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Abstract: The circular economy is a process through which elements that have already been used
are reincorporated and given a second use so that they can reduce the consumption of virgin raw
materials. This article shows how, from the reuse of an agro-industrial waste such as corn husks, a
biomaterial can be developed that manages to standardize the properties of materials such as paper
and cardboard, thus allowing the development of single-use products that replace the excessive
expense of materials such as polymers. In this article, it will be possible to show how from the process
of transforming an agro-industrial waste into a raw material base, it is possible not only to reduce
the number of raw materials discarded but also to redesign a product that not only contributes to
the environmental component but also facilitates the processes of economic sustainability when
generating products. As a practical case, a comparison is made between traditional fast-food
packaging and how from these, a new packaging proposal can be generated, which starts from
the principles of circular economy and complements sustainable design processes to make more
efficient manufacturing of the mentioned product.
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1. Introduction

Sustainability and in turn sustainable development have been configured as concepts
of common use in today’s society, thus encouraging the linking of processes, activities, and
developments that enhance these concepts within any project of society [1], thus promoting
the importance of understanding and recognizing actions in favor of giving good use
and preserving the existing resources in the environment [2], this with the intention of
promoting a mentality oriented towards changes in the traditional models of production
and consumption, not only from the companies but also from consumer behavior [3].

Understanding the importance of creating new practices in the behavior not only of
consumers but also in production processes (in turn associated with the existing supply and
demand in the market for goods and services [4]), it is necessary to incorporate strategies
that facilitate the use of resources and waste, reduce the stages of processes, and make the
cycle of production, use, and final disposal of goods and services more efficient [3].

Under the previous premise, the importance of incorporating sustainable design
processes with circular economy strategies [5] is identified, through which it is possible
to reach creation and development solutions that not only generate innovative products
and services but also contribute to the sustainable development of the place or region in
which they are implemented. It is necessary that in the transformation of society’s actions,
the resources available now are taken advantage of, thus allowing the continuity of the life
cycle of large quantities of raw materials [6] and thus avoiding their unnecessary disposal.

Sustainability 2021, 13, 8356. https://doi.org/10.3390/su13158356 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-7169-3030
https://doi.org/10.3390/su13158356
https://doi.org/10.3390/su13158356
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13158356
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13158356?type=check_update&version=1


Sustainability 2021, 13, 8356 2 of 19

In each region or country, there are different sources of waste depending on the
productive activities of said sector [7]; this opens the possibility that from the use of these
raw materials, new practices of exploitation can be incorporated, offering the possibility of
transforming those waste in products or elements that meet the needs of society without
the need to consume new materials or reduce the existing waste rate of said space [8].

It is for this reason that innovative and creative alternatives should be sought that
contribute to the changes in the processes that have traditionally been carried out in the
field of production and development processes [5]; therefore, in this article, it is analyzed
how from the use of a waste from the food industry, a product can be developed that
replaces the traditional packaging of polymers and paper, thus allowing the reduction of
the use of natural resources and at the same time improving the final disposal capacity of
the same [9].

The processes for the use of waste as a raw material are one of the main actions
promoted by the circular economy to improve the use of existing resources in the environ-
ment [10], this with the intention that small, medium, and large producers can reduce the
acquisition of virgin raw materials [11], which implies a shortage or reduction of resources
in the environment.

Within the reuse of raw materials, strategies not only of circular economy but also
of sustainable design must be applied [12], through which it is understood not only the
impacts associated with the transformation actions of the raw material but also how the
behavior will be the subsequent disposal of the substitution of the original material for one
with fewer implications for the environment [13].

It is important to understand that when it is sought to establish the reincorporation of
a material into a production process, it is necessary to make an analysis of the properties or
characteristics, physical, mechanical, and visual, of the material [14], since when reused,
the initial capacities are reduced, and they must fulfill functions that do not imply the need
for 100% of the initial capacities [15].

During the process of transformation of the reincorporated waste, it is necessary to
also work a process mediated through design, in which not only a functional but also
an aesthetic component is supplied [16]; this is because although the function to comply
with the product must be totally practical, the user or consumer will feel a better link or
attraction to said element if it visually generates a link or acquisition interest [17].

For the case of the present study, an analysis is developed based on how the reincor-
poration of the residues associated with corn [18] can be the source of raw material for the
development of a material with properties and capacities like those of paper/cardboard,
by means of which the consumption of trees or other species can be replaced for the elabo-
ration of a lot of products or objects, but principally one of the biggest things that can be
changed with the use of this biomaterial is the elaboration of packaging [19].

It is for the anterior premise that the main objective of this research is to be able to
understand if it is possible to take advantage of waste for the development of raw materials
that can be used later as a basis for product design; however, under the conditions of
the research and the difficulties associated with the spread of the COVID-19 pandemic,
an in-depth analysis of the characteristics or properties of the material is not developed,
reaching only the ability to understand the malleability of the material to be used as the
main structure for short-use packaging from use of the corn waste (mainly the husks).

2. Materials and Methods
2.1. Study Case

This project was ejected between July 2020 and May 2021, and for the case of this
study, the city of Medellín, Colombia, is taken as a reference, and occasionally one of the
main places of commercialization of fruits and vegetables in the city, such as the José Maria
Villa Retail Square, in which there are high rates of food waste, which, by not being sold in
a period, are discarded and are not reused in other processes [19].
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According to the Superintendency of Public Services and the National Planning
Department of Colombia, during 2015, 9,967,844 tons of garbage were generated [19]
covering not only polymers but also waste from agribusiness, one of the sectors with the
highest variety and supply nationwide. Agribusiness has a national supply of available
food of 28.5 million tons, of which 9.76 million tons are lost and wasted annually, which is
equivalent to 34% of the total produced in the country [19].

In turn, one of the products at the national level that has great applications in tradi-
tional Colombian gastronomy is corn, this in relation to the large quantities of products at
the national level [20]. Thus, corn and its derivatives allow it to occupy a very important
place in terms of its production, with an annual generation that exceeds more than 1.7
million tons [19], which are not used one hundred percent since elements such as the stem
and shells are discarded, these being optimal raw materials for the development of various
products or applications [21].

It is because of the above that, seeking to obtain a raw material based on one of the
wastes that are commonly discarded, the use of corn and, in turn, its husks is taken as a
starting point, as it is an element with high amounts of cellulose and easily obtained in the
local environment [20].

The fibers of the corn husks are implemented in the development of a biomaterial,
based on the studies and research proposed by Minaya, Galarreta, Símpalo, Bonifacio, and
Miñan at the University Católica de Trujillo Benedicto XVI in Peru [22] and the degree
thesis by Andy Huatoca [23], in which it is indicated that the residues from corn present
in their leave high contents of cellulose, a fundamental component for the creation of
materials with properties similar to those of paper or cardboard.

With the possibility of obtaining a material that resembles the structural properties of
paper/cardboard, the various possibilities that it may have in the local environment are
analyzed, with the intention of aiming at the fulfillment of ODS 12 focused on production
and consumption. This material is prioritized as the basis for the creation of fast-food
packaging [24] since these are used in very short periods and their production involves the
consumption of virgin raw materials mainly from trees [25].

2.2. Development Methodology

Within the process of obtaining a new raw material, the ability to understand in a
practical way the behavior of the waste that is going to transform is vital, not only by
identifying its parts but also by recognizing the transformation capacity of each one of the
components found in this, such as the husks, the leaf, or even the grains [20].

Corn presents two conditions of high utilization capacity for the development of
biomaterials from the reincorporation of its elements in the production chain: polylactic
acid, by means of which bioplastics can be generated in the form of films [26], and the high
percentages of cellulose found in the shells of said food [27].

Taking corn husks as working material and under the approaches of how to take
advantage of this element as raw material for the development of materials comparable to
paper/cardboard [23], a manufacturing process is structured in which the main stages of
transformation of the material are based on obtaining the raw material (from the José María
Villa retail market), the cleaning and drying of the material, the temporary humidification to
facilitate the cooking process, and finally the crushing, shaping of pasta, and manufacturing
of test pieces [22].

In Figure 1, it can be seen how a process of obtaining a raw material from the residues
obtained from corn is established [22]; however (and although this process is directly
linked to a circular economy process), it is necessary to review the different stages of said
production, because there are actions that continue to affect the environment [28], due to
times, processes, or the incorporation of chemicals that do not allow easy disposal at the
end of the process.
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Trujillo Benedicto XVI [22]. 

Figure 1. Structure of work to develop paper with corn waste developed by University Católica de
Trujillo Benedicto XVI [22].
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The process of obtaining cellulose for the creation of paper presented previously
establishes a starting point through which a restructuring of the activities that are framed
in it can be generated [29]; it is thus and through an analysis of the impacts that can be
associated with this development that it is necessary to restructure a guide of actions that
make this transformation of raw material more efficient and sustainable (mainly from the
environmental component) [30].

With the previous premise and under the working model proposed in the research
on the use of agro-industrial waste [22], the development proposed for the initial stage of
obtaining the raw material is presented in Figure 2 as a starting point for the use of corn
residues for product development:
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Figure 2 presents a contrast with the work proposal generated by the researchers from
the Catholic University of Trujillo [22], since as a differentiated factor, the design process is
focused on actions that avoid downtime in obtaining the material and seeks to make the
use of resources much more efficient and, in turn, better manage the waste generated [31].

The present process is based on an experimental methodology from the development
of test tubes, in which comparisons of various pieces are generated that in their manufac-
ture had variations in their development, controlling and modifying punctual variables
that allow the recognition of different characteristics in the execution of tests to the base
material [32]. It is important to note that the tests or characterizations carried out on the
product are developed from a basic starting point, without the need to incorporate complex
engineering processes, in relation to the scope of the project [33].

Compared with the manufacturing and development process from which the reinter-
pretation of the workflow is proposed, a series of modifications is generated by means of
which it is sought to reduce the impacts associated with obtaining the biomaterial [34]. The
following are the main structural changes regarding the biomaterial development process:

- The drying process in the original elaboration is generated for twelve hours in an
oven at 80 degrees Celsius, while in the current process, it is left for 12 h at room
temperature on absorbent material to minimize the internal humidity of the raw
material [35].

- After cooking, the material is left to rest for 4 days with the liquor that it distills; for
the current process, it is left for 4 h, simplifying production times. The decrease in
time is based on research and the course directed by the Architect Cárdenas Oleas, in
which it is indicated that when cooking the raw material with a chemical that allows
breaking the lignin, no more than two to four hours of rest is needed to continue the
craft paper manufacturing process [35].

- The bleaching process of paper-making is eliminated. This is because the amount
of water in addition to the incorporation of hydrogen peroxide generates a high
percentage of waste whose disposal is highly complex due to the contamination
generated by combining water with peroxide [36].
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The previous exercise by means of which the process of transformation and obtaining
of the biomaterial is restructured is made from an analysis in which reverse engineering
processes are proposed (by analyzing all the steps of an established production), designing
for X to detail the production process and omit unnecessary or easily replaceable steps [37],
and finally, the strategy of responsible production and consumption, by understanding the
impacts associated with each of the activities inherent to paper manufacturing and how
these affect the three sustainable development aspects [38].

Once the initial workflow is structured, an approach is made to the experimental
process through which the manufacture of the biomaterial is generated. It is important to
recognize that although the process is made under a detailed analysis in which it is sought
to have control over each of the manufacturing stages, the development is structured in an
artisanal way, providing the possibility of facilitating its replicability for any individual
under various productive contexts and thus fostering the ability to expand production
spaces in society [6].

2.3. Test Tube Fabrication

With the work structure drawn from the flow diagram presented in Figure 3 and
understanding each of the modifications to the original work structure [39], the different
moments of the biomaterial manufacturing process are shown below for obtaining the base
raw material and in turn the possibility of developing products with this new material [40].
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Figure 3. Corn’s husk in natural state.

- Reception:

As can be seen in Figure 3, the first stage of the process is consolidated with the
obtaining of the raw material from the José Maria Villa Retail Plaza in the city of Medellín,
Antioquia, in which the material is discarded or commonly relegated to be reincorporated
as compost or food for different animals [19]. This activity is structured as the main circular
economy foundation of the entire work process [5].

- Preparation:

As presented in Figure 4, once the raw material has been obtained, it is necessary
to start a treatment process of said element, which allows separating the contaminating
components or elements from the base structure with the intention of preserving the
structural quality of the material to be processed (corn husks), avoiding the presence of
any external agent that promotes rapid decomposition or degradation of the same, such as
garbage, external fibers, insects, and any other element that may alter the execution of the
creation of the test tubes. This can be seen in Figure 4, in which the corn mats are filled
with various external agents.
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Figure 4. Cleaning process.

Once the raw material is free of any external agent or contaminant, it must start a
drying process, in which the internal humidity is considerably reduced, thus preventing
the raw material from decomposing more quickly.

After a drying process at room temperature (Figure 5), the raw material remains
rigid to the touch and has a rough feeling, indicating that the internal humidity level has
decreased to a percentage lower than 10% (basic sensation of hygroscopic touch [41]), thus
promoting the ability to last over time without being exposed to degradation or rapid
decomposition [42].
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Figure 5. Drying process of the corn husk.

With the dry raw material, the fiber is cut so that it can be easily reprocessed; This
activity is done manually or supported by a tool that allows the maintenance of a constant
length and less than 3 cm to later facilitate the grinding in a processing machine (blender
type) [42]; this process can be seen in Figure 6.

With the material in a state of internal humidity in percentages not perceptible to
the touch and cut into an easy-to-handle size, a cooking process is implemented in which
the material is humidified by combining the material with water and with a minimum
percentage of sodium hydroxide (NaOH) (1% of the weight of water and fiber) as an
element that enhances the breaking of the internal chains of lignin, which is a natural
binder that is responsible for shaping the fiber-like structure of the baskets and which is
present in various cellulose-rich raw materials [22].

When cooking the fiber with water and NaOH, the lignin chains are broken (Figure 7),
releasing a substance known as liquor [29], which provides a black color to the process and
must be sieved and cleaned to allow the cellulose pulp obtained not to be of such a dark
color for your future handling processes (such as pigmentation or printing).
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Once cooked and sieved, the material obtained remains as can be seen in Figure 8,
in which the fibers have lost their base color and their texture has a brittle and viscous
appearance to the touch.
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- Transformation:

By having clean and sieved raw material, we proceed to carry out the dough shaping
process for which water is added to the fiber obtained, and it is crushed in a mechanical
process supported by a machine that facilitates the ability to minimize the size of the fibers
cut previously.

With the shaped pulp, it is placed in a container in which, with the help of a mesh
frame (Figure 9), an immersion process can be generated to obtain the basic shape of the
paper test tubes [42]. For this case study, a dimensioning is not generated according to a
technical standard (however, the tests related to the use of paper and its applications are
found in the ASTM standard [21], but rather a square shape is structured through which
they can evaluate the basic structural capacities perceptible by the view of the biomaterial
and that in turn facilitate the comparison with traditional paper/cardboard) [35].
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The immersion process consists of introducing the mesh frame into the container that
contains the crushed fiber particles so that they form in the frame and can begin a drying
process in the open air (Figure 10), allowing the internal moisture found in the material to
pass through the mesh.
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In the Figure 11, the drying process is generated at room temperature and without the
help of external elements; it is necessary to analyze the atmospheric conditions and the
spatial location during the process [43]. Drying commonly occurs within eight to twelve
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hours. Once the material is free of moisture and its handling is easy to the touch, it can
be implemented in various applications. In this way, the process of transformation of
the recovered material can be concluded by obtaining a biomaterial developed under the
premise of the circular economy [44].

Sustainability 2021, 13, x FOR PEER REVIEW 10 of 20 
 

the spatial location during the process [43]. Drying commonly occurs within eight to 
twelve hours. Once the material is free of moisture and its handling is easy to the touch, 
it can be implemented in various applications. In this way, the process of transformation 
of the recovered material can be concluded by obtaining a biomaterial developed under 
the premise of the circular economy [44]. 

 

 
Figure 11. Biomaterial shaping. 

3. Results 
Once the entire test tube manufacturing process has been generated, it is possible to 

obtain a material that not only visually complies with the appearance of paper/cardboard 
but that, from its basic structure, resembles the same mechanical properties of said tradi-
tional material [45]. It is the possibility of achieving this development not only implies the 
success of the reincorporation of raw materials in a production process but also encour-
ages a process through which it is possible to end the inordinate amount of consumption 
of virgin resources for manufacturing of single-use or very short-lived products [44]. 

As can be seen in the Figure 12, the developed biomaterial resembles in its main 
structure the material that wants to be replaced, however, understanding that its manu-
facture was done through a traditional process without the use of machinery or industrial 
equipment. The surface finish presents irregularities, which can be easily corrected by 
subjecting the material to a compression process [46]. 

 
Figure 12. Biomaterial structure. 

Figure 11. Biomaterial shaping.

3. Results

Once the entire test tube manufacturing process has been generated, it is possible to
obtain a material that not only visually complies with the appearance of paper/cardboard
but that, from its basic structure, resembles the same mechanical properties of said tradi-
tional material [45]. It is the possibility of achieving this development not only implies the
success of the reincorporation of raw materials in a production process but also encourages
a process through which it is possible to end the inordinate amount of consumption of
virgin resources for manufacturing of single-use or very short-lived products [44].

As can be seen in the Figure 12, the developed biomaterial resembles in its main
structure the material that wants to be replaced, however, understanding that its manu-
facture was done through a traditional process without the use of machinery or industrial
equipment. The surface finish presents irregularities, which can be easily corrected by
subjecting the material to a compression process [46].
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The biomaterial obtained with the transformation process manages to have a high
percentage of elasticity without reaching the point of breaking or deforming in a plastic
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way, which makes the development totally suitable to be able to build simple packages
that in turn do not need to generate a compressive strength due to storage or use of very
heavy elements within it [46].

3.1. Principal Characteristics

Some of the main characteristics that can be rescued from the material obtained
without the need to generate tests or material tests are the following:

• Whiteness:

One of the elements that characterizes in a simple way the different elements and/or
developments associated with paper is the color they handle, since a very white color
(both glossy and matte) is commonly associated with distinguishing this raw material
from others.

However, based on the principles of applying the processes of the zero waste design
methodology and seeking to implement the SDG of responsible production and consump-
tion [1], it is defined that in the present development, a bleaching process of the material
will not be generated, since the execution of this activity implies the incorporation of a
large quantity of chemicals that cannot be easily disposed of at the end of the raw material
production [36].

This is how the characteristic of the whiteness of the color for the current development
will not be considered, and the material will be handled in its original color, which is
characterized by an opaque or matte yellow tone.

It is important to note that, in this case, the material could not have a natural whiteness
either, because the color of the manufacturing base fibers (dry corn mats) have a yellow
color, so the white tone could not be achieved in an organic way and reach; this could only
be performed through the physicochemical alteration of the base matter.

• Brightness:

As presented in the previous feature, gloss is a process that is generated on the paper
to create a glossy, satin, or matte effect. The degree of gloss of the paper depends on the
drying process as well as the fillers or chemical components used in its manufacture [36].

In this project, no extra addition of components is generated with the intention of
generating aesthetic finishes; therefore, the material takes on a matte yellow appearance [46].
However, understanding that the product can be used as a commercial element, color tests
are generated through the incorporation of natural pigments to verify the ability to visually
modify the structure.

As can be seen in Figure 13, the absorption of color by the biomaterial is very good,
managing to generate variations in color from the use of pigments that do not generate
waste that is difficult to dispose of and, in turn, generating a more striking appearance for
commercial purposes.

• Opacity:

The opacity of the material is given in relation to how the fiber distribution process
is in the area that has been arranged to generate the product mold; therefore, when
developing a manual/artisan paper manufacturing process, the uniform distribution of the
fibers is truncated by the manufacturing tools, since to allow uniformity in the material, a
compression process must be carried out with a roller to generate stability in the distribution
of fiber in space [23].

Opacity can be analyzed by means of a visual process in which the paper is observed
against the light, and thus an opaque paper (as opposed to transparency) should not
be confused with a matte paper (as opposed to gloss). If the opacity is well-distributed
throughout the paper, it is a good-quality paper [36]. This characteristic depends on various
factors, such as the union of the fibers, the fillers and/or pigments used, among other
external factors.
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As can be seen in Figure 14, the distribution of the fibers in several of the specimens is
of equal consistency, and these are distributed in a very uniform way on the sheet, avoiding
generating spaces with lower densities that can generate break points in the material [45].
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In an analysis of both structural and visual properties, it is possible to understand
in-depth how the performance of the raw material obtained is and how it can be linked to
different creation processes; however, for the present case study, the fundamental analysis
factor lies in demonstrating the capacity and functionality of the developed biomaterial [32],
applying the use of the raw material and at the same time modifying the production stages.
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To understand in a better way the ability to develop the biomaterial, a comparison
was made between two kinds of test tubes, with just one structural change: the use of
NaOH to break the lignin chains.

In the first instance, the visual factor (shown in Figure 15) is presented as a great
differentiator in the ability to understand how the test tubes behave; however, in view
of the need to be able to use this biomaterial in production processes, it is necessary to
generate a deeper contrast, mainly in the basic properties compared to the visual and
sensory component [47]. The following table presents what are the main characteristics of
each of the production processes for the development of the biomaterial.
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with NaOH).

Table 1 shows the need to add an external component that allows the construction
of the material through a chemical process. It is important to note that although the
biomaterial development process is already a previously proven development, in this
study, it is possible to show how it can be much more practical and effective without losing
the initial capacities of the raw material that is generated [46].

Table 1. Comparison of test tube fabrication.

Test Tube A Test Tube B

Fiber behavior The fiber is distributed in a uniform way and
binds easily.

The fiber is evenly distributed; however, it does
not clump and releases residue to the touch

Deformation capacity
The material manages to withstand basic

bending and folding stimuli without being
deformed in a plastic way

The material breaks easily to the touch and does
not allow manipulations beyond the basic touch.

Use of chemicals Use of NaOH Do not use NaOH

Fabrication time 20–36 h
(including drying time)

20–36 h
(including drying time)

Drying time
The drying process takes approximately 8–12 h
at room temperature or 15 min at 350 degrees

Celsius in an oven.

The drying process takes approximately 8–12 h
at room temperature or 15 min at 350 degrees

Celsius in an oven.

3.2. Applicability

In this research project, not only is the development of a biomaterial with the ability
to homologate the basic properties present in a paper and/or cardboard proposed but also
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a way is sought to simplify a production process to minimize impacts not only from the
consumption of raw materials but also from the design, manufacturing, and final disposal
process [44].

Looking for an application that allows contrasting the information raised with the
development of the generated biomaterial and how it can be used as a basic raw material in
a production process [48], the design of packaging for fast food made from the developed
material is proposed, which not only generates an application of the circular economy from
the use and reincorporation of waste but also achieves a design process that minimizes the
consumption and production of traditional packaging [46].

To understand the applicability of the developed biomaterial, a base product is taken
to compare how through redesign and change of raw material, not only the economic
and environmental aspect but also the social aspect, can be improved, thus aiming at the
fulfillment of the three main components of sustainable development [49].

As presented in Figure 16, the traditional structure of a fast-food package is a simple
form that is structurally composed of folds by means of which a support is generated in
which the food can be kept for a short period of time and which will later be discarded [49].
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Figure 16. Reference fast food packaging structure.

The previous structure corresponds to a hamburger package, which is commonly
manufactured by a die-cutting process and is made in a type of thin cardboard that is easy
to handle, which in turn also allows printing or color modifications [50].

For the packaging restructuring proposal, not only is the material in which it is going
to be manufactured considered but it also seeks to integrate the component of the form by
means of which a harmonic process is achieved in the circular economy and sustainable
development [51].

The form that is proposed to generate the new packaging proposal in Figure 17 also
seeks to reduce the manufacturing time of the same, since being a much simpler form, with
fewer folds and components, not only accelerates the production process but also facilitates
the assembly of the product [49].

The developed biomaterial exhibits excellent behavior against bending stimuli, with-
out breaking or structurally modifying, which is why this characteristic is used to reinforce
the proposed design concept.

In Figure 18, it can be seen not only how the main appearance of the element is
developed from the biomaterial but also how it behaves in contact with the user and with
the product to be supported [52].
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It is also important to carry out a basic analysis regarding the implications of producers
in the change processes of both raw materials and the incorporation of new manufacturing
processes [45]. Although the development of the biomaterial presented above does not
represent greater difficulty in terms of the use of machines or tools, this activity is not
standardized, which makes the replicability process in different industries much more
complex [7].

The previous premise raises a scenario in which it is necessary not only to begin
a transformation in terms of the mentality of small and large producers regarding the
management of raw materials but also to begin to change production practices in favor of
making more efficient development processes.

Although the changes not only in mentality but also in the restructuring of processes
are activities that take a considerable period, it is vital for the different companies or
production plants that the changes begin to be made gradually, thus promoting evolution
as to the fact that the entire set of activities developed can be coupled with the guidelines
that arise from the circular economy and sustainable design [45].

Finally, this investigation presents a very important analysis to understand the ex-
isting need to review the traditionally proposed processes; although the manufacture of
paper and recycled paper is a process that has been carried out over the years, it is still
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necessary to look for alternatives that reduce the production of waste or consumption
virgin raw materials.

The biomaterial obtained is not only characterized as an element that manages to
enhance the ability to recycle organic matter that is already in a waste state but also links the
ability to integrate methodologies that seek to reduce the productive impact, simplifying
the production and development steps [53].

4. Discussion

In the first instance, it is necessary to break the traditional scheme in terms of the
activities associated with the production processes of the development of serial products
(this regardless of the industry or type of products), since it is necessary that the engineering
component and design processes are rethought to reduce impacts on both the production
and consumption of raw materials [54].

Research on the alternative capacities that can be obtained from hundreds of residues
is vital, as was the case with corn in the present project, as well as the ability of companies
or institutions to allow spaces for analysis in which characteristics of various waste and/or
discarded raw materials are evaluated for how they can be reincorporated.

In the same vein, it is also imperative that the physical, chemical, and structural
characteristics of the materials or raw materials obtained during their reincorporation in
the processes are evaluated to enhance their skills and give them the best use [55].

Under the previous premise and knowing the scope of this project, an in-depth study
can be derived by means of which a deep characterization of which and how are the
characteristics and behavior of the raw material obtained in the present study are made to
evaluate in what other fields it can be used [56].

Additionally, as an extra study, a life-cycle analysis, or a measurement of the ecological
footprint that this product generates, can be considered, thus making a real comparison
with other products that fulfill the same function to check if the proposal remains only a
reuse process or also implies a decrease in environmental impact [57].

Alternatives should be sought by means of which disclosure processes can be facili-
tated regarding the true impacts associated with production and consumption practices,
both of companies and individuals, with the possibility of training the community in how
to work in these areas of knowledge and how to promote change scenarios.

The ability to propose improvement processes both for the design and creation and
the incorporation of new products [58] must be hand-in-hand with actions that promote
the ideology of responsible production and consumption [59], avoiding the ambiguity of
continuing to produce large quantities of elements that do not turn out to be utilitarian for
society but simply appear as ephemeral fashions or trends, with short life cycles and large
amounts of waste associated with their manufacture [60].

It is precisely because of the above that the processes of design and sustainable
development methodologies must be replicated, not only for the ability to create innovative
and sustainable products but also to allow a change of consciousness regarding how society
relates to the elements and services of its environment.

The concept of sustainability must be understood as a transversal axis to the different
areas of knowledge [61], thus establishing the need for all professionals to achieve a vision
that integrates the ability to link actions with their profession [56] and ensuring that
they always have systemic thinking that involves the triad of the economic, social, and
environmental fields [62].

The ability to make sustainability become a common theme should be promoted by
the new generations [57], and totally wide spaces must be generated in which the older
community can make visible the importance of the management of goods and existing
resources and how they can improve or affect the quality of life of present and future
generations [63].

Thus, understanding the results obtained is not the only point of importance for a
project once it has been completed; it is also necessary to evaluate and monitor a series of
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actions that allow generating new research in the future, expanding and creating scenarios
that contribute to improving the knowledge of the various areas of knowledge about the
interaction that design has with them and the great benefits that can be obtained.

Finally, and as a fundamental and main recommendation of this research project, the
need arises, not only for the concept of both sustainability and sustainable development to
be a deepening approach [60] but also for alternatives to be sought by means of which the
knowledge of this area permeates all generations, social strata, and populations in different
communities worldwide [64].

5. Conclusions

The ability to structure new creation and development processes must be conditioned
by the possibility of having creative and innovative visions of how to work under new
ways of thinking, with the intention of restructuring the processes that have traditionally
been seen throughout history.

For the present project, in which the use of a waste as a new source of creation is
structured, it is possible to observe the great capacity to reincorporate raw materials in
processes with fewer implications, thus reducing the carbon footprint associated with the
consumption of virgin materials.

For the present project, in which the use of waste as a new source of creation is
structured, the great capacity to reincorporate raw materials in processes with fewer
implications can be observed, thus allowing the possibility of evaluating the environmental
impact (footprint carbon) between the new process and the traditional work structure to
check whether there are lesser impacts.

Due to the large amount of research around the processes of how to implement actions
from the circular economy to improve the use and management of resources, it is necessary
to start processes through which current developments begin to be modified, thus giving a
new version of the developed work processes.

In the present development, one of the factors that generate change and add value
from the sustainability component is the ability to minimize both the production process of
the biomaterial manufacturing and, in turn, reduce the waste generated from the process.
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