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Abstract

Waste generation issues in Mexico City, high volumes, and not enough disposal facilities
for them have become a problem that governments alone cannot solve, and consequently
local communities have to be involved in the transformation. Of course, the waste
management problem is complex and involves several factors, among them, insufficient
waste collection system represents one of the barriers for an effective waste management.
Thus, this research project attempts to answer if a circular economy approach can become a
solution by utilizing in situ organic waste for energy generation through an anaerobic
digester, reducing waste volumes while doing so, in a residential area in Mexico City as
showcase.

The research followed a mix-research method approach which was based on literature
review, interviews, and a survey. The secondary data sources provided information about
previous experiences and served to construct the analytical framework of this research. The
primary sources of information provided insides to better understand the necessities and
involvement of local community as well as regulations and requirements for the
technology s installation. As part of the feasibility study, an organic waste generation study
was carried out by following standards and procedures defined by the Mexican regulatory
framework. The organic waste generation procedure involved the participation of the
residential area’s inhabitants.

The findings section shows which technology might suit the conditions of the residential
area used as showcase and develops on the operation and maintenance it requires. The main
characteristics needed to develop a circular business model is also presented. The business
model is described with detailed information to motivate inhabitants or even investors, it
includes costs of materials and building of the technology, budget management, financial
benefits in terms of utility bills, particularly on electricity and the potentials organic waste
has as energy generator. However, certain barriers were also identified mainly related to
budget limitations and energy supply. To finalize the findings section, the influence that
local communities can have as a driver to impulse initiatives of these characteristics was
analyzed during the organic waste generation study and the responds rate of a survey
conducted with inhabitants of the residential area. In both elements of this research the
inhabitants showed interest by participating actively.

The thesis ends with the conclusion, presenting the characteristics considered that can build
an initiative capable of reducing waste generation volumes, as long as the main barriers,
namely, financial issues and supply, are successfully addressed. Furthermore, in this
section, a series of recommendations are given derived from the barriers found, which from
the researcher’s point of view, would enable a successful initiative.
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1. Introduction

The structure followed for the development of this thesis begins with introductory
information (Chapter 1), presenting a background which provides a problem and motivation
of the research, following with the objective of the thesis with the corresponding research

question and sub-questions.

1.1. Background

The waste management system of Mexico City is not sufficient to meet the collection and
treatment requirements of the amounts of waste generated, for instance, the city and its
metropolitan area only has two garbage dumps, with the risk of being overflow, causing
various health and pollution related problems. In addition, the constantly growing population,
will only increase the impacts mentioned. (Godoy, 2012). The amounts of waste generated
every day in this megacity are very high, Mexico City’s households and businesses produce
12,893 tons per day of solid waste (SEDEMA, 2015, as cited on Guibrunet, et al., 2017),
leading the city to a constant challenge of its waste management. On the other hand, at
international level, the world is now setting its view in terms of sustainability standards at all
levels of human life, from consumers to producers. Even further, as mentioned by
Hettiarachchi, et al., (2018: pp 1), “the same large volume of MSW that has been generated
can become a steady supply of resources, if recovery options are prioritized”, this can be
facilitated if successful waste management systems could be implemented. In fact, large
amounts of waste have several implications, health is at risk when low levels of MSW*
collection are observed, and environmental risks, jeopardizing the environmental quality, for
instance greenhouse gas emissions as a result of dumping activities in open air conditions of

MSW.

! Municipal Solid Waste in Mexico City includes several strategies such as minimization in source, recycling,
reuse, thermal treatment, final disposition, among others. The most abundant material in waste in Mexico City
is organic (49.5 %), while recyclable material composed by cardboard, paper and plastics has an average
value of 24%. (Duran Moreno et al., 2013).


https://www-sciencedirect-com.ezproxy2.utwente.nl/science/article/pii/S0016718516300380#b0440

In contrast, households entirely depend on the local and unique supplier of electricity in the
country, a state-owned company. The centralized electricity provision, added to the
inefficient waste management system can be considered as an opportunity for an in sifu waste
transformation into electricity. By doing so, waste management problem could be improved
while simultaneously open up an alternative to reliance on the unique electricity supplier in
the country. Therefore, the research focuses on the feasibility analysis of an initiative that
aims to provide a solution to the high volumes of organic waste generation and the electricity
reliance on one supplier. Furthermore, the research analyzes if local inhabitants can become

a driver to implement an energy initiative of this characteristics.

1.2. Research Questions and Objectives

The objective of the research is to present an initiative that can reduce waste volumes in

Mexico City’s residential areas. This leads to the following research question:

e What are the main characteristics of an initiative that successfully reduces waste
generation in Mexico City’s residential areas by generating energy through a circular

model?
The main research question is subdivided in four different sub-questions:

e What are the main drivers and barriers of a circular model for a waste reduction
initiative?

e What technology might be suitable for the residence serving as show case in this
research?

e What are the main characteristics of a circular business model for stakeholders?

e How can self-organization be a driver to implement Local Energy Initiatives at a

residential scale?

Casa de Campo residential area in Mexico City covers the characteristics needed to carry out
the research and to identify answers to the questions presented above, for this reason it was
used as showcase for this thesis. The selection criteria applied to choose it as showcase are

described in section 3.4.



1.3. Thesis Outline

Chapter 2 presents the theoretical background, where the concepts of Self-organization and
Local Energy Initiatives are defined giving the reader an overview of the research context,
the existing research in the three core aspects, namely, (i) Circular Business Model, (i)
Drivers and Barriers of the decentralization of electricity production from organic MSW, and
(ii1) Best Available Technologies (BAT) for waste to energy, is presented. In addition, three

real waste to energy cases are presented as part of the potentials addressed in this research.

Chapter 3, describes the strategy followed for developing the research, presenting the
methodology followed for data collection and data analysis, and deepens on the showcase

selection, briefly mentioned in the last paragraph of the introduction.

Findings are then presented on Chapter 4, developed with information collected from
interviews and surveys, as well as literature review. The thesis is finished with a conclusion
and recommendations (Chapter 5) which summarizes the findings and answers the research

question.
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2. Theoretical Background

This section presents the interrelations between Self-Organization and Local Energy
Initiatives (LEI’s), to implement energy projects in a successful way, which is the objective
of this research. Furthermore, three cases of organic waste treatment for energy generation
are described and three core aspects are developed to give a better insight of the
characteristics of the research, these are, Circular Business Model, Drivers and Barriers, and

Best Available Technologies.

2.1. Self-organization as a promising way to implement Local
Energy Initiatives

A potential solution for the waste management system will need the participation of local
society, not only the institutional stakeholders as mentioned above, but also inhabitants of
Casa de Campo residential area; self-organization is key, and it refers “to the process by
which individuals organize their communal behavior to create global order by interactions
amongst themselves rather than through external intervention or instruction”. (Willshaw,
2006). Other definitions of self-organization suggest that it is a mechanism in which a trend
appears at the system's global level solely as a result of various interactions among the
system's lower-level components. The rules that define how the system's components
communicate are implemented using only local data, with no relation to the global pattern.
(Yates, n.d.), or as a concept that describes the shifting relationships between citizen groups
and institutional stakeholders in various fields, including sustainability and energy

transitions. (Hasanov & Zuidema, 2018).

Self-organization has a critical role in connecting the three elements analyzed on this chapter,
for instance, stakeholders related to legal issues have to be involved in the selection of
possible technologies to be able to deal with legal policies that can present barriers for
implementation. On the other hand, stakeholders developing a circular business model will
have to know the functions and requirements of possible technologies as well as any financial

requirement to present an attractive circular business model. Given the objective of reducing
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waste through a circular model that converts organic waste to energy, self-organization will
be associated to what Hasanov and Zuidema (2018, pp. 86) define with the term, local energy

initiative (LEI), as an early-stage development citizen-led, decentralized energy project.

Generation of energy using organic residuals as a way to reduce waste volumes is the aim of
the research and, as mentioned above, this relates to what Hasanov and Zuidema define as
Local Energy Initiative Projects, referring to the potential for grassroots initiatives with a
clear and strategic emphasis on energy concerns to transform energy structures. LEI’s are, in
general, a collection of numerous types of societal actors working in various institutional
contexts, unified by a variety of goals that are not always linked to energy. LEI’s are linked
to small, locally based activities that strive to have a larger administrative and organizational

effect on state or municipal planning and growth issues. (Hasanov and Zuidema, 2018).

Furthermore, LEI’s emerge due to various factors, most of the research relates these
initiatives with activism within communities and decentralized actions, which enables local
collective actions. If there is a growing number of LEI’s, it is due to the social acceptance
and the awareness in renewable energy amongst people. Even though LEI's are as the name
indicates, local, this type of initiatives collect aspects that are external to the community, for
instance, dependence on an energy supplier and the quality offered, technological
advancements, or consumers demand for green energy, to name a few. (Hasanov and
Zuidema, 2018). To describe successful LEI’s, both internal and external factors should be
taken into account and how they interrelate and impact each other, understanding the

mechanisms that lead to their different functions. (Hasanov and Zuidema, 2018).

LEI’s have taken root as a very effective way to innovate in the energy system, particularly

electricity production. (Arentsen and Bellekom, 2014).

As mentioned, the participation of local society is essential, it will lead to self-organization
features in the neighborhoods, this is related to informal or semi-formal activities including
various types of community action, social engagement associated to constructive civic
engagement, leading to the formation of coalitions with municipal institutions. (Hasanov &
Zuidema, 2018). Although, significant issues related to trust or previous experiences of

residents and local communities may arise and must be taken into account on every project
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and initiative planification phase. Considering that trust in the people leading the project is

key for a transition movement. (Hossain, 2015).

In addition, both Self-Organization and Local Energy Initiatives relate to bottom-up
approaches, which in the past years have acquire popularity, particularly because of people’s
interest in transforming their communities or growing awareness regarding environmental

endangering.

2.2. Local Waste to Energy Generation Cases

The cases described in this section do not have deep similarities with Mexico City’s
characteristics (developing countries context, geographical extent, population and other scale
factors), however, the purpose to present them here is to provide a view of the potentials that
waste treatment initiatives bring for reducing waste volumes with particular attention to the
benefits of implementing waste treatment initiatives as an effective way to generate energy

in various forms. We refer to the cases of Vietnam, New York and Sweden.

2.2.1. Vietham

Vietnam’s generation of municipal solid waste, which in its majority is food waste, is
growing rapidly together with a growing urbanization. While this waste is treated mainly by
landfilling (not the most environmentally friendly technique), the potential of implementing
anaerobic digestion for treating the waste has been studied and considered, given that is a
better treatment from an economic and ecological point of view, while being a promising
option for energy recovery and mitigate energy shortages. However, Vietnam government
has discarded the option due to lack of information, data, and experience. (Nguyen et al.,
2014). In spite of this, the anaerobic digestion has been studied in Vietnam and one of those
studies is the one by the University of Southampton who developed an energy model called
Aspen Plus. In the following paragraphs some details of the modelling of the Anaerobic

Digestion are provided:

13



“Feedstock is fed to a digester in digester ponds, where digestion takes place in the absence
of oxygen. The gas generated during the digestion process (raw biogas) is treated to minimize
H2S levels and avoid mechanical corrosion before being fed to the CHP and boiler for heat
and electricity generation, or to a biofuel upgrade plant. To meet on-site energy needs, both
thermal and electrical energy are required; surplus energy is used for off-site purposes. Where
the requirement for heat for internal use exceeds the amount of heat generated by the CHP,
a boiler unit is used to compensate for the shortfall. Carbon dioxide and undesirable
compounds are isolated from raw biogas in the upgrade facility, resulting in purified biogas
with a structure that satisfies the requirements for vehicle fuel or natural gas”. (Nguyen et al.,

2014).

Two scenarios where run, scenario 1 showed that the amount of energy provided by the CHP
unit in the form of heat is roughly two times that of the electricity generated. This reflects the
fact that the production of heat from CHP units is about 65 %, while it is around 35 - 43 %
for electric power. This means that the electricity generated could contribute to a 4.1 % of
Vietnam'’s total electricity demand in 2025. Scenario 2 showed the efficiency regarding
transportation, as biogas generation can be used for fueling trucks, buses, etc. In 2014 some
estimations showed that fuel requirement by 2025 will increase to 30 million tones, so biogas

can replace 4.75 % of daily fuel use. (Nguyen et al., 2014).

This illustrates that if organic waste is separated from municipal solid waste, it can become
an important source of energy, and it can be achieved through changes in people’s behavior
by learning the basics of waste separation (this is of course, assuming that everyone “does
the right thing”), helping authorities get the organic waste to feed the digesters. Anaerobic
digesters also provide economic solutions on the mid-long term, dealing with increases in
energy supply, waste disposal, landfill spaces and environmental impacts. (Nguyen et al.,

2014).

2.2.2. New York

The American city produces 14 million tons of waste every year, and the city spends $400
million dollars to ship the waste to the country’s incinerators and landfills in South Carolina.

Similar case to the international trade in which the UK sends waste to the Dutch city of
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Hengelo for incineration. Former Mayor Michael R. Bloomberg began a program in 2013 to
achieve some sustainable goals, and one of them was to reduce greenhouse gas emissions
from municipal solid waste, these efforts have continued in the precedent administration with
Mayor Bill de Blasio. (Rueb, 2017). These efforts need the citizens’ participation to make
the program succeed, as Ron Gronen, city’s deputy commissioner of recycling and
sustainability mentioned, “Without the citizenry of New York, I don’t think our team could

have gotten our program off the ground”.

Starting in 2013, the city provided households with buckets to collect organic waste, and in
2016, 23,000 tons of organic waste were collected from households, schools., institutions and
drop-off points. Neighborhoods started to adopt the program and, in the ones, where there
are difficulties for trucks to pick up waste, the city expanded the number of drop-off points.

(Rueb, 2017).

In 2012 a testing program took place Newtown Creek Wastewater Treatment Plant in
Brooklyn, where commercial food waste was added to some of the tanks in the plant to
produce higher levels of methane gas, since then, the plant’s biogas production has increased
17%. Furthermore, the utility National Grid planned an investment of $30 million dollars in
a system that gets vapor and carbon dioxide, as well as filters chemicals that are flushed into

the sewer system. (Rueb, 2017).

Currently, a small group of National Grid customers can get heat for warming their homes
with the gas made from the plant. However, only a small part of the city’s organic waste is
transformed into biogas, but programs are still running to reach a day where homes and

transportation can run with biogas from organic waste. (Rueb, 2017).

2.2.3. Sweden

Not even one percent of household waste goes to landfills in Sweden, it goes to the thirty-
four waste to energy power plants in the country, which is known for notably reducing the
amounts of waste that finds its way to landfills. From the total generation of household waste,
49 percent is recycled, while other 50 percent is incinerated in power plants. What this

initiative has generated for the country is impressive, given that a small portion of Sweden’s
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power supply comes from household waste, less than 10 percent, however, most of the heat

during cold seasons is supplied by waste. (Yee, 2018).

Of course, one of the advantages, as mentioned in the article, is that “along with reducing
landfill, using waste as an energy supply also reduces burning fossil fuels and shipping them
around the world using even more fossil fuels for transportation, furthermore, using waste to

generate energy is a reasonable short-term solution. (Yee, 2018).

The biogas produced in one of the power plants in Sweden, is currently running over 200
buses in the country, also taxis as public transportation goes, private cars and even trash

collection trucks are also being fueled by the biogas generated from waste. (Yee, 2018).

The implementation of the strategies mentioned in the three cases presented was only
possible with a previous planification and approvals from local governments, institutions and
inhabitants of the cities and communities. A Circular Business Model contains this

information for an effective and further planification.

2.3. Circular Business Model

A Circular Business Model (CBM) is a key lever for the implementation of circular economy,
which is an economic system in which resource input and waste, emission, and energy
leakages are minimized by cycling, extending, intensifying, and dematerializing resources
and energy loops. (Geissdoerfer, et al., 2020). Even further, taken from Mentink’s research
work (2014), he mentioned that “CBM should be regarded as a subcategory of Business
Models (BMs) which fit in an economic system of restorative or closed material loops. This
entails that a CBM does not need to close material loops by itself but can also be part of a

system of BMs which together close a material loop in order to be called circular”.

Another definition of the CBM is the one provided by Reim at al., 2019 in Circular Business
Models for the Bio-Economy: A Review and New Directions for Future Research: “A
business model in which a focal company, together with partners, uses innovation to create,
capture, and deliver value to improve resource efficiency by extending the lifespan of

products and parts that thereby realizes environmental, social, and economic benefits”.
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To plan and further implement a waste management program, captured in the CBM, it is
needed to evaluate the waste generation and its characterization, as starting point, making the
identification of the information available of high importance, as Olay-Romero et al., 2020
mentioned, “Since gathering and processing municipal waste information involves a
substantial effort, it is important to identify what information may be available and what
parameters are needed to evaluate municipal waste, especially in developing countries”.
Organic material is one of the main disposed materials found in households, which can be

utilized for electricity generation.

This information will become part of the CBM, which aims at highlighting the attractiveness
of transforming households wastes into circular resources. For instance, where waste can be
reduced, while electricity can be generated. For that it is important to understand how circular

business models are conceptualized.

Circular economy with a business view isused as a guideline for business model
development. Even though this research is not aimed for a profitable business, it is important
to state that for the CBM, a circular economy approach will aim to increase resource
efficiency by closing energy and resource loops whilst gradually closing energy and resource

flows. (Pieroni et al., 2019a, p.201, as cited on Geissdoerfer, et al., 2020).

The CBM aims to present the financial information and long-term benefits, as well as legal
policies and regulations to make the initiative attractive and engage all the stakeholders?
involved. It seeks to be as transparent as possible about any barrier that could hinder the
development of the initiative. An introduction of the barriers is presented in the following

sub-chapter.

Regarding legal policies and regulations, in Mexico, there are instruments that regulate the
management of waste, involving generators, transporters, and those who process them. Some

of these instruments, are Ley General para la Prevencion y Gestion Integral de los Residuos

2 The stakeholders are the household owners, local government, and administrators of the residence. In the
case of administrators, Casa de Campo residential area as in many others in Mexico City, has a group of
people that form a committee which are inhabitants of the residential area, together with an administrator
which is not an inhabitant of the residential area and acts as connection with public authorities as municipality
or local government for regulation means or any other aspects which need to be taken care of for the
residential area to operate.
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(General Law for Prevention and Integral Management of Residuals), Programa Nacional
para la Prevencion y Gestion Integral de los Residuos (National Program for Prevention and
Integral Management of Residuals) and state and municipal programs of prevention and
management of residuals. The so called, primary separation programs, enable the separation

of MSW in organic and inorganic residuals. (SEMARNAT, 2015).

The following table, shows the main institutions and authorities involved with waste

management in Mexico and their roles and responsibilities:

Table 1 : Main Authorities and Institutions (SEMARNAT, 2015)

Institution/Authority Roles and Responsibilities

Secretaria de Medio Ambientey  Elaborate policies and strategies for environmental control

Recursos Naturales (SEMARNAT)  Norm and fiscalize the environmental regulatory framewaork
Coordinate the national programs for environmental management
Promote the creation of infrastructure (tagether with SEDATU)

Secretaria de Salud (S54) Elzborate policies and strategies for sanitary control
MNorm and fiscalize in health issues
Elzbaorate plands for prevention of risk when managing MSW
Coordinate national programs for environmental sanitation

Secretaria de Desarrollo Agrario,  Promote the creation of infrastructure
Territarial y Urbano (SEDATU) [together with SEMARNAT)

Other Secretaryships Supoprt MSW management in its respective areas
(turism, industry, fishing, energy and mining, transportation, household and other)
Regulation of MSW management in its respective areas

Local Goverments Management of MESW: sweeping, collection, transfer and final disposition
Formulation of local framework
Aplication of sanctions for not compliance with MSW management policies
Formulation and implementation of mandatory fees for public services

A very important topic to cover in the CBM is insurance. The technology will most likely be
a rudimentary adaptation of an industrial anaerobic digester, meaning that people will have
to operate it, both for feeding and maintenance purposes, exposing them to any failure the
technology may have, which could jeopardize their health. Furthermore, the technology will
be located inside a residential area which exposes not only operator but also inhabitants to

problems caused by any performance problems with the technology.

The insurance companies AXA, Chartis Mexico, GMX, Inbursa, and Zurich offer products
which cover a series of activities that refer to what is mentioned above. For the purpose of
this research, the activities mentioned are the ones that best fit the installation of an anaerobic
digester, e.g., possession and maintenance of social facilities and Possession and

maintenance of sanitary facilities. Additional coverages can be added to the insurance, for
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instance, Union, mixture and / or transformation of products and environmental pollution.

(AXA, 2020).

2.4. Drivers and Barriers for the implementation of a Local
Energy Initiative

The poor collection and recycling culture in Mexico appears as one of the main obstacles for
implementing circular models in households, social participation is needed as a driver to
engage people in activities as recycling. Social participation has been defined as “...the
person's involvement in activities that provide interaction with others in society or the

community”. (Levasseur et al., 2010, p.7, as cited on Nivestam et al., 2021).

Even in a smaller scale, like households or a specific residential area, to begin an
implementation of waste management it is needed an increase in the coverage of the
collection services and to improve the conditions of the disposal sites. (Olay-Romero, et. al,
2020). The use of solid waste management metrics simplifies decision-making on many
levels: it is a useful tool for diagnosing one of the schemes to be applied, and it can serve as
the foundation for a continuous tracking protocol to guide technological progress and
recognize opportunities and policy adjustments. (Bertanza et al., 2018, ElSaid & Aghezzaf,
2018, as cited in Olay-Romero et al., 2015).

Part of the circular model feasibility research of this thesis is the efficient utilization of the
waste generation, for that, part of the research also focuses on biomass and waste as fuel for
energy generation. As attractive as this sounds, the concept of self-generation of electricity
has a major challenge, considering that Mexico, is a country where electricity has only one
supplier (Comision Federal de Electricidad). On the other hand, the country’s current trend
in electricity generation indicates that having small sources of generation, especially by clean
energy sources, will be the best practice to produce electricity. (Fideicomiso para el Ahorro
de Energia Eléctrica, 2021). This trend points towards distributed generation, that is, the
development of small sources of generation located as close as possible to the consumption
center, preferably from clean energy sources (descentralization). As established by Ley de la

Industria Eléctrica (Electricity Industry Law), distributed generation is the generation of
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electrical energy that is carried out by an owner or possessor of one or more power plants
that are interconnected to a distribution circuit that contains a high concentration of power
centers, and that do not require or have permission to generate electricity. (Fideicomiso para

el Ahorro de Energia Eléctrica, 2021).

An important specification of contracts with CFE (Federal Electric Comission), is that there
is no regulation that obliges users to consume electricity from CFE, this means that anybody
can generate their own electricity. However, if there is a surplus on this generation it will
pass to CFE’s grid. On the other hand, if the generation is not enough, the extra electricity
needed will have to be provided by CFE, as the company owns most of the electric grid in

the country.

The lack of waste separation is a big issue which roots are in the low social participation,
which is why involvement of the community is a key factor of this research and will be
discussed in section 4. The shortage of collection centers to reuse and recycle waste, either
organic or inorganic, presents another obstacle, considering that Mexican authorities have
shut down waste dumps in Mexico City, for instance, Bordo Poniente in 2012, now, waste is
accumulating in even larger amounts. (Godoy, 2012). A waste disposal system oriented to
recycling would have to be implemented in the residential area in order to obtain the organic

matter to feed the digesters.

Further, Mexico is transitioning to a composition with a predominance of organic matter: in
the decade of the1950s, organic waste accounted for 65 to 70% of total volume, but by 2012,
this figure has reduced to 52.4%. (SEMARNAT, 2015). In general, the prevalence of organic
or inorganic trash is related to the population's economic situation: in lower-income
countries, organic waste predominates, whereas in higher-income countries, waste is mostly
inorganic, with a considerable number of manufactured items. (Acurio et al., 1997, as cited
on SEMARNAT, 2015). This poses a challenge in coming years as organic matter is the main

fuel for anaerobic digesters and its collection.
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An important barrier, that may become a driver if the response is positive is social
acceptance® in local communities, it can enable the development of a project or the
impossibility of it to take place. There are a few factors that can influence the acceptance, for
instance, a fair decision-making process, where everyone involved has the opportunity to
participate in the project, furthermore, trust by local community in both, the information and
intentions of stakeholders from outside and within the community, if there were to be

involved. (Wiistengahen et al., 2007).

Laws, regulations, taxes, infrastructure requirements, can also appear as barriers for
projects/initiatives, however, they can also become drivers; since institutions can
be supportive because they promote interactions among a variety of stakeholders by
assigning each one a certain role and setting expectations for how others will behave.

(Hisschemoller, 2012).

Despite all the potential barriers mentioned above, important drivers can be seen, for
instance, sustainable certificates. There are some certifications to which residences can apply,
one example of these certifications is the LEED certification, in terms of savings, it makes
sure that the households can transparently observe reduction on energy and water
consumption. This can lead to lower utility bills. Even further, certified households consume
20 to 30 percent less energy than non-certified ones. Carrying out an initiative of these
characteristics, Casa de Campo or any other residential area in which it takes place, could be
benefitted by an important capital gain influenced by the current sustainability view that not
only companies and organizations are having, but also, people, communities and societies,
as this quote from the U.S. Green Building Council, 2021 illustrates: “Certified green homes
are now selling quicker and for more money than comparable non-green homes”. Carrying
out an initiative like the one presented in this research, opens up the possibility for the

residence to apply for a certification, bringing all the benefits just mentioned.

3 In Casa de Campo residential area as in many others in Mexico City, there is a group of people that form a
committee which are inhabitants of the residential area, together with an administrator which is not an
inhabitant of the residential area and acts as connection with public authorities as municipality or local
government for regulation means or any other aspects which need to be taken care of for the residential area
to operate.
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Furthermore, transforming a waste management system, even in a small scale as it is the case
of Casa de Campo residential area, poses a big challenge, which is why residents are
identified as a key factor to have successful waste to energy technologies. Their involvement
is crucial, but also having the right technology for the waste reduction and transformation is
a very important factor for the success of solid waste management. Hence in the following
sub-chapter, an introduction to the best available technologies to generate electricity that fits

with the circular business models is presented.

2.5. Best Available Technologies (BAT) for waste to energy

One solution for reducing waste volumes and avoid filling landfills (or garbage deposits as it
is the case in residential areas), causing pollution and health impacts is converting waste into
energy. To achieve this, there are various techniques that allow MSW to be transformed into
energy, like waste treatment plants, which are management facilities that mostly burn waste

to produce electricity.

The main process that results in biogas is produced from biomass anaerobic biodegradation,
lack of oxygen and anaerobic microorganism presence. Anaerobic digestion is a consequence
of a series of metabolic interactions among several groups of microorganisms. (Souza, et al.,

2013).

In order to install a system that converts waste to energy, like for example, a biogas plant, it
is needed to estimate the biogas potential (energy content) in the waste stream, several
methodologies allow to estimate that. For instance, Carranco, et al., 2020, presented a
combination of two methodologies in their paper. The first of them uses urban solid waste
composition to estimate biogas, while the second one converts biogas flow data into energy
units. The resulting model is capable of estimating biogas from waste composition within
any municipality in the study area, and it is also able to translate the potential biogas flow (in
thousands of m3/days) into megawatts (MW). (Carranco, et al., 2020). This method is
relevant given the complexity that low collection and separation levels in Mexico City pose,

resulting in poor data gathering. (Carranco, et al., 2020).
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To better understand what is mentioned above, it is important to mention what is biogas
conformed of, so it can be evaluated if it is suitable for household use. “Biogas is composed
mainly by carbon dioxide (30-50%) and methane (50-70%) and may contain several trace
compounds depending on the organic source”. (Duarte, et al., 2020). “It also contains traces
of hydrogen sulfide, nitrogen, hydrogen, carbon monoxide and oxygen, its concentration and
volume are influenced by the source of organic matter. Residues containing bigger organic

concentration generate biogas richer in methane”. (Souza, et al., 2013).

Following on methods to convert waste to energy, anaerobic digestion comes as an effective
way to not only digest waste efficiently, but also good amounts of usable energy can be
recovered without any serious carbon emissions. Anaerobic digestion (AD) processes can
provide a significant solution when it comes to treatment of organic material, and
concurrently can fulfill any other energy demands. Food waste is high in minerals and
nutrients, making it an excellent feedstock for the anaerobic digestion process. This method
is considered a renewable energy source because it creates methane-rich biogas, which is a
strong alternative for replacing fossil fuels, and has the advantage of low emission generation.
Additionally, the nutrient-rich remaining solid and liquid may be used as a fertilizer for the
soil after digestion. This would increase soil fertility, requiring fewer fertilizers and
insecticides for crop production. An anaerobic digestion plant not only helps
mitigating pollution, but it also restores energy and agriculturally productive soil, decreasing
greenhouse gas emissions. Methane is generated during the anaerobic digestion process, and

this gas can be used as a carbon-neutral clean energy source. (Chowdhury, 2020).

Even though there are techniques to treat organic waste, precautions must and still be taken
when discarding organics, given the threats that food waste possess by its quick decomposing
and the risks of polluting air soil and water, creating serious concern on health, not to mention
bad odor due to mercaptans emissions from the organic matter decomposition and the
lixiviates from organic matter accumulation/transportation. (Ma et al., 2017 as cited on

Chowdhury, 2020).

An anaerobic digestion process is built upon three main stages: first the Bio Wastages go into
a Pre-Treatment stage, then the already treated waste goes in the Anaerobic Digestion plant

where biogas is separated from the waste, finally, the waste goes to the post-treatment stage,
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becoming bio fertilizer. (Chowdhury, 2020). The anaerobic method reduces the volume and

mass of the raw material and converts the waste into useful energy. (Zhang et al., 2014 as

cited in Chowdhury, 2020).

The following table shows technologies whose implementation is feasible in the scale of

Casa de Campo residential area:

Table 2: First Overview of Feasible Technologies. (ISAT, 2010)

Technology

Characteristics

Advantages

Disadvantages

Fixed Dome Biogas

Digester with a fixed,
non-movable gas
holder, high methane

Low initial costs and

Labor-intensive

be increased.

Plants emission and high gas long useful lifespan. construction.
storage.

Low-Cost Made from recyclable |Already proven in Constant

Polyethylene Tube materials like tire Latin American maintenance

Digester tubes. countries like Mexico. '
Heat sealed rubber bag, Short lifespan and

as storage in the upper Low-cost difficulty

Balloon Plants ga 1t Gas pressure can prefabrication, easy to removine residues

part P build and transport &

during operation.

Earth-pit Plants

Dome-shaped digester
with an immovable,
rigid gasholder and a
displacement pit.

Low cost of installation
and high potential for
self-help approaches.

Only suitable in
impermeable soil.

Information and Advisory Service on Appropriate Technology (ISAT, 2010)

It is important to mention that besides the characteristics and potentials presented below,

other factors like cost and residents opinion, as well as the regulatory Mexican framework

that impedes or promotes some types of technologies, play an important role on which

technology is more suitable for the residential area. Their selection has to be planned, even

though most of these simplified technologies can work properly on a domestic scale, some

have better performance in rural areas, or farms, because in these sites, manure is the main

feeding product for the biodigester and have a more favorable solution for bio-methanation
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at a smaller scale, not to mention that each household is responsible for the system. (ISAT,

2010).
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3. Methodology

This chapter presents how stepwise the research was carried out. Different aspects of the
research design are here explained. Firstly, the research framework which is based on
Designing a Research Project by Verschuren and Dooreward (2010), show the plan for the
study target, followed by the theoretical framework, which presents the theoretical base for
the research, then the research strategy is elaborated per research sub-question. The data
analysis is presented as well. This is explained to illustrate what was the data needed for this
research as how it was collected. Finally, the ethics statement, with the ethical principles of

the research.

3.1. Research Framework

Based on the book of Verschuren and Dooreward (2010), a research framework provides a
step by step follow up for achieving the study target, seven steps conform the Research

Framework, and these are shown below:
Research project’s objective:

Determine if self-organization can influence the transformation of waste management
in residential areas in order to plan the circular model that best fits Mexico City’s
conditions to reduce household’s waste related impacts and utilizing waste as the

source of household’s generation of electricity.
Research object:

The research object in this thesis is Waste Management Treatment in residential areas

in Mexico City, specifically Casa de Campo residential area.
Research perspective:

The research observes waste management system in Mexico City and how it reflects
in residential areas, it also analyses how self-organization can create a cohesion that

transforms waste management systems in residential areas and the possibility of
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utilizing organic waste to supply electricity to the residential areas by a circular

approach.

Sources of the research perspective:

Literature review will be used to develop the research, the following theory will be

used in the research:

Table 3: Sources of the Research Perspective

Key Concepts

Theories and Documentation

Self-Organization

energy projects

Waste to Energy

Social-institutional

The
Self Organization for understanding
Local Energy Initiatives

Transformative Power

of

Research Framework Scheme:

The following scheme describes the research framework:

Figure 1: Research Framework Scheme

Theory on
Transformative
Power of Self-

Orgamization

Circular
Business ]

Model Conceptual

> Model

Best

Axailable
Technologies

(BAT)

Showcase

Recommendations

Preliminary

Research

Viability of
Showcase

(a) (b)

||

Analvsis
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Arguments to formulate the research framework:

(a) Analysis of the literature of each aspect as well as the research already presented
in this proposal.

(b) Result in a Conceptual Model.

(c) Present the feasibility of the show case to be presented.

(d) Show case research.

(e) Analysis of showcase for further recommendations.

(f) Recommendations for applying a circular model in residential areas.

Review the model for if changes are required: there are no indications that the model

requires any changes.

3.2. Research Strategy

The research focuses on the implementation of a local energy initiative in Mexico City’s
residential scale to provide a solution for high waste volumes and electricity supply, with
self-organization as the main driver. The main approach is a mix-research approach, i.e.,

combination of desk research, survey and semi-structured interviews.

The research unit is the residential areas in Mexico City, specifically Casa de Campo, will
serve as a showcase, further explained in 3.4. Administrative figures of the mentioned
residential area, population of the residential area, governmental (legal, requirements,
figures) attached to the residential area were addressed with interviews and surveys for the

development of the section.

The data analysis was carried out with both qualitative (desk research and interviews with
semi-structured questionnaires) and quantitative methods (survey). For data like Drivers and
Barriers of implementation, the information gathered provided a qualitative result, as well as
for the Best Technologies available, showing what are the main obstacles for implementation
and its motivations; for best technologies, the data collected presents with techniques that

best suit the research object’s conditions.
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The quantitative method enabled the research to collect data on technology, financial and

spatial acceptance from inhabitants of the study area.

3.3. Data Collection and Analysis

The research conducted two interviews (shown in Appendix B and C) and one survey (shown
in Appendix A). The interviews were carried out with the administrative figure of Casa de
Campo and with one of the maintenance workers of the residence. The administrative person
provided information mostly about regulations, both internal and external to the residence,
as well as barriers for the technology s installation. As for the interview with the maintenance
worker, it provided information about waste generation and separation culture and behavior

of the residence’s inhabitants.

The survey was carried out to collect data about the level of involvement of inhabitants and
the characteristics they considered more important to implement the initiative promoted

during the research.

The following table shows the data and information required for the research as well as the

methods employed to collect and analyze data:

Research Methodology

Table 4: Data Collection and Analysis

Research Question Data for A.nswermg Sources of Data Data Collection | Data Analysis
the Question

Secondary Data: For Secondary |For Secondary Data,
What are the main Literature Data. content | qualitative analysis. For
characteristics of an review. For Primary Data, qualitative
initiative that successfully i r rei
reduces waste Eeneratiorfin BAT: Bus#le.ss }{0 del. Primarv Data: ?ﬂ?ﬂi’:} Data. - fanalysis method

. . . Social participation. S . : _
Merxico City's residential Household's inhabitants, |interviews and
areas by generating energy administrative and local SUIVEYs.
through a circular model? govemment.
Research Sub-Questions Data for A-nswemlg Sources of Data Data Collection | Data Analysis
the Question

Secondary Data: Feview of Qualitative and

Literature and documents |content in quantitative analysis
What are the main drivers literature, method.
and barriers of a circular Population, waste amounts documents and
model for a waste reduction |and type. weather. waste
initiative? generation

research.
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What technology might be
suitable for the residence
serving as show case in this
research?

Financial information,
benefits for inhabitants.

Secondary Data:
Literature

Primary Data:
Household s inhabitants

For Secondary
Data, content
review. For
Primary Data,
online
interviews,
survey and
waste
generation
research.

For Secondary Data,
qualitative method. For
Primary Data quantitative
analysis method.

What are the main
charactenistics of a circular
business model for
stakeholders?

Government involvedness,
cutrent electricity
supplier(s), financial
matters.

Secondary Data: Literature

Primary Data:
Residential area
administrative and
household s inhabitants.

For Primary
Data, online
interviews and
waste
Zeneration
research. For
Secondary
Data, content
Teview.

For Primary Data,
gualitative and quantitative
method. For Secondary
Data, qualitative method of
analysis.

How can self-orgamzation
be a diver to implement
Local Energy Initiatives ata
residential scale?

Secondary Data:
Literature

For Secondary
Data, content
review. For

For Secondary Data,
gualitative method for
analysis. For Primary Data,

household's inhabitants.

Feasibility of social Primary Data, |qualitative method.
cohesion in study area. anline
Primiary Data: mterviews and
Household s inhabitants | surveys.
Primary Data: Online Qualitative Method of
Residential area interviews. analysis.
Incentives for WA .. . ¥
. admimstrative and
transformation

Finally, a waste generation research, further explained in 4.1., was conducted in the residence

with the purpose of collecting data that enabled the research to select a better suitable

technolgy, as well as calculate the potential energy generation through waste. Not every

household participated in the research, so the data collected and analyzed provided but an

approximate number of real waste volumes and energy generation. However, the data

collected assisted on answering the research questions.

3.4.

Showcase Selection

The time frame for the thesis development was limited and the research in a megacity like

Mexico City would have required a large study area to collect the data needed, not only
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because of the geographical extension but because various socio-economical levels of
residences can be found there, hence, waste generation in terms of volumes and types can
vary as well. During this research, the researcher was not located in Mexico City, which
presented another difficulty to fulfill a successful study in the city, therefore, the research
was focused on one residential area, called Casa de Campo, in Mexico City, in which an
Organic Waste Generation research was carried out to collect data, this research is further
explained in 4.1. Another factor to select Casa de Campo as showcase was the existing
familiarity of the researcher with the residence, which opened access to informants and

information.

Generation of waste residuals is strongly linked to the process of urbanization, in general, it
is recognized that this is accompanied by an increase in the population's purchasing power,
which leads to improved living standards and higher levels of consumption of goods and
services, resulting in higher volumes of waste. (SEMARNAT, 2015). This residential area
covers the characteristics needed to carry out the research, being these, having a group
generating organic waste in a regular basis and different sources and types of organic waste,

part of the urbanization process, just to mention a few.

To have a better overview of Casa de Campo, a description is presented as follows: the
number of houses in this residential area is 90 of approximately 190 square metre each
including a small yard, four people in average live in each house. The average selling price
of each house is of $15 million *pesos (626,507 €). Furthermore, the research will focus on

organic solid waste.

3.5. Ethics Statement

During the data collection, every interview was carried out including voluntariness of
participation and with previous knowledge from the interviewee of the nature and purpose of

the interview, as well as the aim of the study. The interviewee had the right to refuse to

4 Exchange rates: 23,94 MXN for every 1 €. 8/4/2021. Google exchange rates, euros a pesos mexicanos -
Google zoeken
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engage in the study and withdraw from it at any moment, with no repercussions and without
giving any argument, ensuring that the information provider has control about their own
involvement, consequently, a written form was handed to the interviewee before the

interview. If applicable, recordings and images publishing were previously authorized.

If the interviewee requested confidentiality, anonymity was preserved, namely, information
was not to be shared with anyone. The information is kept in a computer devise, and safely

protected with secure software.

Finally, the questions asked during the interviews did not jeopardize the interviewee,
meaning that the interviewee was not put in the position of having problems for any answers

provided, therefore, interviewee’s integrity was guarded at all times during the interview.
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4. Findings and Discussion

This section follows the same structure than Chapter 2, to present the research findings and
provide answers to the main research questions. In this chapter data and information analyzed
have diverse sources: additional literature and information provided from waste collectors of
the residential area, interview with administrative personnel and surveys involving Casa de
Campo inhabitants. As priory mentioned, to measure the organic matter generation was
crucial to study the feasibility of biodigestion in situ, hence this chapter starts with the
quantitative study of organic matter generation in Casa de Campo in order to identify the

technology that might be suitable for the residence in terms of operational capacity.

4.1. Organic Waste Generation Research in Casa de Campo

In order to select the technology that might suit the residence’s characteristics and present a
complete Circular Business Model, it was needed to have data about the amounts of organic
waste generated on a daily and weekly basis inside the residence. To collect this data, a
research within the residence was carried out, based on the Mexican Regulation NMX-AA-

15-1985, which is about solid waste data collection sample.

Inhabitants of Casa de Campo were reached out and asked if they were willing to participate
on this research, after explaining what the participation was about, a group of people
representing each, household agreed on providing data of their organic waste generation.
They were asked to register the weight of their organic waste every day during a week, and
in order to do this they were provided with a chart in which they could put a mark on the

weigh that corresponded to that particular day.

The research was successfully completed after one full week (7 days), in which the 8
participant households provided their organic waste bags weight each day of the week, with
which an average weight was calculated for the entire week, approximately 900kg of organic
waste are generated in a seven-day week per residential unit This data enabled to give an
overview of the energy potentials that organic waste could bring to the residence, namely

financial benefits, clean energy generation and more specifically, to calculate the volume of
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biogas the biodigester could generate from waste. Biogas generation was then converted’ to
kWh to show the electricity supply households could have access to from this initiative, and

all the financial benefits that it could potentially bring.

The research, offered a clearer view of the realities in the residence regarding the resources
(organic waste), facilitating the selection of the technology, which is further explained in the

following subchapter.

4.2. Suitable Technology for transforming organic waste to
electricity

As mentioned in chapter 2.5, there are several techniques that allow the transformation of
organic waste to energy, in this chapter, the research provides with one of these techniques
that might be suitable for the characteristics of Casa de Campo. Starting by mentioning that
the technique selected is a Low-Cost Polyethylene Tube Digester, given its characteristics of
reduced costs and easy installation process. An important factor for considering this
technique as the most suitable, is that it is already being applied in Latin American countries,
like Bolivia, Pert, Ecuador, Colombia and Mexico (ISAT, 2010). This can be a guarantee in
the performance of the digester, since it has already been proven in similar climate
conditions, like weather temperatures or altitude. It is built with a tubular polyethylene film
which is bend at each end around a 15 cm PVC drainpipe and hold together using a rubber
strap obtained from recycled tires, this gives as a result a hermetic isolated tank system.

Figure 2. shows and explains how this system works. (ISAT, 2010).

51 cubic metres of biogas translates to 10.55 kWh. With data from Gas Consumption Calculator — Conversion
of m3, kWh, MWh. And considering that methane content of biogas ranges from 45% to 75% by volume.
Information from IEA,2021.
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Figure 2: Scheme of Low-cost Polyethylene Tube Digester. (ISAT, 2010).
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One of the 15 cm PVC drainpipes serves as the slurry's inlet, while the other serves as the
slurry's outlet. Finally, in the tube digester, a hydraulic level is formed, allowing as much
added prime matter (a mixture of dung and water) as fertilizer to exit through the outlet. The
capacity of the gasholder is of about one fourth of the total capacity of the system, to solve
the issue of low gas flow rates, polyethylene reservoirs (figure 3) may need to be installed,

to store the additional gas generation. (ISAT, 2010).

Figure 3: Gas Storage Reservoir. (ISAT, 2010).

However, a pit must be built, where the bag will be located as shown in figure 1. Casa de
Campo has a space determined with a small warehouse to place the waste once it is collected
from each house in organic and inorganic bags. This area offers the space to build this pit
and locate the biodigester, which poses a huge advantage given its closeness to the source of
feeding material. The warehouse offers protection to the biodigester from animals and

weather with a roof and doors which isolate the system from threats.

Furthermore, three main factors are to be considered for the location of the biodigester, one

of which has been already mentioned:
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e (loseness to waste disposal.
¢ Flooding areas should be avoided.
e The pit, if possible, should be located on the lower side of the source of feeding

material for an easier flow into the biodigester.

Once the biodigester is installed and being constantly fed, for instance, with 20 kg of waste
a day, it has the potential of producing, after one to two months, around 4 to 5 hours of biogas
every day, which can be used for cooking or electricity applications. (energypedia.org, 2014).
It is important to mention that the waste must be mixed with water, approximately a ratio of
60% organic waste feed and 40% water, this ratio has been tested in similar temperature
conditions as Mexico City, resulting in the most effective for biogas generation. (Basumatary
et al., 2021). However, the biogas generation will be adjusted to the actual waste generation

in Casa de Campo.

After the biodigester has been fed, it is important to consider the slurry. An interesting
solution for it is using it as fertilizers. In Casa de Campo it can be used for both house yards
and common areas. After the anaerobic digestion process, the content of nutrients is not very
much affected so in this case, yards can still benefit from the slurry’s nutrients. However, not
all the slurry can be used as fertilizer, either because it is not needed at the moment or the
generation of it is more than that of what is needed, in this case, storage is necessary. There
are several options for storage, but the ones that appear as more suitable for the residence’s
conditions are vessels or tanks. To store the slurry is best to separate it in liquid and solid

parts. (Bonten et al., 2014).

To assess the technology s feasibility for implementation, a description of costs and system
operation is needed, as well as financial information of investment, and safety issues covered

by insurance, which is why a Circular Business Model is needed as part of the initiative.
Discussion

A Low-Cost Polyethylene Tube Digester might be the suitable technology for the
characteristics of the residence, considering its easy construction, application, and low costs.
The technology was selected after comparing it with other similar and potential technologies,

weather conditions, economic investment, and easy installation and operation where the main
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aspects that led to choose the technology. The following aspect researched, showed through
a survey carried out in the residence, that the financial budget was enough to consider the
installation of the technology, although not enough for covering all the aspects surrounding

the initiative.

4.3, Circular Business Model

As mentioned, the CBM intents to provide financial information, as well as legal policies and
regulations to be as most transparent as possible with all the stakeholders involved. This

subsection presents the main characteristics of the CBM.
Costs

In the case of the technology, a Low-Cost Polyethylene Tube Digester is built using a series
of materials, which can be obtained after discarded giving them a second use in its lifespan,
these materials are tires and PVC tubes. The material can be purchased in a local hardware
store. Table 5. shows a complete list of materials and approximate costs due to price
variations between different stores. The cost of building this type of biodigester is of about
$5,000 pesos (208,85 €) which can be less if more materials are obtained from recycling
residuals. (Ortega, 2009). The costs of workforce are not included in the table, but these costs
can be of approximately $5,000 MXN monthly, making the total cost of building the digester
amount to $10,000 MXN (417,71 €).
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Table 5: Costs and materials (Ortega, 2009)

Material and Activities Quantity Unit Unit Cost MXN Cost MXN Cost EUR
Polyethylene bag 1 bag 5 2 880 5 2,880 120,30 €
PVC tube 30.48 cm 3 cm %5 15 062 €
Buckets a8 unit S50 S 400 16,70 €
38.1 cm transparent plastic hose 5 cm 533 5165 6,89 €
Male adapter 1" 1 unit S9 59 037 €
Female adapter 1" 1 unit 59 59 037€
Elbows 1" b unit 510 520 083€
PYC cap 1" 1 unit 524 $ 24 1,00€
Tee 1" 1 unit 514 $14 058 €
Bicycle tube 4 unit S50 S 200 835€
PVC glue 1 unit 550 550 208 €
Rubber seals of used tires 2 unit 525 S50 208€
Hacksaw blade 1 unit 530 530 125¢€
Empty fertilizer bag 4 unit 510 540 167€
PVC lenths 5 810 cm $110 %550 2297 €
Reducers 1-1/2" 2 unit 517 534 142 €
Ball valves 1/2" 2 unit S 65 5130 543 €
Elbows 1" 4 unit S 10 S 40 167 €
Tees 1" 1 unit 513 513 054¢€

Technology Operation

It must be considered that the digester has to be operated on a daily basis. The operation
means, constant feeding and maintenance, as mentioned by Ortega, 2009, “if properly
maintained, digesters can last up to 10 years”. The digester will be located on a secluded
space, providing isolation from the sun, rain and animals, as well as being in a secure area
for kids that live in the residential area. The estimated time for the biodigester to begin
producing biogas is between 35 to 60 days; this highlights the importance of a constant and
proper feeding which can be adjusted to the amounts of organic waste generated, given its
advantage of “combination possible” sizing (Ortega, 2009), a very useful feature considering
that organic waste generated in Casa de Campo varies from that of other residences. Thus,
for the purpose of providing the kWh generation numbers, the research takes a household
average digester size, which is of about 8 to 9 cubic metre in capacity. (GIZ project

experience from energypedia.org, 2014).

With 20 to 25 litre of waste, the digester can produce an average of 1 cubic metre, or 1000
litre of biogas in a day. (Thomas H. Culha..., 2014). As mentioned above, 1 cubic metre of

biogas translates to 10.55 kWh.
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Financial benefits and Investment

Table 6. illustrates the financial benefits of installing a biodigester of these characteristics
according to the monthly electricity consumption per household and current electricity fee,

calculated based on CFE rates and shown in Appendix D.

Table 6: Financial Benefits of the Technology with a household average digester size.

Monthly Electricty |Monthly Electricicty  |Avg. Biodigester  |Number of Biodigester biogas |Monthly
fee per household |consumption per biogas capacity households in capacity generation |benefit per
household generation Casa de Campo per household household
Unit SMXN kWh kWh Houses kWh SMXN
Quantity 467,87 250 896,75 90 9,96 13,65

*The numbers may change depending on the amounts of waste, the more waste there is to feed the digester, the

greater the savings, and variations may happen from month to month.

The monthly electricity fee per household was calculated using the average consumption per

household of 250 kWh every month and CFE rates, in the following way:
75 kWh * $0.861 MXN + 65 kWh * $1.043 MXN + 110 kWh * $3.050 MXN = $ 467.87 MXN

Using the same data of electricity consumption rates and CFE rates, the information in Table
7. 1s provided using the data gathered from the research conducted in Casa de Campo, which
as mentioned in 4.1. showed that in average, 900 kg of organic waste are generated in a
seven-day week, 36 cubic metres or 36,000 litres of biogas weekly (5,143 every day). With
these amounts of waste, the biodigester could produce 380 kWh every week and 54 kWh?®

every day assuming constant temperatures.

Table 7: Financial Benefits of the Technology according to research data

Monthly Electricty [Monthly Electricicty  |Biodigester weekly |Biodigester Number of Biodigester Monthly
fee per household |consumption per biogas generation |monthly biogas households in Casa |biogas capacity |benefit per
household (according to data) |generation de Campo generation per (household
(according to data) household
Unit S MXN kWh kKWh kWh Houses kWh SMXMN
Quantity 467,87 250 380 11400 90 126,67 237,05

As we can see in the table, the biodigester’s characteristic of “combination possible sizing”
makes it possible to be built with the capacity to produce 380 kWh every week, calculated
using the data collected from the organic waste generation per household in Casa de Campo;

this translates to a generation of 11,400 kWh each month, where every household is supplied

® This compares to an average monthly electricity consumption per household of 250 kWh, 20.83 kWh daily.
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with 126,67 kWh every month, saving $237,05 MXN from the monthly electricity bill. The
savings for the whole residential area would be of $21,334 MXN per month, so the total
estimated initial investment of $10,000 MXN will be covered in the first month, from a
financial point of view. Hence, the first month means, from the moment the biodigester starts
generating biogas, as mentioned previously, this type of biodigesters usually take thirty to
sixty days to begin producing biogas regularly. (Ortega, 2009). So, inhabitants should
consider up to two months to cover the initial investment and the savings in the electricity

bill.

The financial benefits can only be seen if, as already mentioned, the digester is operated every
day, which requires workers dedicated to this task. Casa de Campo currently employs two
people, whose job is delivery’ (newspaper, and postal service deliveries) and maintenance,
as well as picking up waste from every house and taking it to the waste disposal before being
collected by the local authorities. Both can be trained to operate the biodigester and separate
the slurry for future use as fertilizer, as confirmed by the residence’s administrator during an
interview (Appendix B), Ms. Gardufio, “... as long as the digester’s operation allows their
other activities to be fulfilled, they could participate in the initiative as operators”. And
confirmed by one of the maintenance employees, Mr. Martinez, during an interview
(Appendix C), mentioning that he would be interested in receiving training for operating the
biodigester. However, one of his comments was about the salary or an economic reward,
which was considered as part of the initiative as an increase in their salary or an economic
remuneration as he mentioned, for which residence inhabitants were asked in a survey
(Appendix A) about their willingness to increase the current monthly maintenance fee,
among other important data which will be useful for answering the Drivers and Barriers of
the project. The survey was answered by 33 percent of the total inhabitants, covering a

representative sample, providing the following data:

7 Casa de Campo is a private residential area where only inhabitants have access to, this is controlled by hired
private security 24 hours a day. Security needs authorization from inhabitants to allow non-inhabitant to enter
the residence. Therefore, deliveries are left in the security booth, to be handed to every house by the two
people of maintenance.
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e 03.33% of the answers about the increase in a maintenance fee represent those
inhabitants that are willing to increase® the fee from $100 MXN to $300
MXN.

e The rest of the answers are divided in 20% of those who are willing to increase
their monthly payments from $301 MXN to $600 MXN, 10% who are willing
to increase the fee from $601 MXN to $ 1000 MXN, and the remaining
percentage of 6.67% of those who will be willing to increase the fee from
$1,001 MXN to $1,500 MXN.

e According to this data, all inhabitants will be willing to pay an extra $100
MXN to $300 MXN which provides the initiative with a budget of $27,000
MXN.

e The budget would be sufficient to cover the initial investment calculated on
$10,000 MXN, leaving $17,000 MXN which could be employed for the salary
rise or economic remuneration for the maintenance employees of Casa de

Campo.

The circular business model has now covered the financial benefits of the technology, costs
of building the digester, as well as investment and operation. The following part covers the

safety issues that have to be addressed by hiring an insurance.
Insurance

Insurance is an important issue to cover as mentioned in chapter 2. In this regard, AXA
insurance company offers a product called Liability Insurance for the Industry and

Commerce Sectors. AXA describes responsibilities covered as follows:

8 In the case of the increase in the fee, it could pose a threat to household’s economies, but Casa de Campo is
a middle class residence, which means that the average income per household is of $64,000.00 MXN, or
2717,31 €, (23,55 MXN for every 1 €, 15/7/2021, Google exchange rates, euros a pesos mexicanos - Google
zoeken), this according to a research from the journalist Viri Rios published in the New York Times on July
6th 2020. Considering this average income, the impact for the mentioned increase wouldn't jeopardize
household’s economies.
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Environmental Pollution — damages to third parties, in their property or their persons, caused
by harmful variations of water, atmosphere, floors, subfloors, or by noise, which may occur
within the insured properties, in a sudden, unforeseen, and accidental way. (AXA Seguros,

2020).

Assumed Civil Liability — External responsibilities assumed by the insured, by agreement or
contract, for repair or indemnify damages to third parties in their goods or people. (AXA

Seguros, 2020).

Employer Negligence — Responsibilities derived from the Federal Labor Law, the Social
Security Law or other complementary provisions of laws mentioned, only in relation to
accidents at work. (AXA Seguros, 2020). Particularly important for the operators of the

digester, role executed by Casa de Campo maintenance employees.

Union, Mixture and/or Product Transformation — Responsibilities for damage to property
products as a result of a union and/or mix of insured products with other products, or as a
result of a transformation of the insured products. (AXA Seguros, 2020). Considering the

installation of the biodigester facility in an existing property.

Demolition — Responsibilities for demolition work and demolition of buildings. (AXA
Seguros, 2020). The installation of the digester will require a modification/adaptation in the

determined area for it.

Infrastructure — Responsibilities for damages caused during foundation works, construction
of galleries, tunnels, bridges, dikes, retaining walls, towers, and cranes. (AXA Seguros,

2020). This one is linked and compliments the previous coverage.

Underground Facilities — Underground liabilities derived from damages caused to pipes,
cables, canals, or other underground facilities. (AXA Seguros, 2020). This would depend on
the building planification, namely, if the biogas produced by the digester will be supplied

through underground or on ground pipelines.

Machinery — Responsibilities derived from providing third-party with machinery for work
and supply electrical or pneumatic force. (AXA Seguros, 2020). Of high importance for the
maintenance employees, who would be directly operating the digester, referred here as the

machinery.
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Slurry leakage is a hazard that must be addressed by the insurance hired, this due to the gases
it contains, for instance, methane or hydrogen sulfide, which exposure to them can bring

along health issues. (HSE, 2015).

It’s important to mention that this insurance is mostly for companies, or big facilities, which
is why the cost is high, however, these, or similar aspects must be considered when hiring an
insurance. In the following subchapter, the high cost will be addressed as a barrier for the
initiative.

Discussion

The circular business model considered the economic benefits of applying the initiative, in
this regard, the findings were positive, given that a significant potential reduction in the
monthly electricity bill could be achieved. This was possible through the waste generation
research carried out, which provided data that showed that the organic waste could potentially
generate 126.67 kWh for each household, meaning a reduction in the electricity fees currently

paid to almost half as mentioned above.

Insurance was also considered as part of the circular business model, presenting the main
characteristics it should cover for this type of initiative, however, the costs for hiring one that
covers all of them is a barrier to overcome. In terms of material costs for building the
technology, these can be purchased in local stores at very low costs, achievable for the

initiative’s budget.

The CBM considered the operation of the technology, task that can be fulfilled by the current
residence’s maintenance workers. The salary or payment in exchange for performing this job
is an issue that needs to be further discussed with the residence’s committee. This and other

barriers are covered in the following subsection.

4.4, Drivers and Barriers of the initiative

During the interview with Ms. Garduilo, she revealed that there are no requirements from the
local government or from the residence’s administration for projects of these characteristics,
in fact, she mentioned that it was considered to install solar panels for the residence’s
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common areas use, and that the main obstacle were not requirements or regulations, but a

reduced budget.

Furthermore, the survey conducted obtaining 30 replies, identified the importance inhabitants
give to certain aspects that the initiative could bring along if implemented, and that make it

attractive for them, thus, they have the potential to impulse the initiative:

e A better management and handling of organic residuals at a local level with 53.33%

¢ A reduction in the electricity rates with 50%

e Transportation service reduction costs (garbage truck needed for picking up the
residuals and transporting it to treatment plants) with 23.33%

e Providing education about environmental care and awareness was considered an
important driver for one of the participants, as well as a good use for waste and

residuals which would enable the residential area to become self-sustainable.

During the research, other actions were identified as drivers, according to the high percentage
of replies in the survey, for the applicability of an initiative with these characteristics. The
scalability of the project, so it is adopted as model for similar initiatives in other residential
areas was mentioned by 66.67% of inhabitants, followed by a confirmed collective action
inside the residential area with a 33.33%. The latter is particularly important in the research
given the theoretical framework employed; this confirms that inhabitants of Casa de Campo
highlight the importance of working together in order to make these projects/initiatives work
successfully. Socio-institutional coalitions were also identified as important drivers. Even
though there is an important interest from inhabitants to not only support but participate in
the project, “approximately 50% or forty-five to fifty households do a separation of waste,
the ones that do not engage in separation seem as they have no interest in modifying these
actions, given that they have been advised and asked to do a waste separation without
successful responses”, as mentioned in the interview (Appendix C) with the maintenance
worker Mr. Martinez. Furthermore, the interview revealed that there are no sanctions of any
kind for not separating the waste, so the administration of the residential area can only ask
and wait for these households to separate their waste. The poor engagement on waste
separation of almost half the residential area may be an important obstacle for the full

potential of energy generation by the digester. The data shown in 4.3. considers every
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household’s involvement in the maintenance fee increase and waste separation, which is why

is of high importance to have a full participation.

Mr. Martinez also mentioned another potential barrier; the workers from the waste truck that
picks up the garbage from the waste deposit in Casa de Campo, select and sell some of the
waste. The waste selected and sold is inorganic waste but an initiative that considers utilizing
residuals which mean an extra income for the truck workers, could be jeopardized if not
handled properly. Which is why, truck workers must be asked for a meeting in which they
are explained not only the benefits of the technology, but also that inorganic residuals will
still be available for them to select and sell, even in a cleaner manner, considering that they

might still collect mixed waste (organic and inorganic).

During the interview carried out with Ms. Garduifio, she mentioned that one possible barrier
could be the supply of biogas from the biodigester to every house, considering that the
residence has 90 households, this could probably require an infrastructure job for laying
pipelines. At this point, it is relevant to mention that in Casa de Campo is not allowed to
install exposes pipelines or wires. However, this doesn’t mean that the initiative is not
feasible; the biodigester could be considered for supplying common areas, it would be located
in the main common area of the residence, making the supply much more accessible. In terms
of regulations, Ms. Gardufio was asked about local government’s involvement, and she
mentioned that even though there are no sanctions, economic or any kind, there have been
petitions for waste separation, in which residence inhabitants are asked to separate their waste
in four different categories and each category is to be picked up on a specific day of the week.
The problem comes when the garbage truck, being aware of the situation do not follow the
rules, picking up waste of any category any day. This is one of the main challenges the
residence’s administration is facing, because inhabitants find it easy to either not separate
their waste or not comply to separation rules, which poses the possibility of the residence

providing internal education campaigns.
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All regulations come as soft law’, both externally and internally to the residence. This can be
considered a barrier for the initiative, as there are no enforceable regulations to motivate
waste separation, at the moment the initiative relies only on inhabitant’s desire for separating
their waste, and as mentioned in this subchapter, only half the residence is currently engaging

on separation.

As mentioned in 4.2., the biodigester not only needs organic waste but water to create the
mix that feeds the system. This of course, poses the situation of water consumption, which
will add to the current residence’s demand, resulting in higher costs on the water bill of the

residence.

Furthermore, and as mentioned in the previous subchapter, the cost of hiring the insurance
presented would become a barrier, not only the minimum coverage amount is of $100,000
MXN (4.177,10 €), but it is suggested by the insurance company, that the minimum insured
sums hired are of $4,000,000 MXN (167.084,37 €).

With an optimistic budget of $27,000 MXN, in which $10,000 MXN would go for the initial
costs of building and installation of the digester, leaving $17,000 MXN, and as also
mentioned, this would go for the salary of the maintenance employees. Even if the whole
amount is not used for the salary, it wouldn’t leave enough to cover the costs of insurance.
The possibility of asking the inhabitants for a higher increase in the maintenance fee does not
present itself as feasible, considering the answers that the survey provided (most inhabitants
agreed on no more than $300 MXN). The option then, is to look for a different product more

suitable for the scale of this initiative.

Finally, the biodigester will produce biogas but for it to be utilized to power households, it
first needs to be converted into electricity, this is another barrier for the initiative. For this
process it is necessary to have a combustion engine, which converts the biogas to mechanical
energy, powering an electric generator to produce electricity, so the installation of another
facility for the engine will be necessary. However, this is not the biggest obstacle within the

conversion of the biogas, but that the engine requires the production of clean biogas which

? According to the Organization for Economic Co-operation and Development, soft law is “Co-operation
based on instruments that are not legally binding, or whose binding force is somewhat "weaker" than that of
traditional law...”
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is not guaranteed by a Low-Cost Polyethylene Tube Digester. (Electricity Generation from

Biogas, 2016).
Discussion

A series of barriers were found that first would have to be addressed to plan a strategy that
enables the initiative to take place. The rise in the salary or an economic reward for the
maintenance employees that would be trained to operate the digester, needs to be further
discussed with the administration committee and the inhabitants of Casa de Campo. The
budget presented in the research, allows the possibility of hiring them for this initiative, but
the exact number would need to be discussed and approved. Following on the estimated
budget presented, it is not enough to cover all the requirements of an initiative with these
characteristics, even further, the need of a combustion engine that converts the biogas to

electricity adds another challenge in terms of budget, and spatial planning for installation.

The water demand to create the mix for the digester, becomes another barrier for the
initiative, as more water demand means a rise in the water bill of the residence, which adds
another hurdle for the budget. In terms of installation, the biogas supply poses another big
challenge. The residence does not allow exposed wires or pipelines, this means that an
important infrastructure work must be planned for installing a supply system, which will
directly impact on the budget. The conversion of the biogas to electricity is another big
challenge in terms of financial limits, biogas cleanliness production, as well as spatial
planning for the combustion engine. Furthermore, the amounts of potential organic waste to
be collected are limited given that an increasing number of houses in Casa de Campo have

an organic residual processor!°.

According to community’s involvement, although the research found that there is high
interest in being involved in the initiative from almost half the inhabitants of Casa de Campo,
there are certain factors in local participation that can become a barrier of implementation,

for instance, the lack of interest shown by the other half of the inhabitants, with a poor waste

19 In an organic residual processor, food waste is disposed and shredded, to end up in wastewater treatment
facilities.
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separation, which poses a situation in which asking for an increase in the maintenance fee

may not be feasible, as these households will most likely, not be willing to do so.

In terms of regulations, both external and internal, the researcher found that this do not appear
as barriers of implementation, resulting in financial issues, as well as engaging in more local

involvement as the main factors that could hinder the initiative to take place.

The main driver found was the involvement of inhabitants, as revealed by the survey carried
out, a large number of responses related to their interest in being part of the initiative. It is
important to mention that this is considering only the inhabitants that answered the survey,
for the other inhabitants that provided no answer, it is assumed that they do not have the same

interest in being involved. This is further discussed in 4.5.

Overall, the research found that it is possible to carry out an initiative of these characteristics,
although it requires a higher local involvement and an increase in the budget, these two
factors appear as the major barriers of implementation. Inhabitants not only have to express
an interest but also be convinced, without their full involvement there would be an
impediment to access organic waste residuals, given that this happens through a waste
separation made by inhabitants themselves. In addition, even without enforceable
regulations, if inhabitants are involved, they will engage in activities that enable the initiative

to be successful, namely, economic and involvement support.

4.5. Self-Organization as a driver for implementing Local
Energy Initiatives at a residential scale

On May 19" the first contact was made with Casa de Campo inhabitants, with the purpose
of explaining the research development and inviting them to be involved on it on a data
collection activity (explained in 4.1.). The answer was excellent in terms of interest and
involvement, with added value because they not only were willing to participate but also
provided with articles and useful information about the research’s topic. In fact, once the
research activity was finished, some of the inhabitants that participated on it, when sending

their data, asked about the possibilities of the research to become a reality, and again, openly
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expressing their willingness to be involved in further activities. Given that the research is
based on Self-Organization in order to carry out Local Energy Initiatives, the answer received

enables the possibility of hypothetically implementing a successful project.

The survey conducted, enabled the researcher to get a deeper insight on how far the
involvement of the local community goes. The results showed that 100 percent of inhabitants
(which represents 30 percent of the total residence’s population) that answered the survey,
agree on an increase in the maintenance fee to enable the possibility of installing a
biodigester, as mentioned in 4.3., which provides a clear answer of the interest of people of

not only be involved, but also on supporting an initiative of these characteristics.

In addition to what is described in the Circular Business Model, inhabitants were asked about
what they consider as benefits for investing in an initiative of these characteristics, the most
popular answer was an environmental benefit (83.33% of participants selected this option),
so according to this, people are aware of the environmental needs and of course the active
participation its care requires; they are attracted to initiatives that promote an environmental
approach. It is important to mention that for this question in the survey, participants could
select more than one option (see appendix A), so inhabitants considered other options as
benefits as well, but an environmental benefit was considered most important for most

inhabitants.
Discussion

During the research an important number of barriers for the initiative were found, namely,
financial, electricity supply, and even low participation of inhabitants. The key factor to
address these obstacles is self-organization; through it, efforts for increasing the budget can
be achieved, which could solve issues like electricity supply, energy transformation engine,
or even salaries. Finally, inhabitants themselves can encourage others, who are not convinced

to get involved in the initiative.

Even though only a section of the residence’s inhabitants showed interest and were engaged
in waste separation activities, it is enough to begin conversations about an initiative, which
will lead to strategic planning, ideas on how to access a larger budget, and strategies to

address all obstacles and barriers.
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5. Conclusion and Recommendations

Recalling on the main research question: What are the main characteristics of an initiative
that successfully reduces waste generation in Mexico City’s residential areas by generating

energy through a circular model?

The research presented an initiative that considered four aspects: (i) Suitable technologys; it
was chosen after considering specific factors in the residence, namely, space, weather,
temperature, among others, showing that a Low-Cost Polyethylene Tube Digester might be
a suitable technology for the residence. (ii) Drivers and barriers; showing what are the main
obstacles that could make the initiative impossible, these were found to be, budget limit, low
inhabitants’ participation in waste separation activities, and electricity supply after its
generation; as well as the key factor(s) that may enable the implementation of the initiative.
(ii1) Circular business model; it presented the main characteristics to be included to present
an attractive project for the stakeholders. These characteristics were, cost of materials for the
technologys, its operation, financial benefits and investment, and insurance. Finally, (iv) Self-

organization as the main driver for implementation.

Each of them added value to successfully plan a potential initiative that is efficient on
reducing Casa de Campo s organic waste residuals ending up in landfills or city’s disposals,
as well as harmful emissions that come with it, by providing an effective use which will also

benefit the residence with energy supply.
Recommendations

Further research must be carried out in order to find a better financial strategy regarding the
households that did not showed interest in being involved. Furthermore, the energy supply
from the biodigester is another big barrier as mentioned above. The following

recommendations are then suggested:

e Consider the possibility of forming a committee within Casa de Campo, specific for
the initiative, in which only households involved will participate.
e Contemplate the technology for common areas use only, facilitating the supply given

that the biodigester would be located in the same area of consumption.
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e Take into account the possibility of installing more than one biodigester, one for every
10 houses for instance, this though, would require a higher financial investment to be
considered in the strategy.

e To achieve self-sustainability, regulations, both external and internal, will have to be

enforced.

References

[1]Souza, S.N.M.D.Werncke, Marques, Bariccatti, Santos, Nogueira, Bassegio. (2013).
Electric energy micro-production in a rural property using biogas as primary source.
Renewable and Sustainable Energy Reviews, 28, 385-391. 16/02/2021, Scopus.

[2]Guibrunet, Sanzana Calvet, Castan Broto. (October 2017). Flows, system boundaries and
the politics of urban metabolism: Waste management in Mexico City and Santiago de Chile.
Geoforum, 85, 353-367. 12/02/2021, Scopus.

[3]Campuzano, Gonzalez Martinez. (February 01, 2015). Extraction of soluble substances
from organic solid municipal waste to increase methane production. Bioresource
Technology, 178, 247-253. 12/02/2021, Scopus.

[4]Muioz Cadena, Arenas Huertero, Gallegos. (March 2009). Comparative analysis of the
street generation of inorganic urban solid waste (IUSW) in two neighborhoods of Mexico
City. Waste Management, 29, 1167-1175. 12/02/2021, Scopus.

[5]Hettiarachchi, Ryu, Caucci, Silva. (2018). Municipal solid waste management in Latin
America and the Caribbean: Issues and potential solutions from the governance perspective.
Recycling, 3, NI. 14/02/2021, Scopus.

[6]Espinosa, Turpin, Polanco, De La Torre, Delfin, Raygoza. (2008). Integral urban solid
waste management program in a Mexican university. Waste Management, 28, S27-S32.
14/02/2021, Scopus.

[7]0lay Romero, Turcott-Cervantes, Hernandez-Berriel, Lobo-Garcia de Cortazar, Cuartas
Hernandez, de la Rosa-Gomez. (15 April 2015). Technical indicators to improve municipal
solid waste management in developing countries: A case in Mexico. Waste Management,
107, 201-210. 14/02/2021, Scopus.

[8]Carranco, Turpin-Marion, Castro-Fontana. (2020). Mapping Biogas from Municipal
Waste as Potential Clean Energy Areas in Central Mexico, Using Geographic Information
Systems. Communications in Computer and Information Science, 1276, 106-124.
14/02/2021, Scopus.

[9]Chowdhury. (2020). Technical-economical analysis of anaerobic digestion process to
produce clean energy. Energy Reports, 7, 247-253. 14/02/2021, Scopus.

51



[10]Duarte, Sinisgalli, Caveleiro, Bertin, Alves, Pereira. (May 2020). Intensification of
methane production from waste frying oil in a biogas-lift bioreactor. Renewable Energy, 168,
1141-1148. 14/02/2021, Scopus.

[11]Plasencia-Vélez, V., Gonzalez, M.A. & Franco-Garcia, M.L. (2018) A Circular model
of residential composting in Mexico State. In Franco Garcia, M. L., Carpio-
Aguilar, J. C., & Bressers, J. T. A. (Ed.), Towards Zero Waste: Circular Economy Boost,
Waste to Resources. (pp. 239-264). Springer Nature, Greening of Industry Network
book series.

[12]FIDE (2021). Generacion Distribuida. Retrieved on February 24, 2021.
www.fide.org.mx

[13]Geissdoerfer, Pieroni, Pigosso, Soufani. (20 December 2020). Circular business models:
A review. Journal of Cleaner Production, 277, 24/02/2021, Science Direct.

[14]Hasanov & Zuidema. (2018). The transformative power of self-organization: Towards a
conceptual framework for understanding local energy initiatives in The Netherlands. Energy
Research & Social Science, 37, 85-93. 9/3/2021, Science Direct.

[15]Pablo Emilio Escamilla, Raul Horacio Camarillo-Lopez, R. Carrasco-Hérnandez,
Emmanuel Ferndndez-Rodriguez, Jesus Michel Legal-Hernandez. (September 2020).
Technical and economic analysis of energy generation from waste incineration in Mexico.
Energy Strategy Reviews, 31, 15/3/2021, Science Direct.

[16]Piet Verschuren & Hans Doorewaard. (2010). Designing a Research Project. The Hague.
Eleven International Publishing.

[17]Mentink, B., (2014-05-08). Circular Business Model Innovation: A process framework
and a tool for business model innovation in a circular economy, 168. 26/03/2021.
http://resolver.tudelft.nl.ezproxy2.utwente.nl/uuid:c2554c91-8aaf-4fdd-91b7-4ca08e8eab2 1

[18]Alfonso Duran Moreno, Manuel Garcés Rodriguez, Adriana Rocio Velasco, Juan Carlos
Marin Enriquez, Rafaela Gutiérrez Lara, Abril Moreno Gutiérrez, Norma Angélica
Delgadillo Hernandez. (2013). Mexico City’s Municipal Solid Waste Characteristics and
Composition Analysis. Scielo, 29, 39-46. 29/03/2021.

[19]Energypedia  (2020), Technologies, Retrieved on March 29, 2021.
https://energypedia.org

[20]Information and Advisory Service on Appropriate Technology (ISAT). (6/6/2010).
Biogas Digest. ISAT, 2, 81. 8/4/2021. https://energypedia.org

[21]United States Environmental Protection Agency. (2021). How Does Anaerobic
Digestion ~Work? 8/4/2021, de How Does Anaerobic Digestion Work?
https://www.epa.gov/agstar/how-does-anaerobic-digestion-work

[22]Emilio Godoy. (2012). The waste mountain engulfing Mexico City. 8/4/2021,
https://www.theguardian.com/environment/2012/jan/09/waste-mountain-mexico-city

[23]Anna Nivestam, Albert Westergren, Pia Petersson, Maria Haak. (March—April 2021).
Promote social participation among older persons by identifying physical challenges — An

52


https://research.utwente.nl/en/persons/laura-francogarcia(24fdd5af-2fb7-486b-8c41-5ba58a866efe).html
https://research.utwente.nl/en/persons/laura-francogarcia(24fdd5af-2fb7-486b-8c41-5ba58a866efe).html
https://research.utwente.nl/en/persons/hans-ta-bressers(1fa6a979-7d20-41d4-84be-24bdc804cad1).html
https://research.utwente.nl/en/publications/towards-zero-waste(8dd58c1b-fcb6-4c1e-b8b5-1c7708e9a7f8).html
https://research.utwente.nl/en/publications/towards-zero-waste(8dd58c1b-fcb6-4c1e-b8b5-1c7708e9a7f8).html
http://www.fide.org.mx/
https://energypedia.org/
https://energypedia.org/
https://www.epa.gov/agstar/how-does-anaerobic-digestion-work
https://www.theguardian.com/environment/2012/jan/09/waste-mountain-mexico-city

important aspect of preventive home visits. Archives of Gerontology and Geriatrics, 93.
9/4/2021, Science Direct.

[24]Jonathan T.E. Lee, Alvin Wei Liang Ee, Yen Wah Tong. (August 2018). Environmental
impact comparison of four options to treat the cellulosic fraction of municipal solid waste
(CF-MSW) in green megacities. Waste Management, 78, 677-685. 9/4/2021, Science Direct.

[25]David Willshaw, (2006). CHAPTER 1 - Self-organization in the Nervous System.
Cognitive Systems - Information Processing Meets Brain Science, 5-33. 3/5/2021, Science
Direct.

[26]F.E. Yates, n.d., What is Self-Organization, Princeton University Press, 7, 3/5/2021,
www.princeton.edu

[27]Maarten Arentsen, Sandra Bellekom. (2014). Power to the people: local energy
initiatives as seedbeds of innovation? Energy, Sustainability and Society, 12. 5/5/2021,
Google Académico.

[28]Hoa Huu Nguyen, Sonia Heaven, Charles Banks. (December 2014). Energy potential
from the anaerobic digestion of food waste in municipal solid waste stream of urban areas in
Vietnam. 365 - 374. 10/5/2021, www.springerlink.com

[29]Emily S. Rueb. (2017). How New York Is Turning Food Waste into Compost and Gas.
www.nytimes.com

[30]SEMARNAT. (2015). Informe de la Situacion del Medio Ambiente en México. Chapter
7 “Residuos”. 44. 19/05/2021. SEMARNAT.

[31]Maximiliano Ortega. (2009). Installation of a Low-Cost Polyethylene Biodigester.
24/05/2021, from Inter-American Institute for Cooperation on Agriculture (IICA).

[32]Rolf Wiistenhagen, MaartenWolsink Mary, Jean Biirer. (May 2007). Social acceptance
of renewable energy innovation: An introduction to the concept. Energy Policy, 35, 2683-
2691. 27/05/2021, Science Direct.

[33]Thomas H. Culha.... (2014). How long does it take and how much gas can you get?
1/6/2021, from Solar Cities Sitio web: http://www.solarcities.eu/content/how-long-does-it-
take-and-how-much-gas-can-you-get

[34]calculat.org. Gas Consumption. 1/6/2021, from Calculat.org.
https://www.calculat.org/en/energy-fuel/gas-consumption.html

[35]Matthijs Hisschemoller. 11/09/2012. Local energy initiatives cannot make a difference,
unless... Journal of Integrative Environmental Sciences, 9, 123-129. 7/06/2021, Taylor &
Francis Online.

[36]Amy Yee. (Sep 21, 2018). In Sweden, Trash Heats Homes, Powers Buses and Fuels Taxi
Fleets. The New York Times, 8/6/2021, The New York Times.

[37]AXA Seguros. (2020). Seguro de Responsabilidad Civil para los Sectores Industria y
Comercio. 9/6/2021

53


http://www.solarcities.eu/content/how-long-does-it-take-and-how-much-gas-can-you-get
http://www.solarcities.eu/content/how-long-does-it-take-and-how-much-gas-can-you-get

[38]U.S. Green Building Council. (2021). LEED certification for residential. 21/6/2021, U.S.
Green Building Council. https://www.usgbc.org/leed/rating-systems/residential

[39]Secretaria de Comercio y Fomento Industrial. (March 18, 1985). Norma Mexicana
NMX-AA-015-1985. May 25, 2021.

[40]Sharayam Basumatary, Samar Das, Pankaj Kalita, Pranab Goswami. (June 2021). Effect
of feedstock/water ratio on anaerobic digestion of cattle dung and vegetable waste under
mesophilic and thermophilic conditions. Bioresource Technology Reports, 14, 14/07/2021,
Science Direct.

[41]L.T.C. Bonten, K.B. Zwart, R.P.J.J. Rietra, R. Postma and M.J.G. de Haas. (April 2014).
Bio-slurry as fertilizer. Alterra Wageningen, 50. 14/07/2021.

[42]Viri Rios. (July 6th, 2020). No, no eres clase media. The New York Times, 15/7/202.

[43]Health and Safety Executive. (July 2015). Managing slurry on farms.
www.hse.gov.uk/pubns/ais9.pdf., 5. 15/07/2021.

[44]Organisation for Economic Co-operation and Development. Soft law. 15/07/2021, from
Organisation for Economic Co-operation and Development,
https://www.oecd.org/gov/regulatory-policy/irc10.htm

[45]Mokter Hossain. (2015). Grassroots Innovation: A systematic review of two decades of
research. Journal of Cleaner Production, 1, 28. 13/08/2021.

[46]Wiebke Reim, Vinit Parida, David R. Sjddin. (3/05/2019). Circular Business Models for
the Bio-Economy: A Review and New Directions for Future Research. Sustainability, 1, 14.
13/08/2021

[47]Energypedia. (2016). Electricity Generation from Biogas. 13/08/2021, de
energypedia.info.
https://energypedia.info/wiki/Electricity Generation from Biogas#Conversion to Electric

ity

[48]IEA (2021). Report extract An introduction to biogas and biomethane. 18/08/2021, de
International Energy Agency. https://www.iea.org/reports/outlook-for-biogas-and-
biomethane-prospects-for-organic-growth/an-introduction-to-biogas-and-biomethane

54


https://www.usgbc.org/leed/rating-systems/residential
https://www.oecd.org/gov/regulatory-policy/irc10.htm
https://energypedia.info/wiki/Electricity_Generation_from_Biogas#Conversion_to_Electricity
https://energypedia.info/wiki/Electricity_Generation_from_Biogas#Conversion_to_Electricity

Appendices

Appendix A)

Survey 1.

The survey was originally in Spanish, however, the version presented in this thesis is a

translation to English.

Waste to Energy Initiative

1.

In case there was the option of installing a system for organic waste treatment: Would

you agree on paying a rise in the maintenance fee? (Waste treatment is carried out through

an anaerobic biodigester that processes organic waste generating biogas with which energy can be
generated in the form of electricity for domestic use, in addition to reducing waste volumes and
emissions. By generating electricity, in the long-term electricity quotas could be reduced, and with the
reduction of garbage volumes, the number of days that the garbage truck would need to collect the

waste could be reduced, reducing maintenance fee).

- YES
- NO

If your answer was YES, select the choice that best fits the amount that you will be
willing to pay?

- $100.00 MXN pesos - $ 300.00 MXN pesos

- $301.00 MXN pesos - $ 600.00 MXN pesos

- $601.00 MXN pesos - $ 1000.00 MXN pesos

- $1001.00 MXN pesos - $ 1500.00 MXN pesos

- Other (specify)

Select the option that corresponds to what you consider a benefit of investing in an
initiative of these characteristics:

- Reduction in electricity payment

- Better waste management

- Reduction in transportation costs (waste truck)
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Environmental benefit

None of the above

4. Ifyou selected “None of the above”, please provide an answer that corresponds to the

benefit:

5. Ifyou are not convinced, select the option that corresponds to what you would “need”

for you to be involved in an initiative of these characteristics:

Confirmed collective action from the whole residential area
A socio-institutional coalition.

An opportunity niche

The option of the initiative to scale

None of the above

6. If you selected “None of the above”, please provide an answer that corresponds to

what you would “need” to me involved:

Appendix B)

Interview with Casa de Campo’s Administrative, Ms. Gardufio.

The interview was carried out in Spanish, so the questions and answers presented here are a

translation from the original language. Before the question and answer session, the

interviewee carefully read the consent form and had the time to ask questions regarding the

research and its participation on it, which were successfully answered.

1. Are there any regulations for waste separation?

The local government has regulations for the garbage truck that picks up the waste

for organic and inorganic separation, however these are not fully enforced. Recently

they (local government) also sent a letter asking that inside the residential area,

residents should engage in an organic and inorganic waste separation.
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1.1. The regulation also includes types or divisions for waste separation?
The letter sent to the residential area included four different waste categories and

corresponding days in which each category would be picked up by the truck.

1.2. If that is the case, is there any sanction for not compliance?
Only petitions and asking them to comply, but the residence’s committee

(conformed by residents) has not yet reached an agreement for any sanction.

Is there any regulation from the local government regarding waste separation?

The regulation includes a calendar indicating the days in which each waste category
will be picked up, but there are no economic sanctions or of any kind. The garbage
truck knows that they have to pick up the waste on the days marked by the local
government, but they do not follow these indications, and this causes that residence

inhabitants do not respect the days as well, disposing their waste any day its needed.

Are there any requirements from part of the local government for any technology
installation?
There are no specific requirements if it is done inside the residence, as being a private

community, they only engage in petitions as the ones regarding waste separation.

The garbage truck, is it hired directly from Casa de Campo or is it provided by the
local government?

The truck is provided by the local government, but they are only allowed to pick up
waste bags from the sidewalks or avenues next to the households, so in the case of
Casa de Campo, administration and committee reached an agreement with the truck
in which they are paid extra for them to enter the residence and pick up the waste
directly from the waste disposal inside. This extra payment is possible because of the

monthly maintenance fee.

Regarding electricity regulations in Casa de Campo, is it possible that it produces its

own electricity?

57



It is completely possible that the residence produces its own electricity, in fact, not
long ago, it was considered installing solar panels to supply electricity for Casa de

Campo’s common areas, it wasn't possible because the costs were over the budget.

6. Considering the possibility of installing a technology for waste treatment, could the
current disposal space be adapted for its placement?
*In this question, the interviewee asked a few questions about the operation and
construction of the biodigester to provide a more complete answer.
The main obstacle in this case would be not installing the biodigester but to supply
the biogas to each house, which would pose a situation in which an infrastructure job
would be required, a more feasible option would be to do it for common areas so the
biodigester is located exactly on the supply area or installing one biodigester for every
specific number of houses, this would make the biogas supply easier and the whole

initiative more feasible.

6.1.In the case of its operation, do you consider that the two maintenance employees
could be trained for operating the technology?
*To answer this question, the interviewee asked specifically about the operative
requirement of the technology, because currently the workload is high and the
residence’s expectations are not being met regarding maintenance.

Maintenance workers could add the biodigester’s operation to their activities.

7. Which are the barriers you consider could keep the installation and operation of this
type of technology from being successful?
Mainly it would be about the installation of the technology, specifically about the
biogas supply, given that it is not allowed to have exposed pipelines inside the

residence so probably am infrastructure job would be needed.

Appendix C)

Interview with Casa de Campo maintenance employee, Mr. Martinez.
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The interview was carried out in Spanish, so the questions and answers presented here are a

translation from the original language. Before the question and answer session, the

interviewee carefully read the consent form and had the time to ask questions regarding the

research and its participation on it, which were successfully answered.

1.

Approximately, how many households in Casa de Campo make a waste separation?
From the ninety houses, approximately half of them, around fifty, separate their

waste, the rest mix everything together.

1.1. From the households that make a separation, in how many classes is this
separation presented?

It is only separated in organic and inorganic.

After waste collection, is it still necessary to make a separation?

The bags that have mixed waste are left like that. We spoke with the people from the
garbage truck, and they make the separation afterwards if needed. Only in some cases
we separate, for example, on organic waste bags that have a plastic or any inorganic

residual, then it is removed and placed in an inorganic bag.

If there is data available, what is the amount generated daily/weekly of organic waste?
There are variations, for instance, Mondays are usually the days where more waste is
collected and for Saturdays there is already an important decrease to almost half the

waste, approximately from 100kg to 50kg from the beginning to the end of the week.

Do you believe that, if there were a technology application for waste treatment, your
work conditions as well as efficiency of waste management in Casa de Campo would
improve?

I believe so because this would mean a better control over the waste. Currently there

is a lack of respect from some households towards waste separation.

Which are the main barriers (if there were any) for the installation of waste treatment

technology?

59



The committee is the main body to authorize these initiatives, so the first step would
be to get their approval or green light to then start planning with the administrative
person of the residential area. More than a barrier, a series of steps must be followed
to successfully carry out the project.

External to the residential area, the garbage truck workers get an income from selling
the waste, which after picking up they select for selling, and possibly there would be

some pressure from their part to keep having access to the waste.

5.1. Which are the main barriers you identify for an efficient organic waste
separation?
From my point of view, it derives from a lack of education or respect because it

is a matter of common sense knowing that you have to separate your waste.

5.1.1. In this regard, are there any sanctions from the residential area for not
separating the waste?
There are no sanctions, they have only been asked through written
documents as well as phone calls or e-mails to do a waste separation, but
people are not interested or simply do not care about following these

petitions. There have been cases in which they even get offended and

angry.

6. Will you be willing to receive training for operating a waste treatment equipment
(anaerobic biodigester)?
*The participant first asked if there was a specific schedule of operation for the
digester that would change his current work times; in this regard the research does
not contemplate any modification, only considered their current working periods, to
which the participant answered that he would be interested in supporting this project
and being involved operating the digester, emphasizing in the fact that first it is

needed to get the committee’s approval.
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Appendix D)

CFE Electricity Rates *Currency is in MXN $

MONTH Jan Feb Mar Apr May Jun
CONSUMPTION

RATE

Basic

1kwh-7skwh  |° 0853 % 0,855 | $ 0,857 | $ 0,859 |$ 0,861 | $ 0,863
Intermediate

76 kWh - 125 kWh 10311$ 10343 1,037 |$ 1,040 [$ 1,002 | $ 1,026
surplus $ 3,018 [$ 3,026 | $ 3,034 % 3,042 | $ 3,050 | $ 3,058
MONTH Jul Aug Sep Oct Nov Dec
CONSUMPTION

RATE

Basic

1kWh - 75 kWh $ 0,865 |3 0,867 | 5 0,869 | $ 0,871 |$ 0,873 |$ 0,875
Intermediate

76kwh-125kwh | ° L0431 1052 |$ 1,055 |5 1,058 |$ 1,061 | $ 1,064
surplus $ 3,066 | $ 3,074 % 3,082 % 3,090 | $ 3,008 |$ 3,106
(CFE, 2021)
Appendix E)
Waste Generation Data

House 1 House 2 House 3 House 4 House 5 House b House 7 House 8

Monday 1kg 4,200 kg 400 gr 3kg 1.450 kg 500 gr 1kg 2kg
Tuesday 1.700 kg 3.100 kg 1.300 kg 400 gr 1.165 kg 500 gr 2.500 kg 2kg
Wednesday |1.270 kg 3.100 kg 400 gr lkg 1.430 kg 500 gr 2.500 kg 1lkg
Thursday |1kg 2.800 kg 850 gr 400 gr 185 gr 500 gr 2.500 kg 500 gr
Friday 1.350 kg 4,100 kg 400 gr 1kg 975 gr 500 gr Akg 1kg
Saturday 300 gr 2.700 kg Okg 1kg 160 gr 500 gr 4kg 2kg
Sunday 700 gr 4,900 kg 400 gr 400 gr 165 gr 500 gr 5kg 2kg
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Appendix F)
Interview Consent Forms:

1) Interview with Casa de Campo’s Administrative, Ms. Gardufio.

Comprendo que la informacion proporcionada sera utilizada para desarrollar los resultados
de la investigacion y ayudar a contestar la pregunta de investigacién.

SI NO
Doy mi consentimiento para que mi nombre sea utilizado para citar en el texto.
SI NO

Comprendo que cualquier informacién recolectada, que incluya datos sobre mi, como
puede ser, mi nombre o direccién, no sera compartida con nadie ni utilizada fuera del
proposito de esta investigacion.

SI NO

Doy mi consentimiento para que la informaci6n que proporcione sea archivada con el
objetivo de ser utilizada durante la investigacién. La informacién sera guardada en el
servicio de alojamiento de archivos multiplataforma en la nube: Dropbox. En el cual el
tinico acceso lo tiene el investigador a través de una cuenta de acceso.

Firmas
Alicia Gardufio Lugo 17/06/2021
Nombre del participante Fecha

El participante ha tenido la oportunidad de hacer preguntas y confirmo que ha dado su
consentimiento libremente.

Alberto Escofet T 17/06/2021
Nombre del investigador Fecha Firma

Datos de contacto:
Investigador: Alberto Escofet Torres, +31 685616490, aescofett{@gmail.com

Si tiene preguntas sobre sus derechos como participante de la investigacion, o desea obtener
informacion, hacer preguntas o discutir cualquier inquietud sobre este estudio con alguien
que no sea el (los) investigador (es), comuniquese con la Secretaria del Comité de Etica de
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1) Interview with Casa de Campo maintenance employee, Mr. Martinez.

Comprendo que la informacién proporcionada serd utilizada para desarrollar los resultados
de la investigacion v ayudar o contestar la pregunta de investigacion,

@ NO

Doy mi consentimienio para que mi nombre sea utilizado para citar en el fexto,

(s NO

Comprendo que cualquier informacion recolectada, gue incluya datos sobre mi, como
puede ser, mi nombre o direccion, no serd compartida con nadie m utilizeda fuera del
proposito de esta investigacion.

(sD) NO

Doy mi consentimiento para que la informacion que proporciene sea archivada con ¢l
objetivo de ser utilizada durante la investigacion. La informacion serd puardada en ¢l
servicio de alojamiento de archivos multiplataforma en la nube: Dropbox. En el cual el
anice aceeso lo tiene el investigador a través de una cuenta de acceso,

Firmas
MM\ Bortunee. Cobaiwe | 2/0R/2091 Aoed P Woyhnez
Mombre del panicipante Fecha Firma

El participante ha tenido la oportunidad de hacer preguntas v confirmo que ha dado su
consentimiento libremente,

Alberto Escofet T 14/06/2021 -i??’?“’{";’ﬂ“'
Membre del investigador Fecha Firma
[Jatos de contacto:

Investigador: Alberio Escofet Torres, +31 685616490, acscofettimgmail com

5i tiene preguntas sobre sus derechos como participante de la investigacion, o desea obtener
informacidn, hacer preguntas o disculir cualgquier inquietud sobre esle estudio con alguien
que no sea el (los) investigador (es), comuniquese con la Secretaria del Comité de Etica de
la Facultad de Comportamiento, Gestidn v Clencias Sociales de la Universidad de Twente a
través de ethicscommilles-bms@utwente nl ¥ los wléfonos: 053-489-3520 / 053-489-3294,




