for
which we sought solutions at the beginning of the 21st
century, such as improper disposal and the landfills’
overcrowding and other environments designed for waste
deposition. According to Allison et al. [1], the accumulation
of plastic waste is a growing threat, endangering health
and sustainability on a global scale. On the other hand,
public awareness of the solid waste problem is increasing,
and plastics, due to their extensive use in packaging, have
become a significant part of this issue [2].

Nascimento et al. [3] point out that the increase
in plastic waste may be linked to the development of
smaller packaging, changes in consumption habits, and
the reduction in household sizes. Poor management of
plastic waste poses serious environmental challenges,
including the clogging of sewage systems and health
risks [4]. According to Brito et al. [5], many problems arise
from the disposal of this material due to its high resistance
to degradation, as it takes many years to decompose.
Additionally, the degradation of very small portions
of some plastics, which are not visible, accumulates in
ecosystems in large quantities.

In this context, it is important to understand that
conventional synthetic polymers are produced to take
advantage of their properties during the usage phase
and can be derived from fossil or biological sources [6].
However, considering the end of the life cycle, we observe
the need for polymers that meet biodegradability
conditions and biocompatibility with
degradation as alternatives to existing conventional
synthetic polymers [7].

According to Mukherjee et al. [4], polymers can
be classified biodegradable polymers
(polysaccharides and proteins), synthetic biodegradable
polymers (esters, amides, ethers, urethanes), and synthetic
biopolymers (or hybrid systems). Figure 1 presents the
classification of polymers.

low-toxicity

into natural
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Figure 1: Polymer Classifications. Source: Adapted from Mukherjee et al. [8]

It is important to note that biodegradable plastics
are not strictly linked to renewable resources, as
biodegradation is related to the chemical structure of
the compound rather than its origin [9]. Decomposition
criteria in the environment need to be established and
communicated to ensure that users and end consumers
are aware of the biodegradation capabilities of these
bioproducts [10]. Soil burial is widely used to test
degradation, but reproducing results is challenging due
to the lack of control over climate and microorganisms
at the test site [11]. The decomposition period depends
on the chemical structure, but for practical purposes, if
degradation takes many years under such conditions, the
polymer is not considered biodegradable [12]. Therefore,
to achieve significant results with biodegradable
polymers, it is important to implement industrial-scale
composting, just as we plan reverse logistics, sorting
centers, and recycling processes. This issue can guide the
feasibility of bioplastic implementation.

In a competitive market, it is crucial to offer products
that not only meet customer needs but are also
produced with reduced costs, lower material and energy
consumption, and minimized environmental impacts [13,
14]. Simultaneously, companies with a more advanced
strategic vision focus on sustainability, considering not
only eco-efficiency, which encompasses economic and
environmental impacts, but also socialimpacts and ethical
aspects of their operations [15]. Contemporary design, in
response to societal and market demands, is increasingly
aligned with the concepts of sustainable development,
innovation, and social well-being [16]. Thus, in the
development of products with biodegradable polymers,
several phases up to their final disposal should be
considered, and the goal ofimplementing this technology
is precisely to ensure that the end of the product lifecycle
is positive and does not harm the environment. Another
important characteristic is that many biodegradable

Mix Sustentavel | Floriandpolis | v.10 | n.4 | p.113-125 | SET. | 2024




Polymers and Sustainability: Overview of the use of concencional and biodegradable polymers. N. S. Schaulet; V. G. Ribeiro; J. ). Jacques.

https://doi.org/10.29183/2447-3073.MIX2024.v10.n4.113-125

polymers come from renewable sources; however, it is
crucial to understand that some biodegradable plastics
come from non-renewable sources. This article focuses
on biodegradable plastics also considered bioplastics, i.e.,
derived from renewable sources.

Significant advances in the
production of biodegradable plastics from renewable
resources, aiming to achieve materials with performance
comparable to petroleum-based polymers [17]. Some
environmental and socioeconomic factors related to the

have been made

growing interest in biopolymers include: (a) significant
environmental impacts, (b) extraction processes for
petroleum-derived polymers, and (c) oil scarcity and
price increases [5]. Therefore, the use of raw materials
such as corn, cassava, algae, among others, could reduce
the reliance on oil for polymer production, representing a
transition from non-renewable to renewable sources.

These attributes contribute to the rise of biopolymers.
The increased interest in these materials, combined with
growing environmental concerns, has led to a significant rise
inresearchinto their use [18]. The relevance of biodegradable
polymers has also increased in the industrial market over
the past decades, particularly with the growing focus on
sustainability and environmental impacts since the 1990s.
According to Araujo et al. [19], global biopolymer production
reached approximately 2.05 million tons in 2017 and 2.18
million tons in 2023, with projections to increase to 7.43
million tons by 2028 [20]. However, several limitations hinder
the expansion of these materials, such as cost, applicability,
purpose, and disposal adequacy.

To contribute to a state-of-the-art scenario, this article
employs a literature review methodology, providing
insights into key moments in the consolidation of
conventional and biodegradable polymer use. The research
aims to be systematic and comprehensive [21]. The study
addresses two main topics: (1) the historical context of
the emergence and evolution of conventional synthetic
plastics, and (2) the concept of sustainability and the
emergence and development of biodegradable plastics.
Data were collected from academic publications, books,
and journals, recognized as both classic and contemporary
materials, from national and international sources, covering
the publication period from 1990 to 2023. It is important to
note that this work did not follow a linear path, allowing for
some flexibility in theoretical development.

The focus will be on biodegradable polymers, but a
historical context regarding petroleum-derived plastics
will be presented, highlighting events that marked
the evolution of this technology. Subsequently, the
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characteristics of biodegradable plastic use will be
mapped, including the origin of the technology, its usage
segments, limitations, and opportunities.

2. HISTORICAL CONTEXT OF THE
EMERGENCE AND EVOLUTION OF
CONVENTIONAL SYNTHETIC PLASTICS

There are several contextual axes that depict the begin-
ning of the discovery of conventional polymers. The first
plastic material technology was based on nitrocellulose
and was developed by Parkes in 1862 and Hyatt in 1866
[22]. Around 1860, John Wesley Hyatt developed a cellu-
lose derivative [17]. He combined camphor with cellulose
nitrate, obtained by dissolving cotton fibers in an alcohol
solution, to create celluloid [23]. Celluloid was first marke-
ted as an imitation ivory, used to make a surprisingly wide
range of objects, especially small personal items [24].
After cellulose nitrate, formaldehyde was the next crea-
tion to evolve in plastic technology [17]. By mid-1887, ca-
sein (milk protein mixed with formaldehyde) was used to
develop non-flammable whiteboards [25].

According to Crespy, Bozonnet, and Meier [26],
Bakelite was the first synthetic thermosetting plastic and
significantly contributed to the onset of the "plastic age."
Bakelite was discovered in 1907 by Baekeland through
the polycondensation of phenol with formaldehyde [22].
It was widely used in the manufacture of telephones,
saucepan handles, pipe stems, radio cabinets, and other
products in the electrical and automotive industries
[23]. As Crespy, Bozonnet, and Meier [26] report, despite
Bakelite's qualities, it declined after World War Il due to
its strong residual odor being associated with wartime
desperation and memories, as well as the poor quality of
resins synthesized at that time.

Murder and Knot [27] cite the year 1912 as the time
when polyvinyl chloride (PVC) was discovered, showing
flexibility and resembling rubber or leather when heated
in the presence of a liquid with a high boiling point [22].
PVCis widely recognized as the trivial name for polyvinyl
chloride and, in terms of global production, is one of the
three most relevant polymers, alongside polyethylene
and polystyrene [11].

Polyethylene (PE) was discovered by Reginald Gibson
and Eric Fawcett in 1933, two chemists working for ICl
(Imperial Chemical Industries). It was first synthesized
as a low-density resin (LDPE) in 1935 [28]. This polymer,
originally called high-pressure polyethylene (HDPE),
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resulted from Nobel Laureate Robert Robinson's interest
in ultra-high-pressure reactions as an ICI consultant [29].
Besides PVC and PE, polystyrene (PS) is also one of the
most important polymers in use [11]. Its practical use was
considered in 1902 by Kronstein and Matthews in 1911 [22].
Matthews filed a patent describing the polymerization
processes of the styrene monomer to produce a substance
for manufacturing items previously made of wood, hard
rubber, celluloid, and glass [30]. Commercial production
of PS began in the 1930s by the German company BASF
and was introduced to the United States in 1937 [28].
The production of PS since 1946 was due to the spread
of knowledge and the availability of high-purity styrene
monomer in factories during World War Il as part of the
synthetic rubber program [30]. The polymer is relatively
resistant and is primarily used as protective packaging
material, especially for electrical equipment, or as sintered
sheets to replace paper or cardboard [31].

All these polymers, which have been and continue to
be widely used, come from non-renewable sources and
are not biodegradable. Therefore, the historical context
of conventional synthetic plastic technologies has had
a significant impact on society throughout the 20th
century. According to Geyer [32], the invention of modern
consumer society and sustained economic growth in
the post-war period created a perfect environment for
these new materials. Feldman [22] adds that polymers
were previously seen as a chemical specialty, but from
then on, they became associated with plastics, fibers,
and elastomers, as well as with engineering through the
products” design and manufacturing .

From the last decade of the 20th century, the growing
focus on sustainability in various sectors has driven the
development of new alternatives to conventional polymer
sources. Biodegradable plastics have been present in
the market for several years and are used in a variety
of sectors, particularly those derived from renewable
sources, i.e., bioplastics.

Material selection is a fundamental part of product
design, examining the overall context of this polymer
category is essential to understanding the interactions of
these technologies throughout products” development.

https://doi.org/10.29183/2447-3073.MIX2024.v10.n4.113-125

2.1 The Concept of Sustainability, Emergence
and Development of Biodegradable Plastics,
and the Biological Cycle of the Circular Economy

Biodegradable plastic is intrinsically linked to the concept
of sustainability, playingasignificantroleinthe sustainable
development of products across various sectors. By the
end of the 20th century, climate change and restrictions
on fossil resources were already driving the development
of plants for producing materials needed by humans from
renewable sources [17]. According to Horn et al. [33], in
1987, the concept of sustainability was defined by the
United Nations Commission led by Gro Brundtland. This
concept emerged with considerable challenges, such
as economic crises, social inequality, drug trafficking,
political instability, and particularly characterized by the
notion of scarcity [34]. Sustainable development faced
significant limitations at its inception, related to market
growth and its needs. In Brazil, sustainable development
became popular in the 1990s, with Rio-92 presenting
negotiation processes on the Climate Change Convention,
the Biodiversity Convention, the Forest Protocol, the Earth
Charter, and Agenda 21 [35].

As Campos [36] notes, the concept of sustainability
implies limits that are not absolute but are imposed
by technology, social organization, natural resources,
and the capacity to absorb waste at a given historical
moment. Concern for sustainable development drove the
advancement of studies on integrating environmental
challenges into design from the early 2000s. Researchers
like Bahmed, Boukhalfa, and Djebabra [37] highlighted
the need for a methodological approach to incorporate
environmental challenges into product development
due to the high complexity and uncertainties of that
period. An additional challenge was that few companies
openly shared their design processes that included
environmental or social aspects of sustainability or
adopted a systemic view of sustainability [38].

However, by the 1990s, there was evidence that
design could help designers evaluate the quality and cost
of a project in the initial phase, with more than 70% of
the product cost determined at this stage [39]. Bahmed,
Boukhalfa,and Djebabra[37] reinforced thattoincorporate
environmental parameters effectively, it was crucial to act
from the development phase, when 80% of the product
impacts are defined. This understanding aligns with the
more contemporary view of McAloone and Pigosso [40],
which emphasizes that the more advanced the project,
the more difficult and even impossible it becomes to
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make necessary changes, as materials, technologies, and
product lifespan are decided in the initial phase.

The disposal of plastic packaging reflects behaviors
within an industrial context shaped by various factors,
including the actions of consumers, producers, and large
industries [1]. Consumers play an essential role in the
packaging lifecycle, and it is crucial that they understand
the importance of environmentally appropriate disposal
[41]. At the same time, packaging design needs to be
improved not only in terms of functionality but also to
avoid the increase of poorly classified packaging and plastic
waste that does not return to the productive cycle [42].

According to Idumah [43], the
management of plastics recovered from municipal solid
waste (MSW) is a particularly sensitive industry due to
the continuous growth in the plastics” amount, their low
biodegradability, and their environmental impact. Huang
et al. [44] observe that plastic waste degrades slowly,
persisting in the environment for hundreds of years,
characterizing it as non-biodegradable waste.

Although various companies and systems are involved
from conceptto end-of-life (EoL) andin recycling products,
a joint effort is needed to implement sustainability
throughout the entire lifecycle [45]. Silva and Palsson [46]
emphasize that the environmental impact at EoL is not
limited to the negative effects of waste treatment but also
includes the potential savings this process can generate.
Nystrom et al. [47] add that while companies may invest
in more durable products to reduce future costs, they
face the risk of not recovering these investments due to
premature obsolescence and future uncertainties.

Geyer, Jambeck, and Law [48] state that the only
way to permanently eliminate plastic waste is through
destructive thermal treatment, such as incineration and

and Nwuzor

pyrolysis. However, these processes can release gases that
contribute to air pollution and the greenhouse effect [42,
49]. Alassali et al. [50] point out that the global amount
of plastic waste incinerated and recycled is still low
compared to the amount deposited in landfills.

An additional concern is the fate of these wastes in
rivers and oceans. Ritchie and Roser [51] report that the
world generates 350 million tons of plastic waste annually,
with almost a quarter, about 82 million tons, being poorly
managed. Of this amount, approximately 19 million tons
are released into the environment, with 13 million tons
affecting terrestrial environments and 6 million tons
polluting rivers, coasts, and oceans. Chamas et al. [52]
highlight that this pollution is strongly linked to the lack
of efficient waste management infrastructure.
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The end-of-life scenarios outlined above underscore
the importance of considering design and questioning
the cyclical flow. As McDonough and Braungart [53]
argue, in 2002, in their book Cradle to Cradle, products
should be designed so that at the end of their useful life,
they can either be reused or recycled without losing their
quality as technical nutrients or can safely return to the
environment decomposed as biological nutrients. Based
on this concept, returning to the productive cycle through
recycling or reuse is the most employed approach for
conventional polymers.

Atthebeginningofthe21stcentury,alsoin2002, Manzini
and Vezzoli [54] indicated that the view on sustainability
needed to be broad and systemic. The authors presented
a refined view of sustainable development listing some
general requirements: () fundamentally relying on
renewable resources to ensure renewal; () optimizing
the use of non-renewable resources (understood as air,
water, and land); (lll) not accumulating waste that the
ecosystem cannot renaturalize (i.e., return to its original
mineral substances and, importantly, to their original
concentrations). These requirements relate to goals in
plastic development, material choice in product design,
and consumer purchasing decisions.

Adopting a systemic view can impact the three
dimensions of sustainability: economy, environment,
and society [55]. Chiu and Chu [13] highlight that this
concept is widely known as the Triple Bottom Line (TBL),
where profit, environment, and society are assessed
integratively. Rachuri, Sriram, and Sarkar [56] reinforce
this perspective, emphasizing that measuring product
impacts on sustainability should consider these three
indicators jointly within the TBL framework.

According to Luckachan and Pillai [7], one of the first
studies on polymer degradation was Wolfram Schnabel's
classic work in 1981, which discussed three modes of de-
gradation through (i) thermal, (i) mechanical, and (iii) pho-
toelectric processes. Later, Narayan in 1993 [57] published
a study addressing the use of biodegradable plastics in
industry, marketing, design, and engineering. The author
mentions that in that context, in response to environmen-
tally conscious plastic disposal, two new industries emer-
ged: recyclable plastics and biodegradable plastics.

The growing adoption of biodegradable plastics has
paved the way for new application possibilities. Petersen
et al. [58] examined the potential of biodegradable plastics,
focusing particularly on packaging, especially for food.
This study evaluated the feasibility of using bioplastics in
food packaging for animal products, fruits, vegetables,
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and frozen foods. While the studies were underway, the
future perspective of polymer technology for packaging
was based on renewable resources. However, limitations
associated with these materials could vary in terms of
performance, processing, and cost [58, 59]. On the other
hand, Gross and Kalra [60] conducted research on the
opportunities offered by biodegradable polymers for the
environment. They highlighted that one of the main benefits
of renewable raw materials, compared to petroleum, is the
reduction in CO2 emissions from fossil fuels. The emergence
of new biodegradable polymer technologies that meet
degradability, environmental compatibility, and low-toxicity
degradation product requirements is the definitive solution
to these types of problems [7].

The Circular Economy (CE) concept, established in
2015, also grounded in the defense of cyclical flow, can
influence and promote the reduction of environmental
impacts through one of its fundamental cycles: the
biological cycle. According to Oliveira, Silva, and Moreira
[61], the term "circular" is attributed to the concept due
to the existence of two main cycles that sustain the
model: the biogeochemical or biological cycle and the
technical cycle. In the biological cycle, components are, at
a minimum, non-toxic and potentially beneficial, allowing
them to be safely returned to the biosphere [62]. On the
other hand, the technical cycle encompasses durable
goods, such as engines and computers, composed of
technical materials unsuitable for the biosphere, such as
metals and most plastics [63]. Below, Figure 2 illustrates
the simplified structure of the biological cycle.

Take
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‘gﬁpﬁ e iy,
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Dispose

Figure 2: Simplified butterfly diagram. Source: Velenturf et al. [64]
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Various academic contributions have sought strategies
to promote the circularity of plastics, such as banning
the recycling of problematic plastics that may harm
terrestrial and aquatic environments, standardizing
plastic formulations, extending product lifespans, and
developing guidelines for circularity [65]. Jirgens and
Endres [66] also discuss the use of bio-based plastics and
mechanical recycling to recover plastic materials at the
end of their life cycle. In addition to these strategies, other
studies investigate the challenges organizations face in
implementing Circular Economy (CE) and sustainability
strategies, such as investing in new technologies and
infrastructure, changing user behavior [67], lack of
education on the topic, and accountability for the end-of-
life of products [68].

Turkcu and Tura [69] suggest that companies can
adopt strategies such as creating ecosystems for waste
management, forming strategic partnerships, innovating
business models, and using communication approaches
to effectively integrate sustainability. Feldman et al. [68]
emphasize that CE requires a complete transformation
of the supply chain, with active participation from
governments, businesses, researchers, and consumers. For
CE to succeed, it is crucial that consumers are willing to buy
recycled products and adopt practices such as repair and
reuse [67]. The growing consumer interest in sustainable
practices is a positive indicator for achieving these goals
[68]. Thus, understanding and overcoming barriers related
tolow consumer engagement can help companies develop
strategies that better inform the public and encourage the
adoption of circular products and services [70].

Considering only the end of life, there are three
of biodegradable polymers presented by
Chandra and Rustgi [71], which are: (@) First class are
synthetic polymers with vulnerable groups susceptible
to hydrolysis attacks by microbes; (b) Second class are
natural bacterial polymers, such as polyhydroxybutyrate

classes

(PHB) and polyhydroxyvalerate (PHV), which are highly
biodegradable and susceptible to bacterial action; (c) Third
class are mixtures of polymers and additives that are easily
consumed by microorganisms, such as mixtures of starch
with polyethylene (PE).

According to Mukherjee et al. [8], "the basic
characteristics biodegradable polymers
are their availability and derivation from natural and
relatively inexpensive sources, such as polysaccharides,

of natural

lignin, chitosan, starch, cellulose, guar gum, collagen,
and albumin." Van Beilen and Poirier [72] note that
although the focus is on using plants for biofuels, such as

Mix Sustentavel | Floriandpolis | v.10 | n.4 | p.113-125 | SET. | 2024




Polymers and Sustainability: Overview of the use of concencional and biodegradable polymers. N. S. Schaulet; V. G. Ribeiro; J. ). Jacques.

https://doi.org/10.29183/2447-3073.MIX2024.v10.n4.113-125

bioethanol and biodiesel, plants are a potential source of
a much wider range of useful chemicals and biomaterials.
Plastics composed of renewable resources (corn, tapioca,
potatoes, sugar and algae) and that are totally or partially
bio-derived, biodegradable, or compostable are referred
to as bioplastics.
AccordingtoPathakandSneha[17],biological materials
have potential advantages for balancing greenhouse
gases and environmental impacts throughout life cycles
and with the use of renewable resources, in contrast to
finite resources. On the other hand, Van Beilen and Poirier
[72] comment that biomaterials often lack performance
quality, affecting characteristics such as durability and
strength, and do not have the cost competitiveness
required for their use in low-value, large-scale consumer
products. Lambert and Wagner [73] emphasize that
bio-based polymers, even if not biodegradable, can
potentially be used in a wider variety of applications
where biodegradability is not a desired atribute.
Biodegradable polymers require adequate resistance
for applications such as construction materials, hygiene
products, and packaging, reducing disposal issues, such as
reduced resistance to microbial degradation when they are
in the environment [8]. In the technological advancement
of biodegradable polymers, there are studies on the
development and improvement of materials, such as the
production of polyhydroxyalkanoates (PHA),
cellulose, silk, xanthan, and polyesters from fermentation, also
called white biotechnology, or by chemical methods [72].
Corn sugar in the U.S. and sugarcane in Brazil have
been the preferred renewable feedstock for fermentation-
based biofuels (ethanol) and for producing bio-based
products, including polylactic acid (PLA) [74]. According
to Mores et al. [75], in Brazil, bioplastic production
from sugarcane is feasible due to the country's climatic
advantages and the extent of available land for this
crop. Demmer [76] mentions alternatives such as algae
and sugarcane for the plastic industry in the U.S., but
highlights that corn and soybeans are significant and
economically attractive commercial crops for the country.
Some authors describe high-cell-density systems with
low-cost starch, rice bran, or wheat bran as the primary
carbon source for producing PHA in semicontinuous
culture [77]. Thus, there is a search for natural sources
for various applications, which aligns with Herman Daly's
statement, cited by Meadows et al. [78], arguing that the
sustainable use of non-renewable resources occurs when
it happens at the same rate of replacement by renewable

bacterial
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sources. However, it is still not evident that this is being
done at the necessary time and quantity.

For practical use, biodegradable materials are currently
most important in medical sciences, where they can be
used as implants to replace bones or other body parts,
and in surgeries as sutures [12]. The main applications in
Brazil are in food packaging, bags, agricultural films, and
consumer products, using biopolymers, biodegradable
polymers, and green polymers [5].

Thus, it can be asserted that biodegradable polymers
can play a significant role in material recovery, reducing
landfill waste volume, and utilizing renewable resources
[79]. According to Lambert and Wagner [73], the main
application areas for the development of biodegradable
polymers include packaging, disposable food utensils,
and agricultural films.

3. CONCLUSION

With the purpose of examining the historical panorama
of the use of conventional and biodegradable plastics,
this study presented two periods of polymer technolo-
gy evolution throughout the history of materials. One of
these periods dates to the early stages of research, deve-
lopment, and refinement of technology, while the other
emerged at a time of increasing interest in sustainabili-
ty across various sectors, which has driven the search for
new alternatives to conventional polymer sources.

Biodegradable polymers hold significant importance
in the industrial market due to their varied applications.
Unlike conventional synthetic polymers derived from
petroleum, biodegradable polymers degrade more
quickly. Biodegradation is a highly promising solution as
it is less harmful to the environment and completes the
carbon and nitrogen cycles.

It is evident from the literature reviewed and presented
in the article that the use of biodegradable polymers
influences and benefits causes that implement sustainability
as a strategic pillar. The interest in exploring biodegradable
polymers, combined with heightened environmental
concern, has led to a significant increase in research into
their use, as indicated by the consulted literature.

Biodegradable polymers follow a biological cycle in
which, upon safe degradation, they transform into nutrients
for the soil. In this context, the biological cycle structured in
the circular economy plays an important role by encouraging
the use of biodegradable materials that can be integrated
into the product life cycle based on circularity.
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Therole of consumersis crucialin the proper disposal of
biodegradable and non-biodegradable polymers, given
the growing involvement and concern with sustainability.
Understanding and overcoming challenges related to
consumer disengagement should be a targeted strategy
for companies to develop approaches that encourage the
use of sustainable products, identifying opportunities to
engage and sensitize consumers to adopt these practices.

The technology of biomaterials is on the rise, driving
the demand for sustainable products that have a lower
environmental impact. In developing products with
biodegradable polymers, designers should adopt
strategies that consider the entire product life cycle,
especially its end phase, aiming to minimize environmental
harm. Therefore, despite the commercial and physical
constraints of biodegradable polymers, they offer a notable
opportunity to advance products and ventures that do not
harm the environment. On the contrary, solutions that
incorporate biopolymers have the potential to positively
impact environmental sustainability.

It is concluded that the pursuit of achieving structural
performance like conventional synthetic polymers is
driven by socioeconomic and environmental challenges,
such as oil scarcity and rising extraction costs.

Thus, there is a broad field of opportunities to conduct
further studies on various biodegradable polymers. As future
applications or adaptations of this article, it is suggested
that deeper research be conducted on the implementation
of biodegradable plastics in the industry, understanding
the limitations and opportunities for companies using
such materials in product development. Due to the
complexity of accessing internal company information, it
would be beneficial for future research to seek such data to
understand the use of biopolymers as corporate strategies.
Integrating design within the context of this work, another
possibility would be to deepen the study to understand
the role of design in the end-of-life phase of products
incorporating biodegradable polymers in their composition.
These approaches can significantly contribute to advancing
environmental sustainability and developing innovative
solutions to contemporary challenges.
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