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ABSTRACT
In order to take up the challenges of urban waste management, renewable energy
production and climate change mitigation, the deployment of anaerobic digestion from
urban waste technologies plays an important role for Mexico’s waste management and
energy system. However, the implementation of these technologies is still in an infant
stage. In order to gain insight on the systemic problems that are hampering the
development of such technologies in Mexico a functional and structural Technological
Innovation System (TIS) analysis was performed. The methodology consisted in
implementing an event history analysis, literature review and semi-structured
interviews. By executing this analysis it was possible to identify the systemic problems
and establish recommendations for policy design to improve the functioning of entire
innovation system. The analysis has shown that particularly the functions of Creation of
legitimacy (F7), Market formation (F5) and Knowledge exchange (F3) emerge as key
inhibitors to a widespread adaptation of biogas. Therefore, the main policy instrument
suggested are: Removal of regressive and non-differentiated subsidies in electricity; the
creation of a Feed-in tariff for biogas, waste management instruments such as the
tapping fee, separation of urban waste established as a law, adoption of fee-for-service
model (ESCOs), support to Mexican biogas association and educational and professional
training schemes under an umbrella institution.
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1 INTRODUCTION
Waste management represents a global problematic that is impacting terrestrial and
marine ecosystems in a very negative way. Waste does not exist in nature, and the
current rate of waste produced by most developed and developing countries is a reflex
of a systemic crisis, that brings out questions regarding the very own nature and purpose
of economic growth, and the way our society is operating. To feed this economic growth,
a constant supply of energy and materials is required, provoking enormous negative
impacts in the climate and biodiversity of the planet. The economic system is
overpassing planetary boundaries that are putting our global ecosystem at crisis
(Rockstrom et al., 2009).
The problems associated with the functioning of our current economic system relate to
the unsustainability in the energy system and the materials economy. Regarding the
former, a transition from a fossil fuels based system towards a renewable energy
sources is urgent to tackle climate change. However, our dependence both economically
and technologically in fossil fuels can be explained by the phenomena of “carbon lock
in” (Unruh, 200). The current fossil fuel global dependence derives from an incumbent
technological system that benefits from long periods of experience, leading to high
efficiency, low costs, ideal institutional infrastructures, and many vested interests.
Regarding the materials economy, a change in the current linear paradigm of waste
management needs to evolve to include the concept of circular economy, a strategy
which aims at reducing both input of virgin materials and output of wastes by closing
the loops of resource flows, in the economy and in the ecosystems. However, the
concept of circular economy is still on its infancy in many developing countries, and
many obstacles need to be addressed before it can be established a policy goal.
Under this scenario, society and governmental action is required to guide the transition
towards a more sustainable economic system. The introduction of technologies that
foster the energetic use of organic waste play an important role, since they can promote
a transition towards a renewable energy system and decrease Greenhouse gases (GHG)
emissions associated with waste management.
This thesis focuses on the study of the introduction of such technologies in the country
of Mexico.
6

The area of waste management represents a challenge for the sustainability of this
country. Firstly, it is a major contributor to national GHG emissions. In 2012, waste
management related emissions represented 14% of all GHG emissions (CAIT, 2015). It is
estimated that urban and special solid waste management will be the fourth largest
source of GHG in 2020 (SEGOB, 2015). Furthermore, waste management is currently a
major source of local pollution, since 66% of waste is deposited on sanitary landfills, 8%
in controlled waste sites1, 20% in open air dumps and only 5% is recycled (SEMARNAT,
2015). However, it is estimated that only a minimal fraction of sanitary landfills comply
with the current legislation NOM-083-SEMARNAT-2003, that states the adequate
practices in order to prevent pollution (Barreda, 2009; Proactiva, 2010).
The government of Mexico has set a target of reducing its GHG emissions by 30% by
2020 and 50% by 2050, compared to business as usual levels starting in 2000
(SEMARNAT, 2015). Furthermore, the Law of Energy Transition enacted in December
2015 states that in 2024 the generation of electricity from fossil fuels shall not exceed
65 %. Since 14% of emissions in Mexico come from the waste management sector, there
exist a large area of opportunity to contribute to the goals of climate change mitigation.
At the same time, the energy derived from the biodegradable fraction of organic waste
can contribute to the goals of renewable energy. Hence, anaerobic digestion of the
organic fraction of urban waste plays a major role for accomplishing both climate and
renewable energy related goals. Furthermore, biodigestion technologies might foster
the introduction of the concept of circular economy in waste managemet, by
simultaneously promote separation at source and increase recycling rates, and also
contribute to the protection of the ecosystems by reducing the environmental impacts
of final disposal sites. Additionally, biodigestion technologies allow the formalization of
the economy of waste, contributing to the creation of business niches and jobs.
Presently the main energy use from waste in Mexico is accomplished by capturing biogas
in landfills. By 2016, there exist eight active projects in Mexico, with a total installed
capacity of 31 MW (CRE, 2015). There are as well two urban waste biodigester projects
in development in Mexico. One of them is located in the State of Nuevo Leon, in the
municipality of Linares. It started the phase of construction on December 2013. It is
a1 Controlled sites are inappropriate places for final disposal that meet sanitary landfill specifications regarding infrastructure and
operation, but do not meet waterproofing specifications.
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expected to utilize a total of 250 tons of waste per day and to start operations in 2016.
The second one is located in the State of Mexico, in the municipality of Atlacomulco. It
was an initiative promoted by the Secretariat of Environment and Natural Resource
(SEMARNAT). It is still on the phase of development. Therefore, biogas extraction from
urban solid waste USW still a developing technology.
Currently the Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH is
implementing the project “Energetic utilization of urban waste in Mexico” aiming at
establishing the energetic utilization of urban waste as an option for USW management.
Manifold issues are being addressed by the project, yet one main area of focus is to
develop and propose amendments and recommendations of public policy instruments,
which would give coherence and harmonization to the existing energy, waste and
climate policies. Ultimately, it seeks to remove legal, regulatory and institutional
barriers, which currently inhibit the development of energy recovery projects of urban
waste in Mexico.
The introduction and diffusion of biogas extraction from USW technology can be
explained from the Innovation Systems perspective. Under this paradigm, the new
technology is conceptualized as a radical innovation, for which it has to overcome
considerable barriers, and develop in order to efficiently compete with the established
technologies. Recently, innovation scholars have focused on proposing systemic policy
instruments in order to stimulate innovations. The systemic policy instruments aim at
identifying systemic problems that are blocking the emergence of a technology.
With the present thesis I intend to contribute with the objective of the GIZ project by
introducing an analysis of anaerobic digestion technology from the Technological
Innovation Systems perspective. In this broad context, the results of a TIS analysis
contribute to define policy strategies and approaches of the projects, by tackling the
systemic failures that are hampering the diffusion of biogas technology in the country.
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2 RESEARCH OBJECTIVES AND RESEARCH QUESTION
The overall aim of this master thesis project is to identify the obstacles or barriers
(named systemic problems) that are hindering the development of the anaerobic
digestion from urban waste technology and propose policy solutions to foster a
sustainable management of waste and renewable energy production.
In order to accomplish these objectives, this master thesis was guided by the following
research question:
What type of policy can be implemented to overcome the systemic problems
hindering the development of Mexican anaerobic digestion from urban waste
technologies?
In order to answer the overall research question the following three sub questions are
stated. In the first place, the structure of the TIS were mapped, assessing the actors,
technology, networks and institutions. This aimed at answering the first sub question:
What is the structure of the Technological Innovation System (TIS) of anaerobic
digestion from urban waste in Mexico?
Secondly, the functioning of the system is studied over time, aiming at understanding
the development of the system and identify the current status of each function:
How has this technological innovation system (TIS) being functioning in Mexico?
Lastly, the coupled structural-functional analysis were implemented and will allow to
identify the barriers or systemic problems that are hindering the development of the
system.
What are the systemic problems hindering the development of anaerobic
digestion from urban waste technology diffusion in Mexico?
Accordingly, from the answers of these three sub-questions barriers to development of
the heating technologies can be identified, and hence policy instruments that will foster
the development of the technology will be presented, with the final aim of suggest policy
that will help to overcome this systemic problem and nurture the development of the
Mexican Aerobic Digestion TIS System.
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3 THEORETICAL FRAMEWORK
Our current global energetic system is not sustainable. The dependence of the global
economy on fossil fuels is threatening our life support system, and a transition towards
a sustainable energy system is urgent. However, the implementation of renewable
energies has been developed at a relatively slow pace. This current trend can be
explained by different scientific paradigms. One of them comes from the neoclassical
economic theory, which regards the current crisis as a market failure, and proposes
policy based on economic instruments to fix it, such as incentives, command and control
policies and taxes (Arrow, 1962).
Another scientific paradigm emerged from the field of evolutionary economics tries to
recognize the complexity of the economic system, and criticizes the neoclassical idea of
deterministic and static models. It recognizes the unpredictable interactions of subsystems, irreversibility and path dependency, and takes in consideration many nonmarket constraints (institutional, societal and political barriers) to the process of
innovation (Nill & Kemp, 2009). This paradigm includes methods used at the policy level
such as transition management, strategic niche management, and time management.
A popular framework that emerged from this field is the multi-level (MLP) perspective,
aiming at understanding the dynamics of such socio-technical transitions (Geels, 2002).
The MLP perspective understands transitions as arising from the interplay between
multi-dimensional developments at three analytical levels: the landscape (macro level,
the overall socio-technical setting), socio-technical regimes (the locus of established
practices and associated rules that enable and provide stability to the landscape) and
niches (the locus of radical innovations). Niches are the places where innovations
emerge, since they act as ‘incubation rooms’, shielding new technologies from the
mainstream market selection.
A second, complementary research stream developed from this systems innovation
perspective is the Technological Innovation systems (TIS). This concept emerged from
the scientific field of innovation studies, and it aims to explain the nature and rate of
technological change (Smits, 2002). This framework recognizes that Innovation is part of
a collective activity, taking place in a wider system, which has been coined as
“innovations systems”. A TIS is defined as “the set of (often connected) actors and
institutions that influence the speed and direction of innovation”, in a TIS, the number
10

of agents, networks, and relevant institutions are generally much smaller than in a
national innovation system, which reduces the complexity for analyzing it (Carlsson &
Stanckiewicz, 1991).
From the TIS perspective, the implementation of renewable energy technologies is a
radical or disruptive innovation, for which a new innovation system needs to be build
up, therefore the TIS approach encompasses the dynamic involved in the MLP analysis,
by describing the processes and structures required for a niche to become part of the
regime and create the window of opportunity to destabilize the landscape (Alkemade et
al 2011), by identifying the specific difficulties arising during this process, named as
systemic problems (Negro et al, 2012). The success of an innovation is determined by
how the system is constructed (defined as the structure of the system) and how it
functions (Hekkert et al., 2007).

3.1 STRUCTURE OF THE TIS
The structure refers to the static components of the TIS. These are generally denoted as
the actors, the networks, the institutions (Edquist, 2005), and infrastructure (Wieczorek
& Hekkert, 2012). These elements are the structural component of a TIS, meaning that
they are relatively stable over time.
Actors : According to Suurs (2009) the category actors comprises any organization
contributing to the emerging technology, both directly as a designer or adopter of a
technology, or indirectly as a financer or regulator. The actors of a TIS generate, diffuse
and utilize technology, and the construction of the TIS depends on their presence and
their skills and willingness to take actions. Actors are also known as stakeholders, and
they are the system components involved in all the activities that need to take place for
the system to function. In a TIS the actors can be represented by civil society,
government, non-governmental organizations (NGOs), companies (start-ups, small and
medium-sized enterprises (SMEs), multinationals, large firms), knowledge institutes
(universities, technology institutes, research centers, schools), and other parties (legal
organizations, financial organizations/banks, intermediaries, knowledge brokers,
consultants). Each of these different actors can all fulfil different roles. The development
of a TIS will depend on the interrelations between all these actors.
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Institutions: The institutions refer to the rules of the game in a society (Suurs, 2009).
Institutions are the structures or mechanisms of social order, they govern the behavior
of a set of individuals within a given community. Institutions are identified with a social
purpose, transcending individuals and intentions by mediating the rules that govern
living behavior. In a TIS, the institutions form part of the structure of the system, and
they can be conceptualized in two categories: soft and hard institutions (Crawford &
Ostrom, 1995). Soft institutions encompass a set of common habits, routines and shared
concepts used by humans in repetitive situations, they are more tacit and they shaped
by the collective interaction of actors. Soft institutions can be for example: customs,
common habits, routines, and established practices, and traditions, patterns of
behavior, norms and expectations. Hard institutions refer to organized practices and
rules codified and enforced by some authority. Examples of hard institutions are
government laws and policy decisions, regulations, instructions.
Institutional change is central to the process of entry of a technology (Jacobsson
&Johnson, 2000) and a young TIS is typically institutionally underdeveloped, meaning
that few institutional rules are present, especially formal ones, and those which are in
place are maladapted to the emerging technology. (Suurs, 2009).
Networks: The concept behind this category is the interaction of the actors within the
system. A network describes the cooperative relationships and links between actors,
since they constitute channels important for the transfer of both tacit and explicit
knowledge and other resources (Jocobsson & Johnson, 2000). A network can also be
seen as a higher form of actor’s organization. In the early stages of the development of
a system there are no networks, but bilateral interactions between actors can be traced.
Hence, Wieczorek and Hekkert (2012) classify the interaction occurring at the level of
networks and at the level of individual contacts. For the purposes of this paper and the
methodology restrictions, only the networks will be mapped.
Infrastructure: The concept of infrastructure is utilized by some innovations scholars. It
refers to the artefacts and technologies that are required for the progress of a
technological change. The concept encompasses not only the physical resources, but
also knowledge and know-how (Suurs, 2009). Wieczorek and Hekkert (2012) supply an
overview of several views on what ‘infrastructure’ incorporates, and based on the
analysis they continue to use a new set of subcategories: physical, knowledge and
12

financial

infrastructure.

The

physical

infrastructure

encompasses:

artefacts,

instruments, machines, roads, buildings, telecom networks, bridges and harbors. The
knowledge infrastructure includes: knowledge, expertise, know-how and strategic
information. The financial infrastructure includes: subsidies, financial programs, grants
etc.

3.2 FUNCTIONS OF THE TIS
The early literature of innovation systems focused on identifying the structure of a TIS
only. However, the presence of the structural elements does not fully explain the
success of a new technology per se. More recently, attention has turned to the dynamics
of innovation. The performance of an innovation system is not a linear function of its
elements, but rather the product of the numerous and dynamic relations between its
elements (Suurs, 2009). The premise is that, in order to properly develop an innovation,
the system should positively fulfil certain activities that contribute to the creation and
diffusion of the new technology, called functions of the systems. Hekkert et al. (2007)
identified seven functions, with base on empirical studies implemented at the University
of Utrecht. Each function is explained below (Hekkert et al, 2007; Suurs, 2009).
F1 Entrepreneurial Activities: This function refers to the activities undertaken by the
entrepreneurs in the system. Entrepreneurs are at the core of the innovations of TIS,
their role is to turn the potential of knowledge networks and emerging markets into
business opportunities, and eventually innovations. The entrepreneur undertakes risk
experiments to achieve this. By experimenting, many forms of knowledge can emerge.
This also relates to Schumpeter’s idea of the entrepreneur as the source of innovation
and the driver of creative destruction. Entrepreneurial activity is thus a first indication
for system functioning. Activities associated to this function are projects with a
commercial aim, demonstrations, and portfolio expansion.
F2 Knowledge development: The Knowledge Development function relates to learning
activities. These activities are at the center of any innovation process, since knowledge
is one of the most important resources in the modern economy. Knowledge
development refers mainly to the technical aspects of the innovation, but also on
markets, networks, user, and other aspects of the TIS. The learning process can involve
various types of learning activities, such as R&D in basic science, but also learning
13

activities in a practical context, for example in the form of laboratory experiments or
adoption trials. This function can be taking place in universities or other research
institutes and firms. Indicators that are often used to describe knowledge development
are research and development (R&D) projects, publications, patents, and investments
in R&D.
F3 Knowledge dissemination: This function relates to the flow of information through
the actors of the system. The primary function of networks is to facilitate the exchange
of knowledge between all the actors involved in it. Hence, it refers to the use and
application of the knowledge generated in the function 2. The expansion of the TIS
depends on the inclusion of an increasing number of actors within networks innovations
occur most where actors of different backgrounds interact, for example, policy makers
communicating with technology developers and technology developers with scientists.
Through such communication activities, a mutual understanding may evolve, which
makes it more likely that institutions can gradually be adjusted to the technologies. This
function can be analyzed by mapping the number of workshops and conferences
devoted to a specific technology topic, and by mapping the network size and intensity
over time.
F4 Guidance of search: This function refers to the activities that shape the needs,
requirements, and expectations of actors with respect to their support of the emerging
technology. It represents the selection process of the knowledge development
functions. In other words, this function defines which alternatives will be supported in
terms of the allocation of resources, and expectations. The guidance of search can take
the form of hard institutions, for example policy targets for sustainable energy. It can
also be represented by environmental goals established by corporations. Activities
associated with this function are expectations, promises, policy targets, standards, etc.
F5 Market formation: Emerging technologies have a difficulty to compete with
established technologies. All the structure of the system tend to be developed to favor
the incumbent technology, since the established technology had a lapse of time to reach
economies of scale, eliminate inefficiency, and created an infrastructural system around
them. To stimulate innovation, a protected space, also called “niche markets” needs to
be artificially created in order to learn and improve the emerging technology. The
Market Formation function involves activities that contribute to the creation of a
14

demand for the emerging technology, for example by financially supporting the use of
the emerging technology, or by taxing the use of competing technologies.
F6 Resource mobilization: This function describes the financial, human and physical
resources that are available to the innovation system. A well-functioning innovation
system offers opportunities and the human and financial resources that are necessary
to pursuit these opportunities. Representative activities involved in this system function
are investments and subsidies. They can also involve the deployment of generic
infrastructures such as educational systems, large R&D facilities or refueling
infrastructures. In the case of anaerobic digestion processes, the accessibility to the
feedstock is represented in this function.
F7 Creation of legitimacy: The emergence of a new technology will face resistance from
the actors involved in the production system of the incumbent regime. The actors
interested in the emergence of the new technology need to counteract this inertia. This
function refers to the activity implemented to create legitimacy for the new technology,
by creating advocacy coalitions that conduct lobby and advice activity on behalf of the
interest group, so that this group can influence the direction of the function 4 Guidance
of the search.
These two approaches to studying innovation systems—structural and functional
analyses—can be combined in a systemic policy framework that helps to first, identify
the systemic problems; and second, to suggest the systemic instruments that would
address these problems (Wieczorek & Hekkert, 2012).

Figure 1 The structural and functional units of the TIS analysis
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3.3 SYSTEMIC PROBLEMS
The innovation system perspective in combination with the systemic problem
framework is a heuristic that allows an analysis of technological systems from a broad
perspective and has gained attention among innovation scholars (Hoppman et al, 2014).
Systemic instruments are a novel mean for policy makers to foster the process of change
and stimulate sustainability oriented technological innovation (Negro et al, 2012).
The TIS analysis has become one of the most popular methods that have been applied
for innovation studies, as well as a tool for national and international policy
development, and it has contributed to the scientific understanding of how new
technologies diffuse and how it is implemented. However, most studies have focused
on developed countries, and few studies have been implemented in developing
economies, and particularly in Latin-America. For biomass digestion system, most TIS
analysis have been implemented in Europe, with a recent few exceptions (Tigabu et al
2015; Mondal, 2010). Hence, it is considered that this analysis could also provide insight
regarding the systemic problems emerging in development economies.
Therefore, this thesis will follow the methodology presented in Wieczorek and Hekkert
(2012). This systemic policy framework is selected for this master thesis because it
includes a comprehensive analysis of both the structure and the functions of the
technological systems, and its interactions. Such analysis leads to a precise identification
of the factors that block specific functions. In such way, it includes all the elements
identified in the field of innovation studies to generate effective and sound policy
instruments that foster this transition to a sustainable energy system.
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4 METHODOLOGICAL APPROACH
The present thesis takes on the perspective of Innovation Systems to analyze the
diffusion of biogas from urban waste technologies in Mexico and identify the systemic
problems, by implementing a TIS Analysis. The methodology used for implementing this
analysis uses the systemic policy framework presented by Wieczorek and Hekkert
(2012). This methodology uses a couple functional and structural analyses in order to
identify the factors that are blocking specific functions and hinder the development of
the system. The structure and the functions complement each other. The functions are
more evaluative in character, and allow to evaluate the performance of an innovation
system. The structure is what somewhat needs to be adjusted in order to allow for a
better functioning of the systems. As shown in Figure 2, the following steps will be
implemented:

Figure 2 Methodology of a TIS (from Wieczorek & Hekkert, 2012)

1) Mapping structural dimensions and their capabilities.
On the first stage, a mapping of the structural dimensions and their capabilities is
implemented. The structure of a technological innovation system (TIS) consists of four
types of components (Wieczorek & Hekkert, 2012): (1) actors (2) institutions (3)
interactions operation between and (4) specific infrastructure. The structural analysis of
a system is based on mapping its elements and evaluate their capacity to stimulate
innovations. This structural elements are critical (presence, absences and capacity) are
critical for the functioning of the system.
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The chosen method to implement this stage will consist of a documentary analysis that
will aim to identify the 4 components of the TIS.
2) Coupled structural analysis
The second stage comprises the implementation of a coupled functional-structural
analysis. Hekkert et al (2007) proposed a set of factors to evaluate how a system is
functioning. This has been labeled in literature as key processes of innovation systems
or systems functions: (1) entrepreneurial activities, (2) knowledge development, (3)
knowledge exchange, (4) guidance of the search, (5) formation of markets, (6)
mobilization of resources, (7) counteracting resistance to change.
Firstly, a functional analysis of the TIS is developed, evaluating each function on a 5-level
scale (0 = absent, 1= weak, 2= very weak, 3= moderate, 4= strong, 5= very strong). The
methods to implement this functional analysis are both qualitative and quantitative and
will involve the following activities:
Event Analysis
Performance of an Event Analysis, consisting of retrieving a wide range of activities using
a variety of sources related to the development and diffusion of the technology studied.
This information was collected from newspapers, magazines, reports and websites, and
data bases presented in Lexis Nexis™. The method to perform such analysis is presented
in Negro (2007). On brief, this method consist on relating each event to a function, and
then add a point when the event fosters the function, or rest a point when the event
hinder the function. By mapping events, the interactions between system functions and
their development over time can be analyzed. The Event analysis was implemented for
the period of 1990 to December 2015. A total of 294 events were mapped.
The following categories were used to relate each event to a function
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Function
F1Experimentation
of entrepreneurs

Indicators







F2 – Knowledge
Development

F3 – Knowledge
Exchange

F4 – Guidance of
the search

F5 – Market
formation

F6 – Resource
Mobilization






























F7 – Creation of
legitimacy








Project started/stopped
New entrants
Experimental and pilot projects
Start-ups
Diversification of activities: Indicates the creation of new
business areas
Turn-key technologies
Desktop assessment
Feasibility studies on the technology
Research & Development projects
Demonstration projects
Patents generation
Articles in Journal
Publications
Technical reports
Workshops
Conferences
Networking activities
Communication platforms: Indicates the creation of
spaces (virtual of physical) for knowledge dissemination
Positive expectations of the technology
Long-term targets of governments and industries
Government regulations
Expressed visions and expectations
Alignment of expectations of relevant actors
Specific favorable tax regimes
Environmental standards
Niche markets
Favorable economic policies
Tax exemption rates
Subsides
Investments on technology
Investment on projects
Biomass streams allocated to the project
Financial capital: Indicates the availability of venture
capital, public seed money, private money
Physical: Indicates the availability of natural resources
and infrastructure
Feedstock: Indicates the availability of biomass resources
Lobby activity (favor and against)
Support of technology
Size of network around technology
Actions that legitimize the technology
Resistance to change

Table 1 Indicators for each function. Based on Negro (2008), Hekkert et al (2007), and Suurs (2009)
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Semi-structured interviews
Interviews and discussions with stakeholders were established. The construction of the
event sequences and the narrative was done as ‘objectively’ as possible based on
empirical sources. Still, the interpretation of the researcher is a crucial factor. To
minimize personal bias, the narrative is verified, i.e., triangulated, and if necessary
reconstructed, by including feedback from interviews with experts from academia,
industry, consultants, government, and NGOs. A total of 25 experts were interviewed.
The interviews were performed in order to answer questions related to each function
according to the interview profile. The actual questions and the list of interviewees can
be found in the appendix.
Secondly, a study of each function through the perspective of the four structural
elements is implemented, in order to identify which structural element causes the
weakness or absence of the function.
3) Systemic Problems
The third stage involves the identification of the systemic problems. After implementing
the evaluation of each functions performance and the structural element that it’s
hindering its development, systemic problems that hamper the development of the
studied system can be distinguished.
4) Systemic instrument goals
The fourth stage implies the alienating systemic problems that have been identified with
the goals of systemic instruments, followed by a policy suggestion on how to support
the development of the entire system.
5) Systemic instrument design
The fifth stage involves the design of systemic policy instrument. A systemic policy
instrument is defined as “an integrated coherent set of tools designed for a specific
innovation system” (Wieczorek & Hekkert, 2012, pp.86). Its purpose is to create
opportunities and conditions for system formation by influencing elements and
connections within the system that would not otherwise emerge spontaneously. It is
expected that the application of a well-designed systemic tool will be manifested in the
development of a system and higher rates of innovation. Analytically, this should be
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seen in strengthening of the previously weak or absent functions. As a last step, policy
instruments that can collectively reach the identified goals will be provided. Generally,
numerous instruments could be applicable to stimulate the diffusion of anaerobic
digestion technologies and address the previously identified systemic problems.
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5 BACKGROUND INFORMATION
Waste management
Waste management in Mexico represents a challenge for the sustainability of the
country. The economic growth of Mexico’s developing economy has not been in pace
with the implementation of an adequate waste management system. Manifold aspects
surround the unsustainability of the waste management system, including social,
political and legal issues.
The legal framework for waste management in Mexico is determined by the General
Law for Prevention and Integral Management of Wastes, published in 2003 and enacted
in 2004 (SEMARNAT, 2003). This law regulates the generation, characterization, and
comprehensive management of hazardous waste, municipal solid waste, and special
management waste; the identification and remediation of contaminated sites; the
establishment of liabilities and responsibilities for generators, importers, exporters,
dealers, consumers, waste management service providers, and government agencies;
the promotion of waste minimization and characterization; and the requirements and
prohibitions on the import and export of waste.
According to this law, urban solid waste (USW) management is the responsibility of the
municipal government. They are also responsible for the issuance of applicable
regulations and ordinances. They also grant authorizations and concessions to provide
waste collection, transfer, treatment, and disposal services; establish a registry of large
waste generators. This law states a shared responsibility between the consumer
(population) and the producer (industry) of waste (SEMARNAT, 2003).
Mexico produced 42,102,000 tons of USW in 2012 which is approximately equivalent to
1 kilogram per person per day. Waste recovery rates for recycling and composting are
very low, reaching only 5% in 2012 (SEMARNAT, 2013).
On the other hand, sanitary landfill represented the main final disposition sites of USW
in Mexico, receiving 67 % of all USW (SEMARNAT, 2013). Landfills are regulated by the
technical norm NOM-083-SEMARNAT-2003 (SEMARNAT, 2004) which enforces the
recovery of gases and lixiviates and ensures the protection of the local environment.
However, it is estimated only 12% of all sanitary landfills comply with this current
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legislation (Proactiva, 2010; SEDESOL, 2013). Lastly 28% of waste is disposed in open air
dumps.
Recovered
5%
Open air
dump
28%

Sanitary
landfill
67%

Figure 3 Waste management in Mexico. Source: SEMARNAT (2013)

The energy use of the organic fraction of USW is still on its infancy in Mexico. By 2016
there are eight active projects in Mexico, with a total installed capacity of 31 MW,
consisting on extraction of biogas from landfills.

Figure 4 Installed capacity for electric production in the active projects in landfills

In Mexico, there are two USW digester projects in development. One of them is located
in the State of Nuevo Leon, in the municipality of Linares. It started the phase of
construction on December 2013. It is expected to utilize a total of 250 tons of waste per
day and to start operations in 2016. The second one is located in the State of Mexico, in
the municipality of Atlacomulco. It was an initiative promoted by the Secretary of
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Environment and Natural Resources (SEMARNAT). This digester is finished but is not
functioning, since it presents several technical failures and it does not receive the
adequate substrate.
Despite not being part of the scope of this thesis, it is worth to mention the initiatives
implemented by the Mexican government in terms of promoting anaerobic digestion
systems from agro industrial waste streams. The Shared Risk Trust (Fideicomisco de
Riesgo Compartido- FIRCO) is a parastatal entity, established by the Secretary of
Agriculture, Livestock, Rural Development, Fisheries and Food (SAGARPA) to promote
agricultural related business. This Share Risk Trust Fund, has financed the
implementation for 317 digesters since its start in 2009 (Montufar, 2014).
Energy profile & GHG Emission
Mexico has been dependent on fossil fuels, both on its primary energy consumption and
in its electrical generation. In 2013, the national power generation reached 296 TWh,
and only 41 TWh were generated from renewable energy sources, representing 13.8 %
of its electricity production (IRENA, 2015).
Biogas played a minimum role in electricity production, as shown in Fig. 3. Biogas could
positively impact both its primary energy consumption matrix by substituting natural
gas, and the electricity matrix by transforming it into power. However, biogas installed
capacity amounted to 60.7 MW in 2015 (SENER, 2016).

Biogas
0.09%

Nuclear
3.98%

Fossil
82.21%

296 TWh

Geothermal
2.05%
PV
0.04%

Renewable
13.80%

41
TWh

Wind
1.94%

Hydro
9.69%

Figure 5 Electricity production in Mexico. Source: IRENA (2015)

Waste management is a major contributor to national GHG emissions. In 2012, waste
management related emissions represented 14% of all GHG emissions (CAIT, 2015). It is
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estimated that urban and special solid waste management will be the fourth largest
source of greenhouse gases in 2020 (SEMARNAT, 2014).
Technologies for waste to energy using anaerobic digestion
In general, natural processes in anaerobic digestion leads to the decay and
decomposition of organic waste material. This is done by anaerobic microorganisms that
digest organic material to produce mainly methane and carbon dioxide. This mixture of
gases is known as biogas.
Biogas is a very versatile form of renewable energy, known as the all-rounder, since it
can be converted to electricity and heat or be used as a fuel and natural gas equivalent.
Biogas is also very useful to complement other renewable energy fluctuating sources
such as wind and solar energy. Furthermore, biogas can be converted to bio methane,
and fed to the natural gas grid or transported in vehicles. Moreover, the production of
biogas in a digester yields as well organic fertilizer. The end product of the digestion
process is the combustible biogas with an average composition:
Percent

Chemical compound

50 – 75 %

methane (CH4)

25 – 45 %

carbon dioxide (CO2)

2–7%

water (H20)

<2%

oxygen (O2)

<2%

nitrogen (N2)

<1%

ammonia (NH3)

<1%

Hydrogen sulphide (H2S).
Table 2 Composition of biogas. Source: Des Mez et al. (2003)

Biogas can be recovered from a digester, but it can also be collected from landfills and
wastewater treatment plants. Biogas collected in landfills is known as landfill gas.
Landfill gas contains other constituents such as sulfur compounds and volatile organic
compounds, and the possibility of forming dioxins and furans during its combustion
must be taken into account when using it.
The most efficient way to collect biogas can be achieved by a digester. However, an
efficient waste management system is required, which is difficult to establish in
developing countries. Germany is one of the leading countries in the world, processing
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circa 1.5 million tons of organic waste to biogas every year (Schüch et al, 2014). Germany
has 85 anaerobic plants that use Bio-waste as input exclusively (UBA, 2016). These
highest rates of recycling and recovery in Germany can be explained by the Law of
Circular Economy, “Closed Substance Cycle Waste Management Act” (KrW-/AbfG),
enacted in 1994. This law included legislation on packages, implemented extended
producer responsibility schemes, and banned landfilling without previous treatment
(Davis & Hall, 2006).
Bio digester for Urban Solid Waste
Anaerobic digestion in a bio-digester is a highly efficient process where around 90% of
the stored energy in the waste is converted into methane (Blok, 2007). All biogas
digesters are essentially designed following the same process of anaerobic digestion.
Anaerobic digestion is a four-stage process consisting of hydrolysis; fermentation
(conversion of non-soluble organic biomass to soluble organic compounds); acidification
(conversion of soluble organic compounds to volatile fatty acids and CO2, followed by
the conversion of volatile fatty acids to acetate and H2); and finally methane formation.
The final product, biogas, is a mixture of methane (CH4), carbon dioxide (CO2) and other
trace gases.
The biogas obtained can be conducted directly to a CHP (combined heat and power)
station, where it is burnt in a combustion engine for the generation of electricity and
heat. Alternatively, the biogas can purified in a gas treatment unit, to obtain bio
methane (a fuel that contain the same properties of natural gas), and thus injected to
the gas grid distribution system or used directly as a fuel. After the substrate has been
fermented in the digester, it is first deposited in the fermentation residue store. This
digestate can be used as a high-quality biological fertilizer.
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Figure 6 Digester diagram. Source: Modified from Stadtwerke Plaeuen (2014)

Digesters can be classified based on three different grounds, including type of feedstock,
temperature range, and process design. The first classification is related to the content
of total solids in the feedstock for the anaerobic digestion, and it is known as “wet” and
“dry” digestion. The ranges for this classification might vary according to author, but a
more general consensus refers to feedstock containing 15-25% of solids classified as a
wet fermentation; and one containing more than 30% considered as a dry fermentation
(Des Mez et al., 2003). The type of input material also influences the retention time on
tank. Generally, dry fermentation requires a minor range of retention time than wet
fermentation.
Wet fermentation: Fermentation processes in a wet system require a basic liquid
substrate. It is suitable for feedstock such as liquid manure or other liquid primary
substrates. The substrate is therefore pumpable, capable of flowing and requires a
constant mixing. This wet digestion process is very widespread and the majority of the
biogas plants currently operating in Europe are based on this principle (FNR, 2009). The
retention time within the reactor can be varied according to the nature of the feedstock
and process temperature applied, but it ranges typically from 60-95 days (Des Mez et
al., 2003). This system has a low operating expenditure as well.
Dry fermentation: Despite the name of the process, dry fermentation requires moisture
as well, but it does not require a basic liquid substrate. Biomass with a dry matter
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content of between 20 and 40% can thus be fermented. The substrates used include
solid manure, renewable raw materials (such as silage made from maize, cereal crop or
grass) and crop residues (such as straw and cereal debris), as well as green and organic
waste (FNR, 2009). Dry systems present several advantages. The residence time for
fermentation is shorter, ranging from 9-45 days. This reduced retention time decreases
the reactor size as well as the water required and the heating costs (Des Mez et. al.,
2003). Dry fermentation processes represent an alternative to the widespread wet
fermentation process and have future potential mainly because they make fermentation
both technically simpler and possible without liquid manure.
The second classification is based on the process temperature range. Different ranges
of temperature are appropriate according to the type of bacteria involved in the
anaerobic digestion process. There are two ranges commonly used: approximately from
30 to 45°C for mesophilic bacteria and 45 to 65°C for thermophilic (Hartmann et al.,
2005).
Thermophilic digester: operates faster, has a higher gas production and has a more
effective sterilization, however it requires higher energy use, and it is more sensible to
environmental changes, therefore its operation cost tend to be higher than a mesophilic
one.
Mesophilic digester is more commonly used in Europe, due to the lower operation and
the lower input of energy required (FNR, 2009). Lower ranges of temperature could also
be used, generally from 15 to 25°C., called psychrophilic range. The disadvantage of this
temperature is the large retention time, requiring an ample area for processing the
organic matter (Hartmann et al., 2005).
According to the digestion process system different types of digesters can be used: these
are batch, single stage or multi stage (see table 3 for a summary of the categories)
Batch: The batch design is a reactor where an amount of feedstock is put into the vessel.
This feedstock stays in the vessel over a certain time until all processes are finished. It is
thus not possible to add feedstock in this system when it is running. This type of digester
is the simplest of all types and the least expensive (Hartmann et al., 2005). A large
disadvantage of the batch design is the requirement of a larger area, compared to the
single stage design, in order to avoid compaction of material in the vessel. Other major
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disadvantages are large fluctuations in biogas production, the quality and losses of the
biogas, the longer retention time (20-40 days) and the risk of explosion when the
digester is unloaded (Monnet, 2003).
Single stage: In the single stage design all the digestion process steps take place in the
same reactor. The system has a continuously feed. Because it is only one reactor it is
simpler than a multi stage system. The feed in this reactor needs to have the least
contamination as possible considering that contamination could destroy the internal
mechanics. The retention time is better than for batch reactors with 14 – 28 days.
Multi stage: The multistage digester is a system that uses several reactors to develop
the digestion of the feedstock. Frequently only a two-stage system is used. Therefore,
the methanogens takes place in a separate reaction vessel. In these designs the selection
of the bacteria can be done for different steps of the process. This system presents a
higher efficiency and thus produces a large amount of biogas. The separation also
facilitates control and optimizes the process making it more stable. Furthermore, multi
stage system has the shortest retention time for the digestion ranging around five to
seven days. The major disadvantages of the multi stage design are the building and
operating costs and the complexity of the system. This makes the design less feasible for
small scale projects (Monnet, 2003).
Type
Feedstock

Classification
Wet

Dry
Temperature Mesophilic

System

Advantages
Process wider type of
feedstock
Appropriated for codigestion
Lower energy use
Smaller area required

Higher use of water

Lower energy use

Longer retention period

Thermophilic Sanitation provided
Higher yield of biogas
Batch
Lower operation cost
Single stage

Multistage

Disadvantages

Shorter retention time
Feasible for small amount
of feedstock.
Shorter retention time
Higher yield of biogas

Only certain type of
feedstock

Larger use of energy
Higher operation cost
Larger area required
Lower yield of biogas
Lower yield of biogas

Not feasible for small
amount of feedstock

Table 3 Summary of characteristics of a digester
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Biogas recovery in landfills
Commonly, the term used to designate biogas extracted from landfills is landfill gas
(LFG). This thesis will use this term to designate biogas extracted from landfill sites.
Sanitary landfills are sites with engineering design with the aim of that retaining
leachates and other toxic pollutants from the surrounding environment. USW are stored
in the landfill, offering an easy and apparently cost-effective solution to waste
management in the short term, but in the long rung it has been demonstrated that the
cost of abatement pollution in landfills are very high and unsustainable (Schnurer, 2015).
However, landfilling is still the standard waste management system in many countries,
particularly in North America and Latin America.
A waste disposal site must comply with the following requirements in order to be
considered a sanitary landfill: hydrological isolation (obtained by location in a site that
naturally contains leachate or provided by soil material or synthetic liner), formal
engineering design, permanent control by trained staff, and planned waste
emplacement (waste must be spread in layers and compacted) (Thurgood, 1999).
The recovery of biogas in landfills is a standard technology implemented in many
countries. The percentage of LFG collected is referred to as the collection efficiency, and
varies significantly depending on the design and operation of a disposal site. While
collection efficiencies at engineered and well operated landfills may reach 70 % or
greater, most landfills in developing countries will have lesser rates in the range of 40 %
to 60% (World Bank, 2008).
A typical LFG collection system consists of the following components:
LFG collection field- The collection fields consist of a network of vertical wells and/or
horizontal collection trenches installed into the waste to collect the landfill gas. The
basic operating principle consists in applying a vacuum to extract the gases from the
waste mass, matching the rate at which the gas is being generated. The idealized target
objective is to establish a neutral pressure/vacuum gradient continuously over the
entire surface of the landfill.


Vertical wells are typically installed in a landfill once filling operations have been
completed. They are the primary means of collecting biogas from landfills. Wells
are drilled into the waste using a drill rig capable of achieving a borehole
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diameter of 30 to 100 cm in diameter. Well depths normally are extended to
three-fourths of the waste thickness, taking care not to get within 5 meters of
the landfill liner system, if one is present


Horizontal LFG collection trenches are typically used to collect gas while the
sanitary landfill is still active. Following the placement and compaction of a
waste, perforated collection pipes are installed and then covered with another
layer of waste. LFG is collected from waste directly below an area where active
filling is taking place. For active landfills, a combination of vertical wells and
horizontal collectors is often needed to maximize LFG collection.

LFG Collection Piping- A network of piping is constructed to connect the collection field
to the flare or the energy plant. A typical LFG collection system includes the following:
small diameter (minimum 100 mm), short laterals connecting the wells/trenches; sub
headers which connect the laterals; and headers connecting the sub headers to the
extraction plant.
Blower System and Related Appurtenances. - The blower system includes all
components that are used to generate and apply the vacuum to collect the LFG and
supply it for its subsequent end use.
Condensate drop-out system- LFG is extremely and therefore produces a lot of
condensate within the collection wells and piping. It is important that all the pipes are
designed with minimum slopes so that condensate does not remain within the piping,
but flows towards a nearby drain or sump. Improper drainage of the condensate can
lead to blockages in the pipe, which can disable large parts of the collection system
limiting the amount of LFG that can be collected.
LFG flare and energy plant: Depending on the site, landfill gas can be burned in order to
prevent methane emissions to the atmosphere by using a flare, or it can be used a fuel
to generate electricity in a motor (utilization system). A flare can be used as a backup to
the utilization system in case of lengthy downtimes for both scheduled and unscheduled
equipment operating and maintenance events.

Technological potential of biogas from USW in Mexico
There exist several studies regarding the potential of energy from waste in Mexico. Razo
Flores (2016) estimates a potential of 3.6 TWh per year including feedstock such as USW,
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pomace and sugar cane bagasse. Arvizu (2010) estimates a potential of 1.4 TWh per year
by extracting biogas from sanitary landfills in the country. SENER (2010) estimates a
potential of 2.6 TWh including waste from wastewater treatment plants, animal
husbandry, special management waste and other agricultural wastes.
In order to obtain the technological potential that would result from processing all USW
produced in Mexico during a year, by using standard anaerobic digester, the following
method is presented.
According to SEMARNAT (2013) the annual production of urban solid waste in Mexico is
42.1 millions of tons. From this waste, a study implemented by SEMARNAT-INECC
(2012), states that the average composition of USW is the following:
Waste
Kitchen waste
Garden waste
Cardboard & paper
Plastic
Glass
Ferrous material
Cotton
Others

Percentage
25.57
9.38
14.24
19.09
6.58
4.37
4.27
16.5

Table 4 Urban waste composition. Source: SEMARNAT-INECC (2012)

Hence, the available feedstock from USW susceptible to be processed in a digester in
Mexico results in 10.77 million tons of kitchen waste, and 3.9 million tons of garden
waste. The potential of biogas yield for each ton of substrates varies from author to
author, ranging from 50 m3 to 200 m3 (IGES, 2013; Getahun, 2014; Linnenberg, 2015).
But it is generally agreed a rule of thumb of 100 m3 per ton of solid waste (BMU-UBA,
2012).
With an average composition of 60% methane, the energetic output per m3 of biogas is
estimated as 6 KWh (electric and heat) (BMU-UBA, 2012). Therefore, the technological
potential for electrical output in Mexico is 8.8 TWh of thermal and electrical energy per
year, and 4.4 TWh electrical (as shown in table 5).
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Available

Waste (Millions

Biogas potential

Energy

Electric

feedstock

of tons)

(Millions of m3)

potential

potential

(TWh)

(TWh)

kitchen waste

10.77

1077

6.4

3.2

garden waste

3.95

395

2.4

1.2

Total

14.7

14.7

8.8

4.4

Table 5 Available feedstock (M tons), Biogas potential (M m3) and Energy potential (TWh)
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6 RESULTS
This chapter presents the results of the assessed data from the development, structure,
and functioning of the landfill gas innovation system. The purpose of these results is to
answer the following sub-questions:


What is the Technological Innovation System structure of anaerobic digestion
from urban waste in Mexico?



How does this technological innovation system work in Mexico?



What are the systemic problems hindering the development of anaerobic
digestion from urban waste technology diffusion in Mexico?

6.1 SYSTEM STRUCTURE.
This analysis starts by mapping and identifying the structural elements of the system. As
mentioned in the theoretical framework chapter, the structure of an innovation system
consists of institutions, actors, networks and infrastructure (Hekkert & Wieczorek,
2012). The interaction and interplay between these system factors are important for the
development of the innovation system (Musiolik et al., 2012). The existence of networks
is a premise for the distribution of knowledge and resources over the sector (Jacobsson
& Johnson, 2000). In the upcoming paragraphs the actors and networks and the
overarching institutions are discussed. It is firstly presented a review of the current
innovation system structure and a functional perspective.
6.1.1

Actors

The first structural elements are the actors. The following actors were mapped as
composing the structure of the system. The main actors are governmental institutions
from the national and municipal level, the private sector, integrated by SMEs and
multinational enterprises, and mainly international financial institutions.
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Figure 7 Power and interest of the actors in the TIS

The main stakeholders in charge of Mexico´s waste management, and particularly in the
landfill gas recovery, are governmental ministries and institutions, municipalities, and
private sector companies. Also international agencies take an important role in the
context of landfill gas recovery and dispersion of renewable technologies. In particular,
the agencies serve as mediators in the diffusion of know-how of renewable energy
technology by providing budget and support of landfills recovery projects. The table 6
provides an overview of the key actors in the landfill gas recovery and a description of
the relevant actors.
Actor

Mission/Description

Ministry of
Environment
and Natural
Resources
(SEMARNAT)

Protecting, restoring,
and preserving the
ecosystems, natural
resources, assets and
environmental
services of Mexico
with the goal of
fostering sustainable
development.

Main
responsibilities/goals
Promote
environmental
management within
the national territory,
in coordination with
federal, state and
municipal
governments, and
participation from the
private sector

Main policy
interest
Promotion of
the protection,
restoration
and
conservation
of ecosystems,
natural
resources, and
environmental
services and
insure
sustainable
development
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National
Institute of
Ecology and
Climate Change
(INECC)

Ministry of
Energy (SENER)

Energy
Regulatory
Commission
(CRE)

Federal
Electricity
Commission
(CFE)

Municipal
Governments

Generating and
integrating scientific
and technical
knowledge for the
development and
evaluation of public
policies conducive to
environmental
protection.
Conduct the country's
energy policy to
ensure a competitive,
economically viable,
sufficient, high
quality, and
environmentally
sustainable energy
supply required by
the development of
national life.

Planning &
preparation of
projects, information
reg. investment
opportunities,
implement policies
aimed at climate
change mitigation and
adaptation.
Exercise the rights of
the nation in
hydrocarbons and
nuclear energy.
Carry out energy
planning policy. Grant
concessions,
authorizations and
permits in energy, and
issue official Mexican
standards

Agency that regulates
the energy industry
activities, in order to
promote inversion,
encourage healthy
competition, and
foster adequate
coverage, quality of
supply and delivery of
services at
competitive prices to
the benefit of society.
State-owned
company responsible
for the control and
development of the
national electric
industry. National
distributor and grid
operator for
electricity.
Municipalities are
responsible for
providing waste
management

Regulates the
Generation,
Transmission, Sale,
Export, Import and
Distribution of
electrical energy, sets
tariffs and grants
licenses

Fostering an
appropriate
waste
management
for the
mitigation of
CO2eq
emission.
Policy that
foster the
provision of
energy to all
country
population at
competitive
prices, within a
framework of
energy
efficiency,
alternative
energy sources
and energetic
security
Policies that
foster the
development
of a
competitive
and
sustainable
energy market,
to the benefit
of society.

Provide the public
service of electric
power. Operating
billing system and the
technical aspects of
distribution.

Policies
focused on
advancement
of grid
extension

Provide free public
Sanitation service via
the collection and

Their short
legislation
period forces
them to be
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infrastructure and
processes.

transportation of
urban waste.

Depends, obtain
profits from providing
waste management
and electricity
services.

NGOs

There are a few
enterprises interested
in investing in the
Mexican biogas
market, such as
VEOLIA, THONI, ENERG.
The exist several
Mexican enterprises
Energreen, Biogas de
Juarez, Lorean Energy
Group participating in
the sector
Depends

International
Cooperation
Agencies

USAID(US), JICA, GIZ
& KfW(Germany),
World Bank,

Depend on the
organization;
generally: improve
living conditions
through sustainable
development
practices

Global
enterprises

Small and
Medium
enterprises
(SMEs)

interest on
rapid and
visible
solutions to
public (i.e.
Fleet
acquisition)
Polices and
incentives that
favor the
sector

Depends, obtain
profits from providing
waste management
and electricity
services.

Polices and
incentives that
favor the
sector

Depends; generally
improving of living
conditions and
awareness raising

Depends;
generally:
protect the
environment
for the public
interest.
Depends; gen.:
decrease of
bureaucratic
barriers for
projects

Table 6 Main actors in the TIS

6.1.2

Networks

According to Hekkert and Wieczorek, (2012) networks are defined as the interactions
among all the actors in the system. However for the purpose of this study, networks
were defined as institutions that are exchanging information in the system. So far,
central organizations of knowledge networks and university-industry exchanges have
not been successful. The only organization currently aimed to bridging this gap is the
CEMIE (Center for Innovation in Bioenergy). Other networks such as the Global Methane
Initiative have allowed the exchange of knowledge, but the participation of actors
(particularly the industry) has only been intermittent. A business network organization
is lacking of a lobby network for biogas promotion, and currently there is little exchange
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between policy setting bodies and the private sector. The table 7 provides an overview
of the networks.
Networks

Mission/Description

Global Methane
Initiative (GMI)

Voluntary,
international
partnership that
brings together
national
governments, private
sector entities,
development banks,
NGOs and other
interested
stakeholders in a
collaborative effort to
reduce methane gas
Cluster of higher
education institutions,
public or private
research centers,
businesses and
government entities
in order to define and
implement projects to
develop technologies ,
products and services
that harness the
potential of the
country in clean
energy
NGO aiming at
promoting and
encouraging the
sustainable and
efficient use of
bioenergy in Mexico

Mexican Center
for Innovation in
Bioenergy –
Cluster biogas
(CEMIE- biogas)

Mexican
Network of
Bioenergy
(REMBIO)

Mexican
Association of
Environmental

Promote the private
sector
(Particularly small
companies). Promote

Main
responsibilities/goals
Create an
international platform
to build capacity,
development
methane abatement
strategies, engage in
technology transfer,
and remove political
and economic barriers
to project
development for
emissions reduction.

Main policy
interest
Through
international
cooperation,
GMI seeks to
reduce global
methane
emissions

Plan the scientific and
technological
development in
innovation that foster
the infrastructure of
R&D in the country by
linking the research
institutions and the
industry.

Promote
policies that
create a
market for
clean energy.

Promote the
development of
research and
technological
capacitation, spread
quality information,
and collaborate in the
design of bioenergy
public policies at the
federal, state and
municipal level.

Promote
policies that
ensure the
integral use of
bioenergy as
mean for
sustainable
development,
energetic
security and
climate change
mitigation.
Policies that
foster the role
of the private

Capacity building for
private sector,
representing their
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Enterprises
(AMEXA)

Mexican
Association for
Biomass and
Biogas (AMBB)

best practices among
its members.
Support the
professionalization of
the industry.
A platform created to
supply sound
technologies for the
development of
biogas

interest in public and
private instances.
Channel the
legislation proposal of
its members.
Provide technical
assistance to project
developers and
integrators
realistically support
solutions for
production processes

sector in waste
management

The agenda
seems to serve
a private
Company only
(ESISA)

Table 7 Networks in the TIS Biogas

6.1.3

Institutions

Institutions form a key factor in innovation systems theory that visualizes the context as
a defining and structuring element in the system (Hekkert et al, 2011), and can be
divided into two categories: hard & soft institutions (as shown in table 8 and table 9).
Area
Waste
Management

Hard institution
 Biding technical Norm NOM-083-SEMARNAT-2003 (SEMARNAT,
2004) which enforces the recovery of gases and lixiviates and
ensures the protection of the local environment
 General Law for Prevention and Integral Management of Wastes,
published in 2003 and enacted in 2004 (SEMARNAT, 2003). This
law states a shared responsibility between the consumer
(population) and the producer (industry) of waste.

Climate
Change

 General Law for Climate Change (SEMARNAT, 2012)- this law
stated the goal of reducing its emissions by 30% by 2020 and by
an additional 22 % by 2030, and 50% by 2050, compared to
business as usual levels. This implies the reduction of 288
million tons of CO2 by 2020.

Renewable
Energy

 Law of the Energy Transition (SENER, 2015). This law states the
goals for clean energy in the country. Electricity generation with
clean energy sources 25% for 2018, 30% for 2021 and 35% for
2024. Clean sources are: Hydropower, Geothermal, Wind, Solar,
Bioenergy, Sea Energy, Nuclear, Fossil fuels with CO2 capture
and Efficient Cogeneration.

Table 8 Hard institutions in the TIS Biogas by area

Area
Soft institution
Waste
 Population tend to see sorting of household waste as an useless
Management
activity since there is the conception that the waste
management service will mix it again
 No schemes for extended producer responsibility
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 The responsibility lies on small municipalities that do not have
the capacities to provide an adequate management of waste.
 The municipalities show Interest in provide services that are
more visible such as new vessels for the collection of waste.
Climate
Change

 General apathy towards Climate Change mitigation actions.
 Accountability of climate change emissions is not considered as
defined system.
 Little public participation on the topic

Renewable
Energy

 A great amount of subsidies for billing of the electricity for the
big industrial sector, the household sector and the agro
industrial sector. These subsidies are inhibiting energy efficiency
practices and result in economical unviability of renewable
energy projects.

Table 9 Soft institutions in the TIS Biogas by area

6.1.4

Infrastructure

The infrastructure definition proposed by Hekkert and Wieczorek (2012), emphasizes
the soft elements: skills, expertise and the know-how of generation and storage.
-Physical Infrastructure
Waste management infrastructure in Mexico does not have the appropriate
organization for the deposit of waste in landfills. In fact, only 60 percent of waste is
deposited in landfills. The remaining waste gets deposited in open air dumps. However,
less than 20 landfills in less than 20 sites have a biogas collection system (Semarnat,
2014).
Regarding the promotion of the digesters, the infrastructure for the development of the
industry is well developed. There are right materials and viabilities for development in
Mexico, and there is also adequate infrastructure of electrical distribution networks.
The country lacks of a national natural gas grid. Only the cities of Monterrey, Leon,
Aguascalientes and Mexico have natural gas distribution networks. This could
potentially be an advantage, since biogas could also be distributed via trucks and
substitute the current use of a mixture of propane and butane gas.
-Knowledge:
There is no qualified staff to carry out the operation of treatment plants. Much of the
experiments and training are provided through equipment suppliers, global enterprises,
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and other international actors. In Mexico there are no institutions providing technical
trainings. Nor an offer of professionals for operation and maintenance. There are not
government programs to train operators of municipal projects.
-Financial:
There are several sources of funding for development projects aimed at varying grade
system actors. Among the main highlights are the support offered by the federal
government to the implementation of projects for waste management sales. The table
10 describes them:
Institution
SEMARNAT

SENER

SAGARPA
Developing
banks
Private
Banks

Funding
Prevention Program and Integrated Solid Waste Management
(PPGIRS) provides financial support via the Expenditure Budget of
the Federation (PEF) and SEMARNAT itself.
Environmental Programme Strengthening of Federal Entities
Fund for Energy Transition and Sustainable Use of Energy
Development Project Large Scale Renewable Energy (PERGE)
Electricity Supply Program for Clean Energy Municipal Utilities
FIRCO
The Banobras (Banobras), Nacional Financiera (NAFIN) and the
National Foreign Trade Bank (Bancomext). Municipal solid waste
program PRORESOL- FIRCO
Interacciones

Table 10 Resources by source in the TIS biogas

The analysis of the structural dimensions shows the presence of actors, networks and
infrastructure. The problematic aspects derived from this analysis relate to the
institutions and networks.
The hard institutions set renewable energy goals, however there are not specific for
biogas. On the soft institutional side a crucial point is the development of environmental
consciousness regarding the externalities of waste management. There is a small
percentage of household separating their waste, and no disposition to pay a fee for final
disposition. In the private sector, there is a huge discontent versus any initiative to
promote extended responsibility schemes. The responsibility is entirely absorbed by the
government, particularly by small municipalities with a deficient capacity and resources
to provide and adequate management and final disposition of waste. The municipalities
find themselves unable to administer sanitary landfills according to Mexican legislation
because they lack financial means and the technical and human infrastructure.
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6.2 SYSTEM FUNCTIONING
The concept of functions refers to the “most important processes that need to take
place in innovation systems to successfully lead to technology development and
diffusion” (Hekkert et al., 2007). As such, the functional analysis provides insights into
the actual functioning of the system and its respective elements as described in step 1.
In order to derive meaningful estimates of these relevant system functions, a threefold
research approach was conducted. Firstly, based on qualitative literature studies, the
respective functions were ranked. Secondly, an event analysis of the period 1990- 2015
was conducted using Lexis Nexis™ and the news database in google.inc. The event
analysis, which is longitudinal in nature, provides insights into general trends regarding
Landfill gas diffusion in the country and is used as an indication whether the results of
the qualitative research match the actual events covered in the news. As a third step,
expert opinions were derived from stakeholders who have considerable experience in
the Mexican biogas field and a grounded understanding of the local context.
From the evaluations mentioned above, the following average profile results

Figure 8 Development of the seven functions (cumulative) from 1988 to 2015
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6.2.1

F1- Entrepreneurs Experimentation

The role of firms has been key to the development of biogas technology. According to
various interviews, businesses have had to be pioneers in overcoming significant
bureaucratic obstacles (lengthy paperwork for permits in different instances), political
problems (particularly associated with waste management), and lack of payment
associated with mismanagement in municipal governments.
The broad success of the first commercial-scale project, launched in 2004 by the
company Benlesa, was a significant development business step. This project is located
the northern State of Nuevo León, and is considered the first renewable energy project
in Mexico and Latin America using the biogas from a landfill as fuel.
Benlesa Project showed that a public-private partnership scheme was a viable option for
the development of these projects. The association of private capital from the company
SEISA, together with the participation of an association of public waste management
municipalities (SIMEPRODE), favored the development of these schemes. Currently
Benlesa remains an iconic project in Latin America and has a generating capacity of 21
MW, and supplies energy for the public lighting of the municipalities and the metro in
the City of Monterrey.
From this first demonstration project, more Mexican companies began investing in
landfill gas collection projects. The following case was implemented by the company
Biogas de Juarez, which partnered with the company PASA, in charge of the waste
management in the city. The first stage of the project began in 2007 when the company
began to burn biogas, and the second stage began in 2010 when the company began
producing electricity.
More Mexican businessmen joined this trend, particularly motivated by expectations of
the raising of the international carbon market. In this regard the participation of
companies such as Energreen, Cuautla Renewable Energy and Energy Group Lorean and
other SMEs companies was very active.
Global companies with greater expertise also invested in the Mexican market mitigation,
aiming at obtaining benefits from the carbon mitigation activity and the energy sales.
These entrepreneurs sought innovative schemes to their business schemes. Such is the
case of ENER-G, a company that generates electricity from a landfill in the state of
Aguascalientes, and has made a private purchase agreement for selling renewable
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energy to the assembling plant of the car manufacturer company Nissan, in the State of
Aguascalientes.
Overall, from the analysis of this function it is possible to conclude that entrepreneurs
have been very active in trying to find business schemes to profit from the biogas
technology. There have been enough investors both foreign capital and Mexican capital,
and although in some cases the project led to financial losses, entrepreneurs remained
present, waiting to see the results of their investment in the future.
The entrepreneur’s activity has not been limited to extraction of biogas from landfills.
There is also a lot of interest in implementing digesters for the separated organic
fraction of waste. The role of Mexican investors for this technology has been relevant.
This is the case of the company ESISA, who received an amount of 45 million pesos on a
federal public tender for the design and construction of an anaerobic digester. However,
given the lack of experience and knowledge in this technology, the digester currently
has a significant amount of technical failures. In addition to this, the digester does not
have a secured source of substrates, since waste separation of the organic fraction is
not implemented in the municipality of Atlacomulco, where it is located.
In general, this function has been working properly in the system. However, a slow-down
can be seen from the year 2012. This trend can be explained by different factors. The
entrance of the energy reform in 2014, triggered uncertainty regarding the new
electricity tariffs, and a general decrease in the cost of energy was evident from 2014.
Moreover, the prices of carbon fallen down in many international market, particularly
in the European EUTSC. Until today, many projects have been cancelled or postponed,
waiting for better market conditions.
6.2.2

F2. Knowledge Development (Learning)

The development of knowledge is a function that has a relatively good performance like
F1. The development of knowledge is important in each of TIS, especially in the early
stages. The role of research institutes has been instrumental in enhancing the
development of the sector. Particularly, the participation of the Electric Research
Institute (IIE by its Spanish Acronym) has been very active. The IIE is a public research
organization, whose objective is the development of policy and research for economic
development. This institution has a unit for research in energy from waste (Management
of Non-Conventional Energy) and has been in charge of implementing feasibility studies
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for the use of biogas in Mexico. This institution has also served as a reference point to
assess the potential of different biogas projects in landfills; in addition, it works closely
with SENER to encourage the development of pilot projects. IIE was a pioneer in biogas
technology, by implementing the first demonstration project of extracting biogas in a
landfill in Mexico City in 1993.
Public universities have also had an important participation in knowledge development.
In this regard, it’s worth to highlight the role of the Institute of Engineering of the
University of Baja California Sur, where several studies of potential and other technical
aspects have been carried out, including a revision of the Mexican Landfill Gas models,
and a proposal for a National Appropriate Mitigation Action (NAMA) in biogas in 2012.
The participation of the National Autonomous University of Mexico is also relevant for
this function. The Institute of Engineering developed in 2012 a small scale RSU digester,
with both dry and wet technology. There are other institutions which are worth to
mention, such as the National Polytechnic Institute, the University of Sonora, the
University of Chihuahua, and Veracruz, the Autonomous Metropolitan University, who
have published articles in basic science on the subject.
Regarding applied research, the role of the State University of Mexico (UAEM by its
Spanish Acronym) has been very relevant. This University partnered with the company
Energreen in 2008, to extract biogas in a landfill adjacent to a campus, in a land property
of the university. This partnership proved to be very useful for the implementation of
the project. The project gained legitimacy, some lines of research were implemented in
the university to fulfill the technical needs from the technology.
Except for the case of Energreen and UAEM, the development of knowledge of biogas
technology is performed on all intra-firm. This is the case for most of the SMEs, who
generate applied knowledge, but do not have a channel to disseminate it. In the case of
global companies like ENER-G, the knowledge generated is shared through its networks
of projects worldwide, which has a large database and experts (more than 400 sites
globally). This represents a significant competitive advantage over other SMEs.
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6.2.3

F3. Knowledge Diffusion (Through Networks)

The Biogas extraction technique knowledge and information (created when F2 performs
properly) can only be used efficiently when it is diffused among the TIS actors in order
to properly apply the knowhow. The dissemination of knowledge is a function that
currently appears as weak in the System.
The major knowledge exchange network for biogas research is the Mexican Bioenergy
Network (REMBIO) founded in 2006 in Morelia. The network has served as a bridge for
academics to share their research. The network organizes a congress every year.
Nevertheless, it is based mainly on liquid and solid biofuels.
Regarding the exchange of information between entrepreneurs, the only network in the
system is the Mexican Association of Biogas and Biomass (AMBB); however, according
to the interviews, it actually does not work as a partnership, but serves the interests of
a single private actor. The AMBB provided the technical assistance for the development
of the digester project in the State of Mexico.
Meanwhile, international cooperation agencies have played a role in the development
of this function. For instance, USAID supported the first biogas congress held in 1996,
and also cooperates with the Global Methane Initiative (GMI), an international
organization that implements several events and forums. Recently, the GIZ has also
implemented activities in this area, such as organizing the first international forum on
“Energetic valorization of urban waste” in 2015.
Moreover, the Electrical Research Institute has also played a key role in coordinating
activities to disseminate knowledge. The institute has developed two international
conferences on biogas in 2002 and 2004. The institute also regularly publishes manuals
and press releases.
Despite these initiatives in the system, there is no significant partnership between
different actors; there are very few spaces for the dissemination of knowledge,
especially among SME. This is also influenced by the existence of an atmosphere of
competition both between entrepreneurs and between universities for research
resources. Due to this lack of coordination and exchange space, the generated
knowledge does not always correspond to the needs of the actors. The dissemination of
knowledge is a function currently appears as weak in the System.
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6.2.4

F4. Guidance (of the Search)

Regarding the laws implemented in Mexico to foster renewable energy, the main
instrument is the Energy Transition Law, and secondly the Climate Change Law. The
Energy Transition Law is particularly relevant since it repeals any other previously
enacted piece of legislation on energy transition and sustainable electricity production
in Mexico. Hence, the new law becomes the cornerstone of Mexico's legislation on clean
energy. The goal is to achieve a 35% participation of clean energy in the energetic matrix
by 2024.
One of the main vehicles for enforcing the clean energy goals is the Clean Energy
Certificate (“CELs”, for its acronym in Spanish). The new energy law requires companies
participating in the energy market to certificate a certain production of clean energies.
To achieve this goals, the can acquire CELs (i.e., 5% by 2018, and 35% by 2024).
This goal is clearly articulated; however there are several points that are generic. They
include clean energy sources such as cogeneration efficient fossil fuels, nuclear energy
and inorganic waste incineration. The legislation does not present instruments that
specifically relates to the use of biogas.
The percentages of renewable energy goal are intertwined with the ones established in
Mexico’s General Law on Climate Change, passed in 2012. This law mandates a 30%
reduction in emissions, below “business as usual”, by 2020 below 2000 levels, and a 50%
reduction by 2050. It also establishes a number of clean energy goals and a number of
public policy instruments, including a mandatory GHG reporting system, the National
Emission Register (RENE).
On the other hand, this function F6 has also been fulfilled by means of corporate
standards and goals established by private companies. This is the case of the company
Nissan that by using biogas from landfills, was able to reach the targets set in its
Corporate Social responsibility program, and 50% percent of all its energy comes from
renewable sources. This is the first manufacturing facility out of the entire RenaultNissan Alliance to achieve this milestone.
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6.2.5

F5 Market development

In general, in an emerging TIS system the market structure is not in favor of new
technologies, and may be undeveloped. Protective spaces need to be articulated, and in
this protective environment actors can learn and develop.
After analyzing the information, it is possible to conclude that the development of this
function has been weak in this TIS. Particularly, the event analysis shows that growth
has been detained since 2012. There are essentially two markets for biogas in Mexico.
In principle, the sale of the electricity produced with biogas, and secondly the sale of
bonds for the destruction of methane in the carbon markets.
The first project created in the City of Monterrey (BENLESA) in 2003, was made possible
thanks to the introduction of the Clean Development Mechanism (CDM). At that
moment, in addition to selling energy, projects could also earn income by selling carbon
credits. In 2008 carbon prices reached their historical highest, and a significant number
of projects were developed. However, from 2012, these projects were in a situation of
lack of resources as carbon prices decreased to it record lows. Subsequently, .the
feasibility of the projects was also affected by a fall in electricity cost and energy reform
introduction. The energy reform brought uncertainty in future electricity costs, and
many projects were canceled.
The following paragraphs will explain the functioning of the electricity market, the
carbon markets and other financial mechanisms.
Electricity market in Mexico
Until 1993, the Mexican law indicated that exclusively the federal government through
its parastatal companies (PEMEX and CFE) could produce energy. This system was
changed in 1992, with the introduction of the Electricity Industry Law, which allowed
the participation of private entities in electricity generation, under the schemes of 4
different modalities: self-supply, cogeneration, small scale production and independent
production. The table 11 explains the four modalities.
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Self-Supply

Cogeneration

Small Production
Independent
Production

In this scheme, the producer of electricity and consumers need to
partner in a consortium, and register this partnership at the
Energy Regulatory Commission (CRE by its Spanish acronym).
Only members of this society are allowed to buy and sell
electricity.
Industrial entities can use the residual heat and thermal energy
for electricity production. In the same way that the pattern of
consumption, only members of the company registered with the
CRE are entitled to use the energy produced.
Electricity producers will sell their electricity to the CFE, with a
variable rate according to supply and demand.
A private producer of electricity with a capacity greater than 30
MW can sell it directly to the CFE.

Table 11 Available schemes for private energy production under the Electric Industry Law

Four biogas active projects were developed under the model of self-supply; two under
the model of cogeneration, and two under the modality of small production. There is
any biogas plant with a capacity greater than 30 MW, so independent production was
not used by the projects.
The procedures and the red tape at all three levels of government were a clear barrier
to the development of projects. In principle, an entrepreneur must establish an
agreement with the municipality, then perform registration with the CRE, and finally
register the project under the Clean Development Mechanism (CDM). The long process
involved in this process often hindered implementation and economic viability of the
projects, given curves generation of biogas in a landfill.
In January 2016, the Mexican government began the process of deregulating its
electricity market, previously established by law (the Electricity Industry Law). Until this
year, the state-owned electricity utility CFE have the rights of all transmission,
distribution, and almost 50% of all electricity generation in the country. With the new
reform, the electricity market in Mexico tends to competitive distribution and
generation as more developers enter the space for the sale of electricity to the CFE and
other electric service providers through the open wholesale markets.
The law of energy transition seeks to meet the objectives of clean through a system of
certificates of clean energy. The Government will determine the requirements for
certificates of clean energy on an annual basis in three years before the compliance
period. The first compliance period will be in 2018, the share of clean energy for this
period is set at 5% of total electricity consumption. All clean energy projects developed
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after August 2014 receives certificates (CELs). The CELs per MWh generated will be
bankable and will not expire for 20 years. Penalty for non-compliance will be between
USD 30-250 MWh (IRENA, 2015).
The biogas projects can choose either to enter the new energy wholesale market, or to
maintain the agreement established under the electricity law of 1993 (now being called
legacy contracts).
Financial mechanisms
Incentives offered by the Mexican government to promote renewable energies (both
primary energy and electricity) consist of two main instrument: Accelerated
Depreciation and Zero tariffs. Accelerated depreciation refers to the mechanism when
a renewable energy company can depreciate its fixed assets faster, so its earnings,
balance sheets and tax bills would be calculated according to a truer value (Larkin, 2015).
Zero tariff exempts from taxes antipollution equipment and its parts from general
imports or exports duties. It covers machinery, equipment, instruments, materials,
animals, plants and other items used in technology research and development
(Promexico, 2015).
Regarding electricity production, the Energy Industry Law of 1992 established the
following mechanisms to encourage electricity from renewable sources, before the
energy reform. Projects that choose to stay in the old scheme (through legacy contracts)
can still benefit from them. Table 12 shows the mechanisms.
Net metering

Applies to projects of small and medium scale (up to 10 KW for
residential, and 30 KW for companies and up to 500 KW for
projects). The cost of feed used with which contributed to the
national grid is compensated.
Preferential
Charging renewable energy transmission for efficient CHP or
rates
for renewable energy resulted in preferential tariff for transmission of
transmission
electricity (PROMEXICO, 2015)
Energy bank
Allows producers to accumulate surpluses power under the selfsupply scheme to be used in the future or sold to CFE at the end of
year.
Open Season
It consists of an agreement between CFE and the private developers
to distribute the costs between CFE and private developers that
occurred due to the new transmission infrastructure built for the
renewable energy sources (20 % CFE and 80 % private developers).
Table 12 Financial Mechanisms to favor renewable energy before the Energy Reform
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Carbon Markets: Carbon markets around the world can be divided into two groups: the
voluntary markets, as currently exists in Mexico, and compliance markets, such as and
trade Cap-Program California or European System Emissions Trading (EU ETS).
Compliance markets are those with a government mandate in place forcing certain
regulated entities to reduce their emissions. Much of biogas recovery projects in Mexico
were financed with funds from the Emissions Trading System of the European Union.
Since 2012 this market had a fall in prices, reached a record low in 2013. In order to
recover the market, the possibility of offering carbon credits only to projects in less
developed countries was limited. Mexico remained off this list, because from 2013, only
projects already registered within the Clean Development Mechanism could participate
(Expansion, 2012). However, other markets such as California and the Danish market are
still in function. In fact, many of the projects are still selling credits to this international
markets.
The Mexican carbon market is currently voluntary. In the voluntary carbon offset
market, the policy established by the government is not driving demand. In the absence
of a government mandate, demand compensation usually comes from large
corporations or other interested parties who are voluntarily reducing their carbon
footprint, in part through the use (and retirement) of compensation. Hence, the prices
remain much lower for ton of CO2eq.
Carbon tax: Mexico has had a carbon tax in force since 2013 on fossil fuels, with some
fuels (such as natural gas and coal coke) exempt from tax. The point of obligation
(entities of the economy that must pay the tax directly) is right at the top of the supply
chain, i.e., fuel importers and processors. (Climate Action Reserve, 2015). Mexican
carbon tax legislation allows the use of carbon offset credits generated from CDM
projects in Mexico to meet carbon tax obligations. Parties are allowed to use this credits
to reduce its tax bill generally in an amount equivalent to the market value of the credits
at the time of payment of the tax. As a result of this lack of clarity, refinement of the law
may be needed before the market covers the use of offsets for compliance tax on
carbon. Market participants anticipate that in the future other compensation
certificates may be able to be used (in addition to RCE) to meet tax obligations carbon.
(Climate Action Reserve, 2015).
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6.2.6

F6. Resource Mobilization

After analyzing this function, it is possible to conclude that there are some sources of
resources, however, there is little knowledge in how to gain access to them. The
municipalities are supported by the program Prevention and Management of Municipal
Solid Waste from SEMARNAT to implement waste management activities, and they can
also use the funds for anaerobic digestion projects. This was the case for the digester in
the municipality of Atlacomulco. This support to the municipality by the SEMARNAT is
nonrefundable.
Another government fund that functions as a non-refundable payment is the Shared
Risk Trust (FIRCO) of the Ministry of Agriculture, Livestock, Rural Development, Fisheries
and Food (SAGARPA) through promoting support for agribusinesses interested in using
organic matter obtained from animal waste for energy generation. Through this funding,
317 small-scale anaerobic digesters have been built in the country. However, only a
small percentage is operating (Interview, Gallegos, 2016).
Regarding funds for R&D, as part of the public policies to strengthen the sector of
renewable energies, stated in the energy reform, the sustainable energy development
fund was created. These resources have supported only analysis of energy potential, and
technical feasibility studies for the design of biodigesters.
As for development banks in Mexico, at least three of them provide financing for
sustainable projects, renewable energy and infrastructure for solid waste technology
and services: the National Bank for infrastructure (Banobras), National financing (NAFIN)
and the National Foreign Trade Bank (Bancomext). However, currently none of these
funds has participated in a project of waste to energy. According to the interviewed, the
mechanisms for access are not clearly defined and communicated.
The PRORESOL program, financed by the World Bank, aims to promote solid waste
projects through the private sector participation in the provision of solid waste services
for the sector; with the aim of reducing operating costs. Nevertheless, waste to energy
projects have not being supported.
Meanwhile, international assistance has had an important role in mobilizing resources.
The role of multilateral organizations, such as the World Bank has been relevant. The
World Bank acted as administrator of the Global Environmental Facility (GEF) and
funded 47% of the investment in the project BENLESA in Monterrey. The support was
5.1 million USD.
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International assistance from bilateral funds has also been a key factor in project
implementation. Among them, the Border Environment Cooperation Commission
(BECC) support outstands for the technical development of waste management plan in
Aguascalientes. Furthermore, the support of the Development Bank of North America
(NADB) has also been relevant for the projects. The NADB provided a credit for 38 million
to the project of landfill gas in Saltillo Coahuila, by the company Lorean, in December
2014. The amount of the loan amounted to 50% of the total project cost.
In general there are sources of funding for the municipal governments. However, there
is no expertise and capacity to apply for funds for medium-term projects. Among these
factors, the short-term period of mandate (3 years), impulses the authorities to
implement only short term projects.
Access for private companies is restricted, and generally there is a consensus of lack of
sufficient financial resources. In fact, several canceled projects blamed the shortage of
funds. APP formations are a solution for these challenges; however due to the shortgovernmental periods, they are also limited.

6.2.7

F7. Creation of Legitimacy

The emergence of new technology often leads to resistance from established actors. In
order for a TIS to develop, some actors should raise a political lobby that counteracts
this inertia. Often this is done by NGO's or economical interest groups. According to the
analysis, resistance to the development of the projects in this TIS comes mainly from
power groups that control landfills and disposal sites. Resistance is manifested through
municipal government protests. The lobbying power of the actors is given its strong
political ties.
Patronage is very common in unions of garbage collectors. Groups close to the various
political parties control the activities of collection, recycling and disposal. This is a
common trend that has been documented by several authors (Berthier, 2003; Cervantes
Niño; 2012). According to the analysis of system operation, the pickers often staged
protests against the project. The resolution for most companies was to provide a formal
contract to the pickers as employees in the landfill.
The political power of certain groups has also inhibited the development of other
projects. This the case of the digester at the main supply center in Mexico City. This
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project received technical support from various agencies such as USAID, and CONACYT;
however, currently there has not been an agreement with the union of traders.
The reputation of the technology of biogas capture and electricity generation in landfills
has been positive. Thanks to the good experiences of iconic projects such as Benlesa in
Monterrey, investment in technology is viewed as a legitimate decision. Furthermore,
the benefits of installing these systems represent municipal electricity savings and
environmental recognitions. These benefits have been key to the acceptance of the
technology.
In the case of anaerobic digesters, the lack of a successful pilot project has generated a
public ignorance of technology. The systemic failure of many of the digesters financed
by the FIRCO program has rough little confidence in technology in the agricultural sector,
causing actor’s to associate investment in biogas technology as a waste of money.
On the other hand, there is a lack of coordination between actors in the public and
private sectors. The members of the private sector see each other as a source of
competition. The only business association in Mexico, the AMBB (Mexican Association
of Biogas and Biomass) was established in 2006. However, it has never implemented the
necessary tasks of an association, such as advocating the formation of a market or the
dissemination of information. This is due to the lack of inclusion and leadership between
its actors. The association is significantly tied to the interests of a single private
company.
Conclusion
It is possible to conclude that the performance of the function of Experimentation of
entrepreneurs (F1) is relatively positive. There are both national and global
entrepreneurs investing in biogas, and many of the successful projects emerged from
their capacity to establish business models and solutions for the governmental barriers
involved with the approval of the projects.
Regarding knowledge development (F2), the universities and research centers are
actively involved. However, there is no coordination for the diffusion of the knowledge,
and the needs of the private sector are not aligned with the research implemented in
public institutions (F3).
54

Regarding the guidance of search (F4), there are laws that enforce the need for a better
waste management system, and clean energy, such as the regulations recently
established in the General Law of Climate Change and the Energy Transition Law.
Nonetheless, there is a lack of mechanisms that specifically address and support biogas
technology, so this technology has to compete with all the other renewable energy
sources.
The market formation (F5) is a very weak function. Due to the low prices of the carbon
market, the energy transition schemes and the uncertainty regarding the electrical
prices after the energy reform, many projects have been cancelled since 2013, since they
are no longer economically feasible. There are no policies addressing this issue so far.
The resource mobilization (F6) appears also weak. There are resources, but the access
to them is difficult for the private sector. The municipalities have access to significant
financial sources; nonetheless they do not have the capability to request them.
Finally the creation of legitimacy (F7) appears to be also very weak. Despite many
projects been successful and a good reputation of the technology of landfill gas, the
presence of political groups involved with waste management, creates a conflict of
interest and many times stops the projects. Furthermore, the biogas sector is not
organized and is not actively lobbying for better policies. The results are shown in Figure
9.
F1 Experimentation by
Entrepreneurs

F7 - Creation of
legitimacy

F2 - Knowledge
Development

F6 - Resource
Mobilization

F3 - Knowledge
Exchange

F5 - Market Formation

F4 - Guidance of Search

Figure 9 Evaluation of the functions in the TIS biogas
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6.3 COUPLED FUNCTIONAL STRUCTURAL ANALYSIS
Functions can be used as indicators for the performance of TIS systems. However,
functions cannot be improved by means of public policy directly; they need to be
assessed from the perspective of the structural dimensions of the system (Wieczorek &
Hekkert, 2012). By relating the functional analysis with the system`s elements, the
systemic problems that hamper the development of the studied system can be
detected. The analysis has shown that particularly creation of legitimacy (F7), market
formation (F5) and Knowledge exchange (F3) emerge as key inhibitors to a widespread
adaptation of biogas. These problems are rooted mainly in infrastructural (i.e. soft
institutions) and interactional (lack of coordination) problems. As the following table
illustrates, also other type of systemic problems are currently blocking the proper
functioning of the innovation system.
Function
F1
Entrepreneurial
activities

Type of
problem
Actors

Interaction
Infrastructural
Institutional
F2 Knowledge
development

Actor

Interaction
Infrastructural
Institutional

F3 Knowledge
diffusion

Actor
Interaction
Infrastructural

Institutional

Problems
- Global companies and SMEs face administrative
challenges in acquiring certifications, licensing and
concessions
- Lack of coordination among actors (there are no
spaces for sharing information)
- Limited access to information ; limited sanitary
landfills complying with a good operation
Little compliance of environmental norms, no fees
for final waste deposition
- No coordination between knowledge
development centers
- Actors are competing for public resources to
pursue uncoordinated innovation agendas;
- Absence of matching needs among actors (priv.
sector – research - government)
- Lack of institutions for coordinate applied
research
-Research overly focus on technical processes, and
no research agenda for other processes (i.e. social,
economic, etc.)
- Lack of vocational training possibilities
- Lack of coordination among actors
-Lack of institutional support for interactions
between actors and roles that support interactions,
such as innovation platforms and innovation
brokers.
-No organization to share knowledge
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F4 Guidance of
the search

Actors

Interaction

Infrastructural

institutional
F5 Market
formation

Actors
Interaction
Infrastructural
Institutional

F6 Resource
mobilization

Actors

Institutional
Infrastructural

F7 Creation of
legitimacy

Actor
Institutional
Interaction

Institutional

- Lack of coordination among actors (Private sector
not sufficiently involved in the design of policies
and strategies)
- Weak capacity for policy formulation
- Influence and lobby from established technologies
of fossil fuels
- Inadequate funding for the policy formulation
process
- Personnel downsizing in the government.
-Lack of resources in the government
- Corruption
- Deficiency of dealers and qualified technicians
(Presence problem)
- High upfront cost of technology
- Weak capacity for monitoring and evaluation
- Lack of general financing options
- High subsidies for electricity fee
- Inadequate coordination between the relevant
institutions and the private sector
- Deficiency of dealers and qualified technicians in
rural areas
- Lack of banks and microfinance institutions with
special focus to biogas
- High upfront cost of technology
- Weak capacity for monitoring and evaluation
-Lack of knowledge on how to access to the funding
- Lack of general financing options
- SMEs lack financial and human resources to
undertake market formation
- Lack of industry associations (lobby groups, etc.)
Different actors opposing change
- Lack of national quality standards
- Long time policy approval cycles
- Inadequate coordination between the relevant
institutions and the private sector
– Individualistic entrepreneurs
-Competition among actors for allocation of
resources to own innovation agendas
- Lack of feedstock caused by political control on
Urban waste management

Table 13 - Identification of systemic problems

Based on the table presented above, it becomes apparent that most functions interact
with each other through reciprocal feedback loops and therefore influence the overall
technological system. Both the function and the interaction dynamics between each
system function are significant. A positive interaction between the system functions
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might lead to the setting of virtuous cycles (positive feedback loops) that accelerate the
emergence of the TIS. In the same manner, vicious cycles might establish when a
negative function dynamic affects the performance of other functions, therefore
stopping or slowing the TIS buildup process (Negro, 2007). Hence, special attention will
be paid to interaction effects in the following analysis.
From the analysis it is derived that market formation (F5), resource mobilization (F6),
creation of legitimacy (F7) and knowledge diffusion (F3) are functions that need to be
substantially improved for the effective implementation of biogas.
Market formation (F5) is a weak function that restrains the effectiveness of a number of
other functions, such as entrepreneurial activities (F1), creation of legitimacy (F7) and
resource mobilization (F6). With no market functioning properly and no incentives for
improve the technology, it becomes very difficult to apply the knowledge, and the
activities of entrepreneurs are inhibited, resulting in a vicious circle.
Lack of coordination of the private sector is shown to affect all functions, but most
importantly creation of legitimacy (F7) and knowledge diffusion (F3). It is apparent that
most negative feedback loops are created by the interaction of poor market formation
(F5) and inadequate resource mobilization (F6). Therefore, the primary problems that
need to be addressed are:
1. Actors’ problems:


Shortage of qualified personnel in the municipal government (F6)



Weak capacity for monitoring and evaluation (F5, F6)

2. Institutional problems:


Soft: No compliance of environmental regulations (F4)



Hard: No incentive for biogas technology promotion (F5)

3. Infrastructural problems:


Lack of general financing options for biogas projects (F5, F6)



Incentives not adequately functioning (high subsidy to electricity, schemes for
promotion of technology not working e.g. FIRCO) (F5, F6)

4. Interaction problems:


Inadequate coordination between government, academy and the private sector
(F1, F5, F7)



Inadequate coordination between private sector actors (F3, F1, F7)
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The identified problems are considered systemic, as they effectively deter the
development of biogas in Mexico among multiple system processes (as indicated by the
blocked functions). These issues block a successful diffusion of the technology to the
target population and impair the emergence of the system.
It has to be noted, that one specific blocking mechanism has been excluded from this
analysis, namely corruption. In fact, corruption is certainly an institutional issue that
affects several functions particular Function 6 – Guidance of the Search. However, the
issue is so omnipresent and anchored in society, that it will be considered an external
factor for the purpose of this paper.
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6.4 SYSTEMIC INSTRUMENT GOALS
In order to overcome systemic problems, systemic policy approaches are needed. A
systemic policy instrument is defined as “an integrated coherent set of tools designed
for a specific innovation system” (Wieczorek &Hekkert, 2012, pp.86). They should hence
focus on goals that directly relate to the type of the identified systemic problems in
order to sufficiently capture the essence of the underlying issues. Regarding the
previously identified systemic problems in step 3, the following broad policy goals are
proposed to guide the future policy making process:
1) Stimulate and organize participation of relevant actors. Improved
coordination, interaction and involvement of the private sector to foster
development and competitiveness of biogas distributors and dealers
2) Stimulate the physical financial and knowledge infrastructure- Improved
access to finance and market formation, reduction of cost of technology and
safeguarding of technology quality to ensure rapid diffusion and legitimacy.
Improve the capacities in the municipal authorities in waste management.
3) Stimulate occurrence of interaction. – Generate a space for actor’s capability
development and creation of educational means to overcome shortage of
qualified technicians and system engineers as well as to raise (technical)
awareness.
4) Secure the presence of hard and soft institutions – Improve the visibility of the
environmental impact and associated cost involved with a proper management
of environmental technology, so recycling and separation of waste can be
regarded as an useful, profitable and urgent common practice in Mexico
In the following section, policy instruments that are in line with the established goal and
could proof beneficial in overcoming the systemic problems are identified and
elaborated upon.
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6.5 SYSTEMIC INSTRUMENT DESIGN
As a last step, policy instruments that can collectively reach the identified goals will be
analyzed. Generally, numerous instruments could be applicable to stimulate the
diffusion of biogas and to address the previously identified systemic problems. The
following figure provides an overview of typical policy instruments to foster renewable
energies.

Figure 10 Overview of policy options to support renewable energies (Mitchell et al, 2011)

6.5.1

Policy plan for market formation

As a result of the previous analysis derived from the F5 (market formation), it is clear
that projects stopped due to the fall of the carbon market prices and the accessibility to
them. In the following market formation policy plan, focus will be given on incentivizing
current power generation as opposed to mere infrastructure installation. As observed
in the sector of FIRCO, incentivizing just plant installation is not sufficient to address
follow-up on performance optimization and proper maintenance. In the following stage
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of FIRCO, a priority can be given to promote the desired outcome: energy generation,
encouraging market formation, and increasing efficiency (Neuhoff, 2004). By providing
generation-based incentives fosters regular maintenance, process optimization,
monitoring and evaluation of installed biogas systems (Weischer et al., 2011). Several
types of generation-based incentives for renewable energy can be distinguished. The
following table highlights four of the major market formation incentive systems.
Generationbased
instrument
Individual
Power
Purchase
Agreements
(PPAs)

Description

Advantages

Disadvantages

PPAs are contracts between
electricity producers and
buyers specifying
conditions of price,
measuring methods,
starting date, etc. of
electricity that is traded.

- Basic tool for
the introduction
of renewable
sources of
energy

- Lack of
transparency and
certainty about
prevailing
conditions, private
investments are
discouraged

Renewable
Portfolio
Standard (RPS)

Producers seek to achieve a
certain RE percentage, set
by the government, with
their own generation.
Alternatively, they can
purchase Renewable
Energy Certificates (RECs)
enabling them to sell
produced power at regular
market rates.

- Avoids the
complex task of
setting a predefined rate

- Unless
differentiated for
each technology,
RPS favors the least
expensive
technology
- Uncertainty for
private investments

A project or amount of
energy produced is
auctioned to developers.
Whoever meets all criteria
at the lowest price is
awarded the contract for
development.

- Easy pricesetting

The government sets a predefined rate at which a
power producer will be
paid for each kWh
produced (guaranteed by a
PPA). Utility companies are
also required to provide
that rate to producers.

- Provides high
level of certainty
for private
investments
- Considered
best tool to
promote RE
- Viable for
distributed,
small scale
generation

Competitive
bidding

Feed-in Tariffs
(FiTs)

(premium
determined by
market)

- Eliminates
windfall profits

- Can result in very
low bids of
developers,
therefore making
solar PV non-viable
and leading to
termination of the
project.
- Difficult to set an
proper rate to make
investments
attractive and
prevent oversubsidizing

Table 14 Overview and analysis of typical market formation support policies (Weischer et al., 2011)
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As mentioned above, Mexico instrument to reach its renewable energy goals has been
the competitive bidding. The number of developing countries that utilize auction
mechanisms has increased significantly during the past several years. Auctions have the
advantage of encouraging price competition. However, they also “tend to favor large
players that are able to afford the associated administrative and transaction costs (Lucas
et al. 2013)” and may only favor certain types of renewables over others (Couture et al;
2015). According to the last auction, energy from biogas did not resulted winner from
of CELs (Clean Energy certificates by its acronym in Spanish). Solar energy was the most
successful technology during first tender in January 2016, as it represents 12 out of the
18 winning proposals, amounting to 1,771MW of the assigned energy with an average
price of US$45.15 per MWh (Jimenez, 2016). The current instrument of CELs choses the
providers of clean energy services based on technical and economic offer, favoring
technologies with greater maturity (as happened during the first auction); and
discourages the less mature technologies, such as biogas.
This study proposes the implementation a compensatory mechanism for this issue, in
the form of feed-in-tariffs (FiTs). Feed-in-Tariffs (FiTs) are judged to be the most suitable
for the promotion of biogas (Fachverbandverband, 2016). The FiT is a tool that permits
a power producer to get paid for every kWh of renewable energy provided to the grid.
In most of the countries with a sound biogas market, FiTs for electricity produced from
biogas plants are defined by law, and their secured revenues over a long period of time
represent a low risk for financial institutions and the basis for economic analysis for the
plant operator.
Feed-in Tariffs (FiT) provide a regulatory approach that improves the financial viability
of renewable energy projects. FiTs require electricity transmission and supply
companies to accept electricity from renewable energy projects when it is offered for
sale. Under a FiT scenario, electric utilities are obligated to purchase, and in some cases
pay a premium price for, the electricity generated from the biogas project. As a result,
the FiT approach assures project developers that there will be a market for the electricity
produced by a biogas project (GMI, 2012).
In certain cases, the rate of compensation is pre-defined and can be by legal agreement,
such as the Individual Power Purchase Agreements (PPAs). Under this scenario,
electricity companies guarantee the purchase of energy from renewable energy
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providers, which improve investor confidence and lowers the cost of capital for
investments in qualifying projects. The concept of FiTs combines mechanisms and
structures of the public and the private sector and thereby creates an innovative publicprivate partnership.
The combination of feed-in tariffs and another schemes such as tender and auction
processes and net metering has been proven successfully (Couture et al. 2015). FITs and
auctions can be coupled in relation to project size, with FITs supporting smaller projects
and auctions supporting larger projects. The links between FITs and other policies may
increase deployment prospects; for example, FITs can be used to enhance grid support
services through incorporating frequency and voltage support incentives.
Furthermore, integrating FIT generation into centralized markets can also allow for
greater efficiency of the dispatch system. Under this approach, renewable energy
generation can be bid into day-ahead and intra-day markets, which allows an optimized
energy generation. In high penetration contexts, linking FITs to wholesale market prices
can also increase efficiency of policy (Couture et al. 2015).
This scheme is deemed to re-create the conditions presented during the period 20062008, where there were high carbon prices. Furthermore, it is expected that due to the
Energy Reform, the connection to the grid and the procurement of other permits will be
facilitated. Under such scenario of favorable market environment for biogas, this
process is expected to go hand-in-hand with the formation of a local industry,
emergence of turnkey projects and contributes to a greater reliance on technology.
Turnkey suppliers deliver a fixed solution and coordinates design, tests, and production
at upstream suppliers. The buyer of a biogas plant is, through the turnkey supplier, able
to purchase a standardized solution, which has been tested and proven beforehand.
Standardized elements include piping systems, heat exchangers, pumps and other
mechanical parts, storage tanks, reactor tanks and other components (Tafdrup, 2009).
Thus, future policies revolving around technical concepts for biogas plants should
support this development.
The funds for the proposed feed in tariff could be obtained by different sources. One of
them can be the funds derived from the carbon tax, subsidizing the final products.
Another source can be switching the current FIRCO subsidy to end product for the rate
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of the feed in tariff. These incentives will foster the development of the technology, so
that in the medium term it can be competitive in the electricity market for CELs.
6.5.1.1

Adoption of fee-for-service model (ESCOs)

Public policy could foster schemes for biogas development, by supporting new business
models. To achieve this, a fee-for-service model for biogas could be projected. Under
such a configuration, municipal waste authorities would pay a service fee for the use of
anaerobic digestion equipment and outsource the maintenance and operation to a
private service provider, so called energy service companies (ESCOs), under such
scenario, a public-private partnership model could be an option.
ESCO models are typically used for improving the energy efficiency for different sectors.
The model works as follows: The ESCO implements and finances energy saving measures
at the client’s property; then the customer pays back contracting rates corresponding to
the level of energy efficiency improvement. The ESCO guarantees that savings will meet
or exceed its annual costs to cover all project investment usually over 7 to 10 years.
Hence, ESCO models generate expertise, enhance the development of energy efficiency
projects, provide availability of financial resources minimizing risk for the client, and
ensure cost-effective and optimal performance.
In recent years a newer form of ESCO operation includes energy contracting not only for
energy savings, but also for energy supply (Rutz & Ferber, 2011). This new model is
suited for larger clients (e.g. public institutions, hospitals, schools, companies) in need
of larger amounts of energy, and they are not eager or capable to invest and take
associated risks in installing and operating an energy plant
This ESCO model could be favorable for Urban Waste Operators, by using the biogas
technology. Depending on the requirements of the particular operators, different
contracts could be established with an ESCO. In other words, the ESCO model could work
with a minor or major participation from the Urban Waste Operator.
Under the first scenario, the Urban Waste Operator would only provide the area for the
development of the biogas plant and signs a feedstock delivery contract with the ESCO.
The risk of plant operation and all revenues from selling energy will be kept by the
contractor. The Urban Waste Operator would receive the payment from feedstock
delivery and from the lease of the property. Depending on the contract between the
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ESCO and the urban waste operation, not only electricity but also heat from the biogas
CHP plant may be utilized by the operator. Also, a participation of the operator on the
profit of the plant can be included on the contract, by providing labor for the daily
operation of the plant (e.g. feedstock feeding).
Under the second scenario, a normal energy contractor between the ESCO and the
Waste Operator could be implemented. In this case, the ESCO is responsible for
delivering heat and / or electricity to the Urban Waste Operator (municipal government,
for instance), and Urban Waste operator will deliver the feedstock, the area for the
digester, and will receive an energy tariff at a lower price; this savings will pay off for the
project.
Different forms of contracting can be combined with each other in order to achieve the
most economically and ecologically reasonable solution for the customer. This ESCO
model can be applied at both landfill operators or for a waste management with an
anaerobic digester.
This operating model stimulated by policy would yield the advantage of providing higher
control on the quality of the supplied biogas equipment and by this means regain trust
in the technology and user expectations (i.e. additionally strengthen function F4).
What will remain critical under this operating model will be to safeguard the quality of
the provisioned services of the ESCO. One mean to set this incentive could be to make a
share of the payments (or bonus payments) dependent upon customer satisfaction. The
feedback could be administered similarly to the fee payments of the biogas users. The
following figure provides a possible ESCO structure and depicts the governments
facilitating role in the scheme.
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Figure 11 Potential ESCO model as supporting scheme for biogas diffusion (based on Bernhard et al, 2013
& Dornan, 2011)

6.5.1.2

Waste Management Instruments

The promotion of biogas from urban waste can be fostered by implemented changes in
the current waste management system. In principle, the establishment of a tapping- fee
for the final receipt of waste could be promoted in order to promote the operability of
a plant. In this sense, command and control policies could be displayed for the medium
term, for example, implementing a law for the separation from source of all urban
organic waste; thus, the use of the digestate is guaranteed. A minor part of the income
from the operation of a biogas plant can be generated from the utilization of digestate
(residual material from the digestion process) as it can be sold as a fertilizer.
6.5.1.3

Fiscal incentives

Reduction or Removal of pervasive subsidies in electricity. The low electricity tariff for
the agricultural sector, due to electricity subsides (Energy Act for the Countryside and
SHCP -CFE agreements) represents one of the main constraints to the economic viability
of biogas projects. The subsidy has been referred to as one of the main causes of energy
inefficiency in this sector. The incorporation of the resources of this subsidy, to a
mechanism that promotes efficient energy utilization and energy generation from clean
sources is crucial for the economic viability of the projects. In the long term, its gradual
elimination is recommended; and in the short term, it would seek to bring the benefits
of this subsidy for funding of biogas projects.
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6.5.2

Policy instruments to improve coordination and competitiveness

Mexican Biogas Association

Firstly, industry associations will be essential to increase coordination among SMEs in
the biogas sector. Lessons learned from the dysfunctional association of biogas
companies should be leveraged upon to create a body that can increase private sector
lobbying power. Importantly, this body should be included in the policy making process
to safeguard that private sector development is fostered. Government support (e.g.
qualified personnel, funds, etc.) will be essential in ensuring that these associations gain
legitimacy and are recognized as important constitutes for the growth of biogas in
Mexico. Since awareness about possibilities of financing (due to lacking coordination
and related knowledge diffusion) is limited, a centralized database facility that pools
initiatives and other project support might be beneficial. The newly established Mexican
Biogas Association, with government support, could be the administrative body for such
a database.
Market debureaucratization and partnership formation
Furthermore, administrative challenges that hinder the development of the crucial SME
sector, such as certifications and licensing, should be removed as much as possible. In
order to overcome the diffusion of equipment of insufficient quality, national quality
standards and control bodies should be established. Apart from these aspects, typical
instruments that could foster coordination among the various actors include new forms
of Public Private Partnerships (PPPs), public debates, cooperative research programs,
consensus development conferences, cooperative grants and programs, among others
(Wieczorek & Hekkert, 2012). The envisioned switch to an ESCO based service model is
an example for such a PPP and will additionally strengthen the ties and foster the
exchange between the private sector and the government.
6.5.3

Policy instruments to stimulate learning and interaction processes

As the analysis has shown, a shortage of qualified personnel with experience in biogas
technology is currently inhibiting an adequate functioning of the TIS. Besides importing
skilled personnel, it is deemed imperative that Mexico develops its own human capital
that will be able to design, install, operate and maintain biogas technology.
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For this purpose, it is proposed to coordinate a number of instruments such as
educational workshops and conferences, short- and medium-term scientific workshops,
a vocational curriculum and mobility programs under the umbrella of institutions such
as the Mexican network of Bioenergy REMBIO. This academy may function in
collaboration with similar programs operating in other Latin-American countries (i.e.
RENAC in Costa Rica).
These instruments may provide professional and academic training in cooperation with
major international and regional research institutes that offer theoretical and practical
preparation. Mobility programs could allow technicians to gain practical experience by
spending a number of years training in the biogas industry of a foreign country and to
apply the gained knowledge in Mexico upon return. Such a program could enable skill
development as well as further knowledge transfer and would enhance collaboration
between business and academic circles, supporting the process of trust building and
network formation (Wieczorek & Hekkert. 2012).
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7 DISCUSSION
This research has identified the problems hampering the development of the innovation
specific for biogas from urban waste technology, and proposed policy instruments for
its solution. The standard methodologies implemented in the TIS analysis were applied
(semi-structure interviews, literature review and event history analysis). From the
empirical data and the analysis, this study identified barriers to the anaerobic digestion
innovation system development, and proposed policy instruments to solve them.
However, there were a few limitations to the present study. First, a more detailed
analysis of the networks (an element of the structure) could be implemented to gain
more visibility of the connections and interactions of the actors occurring on the system.
By implementing a social network analysis, the attributes, such as the position of actors
in the network or the shape of the network, can be used to get a better understanding
of the connections in the system.
Another limitation was the implementation of the study for analyzing two technologies
(biogas extraction from landfills and digester). A further study could include a study of
each technology. Since the anaerobic digestion of USW in still incipient in Mexico, more
substrates can be included and thus a broader data collection could yield more
understanding of how this TIS specific for digesters in functioning in Mexico.
Regarding the theoretical implications, this study contributes to the understanding of
technological innovation system in developing countries with a growing economy. The
method elected contributes to the visualization of system problems, and it can be
applied to other technologies to gain a better understanding of how can effectively
renewable energies compete with embedded technologies such as the oil and gas
industry. This thesis applies the TIS for the first time in Mexico and for a technology
where the market is still at an initial stage. The theoretical framework chosen to analyze
the system proved to be a useful conceptual tool, and the method elected also shade
important insight of how the system is working.
Regarding the managerial implications, three main issues emerged from this study. On
the first place, a new paradigm in waste management system in Mexico is necessary for
the sustainability of the country. The sustainable energetic valorization of waste needs
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to be accompanied by policy instrument addressing a sustainable waste management
policy at all levels of the system. This implies a change in institutions, both at the soft
and hard level.
After this study, it is possible to realize that Mexico’s laws and norms (hard institutions)
does not follow a sustainable principle of waste management. The General Law of
Integrated Waste, as in other developing country legislations, focuses only on the final
disposition of waste in a sanitary landfill. A sustainable legislation needs to a follow a
hierarchy of preventing, reducing, reusing, recycling, and a last steps, energetic
valorization and lastly, disposal. Hence, it is very important to synergize first, a systemic
way on which waste is managed. The introduction of concepts such as circular economy
and zero waste are important steps to achieve a sustainable waste management system.
Under this perspective, the role and the focuses of the policy makers and involved actors
needs to be carefully analyzed, in order to properly develop systemic and holistic policy
of waste management, and avoid unsustainable practices in the country, such as
incineration and other similar process with considerable amount of CO 2 and air
pollutants emissions
A higher level of environmental awareness could foster the cultural changes needed
regarding management of waste. This could legitimize the practice of waste separation,
recycling from the source, and the introduction of a fee payment for disposal and
collection of waste management. Also, it will lead to public support for the development
of extended producer responsibility policies. This needs to be addressed by the
government in the form of policies aiming at showing the benefits of a proper planned
waste management system, by creating environmental education campaigns. In
accordance with this new paradigm of waste management, biogas extraction in sanitary
landfills need to be progressively replaced by anaerobic digesters, which presents
greater environmental benefits: improves the collection rate of biogas, lowers the cost
for purification of biogas, decreases GHG emissions and produces a natural fertilizer.
Furthermore, a very important step for this transition is improving capacity building at
the municipalities, and their coordination and adequate interactions. It is important to
promote coordination among municipalities.
A major issue that goes outsides the scope of this analysis is the inclusion of garbage
collectors in to the decision-making process. These groups need to be taken into account
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to assure the success of waste management programs. A further analysis will have to
take into account the political power associated with the garbage collectors groups. This
aspect is related to the waste management in a growing economy, where waste
production increases as the economy develops, and the society still needs to address
matters related to corruption.
On the renewable energy side, a stronger support for sustainable energy sources needs
to be implemented. Mexico is in the unique position of having federally controlled
national monopolies on some of its largest co2 emitting sectors, namely petroleum
(PEMEX) and electricity (CFE). Hence, there is a potential opportunity for government
policy to directly make changes in these industries, before opening the market to fossil
fuel based competitors.
Furthermore, a crucial aspect is the need to improve the weak energy prices structure,
and progressively remove the regressive and non-differentiated subsidies on electrical
fees.
In order to foster anaerobic digestion technologies for urban waste management, a
systemic view on the biogas technologies, regardless of the feedstock, needs to guide
the policy instruments. To enhance the deployment of the technology, synergy between
all actors should be sought. It is necessary to gather actors from the industrial, agroindustrial, wastewater treatment area, and related actors in order to create a stronger
voice to represent the biogas interest in Mexico.
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8

CONCLUSION

This thesis aimed at generating policy advice for the development of the Technological
Innovation System of biogas from waste technologies in Mexico. It was guided by the
theoretical framework of TIS for policy analysis. This method combines the recent
advances in the field of innovation, and includes the perspective of structure and
functioning of the system, in order to implement meaningful policy advice for improving
the key aspects of the entire innovation system.
This method consisted first in mapping the structures of a TIS (actors, institutions,
networks and infrastructure). In order to obtain the information for this stage, semi
structured interviews and literature review were implemented and conducted. The key
findings from this structural analysis are the systematic incompliance with the legal
framework related to the waste management, since small municipalities, with little
capacity and short legislation periods are responsible for the management and final
disposition of waste. The society adds to this problem by maintaining a general view that
waste management is an exclusive task of the government, and it should absorb all the
cost involved. The private sector also does not have assumed responsibility on the
management of the waste generated when the life of its products ends. There are no
fees for waste management, and no schemes for extended producer responsibility. This
has led to a system in crisis, unsustainable and with a high impact on the environment
and the natural resources.
The second step aimed at analyzing the function of the systems, described seven
functions that are crucial for the development of a TIS: (entrepreneurial activity,
knowledge development, and knowledge diffusion, guidance of search, market
formation, resource mobilization and creation of legitimacy). In order to implement this
analysis and observe the performance of each function, an historic event was chosen as
the main method. The period analyzed ranged from 1989 to 2015. The events relating
to each function were identified with google news, and Lexis Nexis™. Then, this
information was triangulated with a literature review and 25 semi structured interviews.
From this analysis, the observed functions with a weak performance were: knowledge
diffusion (F3), market formation (f5), and creation of legitimacy (F7).

73

The third step involved the identification of the systemic problems hindering the
development of the TIS, by combining the functional and the structural analysis. The
systemic problems identified were mainly derived from an inadequate functioning of
the networks and interactions.
The forth step involved the establishment of four goals: stimulate and organize
participation of relevant actors; stimulate the physical financial and knowledge
infrastructure; stimulate occurrence of interaction and secure the presence of hard and
soft institutions.
And finally, the systemic instruments aiming to create opportunities and conditions for
system formation, by influencing elements and connections within the system, which
would not occur spontaneously. This implies the strengthening of the weak or absent
functions. To do this, the following instruments are suggested:


Removal of regressive and non-differentiated subsidies in electricity



The creation of a Feed-in tariff for biogas



Waste Management Instruments such as the tapping fee



Separation of urban waste established as a law



Adoption of fee-for-service model (ESCOs)



Support to Mexican biogas association



Educational and Professional training schemes under an umbrella institution

This policy instruments proposed are expected to influence the dynamic of the market
formation in a positive manner (F5), by redistributing the subsidies in electricity and
implementing a feed-in tariff, and the promotion of the ESCO biogas model.
Furthermore, the biogas association is expected to impact on the creation of legitimacy
(F7) and knowledge diffusion (F3). Finally, the instruments proposed on waste
management will improve the function of resource mobilization (F6). On a medium
term, the impact of this proposed instrument is expected to create a virtuous cycle that
will bring more confidence on the technology, and more political power to maintain the
government resource for the development of the technology.
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10 APPENDIX
Appendix 1.1 Questions for evaluating the functions, Following Wieczorek and Hekkert (2012)
and Hekkert (2011).
Name oft the
function
F1.
Experimentation
by entrepeneurs

F2. Knowledge
Development

F3. Knowledge
Diffusion

F4. Guidance of
the search

Question
Are there enough and suitable types of actors contributing to entrepenurial
experimentation?
Is the amount and type of experiments ofthe actor is suficcient?
What is the quality of entrepreneurship?
What types of businesses are involved?
What are the products?
To what extent do entrepreneurs experiment?
What variety of technological options is available?
Are any entrepreneurs leaving the system?
Are there new new entrants?
Are there enough actors and involved in knowledge development and they are
comptenet? (knowledge institutes vs. industrial parties and, their specialization)
Is knowledge suffiently developed and aligned with needs of actors in the
innovation system? (number of patents, publications, collaborations,
specialization along the value chain)
What is the knowledge base in terms of quality and quantity?
Is the knowledge basic or applied?
How is the development of patents?
Which actors are particularly active?
Who finances the knowledge development?
Does the technology receive attention in national research and technology
programs?
Are there enough knowledge users?
Is there a (mis-) match between the supply of technical knowledge by
universities and demand by industry?
Are there sufficient networks or connection between actors through which
knowledge is exchanged and disseminated?
Are there strong partnerships?
Is the knowledge development demand-driven?
Is the knowledge easily accessible to actors? (educational organizations,
availability of courses and trainings)
What t is the amount and type of (inter) national collaborating between actors in
the Innovation System?
What is the kind of knowledge that is shared within these existing partnerships?
What is the amount, type and ‘weight’ of official gatherings (e.g. conferences,
platforms) organized?
How is the configuration of actor-networks (is there a homogeneous or
heterogeneous set of actors)?
Is there space for knowledge dissemination?
Does the knowledge correspond with the needs of the innovation system?
Is there a clearly articulated and shared goal for the system?
Do actors and institutions provide a sufficiently clear direction for the future
development of the technology?
What is the general attitude towards the techonoloogy by individual users and
by instiutions (policies, etc.)?
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F5. Market
Formation

Are the signals and information regarding the development of the technology
rather positive or negative?
What is the amount and type of visions and expectations about the technology?
Do actors believe in growth potential?
What are the specific targets or regulations set by the government or industry?
Is it supported by specific programs, policies, who are the system’s
frontrunners?
Does the articulated vision fit in the existing legislation?
What phase is the market in and what is its (domestic & export) potential?
Who are the users of the technology how is their demand articulated?
Is there an institutional stimulus for market formation?
Are there uncertainties faced by potential project developers?
Is the size of the market sufficient to sustain innovation and entrepreneurial
experimentation?
Is the amount of these market instruments sufficient?
Are there institutional incentives/barriers to market formation?
Must a new market be created or an existing one be opened up?

F6. Resource
Mobilization

Is the availability of financial resources sufficient?
What are they mainly used for (research/application/ pilot projects etc.)?
Are there sufficient competent actors/well trained employees?
Is there sufficient risk capital?
Is there adequate public funding?
Can companies easily access the resources?
Are there sufficient capital financing schemes and support options in place?

F7. Creation of
Legitimacy

Do actors, formal and informal institutions sufficiently contribute to legitimacy?
How much resistance is present towards the technology, project set up or permit
procedure?
How does this resistance manifest itself?
What is the lobbying power of the actors in the system?
What is the Public opinion towards the technology and how is the technology
depicted in the media?
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Appendix 1.2 Interviews

10 Hugo Gallegos
Galiano
11 Pablo Andrés
Alarcón
12 Jahir Mujica

Manager

13 Abel Clemente
Reyes
14 Marcela Estupitan
15 Donnald McCubbin
16 Greeg Tomberlin
17 Marcia Guadalupe
Morales
18 Itzel Alcerreca

General Director

Institution
ENER-G
The Carbon Trust
Company- Biogas
SENER
SIMEPRODE
SEMARNAT
CFE - Federal
Electricity
Comission
CEMIE- Biogas
CRE - Comission
for Energy
Regulation
IG Biogas Company
Grupo TAAFConsultancy
SUEMA Company
ESISA - Company

Manager
Environment Officer
Engineer
Proffessor

PASA - Enterprise
USAID -Agency
NREL -Agency
CEMIE

20.08.2016
24.08.2016
24.08.2016
25.08.2016

Project Manager

25.08.2016

19 Rodolfo
Montelongo
20 Roberto Martínez
21 Alfonso Durán

Manager

Climate Change
SEDEMA
ENER-G

26.08.2016
26.08.2016

22
23
24
25

Commercial Manager
Professor
Project Chief
Operative Director

ERA EXACTA
UNAMuniversity
SUEZ - Company
IPN
IIE
Grupo Contadero

1
2
3
4
5
6
7

Name
Ian Cooper
Florian Goutte
Roberto Sánchez
Sergio Gasca
Hiram Menchaca
Ricardo Ortiz Conde
Damian Contreras

8 Elías Razo
9 Adrián Ruiz Carvajal

Elsa Lagaron
Raúl Tovar Galvez
Jose Luis Arvizu
Alvaro Munciño

Position
Manager
Advisor
Advisor
Area Director
Director
Subdirector
CFE project manager

Director
Director of Area of
Clean Enery

General Director
General Director

Project Manager
Professor

Date
22.04.2016
23.04.2016
02.05.2016
10.06.2016
21.06.2016
23.06.2016
07.05.2016

17.05.2016
24.06.2016

02.07.2016
06.07.2016
06.07.2016
15.08.2016

26.08.2016

28.08.2016
27.08.2016
28.08.2016
19.04.2016
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Appendix 1.3 Example of first page of the Event Analysis
Year

Event
Category

Event Description

Source

F1

F2

F3

F4

1988

Government
regulations

SEMARNAT, Mexican government
entity for environment protection
declares Ecological Equilibrium and
Environmental protection Law, which
states goals for waste management

1990

Finantial
capital

The administration of the municipality
of Juarez received technical
assistance from the Border
Environment Cooperation
Commission (BECC), culminating with
the completion of the Master Plan for
Solid Waste Ciudad Juarez 1998
(BECC, ND.).

http://www.c
onacyt.mx/cib
iogem/images
/cibiogem/pro
tocolo/LGEEP
A.pdf
www.oas.org/
dsd/fida/laws/
legislation/me
xico/mexico_1
988.pdf

1990

Resistance
to change

Landfills are controlled by
organization with no interest in a
sustainable development

1990

Feasibility
studies on
the
technology

Electric Research Institute (IIE) made
a research to answer Mexico
government commitments with IPCC
and evaluate impact in GHG
emissions from main landfills

1991

Pilot project

A 20 kW pilot plant at the sanitary
landfill of Santa Cruz Meyehualco in
Mexico City, is built by the
cooperation between CFE (National
utility company), LyFC (Former city
utility company) and IIE

http://www.ii
e.org.mx/bole
tin022008/div
ulga.pdf

1992

Government
regulation

The Public Service Electric Power Law
(LSPEE by its acronym in Spanish), was
modified to allow participation of
private companies in power
generation in the forms of
cogeneration, self-supply,
independent producer, and small
producer.

2014_PROME
XICO_Negocio
Energias
Renovables

1

1993

Government
regulation

Publication of the LSPEE reforms

1

1995

Feasibility
study

Study to estimate energetic potential
implemented by IIE in Prado’s de la
Montana landfill

2014_PROME
XICO_Negocio
Energias
Renovables
2006_Arvizu_
SaldañaHuacuz_Pot
energ de
rellenos
sanitarios

F5

F6

F7

1

1

Héctor Castillo
Berthier, El
Zar de la
basura:
caciquismo en
la Ciudad de
México
http://www.ii
e.org.mx/publi
ca/bolnd97/te
nnd97.htm

-1

1

1

1
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