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Abstract: Itis necessary for the entrepreneur to
promote the transition from the linear model
of extracting, manufacturing, selling, using
and throwing away to revalue the components
used in the life cycle of the products. In
November 2021, the Circular Economy Law
was published in Mexico, however, the concept
is not known and sometimes misunderstood,
which is why it is necessary to identify the
metrics for the application of the CE in the
textile sector in Tepeji del Rio., Hidalgo,
where the units in this area are relevant to the
country’s economy. This is a case study where
a review of the Ellen MacArthur Foundation
model and the metrics proposed in the CE Law
in Mexico was carried out. Tours were carried
out in the different areas and interviews with
company personnel. Among the findings
were identified: Environmental education,
Work environment, Life cycle analysis (LCA),
Carbon Footprint (HC), Water Footprint
(HH), Secondary resources, Supply chain,
Value chain, SWOT and PESTEL, as the
metrics on which the implementation of the
circular economy depends. Implementation
depends on the context and is proposed to
emphasize LCA.

Keywords: Circular economy, textile, metrics.

INTRODUCTION

Textile manufacturing is one of the sectors
that has had the most impact on economic and
commercial opening since it remained until
2001 as the main supplier of textile products
from Mexico to the United States. Since 2007,
China and Mexico have maintained strong
competition in this market (Chavez & Leyva,
2007).

In Mexico, legal frameworks and public
policies have historically been generated,
promoting an economy that does not
consider environmental and social impacts
(externalities of the economy), therefore,
production and consumption patterns do not
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do so either, and there is inefficiency. in the use
of natural resources that are neither adequately
controlled nor sanctioned (Semarnat, 2016).
In 2021, the “Circular Economy Law” was
made official in Mexico, which promotes
the transition towards a paradigm shift and
sustainable use of resources.

In Tepeji del Rio; Hidalgo, we find textile
manufacturing companies such as: La josefina,
Kaltex, Vicky Form, Levis, Zaga, Yashiro
and Mexica, which require identifying the
variables that indicate the current situation
and from which an action plan is derived to
implement the model of EC.

The General Law of Circular Economy
(LGEC) provides that both the Federal
Government and the governments of the
federal entities, as well as the municipalitiesand
territorial demarcations of Mexico City, will
promote the participation of natural and legal
persons in the models. of Circular Economy,
with the purpose of implementing what has
been established, defines Circular Economy
(CE), as a system of production, distribution
and consumption of goods and services,
oriented to the redesign and reincorporation
of products and services to maintain value
and life in the economy. usefulness of the
products, materials and resources associated
with them for as long as possible, and that
the generation of waste is prevented or
minimized, reincorporating them again into
cyclical or biological production processes, in
addition to promoting changes in production
and consumption habits and identifying as
CE criteria those that promote the reduction
of the carbon footprint, the water footprint
or the optimization of the use of materials,
through the efficient use of natural and
economic resources, sustainable consumption
and production; reuse, recycling, composting,
co-processing or other type of recovery or
use. The regulations of said law have not
yet been published. In companies in the
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textile sector in Tepeji del Rio, Hidalgo, they
express the need to know what CE consists
of, make a diagnosis of their current situation
and propose an action plan; given that their
commercial clients in other countries demand
their application. In this project, it begins with
the detection of the metrics to later carry out
the diagnosis.

REVIEW OF LITERATURE

LINEAR ECONOMY

When studying the causes of the current
planetary emergency situation, we must refer
to the hyper-consumption of societies, which
continues to grow as if the Earth’s capacities
were infinite (Daly, 1997; Brown and Mitchell,
1998; Folch, 1998 ; Garcia, 1999). It is enough
to point out that the twenty richest countries
in the world have consumed more nature in
this century, that is, more raw materials and
more non-renewable energy resources, than
all of humanity throughout its history (Vilches
and Gil, 2003).

We are depleting resources that will impact
the lives of future generations, as stated by
the World Commission on Environment
and Development (1988): “we are borrowing
capital from the environment of future
generations, with no intention or prospect of
repayment.”. There is aggressive advertising
that is dedicated to creating needs or
stimulating ephemeral fashions, reducing the
durability of products and promoting others
with a high ecological impact due to their high
energy consumption or their polluting effects.
The paradigm of comfort is the disposable
product that we launch carelessly, ignoring
the possibilities of the three “Rs™ reduce,
reuse and recycle.

In conclusion, it is necessary to change the
paradigm of extracting resources from the
environment to manufacture, selling what is
manufactured; use the good and finally throw

it away at the end of its use (see figure 1). It
is imperative to practice more responsible
consumption, away from  aggressive
advertising that pushes us to purchase useless
products.

nn

Figure 1. Scheme of a linear economy.

Note: Own elaboration

BACKGROUND OF THE CIRCULAR
ECONOMY

The principles of the circular economy
model have to do with the provision of
mechanisms that are detached from the
consumption of finite resources. It is based
on three principles, whose purpose is the
challenge of innovation in order to be viable.

1. Preserve and enrich natural capital:
controlling finite stocks and balancing
the flows of renewable resources.

2. Optimize the performance of resources:
circulating products, materials and
components at their maximum
performance in all processes, in
biological and technical flows.

3. Ensure the effectiveness of the system:
revealing and redesigning to leave out
negative externalities.

Different philosophies and models were
proposed by various authors in which the
environment began to be perceived as a
system; Integrating the principles of the
General Systems Theory, they perceived
that ecosystems should be used, but at the
same time preserved, emerging sustainable
development that constituted a historical
milestone regarding the study of the
environmental variable in the economic-

T ———— o



business field; Subsequently, a loop economy
is proposed and the consequent impact on
job creation, economic competitiveness,
resource savings and waste prevention and
finally the “circular economy” model of the
Ellen MacArthur Foundation emerges, based
on an organizational philosophy of systems
inspired by living beings are characterized by
being regenerative, just as occurs in nature.
Its practical applications, both in economic
systems and industrial processes, have been
increasing progressively in recent years
(Costal, 2020).

CIRCULAR ECONOMY

The idea of a Circular Economy was
determined in order to substantially
modify the linear system of production and
consumption. This economy suggests a change
in the guidelines for the manufacture and
acquisition of those resources, which attempts

to sustain and comfort socioeconomic
development, incorporating work in a
sustainable manner, without involving

eco-systemic functions, protecting natural
resources for present and future generations.
(Rodriguez, 2017).

The circular economy is a philosophy
of systems organization inspired by living
beings. Its application consists of designing
products without waste (eco design),
products that facilitate their reuse, as well as
defining socially intelligent business models
(Goleman, 1999), to that manufacturers can
collect, classity, reuse, recycle and reduce the
use of environmental resources. Divide the
components of the products into two groups:

1. Biological nutrients are biodegradable,
they are introduced into nature after
their use value is no longer profitable.

2. The technical components of the
products were designed to be able to
be assembled and disassembled a large
number of times, and to promote the

reuse of materials and energy savings
(Ellen MacArthur Foundation, 2013).

The Cradle to Cradle design philosophy
represented the application of the circular
economy to the world of eco-design and
industrial production. Figure 1 shows the
diagram of the circular economy model.

The concept of circular economy comes
from various sources of eco-intelligence,
which is the ability to live trying to harm
nature as little as possible, understand the
consequences of actions and decisions on the
environment and choose the most beneficial
ones for health. of the planet (Ramirez, and
Galan, 2012). The circular economy is based
on the following principles:

o« Waste versus food: the concept
of garbage or waste disappeared.
Biological components once again
became part of natural or industrial
cycles  with  minimal  energy
consumption. Biological nutrients
composed of completely biodegradable
materials returned to nature without
problems to be integrated into natural
processes; Technical nutrients (mainly
polymers or alloys) can be reused in a
simple and inexpensive way in terms of
energy.

o Diversity strengthened the most
resistant and resilient natural systems:
they are the ecosystems that are
composed of a greater diversity of
organisms and interactions between
them. In the economic field they
applied a similar philosophy, to
improve responses to economic and
productive crises.

o System of interrelationships: the
elements of the system are highly
interrelated and show non-linear
relationships among them; When
the system was designed, the internal

T — (-



Permaculture Natural capitalism. P. Economuics of
(Mollison and Hawken. A. Lovins Performance. Walter
Holmgren) seventies (2000) Stahel. (2010)
_— ) S— «
gdustrigl ecci‘logy. Natural intelligence Biomesis
c_)bert rosch and (Goleman, 1999) Pauli, Janine
Nicholas Gallopoulos Benyus (2010)
(1989)
—— C—— Cpr—
The natural step. Cradle to Cradle. BCl-uc EC(;’HOT),ZOID.
K. Robert (1989) (Michael Braungart) (Gunter Pauli)
— W —— | VS——
Regenerative Green economy. The circular economy
Design (John T. Sustainable model (Ellen
Lyle) 1994 development. The Rio Macarthur Foundati
Summit (1992) 2031"33 UE LOUnOCaUoL,
Brundland Commission )
— —— | S — —

Table 1. Background of the Circular Economy

Note: Own elaboration based on information from Balboa and Somonte (2014), Ellen MacArthur
Foundation. (2015) and Costales (2020)

POLITIC ! ECONOMY
Rene able -
= "{fkeplace aterials T Endless S
resources
i Regen Dematerialize T - 4\.
Agrlculture/hamest}col}ecnnn— 'Sfotkmanagement
< - ~
Regeneration !abrlcaclbn d’ \__-., \
‘Y‘.ti.:l.‘*""" f o 18
Raw material -
ﬁ bioguimica .‘dm:t manufacturmm - Recycl
) o
Bio Earl - )
e A der of serwc:! Iy nanutacturing
i ' & L :{ |"ﬂFv' ! £ M
- i b | Reused/r

Anaerobic d iges\ﬁn n
W

- iInSs

"
a _Maint

L

<~ Sm—Oow

User

CIANCH

Raw material for biochemicdlaTVest
extraction
Energy

B

—

Minimize losses and
negative ends

Threats

TECHNOLOGY
LEGAL

ENVIRONMENTAL

Figura 2. Modelo de economia Circular

Note: Source Own elaboration based on the Model proposed by the Ellen MacArthur Foundation (2015)




and external interrelationships of the
elements that composed it were taken
into account.

o Reconceptualization of the ownership
model: the circular economy opted for
the new model in which the technology
was rented by the producing company
to the user. The manufacturer/producer
improved the product from time to
time by using/reusing the components
of the devices that are becoming
obsolete.

o Renewable energies as a source of
energy, all energy came from sources
that are renewed over time. The circular
economy opted for the replacement of
fossil and nuclear fuels with renewable
energies.

o True prices: prices reflected the real
cost of the product to encourage
rational consumption.

In the circular economy there are three

basic levels of action:

o First level: the organization applies
the 3Rs: reduce resource consumption
and waste emissions; reuse resources,
and recycle components.

« Second level: resources are reused and
recycled within eco-industrial parks
and chain industries, in such a way
that they completely circulate in the
local production system.

o Third level: different local production
and consumption systems are
integrated, resources circulate between
industries and urban systems. This
level required the local development
of collection, storage, processing, and
distribution systems, by product.

The effort at the 3 levels influences: the
development of resource recovery, cleaner
production companies, and public facilities.
This produces an increase in the dimension of

economic development through investment
in new companies; Therefore, the circular
economy offers new business opportunities.

WORK HYPOTHESIS

The circular economy produces a lower
level of waste emissions and less use of
resources since the products remain in use for
as long as possible... (causal hypothesis).

GOAL

Identify the metrics that affect the success
or failure of the implementation of the
Circular Economy model in the textile sector
of Tepeji del Rio Hidalgo, to begin a diagnosis
of the current situation in the textile sector.

RESEARCH QUESTIONS

Are we prepared for the implementation
of the Circular Economy Model? Does our
legislation encourage its implementation? Is
it just a company decision? How do the new
demands on textile materials impact? How
does it affect the generation of new waste due
to the COVID-19 Pandemic?

METHODOLOGY

This is a mixed study in which a
bibliographic review of the Ellen MacArthur
Foundation model on Circular Economy was
carried out, on the metrics proposed in the
CE Law in Mexico and those variables useful
in diagnosing the use of resources. Tours
were carried out in the different areas and
interviews with company personnel in order
to collect information and define the variables
on which the implementation of the features
that characterize the Circular Economy model
depends. Once these variables were identified,
a specific proposal was made to carry out a
diagnosis of the current situation.
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RESULTS AND DISCUSSION OF
RESULTS

ANALYSIS OF THE ELLEN
MACARTHUR FOUNDATION
MODEL

The circular economy proposes the
existence of two material flows: the biological
one, which involves all resources composed
of organic matter, which after being used can
be reintegrated into ecological cycles, and the
technical one, referring to the raw materials
contained in a product. These should be
designed in such a way that they circulate
within socioeconomic systems after their
useful life to be able to give them a new use
and reinsert them into a productive process,
with practices related to reuse and recycling
as a key strategy (Haas et al. 2005). There are
even authors who maintain that increasing
the “circularity” of an economy can be key to
maintaining materials in the future.

The circular economy is born from the
idea that natural cycles do not generate waste:
matter flows. The garbage of one organism is
recovered and appreciated by another. This
idea of “garbage is food” is taken from nature
and applied to human technical processes
to rethink the way our technologies work,
the way we design products and the way
the consumer interacts with them. Non-
biodegradable products must be designed
under a logic of “return and renewal” (Ellen
MacArthur, 2015). Products must be designed
so that their materials can be reprocessed to
create new products as technologies advance.

The circular economy must consider the
human factor to achieve the implementation
and paradigm shift from the linear economy
in which it is extracted-transformed-use and
throw away to the circular economy. Within
an organization, the interests of all workers
coexist and interact, forming a unique work
environment; According to Chiang et al, a

good organizational climate is considered to
exist when workers carry out their work in
a favorable internal environment using their
knowledge and skills in a convenient and
timely manner (2010).

It is essential to take into account that
the results of the company depend, in a high
percentage, on the characteristics of the
environment in which it operates and the
capacity it has to assimilate this environment
(Porter, 2006), so it must be considered also
in the circular economy model the external
context (see table 2).

Transition towards the Circular Economy

Weaknesses of the
Model proposed by
the foundation Ellen
MacArthur, 2015

Strengths of the
Model proposed by
the foundation Ellen
MacArthur, 2015

Technical cycle

Internal context

Biological Cycle External context

Renewable energy Human factor

Table 2. Findings
application of the circular economy in the textile

when analyzing the

sector in Tepeji del Rio, Hgo.

Note: Source Own elaboration.

ANALYSIS OF THE METRICS
INDICATED BY THE CIRCULAR
ECONOMY LAW IN MEXICO

The Circular Economy Law (2021) defines
the circular economy as an Economy system
of production, distribution and consumption
of goods and services, aimed at the redesign
and reincorporation of products and services
to maintain the value and useful life of the
products in the economy., the materials and
resources associated with them for as long as
possible, and that the generation of waste is
prevented or minimized, reincorporatingthem
again into cyclical or biological production
processes, in addition to promoting changes
in production and consumption habits;
proposes as metrics: the water footprint;
carbon footprint and material use indicators.
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Presents the term secondary raw materials as
those materials at the end of their useful life,
non-conforming products, or by-products,
which are converted into second-use raw
materials when separated, stockpiled, and
collected or recovered, and are managed and/
or marketed. for reuse, recycling, composting
or other type of recovery or use, and replace
or reduce the use of virgin raw materials
(Chamber of Senators, 2021).

It aims to integrate the scavengers into the
fiscal formality. It is proposed that municipal
governments be responsible for regularizing
and integrating them into an official registry, in
order to improve working conditions in their
facilities and professionalize their activity.
It also points out that any natural or legal
person whose activity is the manufacturing,
processing, production, import or
manufacturing of containers and packaging
will be required to submit a Circular Economy
Plan to Semarnat for registration.

IDENTIFIED METRICS

Metrics were identified in both the internal
and external context.

Within the internal context, it was
identified that training is required on topics on
the importance of not generating secondary
resources or failing that, reducing generation,
as well as collecting and channeling them for
reuse, recycling, re-manufacturing and the
environmental implications.

The work environment is also important,
since it is the human resources of a company
that define the success or failure of a new
project.

An important aspect of the circular
economy model is the analysis of the life
cycle of the product from its design and from
that stage to make the necessary adjustments
according to the vision you have about how
the resources will be reintegrated into the
planet? or to which supply chains will they be

rechanneled? We can use product life cycle
analysis (LCA); useful tool in this regard. In
the companies under study we found that
each stage of the production process is carried
out in a different country, there is high fuel
consumption and impact on the environment
due to transportation, so the carbon footprint
and the supply chain are two of the metrics
of utility, since its measurement will be a very
useful indicator (see table 3 and figure 3).

The company under study manufactures
different products and due to seasonal
and fashion variations, human capital has
developed a high capacity for adaptation
to modify its processes and be able to
manufacture different designs. It was chosen
to carry out the life cycle analysis (LCA) and
the Carbon Footprint of the jeans because it is
a product that they always still manufacture
and the design changes. LCA was identified
as a highly relevant tool since it shows the
processes in which the greatest impacts occur
and allows them to be modified from the
design; Its preventive nature, if applied, would
lead to the elimination of waste and achieving
the principles of the circular economy.

The processes, during the life cycle of the
jeans, generated a total of 340.32653 kilograms
of CO2 eq waste. a week. When taking
into account the annual production in the
clothing and embroidery stage (production),
16,335,648 tons of CO2/year would be
produced (see figure 3).
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Production and Manufacturing Dressmaking o
Step of ACV obtaining of cotton fiber | of Denim Fabric | and Embroidery Distribution
Country where . . o0 2 E.U.- Tepeji
it takes place. India and others United States. Tepeji del Rio del Rio
Ton CO2 eq/ 7714.05t CO,_ / 16,335.64t 4991.44t 4991.44t 2268.83t
year RSO s year | €O, /year CO, /year | CO, Jyear | CO, /year
20% 17% 36% 11% 11% 5%
Type of HC Indirect Indirect Direct Direct/Indirect | Indirect Indirect

Scope of stroke

—————————

Tumba

Table 3. Scope and stages of the LCA, Country in which it is carried out and HC in Kg of CO2 eq per stage.

Source: self made
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Figure 3. Carbon Footprint of Jeans

Note: Own elaboration based on data from the
company under study.

The water supply in the municipality of
Tepejiis substantially based on the exploitation
of the groundwater table through drilling
wells and the re-embedding of water through
dams, however, there is a strong imbalance
between the natural recharge capacity and the
continuous and increasing water extraction
to satisty industrial, commercial and urban
demands. Another important fact is that
Tepeji del Rio is considered to have a partial
ban on groundwater extraction (DOE, 2016).
It is evident that in the future the municipality
will have strong limitations on the vital liquid
and will have to import water from other
places, in this aspect the water footprint
metric becomes important.

Percentage of water used

Dyeing
Weaved
Centrifuged
Court

Tissue

Sewing and labeling
Whitening

Magquila

Various uses

Figure 4. Water Footprint of the company

under study
Note: Own elaboration

Although the circular economy is a concept
thatisinterrelated with sustainability,and whose
objective is that the value of products, materials
and resources is maintained in the economy
for as long as possible, and that generation is
reduced to a minimum of waste. It is about
implementing a new, circular -not linear-
economy, based on the principle of closing the
life cycle of products, services, waste, materials,
water and energy. It is important for its
implementation to develop an initial diagnosis,
where the internal and external context is taken
into account, as well as metrics such as: HH,
ACV, HG; related to the analysis of the use of
resources. These last aspects are not included in
the original model (Ellen MacArthur, 2013) and
it depends on them whether organizations can
visualize their current situation and the path to
follow in order to design a plan and achieve its




implementation. Likewise, it is important that
organizations collaborate with government
authorities in adapting the legislation, so that it
facilitates application (see table 4 and figure 5).

Internal context

«Organizational climate
eTraining

«Value chain
«Strengths
*Weaknesses

«Water footprint
eCarbon footprint

*L.CA of the products
«Supply chain
eIndustry alliances

External context

eOpportunities

eThreats

sPolitical environment
eeconomic environment

#Social environment

*Biotic and abiotic environment
sLegal provisions

*Supply chain

eInfrastructure to recycle, repair,

recover, reject, redesign, reduce,
restore, re-manufacture and reuse

Table 4. Variables on which the implementation
of the Circular Economy in the Company
under Study in Tepeji del Rio Hidalgo depends.

Note: Own elaboration according to the results
obtained.

ePolitical climate *Social economic

climate

Environmental
awareness and
education

Work
climate

L

']

B\ ’ E L
eThreats and l Legal and
opportunities environmental
climate
—

—— —————

Figure 5. Internal and external context metrics
identified.

Note: Own source.

CONCLUSIONS

Metricsbehave differently in municipalities,
states, countries and industrial
sectors, so the implementation of the Circular
Economy will be different in different contexts.

Environmental legislation in Mexico must
be updated and aligned with the principles of
the Circular Economy.

The Climate Change Law; refers and defines
a limit for the Carbon Footprint, but there is
no Law that refers to the Water Footprint.

Product life cycle analysis is essential to
modify the product from its design and have
the opportunity to mitigate, prevent or avoid
impacts.

Society and the problems that afflict it are
dynamic and sometimes difficult to address,
such as the COVID-19 pandemic, where
survival had to be prioritized over the use of
materials and waste generation.

regions,

PROPOSALS

Review and align the General Law of
ecological balance and environmental
protection with the General Law for
comprehensive waste management and the
Circular Economy Law. Create and induce a
change in the perspective of the human being
so that the value of resources is considered
and it is not so easy for the user to throw them
away.

Put more emphasis in the Circular
Economy Law on modifying products from
their design to ensure their circularity.

Ensure that secondary resources are used
not for the social value created but for the
circular awareness acquired.
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