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Abstract: With 19 million inhabitants, Mexico City is the most populated agglomeration in Latin
America, concentrating 30% of the national population. More than 61% of municipal solid waste
(MSW) is sent to landfills, and 13% of MSW is recovered by Informal Sector Recyclers (ISRs) for
recycling, which is the most crucial treatment option in the city. This article adopts a systemic
approach to addressing the problem of the operationalization of relationships between ISRs and
public services in Mexico City to design a recursive organizational structure with the identification of
the critical roles and functions of management and governance in multi-level and multi-stakeholder
relationships to integrate ISRs into MSW management. Using the Viable System Model (VSM)
recursive structure to propose functional organizational structures in Mexico City is a new route for
the study and application of systemic thinking in ISR integration. The VSM of the recycling system in
Mexico City considers the recycling activities and characteristics of the territory at each recursion level.
The authorities of the corresponding hierarchical level, who have sufficient knowledge of the physical
and socioeconomic characteristics of the territory, are responsible for the design and operations.

Keywords: informal recycling sector; soft system methodology; Mexico City; viable system
model (VSM)

1. Introduction

Informal Sector Recyclers (ISRs) are individuals or enterprises involved in recycling
and waste management activities but who are not sponsored, financed, recognized, or
allowed by the formal solid waste authorities or who operate in violation of or competition
with proper authorities [1]. It is important to note that the definition of informality in MSW
recycling is due to the lack of inclusion in the planning and offering of services by the
authorities in charge of waste management.

Globally, it is estimated that there are 20 million people dedicated to recycling waste
informally, which represents approximately 50% of the workers involved in waste manage-
ment, providing a livelihood to around 0.5% of urban populations [1]. Recent evidence
shows that 20-30% of recycling rates are achieved by ISR systems, reducing collection and
disposal costs [2,3]. They play a vital role in the value chain by reprocessing waste into
secondary raw materials. In developing countries, informal sector recycling recovers the
most significant amount of waste for recycling, and in some cases, this is the only orga-
nized form of recycling [4]. However, due to the lack of recognition from local authorities,
working conditions in this sector are associated with poverty, exploitation, discrimination,
child labor, social rejection, and a lack of education [5].

Waste management systems in megacities represent a critical part of the sustainability
agenda, as they are a primary source of pollution in urban areas. Local authorities need to
develop programs to contain waste flows, reduce energy and resource consumption, and
increase local and global recycling and reuse. Addressing these problems in megacities is
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complex due to the interactions between the hundreds of stakeholders involved in megacity
waste management and the lack of initiatives to integrate the informal sector into waste
management activities [5].

According to the United Nations (UN), one of the five most populated areas in the
world [6] is the metropolitan area of Mexico City, with 20.1 million inhabitants in 2014 [7].
Mexico City comprises 30% of the country’s urban population, in which a large number of
work centers, activities, and places of interest are concentrated. Therefore, it is considered
the economic and political center of Mexico, which gives the city an accelerated pace of life,
which is reflected in the consumption and use of natural resources, with a direct impact on
the generation of municipal solid waste (MSW) typical of a megacity [8].

Due to the size of its population and the concentration of economic and cultural
activities, Mexico City is among the largest generators of solid waste, with an estimated
daily volume of 13,149 tons and a per capita generation of 1.40 Kg/inhabitant*day [9]. The
management of MSW is a challenge for the mayors in charge of the collection due to traffic
density. According to current environmental regulations, the city government is in charge
of the treatment and final disposal of the MSW for the amount generated and the lack
of adequate areas within its territory [10]. Three different groups carry out the integral
management of the MSW in Mexico City: the public cleaning service that performs the
sweeping, collection, transport, and final disposal and treatment; the informal workers that
carry out the manual separation of the MSW for recycling; and the private companies in
charge of the industrial collection and recycling centers [9].

The staff of the waste collection system consists mainly of three positions: operators
(drivers), assistants, and volunteers; the last two are in charge of assisting citizens in
emptying their waste into the truck for transport. Their pay differs as the volunteers do
not receive a salary from the mayor’s office but rely on their tips and the sale of valuable
materials [9]. It is estimated that Mexico City has around 3834 informal workers [11],
and the recyclable materials extracted by them represent approximately 12.6% of the
overall waste generated, nearly 1700 ton per day [9]; this percentage shows us the area
of opportunity that Mexico City has for waste management and environmental culture
regarding in-home waste separation, considering that 27.18% of MSWs are recyclable [12].

There is evidence in developing countries in South America, Asia, and Africa that,
despite the difficulty of incorporating IRS into a city’s MSW management system, its
achievement represents benefits for all sectors involved [13], using three different ap-
proaches [14].

The most widely used approach considers the organization of the IRS into associa-
tions and cooperatives. In this model, local authorities and workers organize themselves
into associations or cooperatives to establish agreements to provide waste collection and
recycling services [2,14-16]. For the most part, their income is not fixed but is highly
dependent on the quantity and quality of recyclable materials collected and sold on the
local recycling market. To this end, Brazil and India have included in the national policies
on solid waste management that informal recyclers should be recognized as important
actors in the MSWM system, highlighting the need to include recycling associations and
cooperatives in collection and recycling programs [17,18]. However, in Colombia, the
participation of the IRS promotes bidding processes for services related to the management
of MSW [19].

Another approach is the organization of waste pickers in community-based organiza-
tions (CBOs) or micro and small enterprises (MYEs). COBs are formed when individuals
provide waste services in their marginalized communities on the periphery of urban areas
lacking basic sanitation services, such as waste management. For some of its members, this
situation represents an opportunity to receive income for waste collection and recycling
services, such creating a clean environment for themselves and their community [14]. In
this approach, the municipality plays a minor role, supporting regulations, equipment
and infrastructure, and awareness activities. The income of formalized waste workers is
covered mainly by waste collection fees (paid by users) and, in recycling cases, with the
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sale of recycled materials [20]. In Peru, waste regulations support the formalization of
informal recyclers, which indicates that local governments support the creation of associa-
tions, cooperatives, MPEs, and those included in separate public collection and recycling
programs [14]. In Kingston, Jamaica, informal recyclers working in OCB activities are
encouraged to participate in the National Solid Waste Management Reorganization Plan,
which aims to improve their economic and health security [21].

The traditional approach to including ISRs is adopting informal waste workers as
workers for the formal waste management sector. By carrying out certain activities, they al-
ready have experience and do not require specialized equipment, such as manual sweeping
or separation in recycling facilities. In this case, incorporating informal waste pickers helps
to alleviate poverty, since people who occupy these positions are often poor. This objective
tends to ignore the importance of informal recyclers in recycling waste and attempts to
improve their performance without addressing the social and political factors that influence
it [22].

However, there are no previous experiences of incorporating the IRS into a megacity
such as Mexico City, in which MSW management is a complex system due to the local
and regional waste streams that converge into it and the differences involved in waste
management: service providers and formal and informal authorities, between which
countless interactions are established [23].

This work raises a research question: How can the IRS be incorporated into a complex
MSW management system such as that of Mexico City to improve living conditions and
increase recyclable waste recovery? A systems science approach is proposed to cover
all aspects and variables of the problematic situation using the Viable Model System
(VSM) [13,23].

2. Materials and Methods
2.1. Case Study

According to the National Census of Municipal and Delegation Governments, Mexico
City is the urban area that generates the most waste. It has the highest per capita generation
rate [24]; for the year 2019, it was estimated that 13,149 tons/day were generated, with a
per capita generation of 1.40 kg/inhabitants * day in Mexico City [9].

According to the latest study at transfer stations made in 2008, 27.18% of MSWs are
recyclable, 49.95% are organic, and only 22.87% of waste is not suitable for recovery or able
to undergo organic treatment [12]. As there are limited recent data on the composition of
MSW, it is considered that this has remained constant [12].

2.1.1. Solid Waste Management in Mexico City

The use of the Process Flow Diagram (PFD) to represent a city’s solid waste and
recycling system, including formal and informal elements and operations, is highly recom-
mended. As previously demonstrated, a PFD is a relatively robust way of presenting the
system as a whole in a comprehensive but concise way [5].

Figure 1 shows the process flow diagram (PFD) of solid waste management in Mexico
City, the relationships, and the stakeholder group of each process. Local legislation indicates
that the inhabitants have to divide MSW into two fractions: organic and inorganic.
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Figure 1. Municipal solid waste management (MSWM) in Mexico City [10].

The squares in dotted lines in Figure 1 indicate the activities carried out by the
inhabitants. Since the separation of all MSWs has not yet been achieved, a part of them
is collected mixed; it is shown in the figure that there are two different types of storage,
mixed and buried [10]. In Mexico City, there are 1888 colonies or towns distributed in the
16 municipalities that make up the city, and each of them is served by a collection route.
The municipalities operate and coordinate the MSW collection routes within their territory
and the informal recycling sector.

Public services are indicated in grey rectangles. Each of the 16 municipalities collects
and sweeps the MSW within its territory to deposit it into 1 of the 12 transfer stations
operated by the city government. Organic waste, such as food and gardening waste, from
the transfer stations is sent to a composting plant. Regarding inorganic waste, 78% is sent
to final disposal in landfills outside Mexico City [9]. The remaining 22% of inorganic waste
is sent to separation plants to recover waste of economic value, such as PET, cardboard,
paper, metals, and glass for recycling, and the remainder is sent to landfills [9].

The lack of ISR recognition means that for them to carry out MSW recycling activities,
it is necessary to voluntarily join the public service to collaborate in the activities of the
cleaning services. ISRs (waste-pickers, voluntary helpers, and recycling traders) pick out
recyclables, process them, and sell them (through a chain of intermediaries) to the recycling
industry (cardboard, bottles, iron, paper, and metal). All collected waste is segregated into
bundles, sacks, and bags to be sold at any gathering center [25]. In specific neighborhoods,
informal waste handlers outweigh municipal employees [26]. A part of the collected waste
is sent to separation plants, where waste pickers who lived in the rubbish dumps that
existed in the city before landfills are used to separate the MSW manually. The wastes
they recycle are those that have economic value. Therefore, the rectangles related to the
collection and separation plants are gray and white, respectively, since both public services
and ISRs intervene.

One of the main problems of MSW collection in Mexico City is its efficiency. Due
to volunteers’ presence, currently, collection vehicles are operated by more workers than
are required. In 2018, there were two grassroots and two informal workers on each route,
collecting an average of 4.46 tons per day (considering that a crew covers a course in one
day), which represents only 59% of the capacity of a collection vehicle with compaction
of 15 m? in good condition, considering that the MSW in the collection vehicles can reach
a density of up to 500 kg/ m3 [27]. While in cities such as Tijuana, Ciudad Juarez, and
Reynosa, 13.33, 11.57, and 9.78 tons per day per vehicle were reached, respectively, in these
cities, the collection service is performed by private companies, who do not allow “pepena”
(waste-picking) and maintain collection vehicles with crews made up of three workers [28].
Therefore, waste selection and recovery activities are the main factors that cause low
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collection efficiency in Mexico City. The same occurs in separation plants, where only 5% of
materials are recovered as the work is carried out manually, and the ISR previously selects
the MSW during collection.

The services that are in charge are private companies are identified with black rectan-
gles. Private companies focus mainly on the commercialization of recyclable waste on a
large-medium scale, so they are the ones that operate the collection centers in which MSWs
are classified by type and conditioned for later distribution to companies that carry out the
industrial recycling of materials such as steel and glass, inside and outside the country [26].

2.1.2. Materials and Value Chain Interface in Mexico City

In Mexico City, the waste with a stable market linked to the recycling chain are paper,
cardboard, PET, glass, and metal [29].

In Mexico, paper and cardboard are recoverable waste with an attractive economic
value. The domestic paper industry has invested over USD 1 billion to develop a market
for secondary fibers, recovering from 355,000 tons in 1970 to 3.2 million tons in 2010 [30].
The Mexican demand for bottled water and soft drinks has grown significantly; over
6000 million gallons of drinks are sold each year. A few decades ago, glass bottles were
predominantly used; currently, PET is the most common material used for this purpose
(Romero-Hernéndez et al., 2009), and the increased commodity market resale has made
the recycling of PET in Mexico highly lucrative. The price of used PET bottles increased
from MXN 0.70/kg in 2004 to MXN 4.50/kg in 2010. However, the price paid to PET waste
pickers is MXN 2.50/kg on average (Schwanse, 2011). Aluminum can recycling rates are
also driven by industrial demand for the material rather than environmental concern, given
that these wastes are scavenged from streets mostly by pickers due to economic necessity.
Therefore, even in the absence of recycling programs and environmental regulations, a high
recycling rate would occur if the price paid for the material was a sufficient incentive for
people to gather it [29]. As these are the waste markets in Mexico City, one ton of recyclable
waste has an average value of MXN 2483, considering both the MSW composition and the
price of the different materials in 2020, as shown in Appendix A.

ISRs are the first actors to value recyclable materials by separating them from MSWs in
collection vehicles or recovering them from homes when inhabitants carry out separation.
Therefore, the IRS handles small amounts of waste, which is obtained from homes and
small businesses that place their everyday waste at established collection points throughout
the day for them to be collected by the collection services that run daily through the many
streets of the city. At the end of the day, the ISR delivers the recyclables to collection centers.

Collection centers are small recycling companies that act as critical intermediaries be-
tween recyclers and the recycling industry, as the ISR requires the daily commercialization
of recyclable waste since it is its only source of income. The collection centers are located
near main streets of commercial use to facilitate the access of collection vehicles. Therefore,
recycling centers are well located within urban areas, where the land is costly and small.
Consequently, collection centers are limited to the amount of recyclable waste they can
store in their premises; they can store the bulkiest waste (PET and pallet cardboard) for a
few days to a week and less bulky waste (such as metals) for up to a few months, unlike
the ISRs, who have to sell what they collect daily. They use machinery adapted to the size
of the land and their storage capacity, such as cardboard compactors to make bales of the
appropriate weight and volume (between 100 and 600 kilos) to be transported in small vans
(larger trailers cannot maneuver in the streets of small neighborhoods) [8,26]. Similar to the
IRS, collection centers also rely on intermediaries to sell their waste. In addition to reaching
the recycling industry, recoverable waste must go through multiple recycling centers of
increasing size, each playing a role in the processing and transporting of recyclable waste
to recycling facilities.

Industrial recycling centers provide services with machinery suitable for receiving
recyclables of hundreds of kilos: their scales, forklifts, and trailers are adapted to these
quantities. They are located in industrial zones on the city’s outskirts outside urban areas
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with easy access for their suppliers [8,26]. Ultimately, recycling centers sell the recyclable
waste to transnational companies operating throughout Mexico (for cardboard and metals)
or abroad (for plastics) that perform industrial recycling processes to obtain raw materials
from the waste to manufacture new products.

Due to the large amount of waste generated in Mexico City, for local authorities, it has
been a constant concern to increase the amount of waste that is recycled. In 2003, the Waste
Law of the Federal District (now Mexico City) was established to divide separation into
two fractions (waste and organic) [31]. Subsequently, in 2017, the NADF-024-AMBT-2013
Standard came into force, whose objective was the separation of waste into four waste
fractions (organic, non-recyclable inorganic, recyclable inorganic, and bulky waste) to
increase recyclable material separation in homes, and therefore, reduce the waste that is
sent to landfills [32]. However, the implementation of the NADF-024-AMBT-2013 standard
has not had the expected results, since the separation efficiency decreased from 75% in 2012
to 55% in 2019, and other alternatives are currently being analyzed, such as the creation of
cooperatives and microenterprises oriented to the management and recycling of waste [33].

2.1.3. Social Interface

Mexico City has an interconnected hybrid system of waste management that has an
impact on the institutional arrangements that shape the governance of waste: informality
creates opacity, of which local authorities take advantage to determine who and what
is politically influential and to enhance their power through prohibition or inclusion
strategies [34].

Informality was conceived as a transitional mechanism or a temporary agreement,
and local authorities use and allow informal practices, as they consider it impossible to
implement a waste policy under local conditions of scarcity. Nonetheless, they recognize
their immediate benefits and contributions to formal waste management [34].

2.2. Viable System Model

The systems science approach is characterized by considering that the declining
complexity, diversity, and changes of systems are due to the growth of operations (in
the case of waste collection, final disposal, or treatment); managers finding solutions to
problems; and participants—those with interest in the problematic situation (the authorities,
informal sector, and population) [23].

The methodology applies the VSM in organizations of different sizes in public and
private sectors as a design instrument for a company that is in the process of establishing
itself or undergoing a change in identity, as described below [35].

The first stage is to establish the identity of the organization. An identity statement
expresses the significance the organization has for its members. From a particular point of
view, it is considered a concise but highly descriptive statement of the organization as a
total system.

The second stage is the modeling of structural activities, which requires a series of
strategic considerations, such as relationships with suppliers and customers, geographical
coverage, technological processes, and time. Structural modeling aims to examine the
complexity of the organization as a whole, which is central to its strategy and mode of
operation [36].

The third stage is the deployment of complexity and modeling of structural levels. To
this end, autonomous, emergent, or constituted units are defined as “primary activities”; in
addition, a primary activity may have subactivity divisions, and these divisions may have
strategic business units until the organization’s products or services are delivered [37].

The fourth stage is the modeling of functionality and the organizational structure.
Modeling functionality is related to the resources and functions within each primary
activity. This is defined as CATWOE, which consists of 6 elements [38]:

o  Costumers: the beneficiaries or victims of the transformation process;
e Actors: those who carry out the transformation processes;
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Transformation: the conversion of inputs and outputs;

Weltanschauung: vision of the world that makes transformation relevant;
Owners: those who can prevent the transformation;

Environment: elements outside the system that restrict inputs and outputs.

Figure 2 shows the construction of a viable model from a system or organization of
interest presented in synthetic form [39]. On the left side of the figure, the circle represents
an organization, with its management (rectangle), nested in a specific environment (amoeba
shape). The center of the figure shows the components of the organization separated to
identify their relationships. The arrows represent the management and regulation of the
entry and output flow between these elements; the right side of the figure shows the same
elements with the components contained in each. The organization contains the common
systems, Systems 1, 2, 3, and System 3*, and the management of this organization contains
Systems 3, 4, and 5; their definitions are provided in Table 1.
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Figure 2. Viable system mode. Source. Based on Perez-Rios [39]. (Adapted with permission from ref. [39]. 2021 Emerald

Publishing Limited).

Table 1. Viable system model (VSM) components.

System 1

Definition

This function defines the organization. The primary activities are reflected—those that

S1

constitute the reason for the organization’s existence—giving it purpose and defining

its identity.

This function allows languages and protocols of communication between primary activities of

S2

the same recursive level to take care of the consolidation and cohesion of the system in the

execution of its tasks.

This function, often called “the inside and the now”, requires a precise appreciation of the

s3 achievements and capabilities

of 51 and the coordination of potentialities and requirements to

respect and enable the autonomy of primary activities to establish communication between S3

and 4.

S3*

This function corresponds to intermittent monitoring, which ensures the desired behavior of

the primary activities.

This function is known as “intelligence” and is concerned with the organization’s environment

54

and its prospective and future development (opportunities and threats), facilitating

its adaptation.

S5

This function, known as “politics”, is normative and responsible for closing the viable system,
taking care of the integrity and organizational identity of the system.

Source: Based on Beer [37] and Nufiez et al. [40].
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3. Results
3.1. Identity

For the inclusion of the IRS in MSW management in Mexico City, the development of
an organization in which the IRS is responsible for the recycling of waste is proposed so
that, through the commercialization of these materials, pickers can earn a decent livelihood.
To this aim, local authorities (mayors and city governments) must coordinate the IRS with
the public and private services with which they jointly manage the MSW in the city. In
addition, the assembly of Mexico City must implement legislation to recognize and regulate
the activities carried out by the informal sector to define and maintain its function within
the management of MSW in the city.

3.2. Structural Activities

To carry out MSW recycling in Mexico City, the required structural activities are
the small- and medium-scale separation, storage, collection, and commercialization of
recyclable waste. The separation and storage of waste are implemented in the city through
the NADF-024-AMBT-2013. This standard indicates that MSW must be separated and
stored in four fractions (organic, non-reciprocal, recyclable, and bulky or pots). Each of
these fractions has a different destination for the treatment or use of waste according to
their characteristics. Thus, the collection and delivery of recyclable waste to collection
centers distributed throughout the city near collection areas would be the responsibility of
the informal sector. Commercialization would be in charge of the private sector through the
collection centers that condition the waste by compaction or cleaning for sale to industrial
recycling centers inside and outside the country.

3.3. Unfolding Complexity

This section describes the different levels of structural activities. In this case, the first
activity for recycling waste is separation and storage, carried out in 2.8 million homes in
Mexico City, which are grouped into more than 1800 neighborhoods [9,41]. The collection
is carried out twice a week in the case of recyclables, and there is a collection route for
each neighborhood [9]. The last activity of recycling MSW in the city is commercialization,
which is carried out when the collected recyclables are sold in one of the 23 collection
centers distributed in the city, which are later sold in bulk to industrial recycling companies
outside the city.

The informal recycling system of Mexico City is displayed in Figure 3, which shows the
hierarchical relationships among the primary activities carried out by the administrative,
political division.

3.4. Modeling
3.4.1. Modeling Productive Unit

The entire waste management system’s basis is the “productive unit”, which should
ideally be constituted by the houses or businesses where MSWs are generated. In homes or
businesses, MSWs must be classified according to the provisions of the NADF-024-AMBT-
2013 standard, according to which, inorganic wastes with recycling potential are those that,
due to their characteristics, have the technical, economic, and environmental capability of
being reincorporated. For processing and treatment, to allow the recovery of paper and
cardboard, plastic, metals, glass, clothing, textiles, wood, or multilayer containers, each
type of waste is stored separately from the rest of the waste to avoid being contaminated
and must be delivered by a generator to the informal recycling sector; the rest of the RSU
is delivered by cleaning services. [32]. The components that interact in recursion level 3
(productive unit) are defined in Table 2.
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Figure 3. Unfolding complexity of inorganic MSW recycling.

Table 2. Productive unit customers, actors, transformation, weltanschauung, and environment

(CATWOE).
Element Definition
Customers ISR that collects recyclable MSW.
The city population, Informal Sector Recyclers (ISRs), cleaning services,
Actors . s
and environmental authorities.
Transformation Storage and classification of recyclable waste.
One of the main problems in urban areas is the waste generation, so
Weltanschauung . . .
separation at the source is necessary to recycle as much waste as possible.
Owners City Environmental Authorities Regulating MSW Classification.
. Consumption habits of Mexico City inhabitants and the regulations
Environment

regarding the separation of waste.

Source: based on Checkland [38].

Based on the elements of Table 2, the design of the productive unit level (houses) is
proposed in Figure 4.

The interactions between the components of the basic productive unit (neighborhoods)
are explained in Table 3.
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Figure 4. Viable system model of a core productive unit.

Table 3. Productive unit VSM systems and their roles and functions.

System Definition
S1—Recycling Differentiated recyclable MSW.
S2—Local The city population, which is organized, separates and stores its waste.
Informationand  The head of the family is the determining factor for separating the MSW in
coordination the house.
5361;11;??1;3;“76 Neighborhood associations regulate the types of storage, schedules, and
locations for their proper collection.
Management
S53*—PU Collection service workers that verify the efficiency in the classification of
Monitoring the MSW.
Citizen assemblies is the highest community decision-making body in each

$4—PU Planning of the territorial units.

Local deputies propose and approve the laws, regulations, and budget of

S5—PU Board the city.

3.4.2. Modeling Neighborhood
In Mexico City, each neighborhood has an MSW collection route responsible for

collecting all types of waste and subsequently taking them to a transfer station, and from
there to the different kinds of treatment or final disposal plants. To collect recyclable
waste, the ISR would be divided into groups of six volunteer workers in a vehicle with
a load capacity of fewer than 5 tons without compaction equipment. The ISR requires
630 teams to serve the 1888 neighborhoods of the city twice a week, and each crew attends
3 communities. It is estimated that each of the informal collection crews could generate
an income of up to MXN 10,578 per day, considering that a ton of recyclable waste can
be marketed at MXN 2483.10, as shown in Table Al of Appendix A, which would cover
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the cost of operation and replacement of vehicles, uniforms, and PPE. Table 4 outlines the
components that should be considered at the neighborhood level.

Table 4. Neighborhood customers, actors, transformation, weltanschauung, and environment (CATWOE).

Element Definition
Customers Gathering center.
Actors House, ISR, cleaning services, and collection centers.
Transformation Collection of waste classified as recyclable.
The collection of recyclable waste is a job opportunity for the most
Weltanschauung  vulnerable sectors that cannot obtain formal employment due to their lack
of education.
Owners ISR collects recyclable waste.
. The lack of waste separation at the source contaminates the recyclable
Environment . . .
materials and decreases their quantity and value.
Source: based on Checkland [38].

Based on the elements of Table 4, the design of the neighborhood level is proposed in

Integrate S1 a Borough level

Figure 5.
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Figure 5. Viable system model of a neighborhood.
In Table 5, the Viable System Model elements related to neighborhood-level recursion

are described.
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Table 5. Neighborhood VSM systems and their roles and functions.

Scheme 1

Definition

S1—Recycling

Recyclable waste collection by the ISR.

S2—Neighborhood
Information and
Coordination Unit

The cleaning service collection routes and the ISR cover the
assigned route without interfering with other courses.

S3—Neighborhood Departmental cleaning and collection units of the municipalities
Management that design the ISR collection routes and the cleaning services.

S3*—Neighborhood Cleaning supervisors of the municipalities verify that the
Monitoring collection routes are covered in their entirety.

The borough’s urban services establish programs for the

S4—Neighborhood Planning provision of the public cleaning services according to local

regulations and the needs of the population.

The borough’s councilors represent the population, who, together

S5—Neighborhood Board ~ with the local borough authorities, propose and approve projects

to improve MSW management.

3.4.3. Borough

Regarding waste recycling facilities, the informal sector’s materials are sold in the
23 collection and storage centers distributed throughout the city to decrease transportation
costs and recover as much recyclable waste as possible. These small centers are registered
with the city government to report the annual amount of waste recycled. The city gov-
ernment has the faculty to promote and regulate the commercialization of materials in
centers and the two separation plants [9]. Table 6 outlines the components that should be
considered at the borough level.

Table 6. Borough customers, actors, transformation, weltanschauung, and environment (CATWOE).

Element

Definition

Customers

Recycling centers buy wholesale recyclable waste from collection centers to
be compacted or crushed and sold in bulk for industrial recycling within or
outside the country.

Actors

Collection centers, informal recycling sectors, collection centers, and
industrial recycling.

Transformation

Marketing of recyclable waste, such as cardboard, paper, beverage
containers, metals, and glass.

Weltanschauung

Industrial recycling of waste contributes to sustainable development by
reducing the exploitation of natural resources in the production of new
products.

Owners

Collection centers buy the waste that the informal sector recovers on a
small scale according to the market demand for materials.

Environment

Commodity market conditions and regulations regarding the manufacture
of products with recycled materials.

Source: based on Checkland [38].

Based on the elements of Table 6, the design of the borough level is proposed in

Figure 6.
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Figure 6. Viable system model of the borough level.
In Table 7, the Viable System Model elements related to borough-level recursion

are described.

Table 7. City VSM systems and their roles and functions.

System Definition
S1—Recycling Gathering center
The Executive Directorate of Transfer and Final Disposal of MSW is

S2—Borough and

Coordination Unit responsible for executing the actions related to the integral management of

MSW, based on the Solid Waste Law of Mexico City and its regulations.

The General Directorate of Urban Services and Sustainability establishes
the criteria and technical standards for the global management of MSW;
carries out studies, projects, construction, conservation, and the
S3—Borough maintenance of infrastructure works for the MIR MSW, as well as
Management organizing and implementing the management, treatment, and final
disposal of MSW; and operates technology for the treatment of MSW. To
this aim, the allocation of financial and personal resources is carried out by
preparing the Annual Operational Program.

The sustainable solid waste management unit is in charge of monitoring
S3*—City the system, applying technological tools that allow the processing of
Monitoring information on MSW to analyze its management and evaluating
environmental policy.
The General Directorate for the Coordination of Environmental Policies
and Culture coordinates the Comprehensive Management Program for
MSWs and promotes strategies and mechanisms for the adequate

S4—City Planning
environmental management of MSWs through reuse, recycling,
and treatment.

The Secretary of the Environment is responsible for applying and
monitoring compliance with the provisions of the local constitution and
S5—City Board the legislation on MSW, regulating and promoting, in coordination with
the Secretariat of Public Works and Services (SOBES), the activities of
minimization, collection, recovery, treatment, recovery of energy, and
disposal of MSW.
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4. Discussion
4.1. Productive Unit

The primary in-home activity proposed for the adequate incorporation of the IRS
MSW in Mexico City is that households separate and store the MSW in four fractions, as
indicated by NADF-024-AMBT-2013 [32]. However, since the implementation of NADF-
024-AMBT-2013, separation efficiency has decreased from 72% in 2012 to 54% in 2019 [33].
The Program for the Prevention of Integral Waste Management for Mexico City (PIWM)
identifies the lack of compatibility between the working hours of the population and the
frequencies and schedules of collection, which causes waste to accumulate and mix in
homes or to be abandoned in the streets, as the leading cause of this decrease [33]. The
system in Figure 4 proposes that the management of waste storage spaces and frequency of
collection services be carried out through neighborhood associations in coordination with
the heads of families to avoid these conflicts. At the same time, the monitoring of proper
coordination oversees public collection employees.

For these elements to function in harmony, allowing citizen assemblies to propose
projects to improve storage in their neighborhoods, supported by the deputies of the city,
who approve the budget and legislation on MSW in Mexico City, is suggested.

4.2. Neighborhood

In Mexico City, collection is carried out by colonies, and the main problem it faces is
low efficiency in the amount of waste collected and its separation. Currently, the public
service is responsible for collecting the four fractions into which the MSW is separated—
once a week for non-recyclable and bulky materials and twice a week for recyclable and
organic materials—which causes incompatibility in the working hours of the population
and the accumulation and mixture of waste in homes, forcing collection workers to separate
recyclables in collection trucks. In Figure 5, the proposed model considers the collection
of recyclables by the IRS as a primary activity in order to facilitate a greater availability
of schedules, avoid the need for the separation of waste, and streamline the process. The
cleaning departments of the 16 mayors’ offices of the city would manage the collection
frequencies of both the drivers of the public service and those of the informal sector.
For the monitoring of the collection frequencies, the cleaning departments have cleaning
supervisors distributed throughout the city.

To achieve adequate coordination, borough cleaning services are considered in the
planning of collection and the modification of collection frequencies according to the
requests of the neighborhood associations to include the IRS, with the prior recognition of
the policies of the mayors, which will include the informal sector as part of the services
coordinated by the cleaning departments.

4.3. Boroughs

Regarding the commercialization of waste carried out within the 16 boroughs of the
city, no changes were proposed in the functions of this primary activity. The proposed
model shown in Figure 6 considers the gathering centers included within the infrastructure
for MSW management, coordinated by the direction of transfers and final disposal to
ensure coverage according to waste recyclables collected by the IRS. At the same time, the
urban service and sustainability directorate manages its operation in conjunction with the
treatment and final disposal services. As part of the management of MSW, sustainable solid
waste management unit monitoring gathering centers precisely measure the proportion of
waste recycled in the city and its destination. The General Directorate of Coordination of
Environmental Policies and Culture in charge of the design of the plans and programs for
the management of MSW in the city would plan new collection centers [33,42,43], and their
inclusion in MSW management is the responsibility of the Ministry of the Environment to
apply and monitor compliance with the provisions of the local constitution and legislation
on waste.
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5. Conclusions

Recycling in most cities in Mexico operates informally, and Mexico City is no exception.
The ISR plays a fundamental role in the recycling of MSW, so it is necessary to recognize
its participation in public policies and city regulations to improve the living and working
conditions of the IRS and increase the collection and recycling efficiency of MSW. However,
this does not guarantee its success, and it is crucial to implement control, management,
and monitoring instruments to facilitate the formalization process.

This research proposes the use of the Viable System Model, which recognizes the IRS
in the recycling of MSW in the different systems, levels, and responsibilities that a complex
system such as that of Mexico City has. Environmental waste management efficiency,
which is accepted from a social perspective and viable from a financial point of view, can
be achieved by including the IRS as the leading actor in the recycling of MSW.

The proposed VSM considers the primary recycling activities and the territory’s
characteristics (housing, colonies, and boroughs) and indicates those responsible for the
coordination, management, monitoring, and planning legislation to ensure its viability
with sufficient knowledge of the physical and socioeconomic characteristics of the territory.

In mid-2021, Mexico City introduced the Program for the Integral Management of
Waste (PIMW) 2021-2025, in which, for the first time since it was established, the inclusion
of the IRS in the management of MSW was proposed. The city government considered
an approach based on the creation of cooperatives and microenterprises oriented to the
management and recycling of waste. The authorities play a minor role in providing only
support through the provision of regulations, equipment, infrastructure, and awareness-
raising activities. The city government has set a goal for 2025 to create five microenterprises
and cooperatives oriented towards the management and recycling of waste and granting
periodic training in each borough to workers and volunteers of cleaning and permanent
communication campaigns to recognize their work.

However, the city government has not considered aspects relating to the management
of these cooperatives and microenterprises. As explained in the proposed model, it is
necessary to identify the primary activities that will be carried out by these cooperatives
and microenterprises and those in charge of managing them to ensure their success. This
research identifies, based on the current organizational structure, the actors that could be
incorporated within their functions for the management of the different activities carried
out for the recycling of MSW in Mexico City and the gaps in the current legislation for the
recognition and incorporation of the IRS.

A financial evaluation is required to consider the possible implementation of the
proposed model, identifying the cost of operating the ISR under the proposed conditions
and those that the city government would incur for its management, as well as ensuring its
economic viability.
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Appendix A

Table A1. Income from the sale of recyclable materials.

Material Percentage Ton/Day $/Ton
Cardboard 4.0% 523.82 1800.00
Paper 5.9% 765.58 2000.00
Ferrous 1.2% 150.78 3450.00
Non-ferrous 0.3% 37.69 3555.00
Glass 2.7% 344.45 850.00
Plastics
Recyclables 4.2% 547.37 4500.00
(Drink bottles)
Total 18.2% 2369.69 2483.10

Source: Data from Duran et al. [12], Supraciclaje [44], and Mufioz-Cadena et al. [45].
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