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Introduction: Achieving an energy transition in the power industry in Mexico is a
complex task. Despite being one of the most promising countries in Latin America
and the world for developing wind and solar photovoltaic energy, energy and climate
change efforts are insufficient; therefore, changes are generated slowly and leisurely.
This article attempts to make a proposal based on the Quintuple Helix Model as
an analytical and decision-making framework to encourage the production and
consumption of clean/renewable electric energy and reduce GHG emissions. It
proposes the sum of strategic interactions to promote a cooperation system and
knowledge transfer, know-how, and innovation through the active and committed
collaboration of government, academia, industry, civil society, and the environment
to achieve the sustainable development of the electricity industry in Mexico.

Methods: These hypotheses are the result of the development of a singular
methodology based on Partial Least Squares (PLS), according to Structural Equation
Modeling (SEM). The results point out that the five-helix approach is valid to solve the
energy transition problem in the electricity industry in Mexico.

Discussion: Although itis not fully developed and consolidated, it can be replicated in
scenarios with similar socioeconomic characteristics. Furthermore, the government
is the most opportune intermediary driving agent for the development of the energy
transition in the electricity industry, since it is the one that can lead and drive
the energy transition process by modifying the electricity sector through structural
change in the energy market.

KEYWORDS

energy transition, electric power industry, Quintuple Helix Model, renewable energies,
sustainable development, climate change

1. Introduction

Global social and economic development dependent on carbon-fossil fuel consumption
generates excessive greenhouse gas (GHG) emissions, causing climate change and global
warming (Chapman et al, 2018; UNEP, 2021). It negatively impacts lives, ecosystems,
livelihoods, health, the economy, services, and the infrastructure of society (IPCC, 2014). CO,
emissions from electricity generation due to the burning of coal, oil, and gas make up a large
share of overall GHG emissions driving the increase in global average temperature (Knaut et al.,
2016). According to United in Science (2019), the scientific community estimates the global
average temperature is 1.1°C above pre-industrial times (1,850-1,900) and 0.2°C higher than
the period between 2011 and 2015 as a consequence of climate change and global warming. It is
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considered that the most important challenge facing humanity in the
21st century is to solve the problem of global warming through energy
transition mechanisms (Miller et al., 2013).

The energy transition in the electric power industry requires
a transformation of energy sources, technologies, production and
consumption methods, actors, values, and governance (Huh et al.,
2019). The electricity sector needs to change from a centralized to a
decentralized system, where large companies are replaced by multiple
small-scale generation and electricity networks (Defeuilley, 2019).
Accordingly, the energy transition in the electric power sector is
a change process that must simultaneously achieve multiple goals,
such as decreasing GHG emissions from electric power generation;
increasing the amount of electric power production from renewable
sources; decreasing the price of electricity; achieving relatively simple,
stable, and sustainable universal access to electricity; and providing a
regular and permanent supply of electric power (Aratjo, 2014; Singh
etal., 2019; IRENA, 2020; World Economic Forum, 2021).

Mexico has the fourth largest share of fossil fuels in the energy
matrix of the G20 countries, despite ranking third for the lowest
electricity demand among them (Fulghum, 2021). It is one of
the Latin American countries with the highest GHG emissions
(Sanchez et al, 2018) as 75% of its electricity comes from fossil
fuels (Fulghum, 2021). For Mexico, reducing GHG emissions and
encouraging clean/renewable energy production and consumption is
a priority. It is essential to reduce the vulnerability of its population,
ecosystems, and infrastructure to climate change. Its geographic
location in the tropics and between two oceans, as well as the poverty
of its population make it highly sensitive to hydro-meteorological
phenomena such as hurricanes, droughts, and landslides derived
from the increase in temperature (INECC SEMARNAT, 2018).
On the other hand, its geographical position and meteorological,
topographical, and hydrological conditions make it one of the
most promising countries in Latin America and the world for the
development of wind and solar photovoltaic energy (SENER, 2016;
IRENA, 2019b).

Likewise, Mexico is part of the international community that
seeks to combat climate change, so it has signed international
agreements such as the Sustainable Development Goals (Goal 13)
and the Paris Agreement. In the latter, it ratified international
commitments, therefore it is obliged to reduce 22% of GHG
emissions by 2030 unconditionally and 36% conditionally. At the
national level, given the relevance of the electricity sector in
mitigating climate change and the fact that Mexico has a large number
of renewable resources, in 2015 the Energy Transition Law (LTE) was
published. It established as a goal a minimum participation of clean
energy in the generation of electricity of 25% by 2018, 30% by 2021,
and 35% by 2024 (Honorable Congreso de la Union, 2015). It also
generated a new regulatory framework to regulate the sustainable
use of energy and allow all participants in the sector to coordinate
long-term efforts to transition to the use of clean energy and reduce
emissions at a lower cost.

Despite the existence of a favorable framework to incentivize
the use of clean energy in Mexico, the current government
(2018-2024) has proposed a constitutional counter-reform that
reverses progress toward the implementation of climate change and
energy transition policies. It curbs private investments in renewable
electricity generation and the use of solar and wind plants to give
dispatch priority to thermal power plants (Camara de Diputados LXV
Legislatura, 2021). This amendment to the Electricity Industry Law
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aims to return control of the electricity sector to the state-owned
company, Federal Electricity Commission (CFE, for its acronym
in Spanish) granting it at least 54% of the electricity market,
prioritizing its power generation over private companies (Camara de
Diputados LXV Legislatura, 2021). This means that CFE electricity
would be dispatched first despite being in most cases of fossil
origin and more expensive than renewable energy generated by the
private sector. A study published by the National Renewable Energy
Laboratory (NREL) of the U.S. Department of Energy indicates
that if this constitutional amendment is approved, carbon emissions
will increase between 26 and 65%, and electricity generation costs
between 32 and 54%, in addition to an increase in power outages
(blackouts) of between 8 and 35% (Bracho et al., 2022); hindering
the possibility of electricity generation at more competitive prices and
less pollution.

Unfortunately, no route has been defined in Mexico to achieve
energy and climate change objectives, therefore efforts are insufficient
and changes in the energy industry are being generated slowly
and leisurely. In this sense, the importance of this work lies in
establishing a framework that will contribute to the strategic planning
of investments, infrastructure, human capital, programs, and forms
of interaction between the public, private, academic, and social
sectors, and the natural environment. The aim is to generate a more
efficient energy transition process in the electric power industry
in Mexico through helix modeling that establishes a strategy that
considers the adoption of new forms of energy production and
consumption, as well as the attraction of private capital and the
transfer of technology and knowledge to meet Mexico’s energy needs.

The article sets out to offer a comprehensive approach based on
Quintuple Helix as an analytical framework and decision-making
for the sustainable development of the electric power industry in
Mexico (Carayannis and Campbell, 2010; Barth, 2011; Carayannis
et al., 2012, 2017; Taratori et al., 2021). An exploratory model is
developed from the relationship of several constructs drawn from the
literature to verify the validity of such a model applicable to similar
transition processes.

This article is organized as follows. Section 2 briefly discusses
the theoretical background of N-Helix Models and the Quintuple
Helix modeling as an analytical framework to achieve the energy
transition in the electricity sector in Mexico and the application of
the methodology based on Partial Least Squares (PLS) according to
structural equation modeling (SEM). Section 3 presents the results
of the analysis. Section 4 critically discusses the findings. Finally,
conclusions and future research lines will be summarized and drawn
in Section 5.

2. Materials and methodology
2.1. N-Helix models

Particularly, given the relevance of the electric power industry
in the mitigation of climate change and the fact that Mexico has a
large number of renewable resources, it is necessary to design energy
transition strategies (GREENPEACE, 2020). These should not only
encourage environmental care and compliance with international
agreements but also promote development, social sustainability, and
the wellbeing of its population. In this sense, a helix analysis is highly
effective as it fosters economic and social development (Taratori et al.,
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2021). It integrates industry, academia, government, society, and/or
the natural environment as a system to produce science, technology,
and innovation through the collaborative work of all agents, where
the N-Helix model is a nexus (Guillén, 2018).

The Triple Helix Model identifies three helixes or subsystems: the
state (political system), academia (educational system), and industry
(economic system), focusing on the knowledge transfer and the
interaction between the helixes (Etzkowitz and Leydesdorff, 2000).
This model recognizes the importance of academia for innovation,
emphasizing the production of knowledge and innovation in the
economy, making it compatible with the knowledge economy
(Carayannis and Campbell, 2010). The disadvantage it presents is
the isolation and marginalization of the social sector (Etzkowitz and
Leydesdorff, 2000).

The Quadruple Helix Model emerged when the Triple Helix
Model was expanded by adding to the academia-industry-
government relations the fourth helix, “media-based and
culture-based public” (Carayannis and Campbell, 2009). This
helix disseminates knowledge in a nation-state as well as culture with
its values, traditions, lifestyles, experience, and visions promoting
knowledge for the knowledge society. Civil society is not limited
to using and applying knowledge and demanding innovation in
goods and services, it is an active part of the innovation system
(Barbosa, 2019). Therefore, this model of innovation and social
cooperation is an important tool to provide solutions to problems,
needs, and society’s proposals (Ramirez and Palos-Sanchez, 2018;
Robina-Ramirez et al., 2019).

The Quintuple Helix is a five-helix model of innovation
that integrates and contextualizes the Triple Helix and the
Quadruple Helix by adding the helix of the “environment” (natural
environments) (Carayannis and Campbell, 2010). It offers an
analytical framework in which knowledge and innovation are linked
to the environment, addressing the relationships among government,
academia, industry, civil society, and the environment (Carayannis
and Campbell, 2010; Carayannis et al., 2012). This model aims to
include the “natural environment” as a new subsystem in knowledge
and innovation models (Barth, 2011). Environmental or ecological
challenges such as global warming and issues related to the survival
of humanity, tare drivers of new knowledge and innovations and
have the potential to make society, economy, and democracy
thrive (Carayannis et al., 2022). “Nature” is established as a central
component of knowledge production and innovation, emphasizing
the necessary socio-ecological transition of society, economy, and
democracy in the 21st century (Carayannis et al., 2012).

This model focuses on the sum of social interactions to
promote and visualize a system of cooperation and transfer of
knowledge, know-how, and innovation, thus it can be used as
an interdisciplinary analytical framework for decision-making and
transdisciplinary problem-solving related to sustainable development
and social ecology (Carayannis and Campbell, 2010; Barth, 2011). Itis
a theoretical and practical model offered to society to understand the
link between knowledge and innovation to promote living in balance
with nature and achieve lasting development, since “the environment
should be considered as an active partner of innovation, not as a
resource to be exploited” (Carayannis, 2020). It has been used in some
projects to boost green employment, growth, and sustainability in the
construction industry (Fundacion Laboral de la Construccion, 2021),
the sustainable development of the energy platform of the Russian
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Arctic zone (Carayannis et al,, 2017), and the creation of remote
control and smart metering systems for a water supplying system and
social awareness and education on the use of these services (Taratori
etal., 2021).

2.2. The challenge of energy transition in the
electric power industry in a Quintuple Helix
Model

For Mexico, it is crucial to implement a strategy to achieve the
energy transition in the electricity industry. This proposal is based
on the Quintuple Helix Model to evolve from a state of greenhouse
gas (GHG) emissions due to the generation of electricity through the
use of fossil fuels to one where electricity generation is carried out
through renewable energy sources.

The Quintuple Helix supports the formation of a win-
win situation between ecology, knowledge, and innovation, creating
synergies between economy, society, and democracy (Carayannis
et al, 2012). It can be successfully achieved through the active and
committed cooperation of the various stakeholders (subsystems): 1.
Political System (Government), 2. Education System (Academia),
3. Economic System (Industry), 4. Media-Based and Culture-Based
Public (Civil Society), and 5. Natural Environment. Each of these
five helixes (subsystems) has a special and necessary asset at its
disposal, with a social and academic (scientific) relevance for its use,
as indicated below.

2.2.1. Political system (government)

The political system or government establishes, organizes, and
administers the general conditions of the state (nation-state). It
formulates the objective of where the state is heading concerning
the present and the future through laws, policies, projects, and plans
(Barth, 2011; Carayannis et al., 2012; Sanchez-Herndndez et al.,
2020).

Government support for the energy transition in the electric
power industry in Mexico is necessary since it establishes the
legal framework, national objectives, and pricing policies, and
makes strategic decisions to support the development of renewable
energies (Vargas et al, 2016). Consequently, the development
of energy policies integrated into economic, industrial, labor,
educational, social, and environmental policies in favor of electricity
production/consumption from renewable sources is mandatory
(Hoekstra et al., 2017; IRENA, 2020). In parallel, financial support
is a key factor for the success of renewable energy integration. The
government can create the framework and necessary conditions to
encourage this type of support and investments from public or private
sources for the early stages of technology development, capital,
and/or operational costs (Abdmouleh et al., 2015; Liu and Chu, 2019).

Similarly, the government can incentivize renewable energy
development by establishing strategic plans and mechanisms such
as green subsidies for clean and renewable energy and imposing
carbon or energy taxes on conventional energy sources, to modify
the levels of fossil energy production and consumption (Abdmouleh
et al,, 2015; Zhao et al, 2017). This contributes to improving the
efficiency of capital allocation in the electricity sector because the
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externalities (costs imposed on society due to air pollution and
climate change) derived from the use of fossil fuels are not fully valued
in the electric energy price (Pikk and Viiding, 2014; Taylor, 2020).
Likewise, it is of utmost importance to avoid the loss of electricity,
which, can be caused by storage, transformation, transportation, and
distribution, as well as administrative errors, anomalies in metering,
self-connected customers, and electricity theft (Vargas et al., 2016;
CEPAL, 2022). In addition, to raise awareness and encourage the
participation of the population in the transformation of a low-carbon
electricity sector, the government can carry out non-formal education
and outreach programs and campaigns on climate change, promote
sustainable consumption and the use of renewable energies, at federal,
state, and municipal levels (Yanfei and Zhao, 2008; Kuzemko et al.,
2016; INECC SEMARNAT, 2018). In accordance with the previous
text, Hy is introduced:

Hj: G-Government -> ET-Energy Transition

2.2.2. Education system (academia)

The education system refers to academia, universities, research
centers, higher education systems, and other institutions focused
on academic activities and contains human capital, i.e., students,
teachers, scientists/researchers, and intellectual capital, that is,
knowledge (Barth, 2011; Carayannis et al., 2012). Knowledge is the
basis for economic development and social progress; it is crucial for
value creation (Wehn and Montalvo, 2018), and technology is the
set of knowledge and techniques, which, applied in a logical and
orderly manner, allow human beings to modify their environment to
meet their needs (Tabares Quiroz and Correa Vélez, 2014). Because
of the growing need to reduce GHG emissions from electric power
generation, research, knowledge creation, and technology generation
are fundamental for making the shift to a sustainable electricity
system (FAES, 2018; Lantz et al., 2021; Sandin and Benner, 2022).
Universities and research centers are indispensable, as they are
the main source of knowledge and technology generation. In this
sense, the knowledge and technology transfer between academia and
industry is indispensable for innovation as it allows the adaptation of
scientific research results to their application in the marketing, sale,
and use of goods and services to meet economic and social demands
(Miskiewicz, 2018; de Wit-de Vries et al., 2019; Thomas and Paul,
2019). Within this context, knowledge and technology transfer is a
key element for the development of a low-carbon electricity sector
(Fernandez Sanchez et al., 2016; Miskiewicz, 2018; IRENA, 2020).

For its part, the development of human capital is indispensable
for the success of the energy transition. In coordination with
the government, strategic planning and collaboration between
educational institutions and renewable energy industries are
necessary for the development of integrated cooperative education,
training, and learning systems to reduce mismatches between the
demand and supply of skills (Lucas et al., 2018; Maier et al., 2019;
IRENA, 2020). Having conveyed the previous ideas, the following
hypotheses are explained:

H,: A-Academia -> G-Government

Hj: A-Academia -> ET-Energy Transition
Hy4: A-Academia -> NE-Natural Environment
Hs: A-Academia -> CS-Civil Society

He: A-Academia -> I-Industry.
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2.2.3. Economic system (industry)

This helix, also called industry, comprises firms, services, and
industries, and therefore focuses on the economic or financial capital,
that is, money, technology, services, products, etc. of a nation-state
(Barth, 2011; Carayannis et al., 2012). The growing energy demand
must be accompanied by increased investment in renewable energy
to meet this demand, diversify the electricity supply, and thus reduce
GHG emissions (Chapman et al., 2018). Energy infrastructure and
distribution grid systems require large-scale investment because they
are the basis for electrification, capacity expansion, energy flexibility,
and demand management (Monitor Deloitte, 2021; BloombergNEF,
2022). Similarly, investments offer benefits to society such as
sustainability, incentivizing competitiveness by contributing to the
decrease in the price of electricity, increasing employment, and
contributing to the development of the economy (Fragkos and
Paroussos, 2018; IRENA, 2020). The deployment of renewable
energies in the electric power industry generates direct, indirect,
and induced jobs, which exceed the loss of jobs in conventional
technologies. Jobs arise from activities related to electricity generation
(renewable energies, energy efficiency, power grids, and energy
flexibility) (Fragkos and Paroussos, 2018; IRENA, 2020).

In turn, innovation in the electric industry reduces costs and
creates additional investment and business opportunities, in addition
to making this sector a more efficient, competitive, and sustainable
environment (DigitalES, 2019; IRENA, 2019¢; United in Science,
2019). Innovation in areas such as grid digitalization, the Internet
of Things (IoT), clean technologies, energy efficiency, electric energy
storage, services, and business models, brings disruptive solutions
that redefine and streamline the future of the low-carbon electricity
industry (Kuzemko et al., 2016; Hoekstra et al., 2017; Olkkonen
et al, 2017). In this sense, digitalization is a key factor for the
transformation of the electricity sector, as it allows for managing
large amounts of data, optimizing the electricity system, improving
the performance and quality of service for consumers, and reducing
costs and GHG emissions (IRENA, 2020; Torres and Eguia, 2020).
It also facilitates the transformation to a system with decentralized
renewable generation based on smart grids, increasing the number
of connected devices, i.e., distributed generation (prosumers), smart
meters, devices (IoT), etc. (Pacte industrial de la Regié Metropolitana
de Barcelona, 2016; DigitalES, 2019). Therefore, the implementation
of smart meters stands out, which allows the exchange of information
regarding the state of the grid, reduces the time of supply
interruption, and facilitates the active participation of the consumer
in the electricity market by encouraging the use of renewable
resources (Gil et al., 2017; DigitalES, 2019; Torres and Eguia, 2020).
In connection with the previous text, the following hypotheses
are introduced:

Hy7: I-Industry -> ET-Energy Transition
Hg: I-Industry -> NE-Natural Environment
Ho: I-Industry -> CS-Civil Society.

2.2.4. Media-based and culture-based public (civil
society)

The subsystem of the media-based and culture-based public,
known as civil society, integrates and combines social capital and
information capital. On the one hand, it contains social capital
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through the culture-based public, i.e., traditions, lifestyles, customs,
and values (Barth, 2011; Carayannis et al., 2012). This capital is
important and intangible (Makridisid et al, 2021) and includes
the connections between individuals, social networks, and forms
of reciprocity and trust that improve the efficiency of society by
facilitating coordinated actions (Messner et al., 2004; Kawachi, 2006;
Yip et al., 2007). Societies with higher levels of social capital function
better and are more democratic, safer, wealthier, healthier, happier,
and less corrupt (Makridisid et al., 2021). On the other hand, it has
information capital, such as news, social communication, etc. using
public based on media, for example, television, radio, newspapers, etc.
(Barth, 2011; Carayannis et al., 2012).

The transition to a sustainable electricity sector can be achieved
if citizens are empowered as active agents of change and if citizen-
centered action steps are taken (Pel et al., 2021; Wahlund and
Palm, 2022). Energy citizenship is related to meaningful public
engagement and increased awareness of the need for a rapid,
just, and inclusive energy transition focused on behavioral change
and ways of active participation of individuals in energy systems
(Vanegas Cantarero, 2020; Beauchampet and Walsh, 2021). Active
participation of citizens refers to individual practices such as the
adoption of renewable technologies, energy efficiency measures,
use of household energy technologies, joining energy communities,
supporting local initiatives, participating in energy decision-making,
etc. Similarly, the active participation of prosumers (consumers +
producers) in energy production contributes to the decentralization
of the energy system, encourages energy efficiency, and reduces GHG
emissions (Hoekstra etal., 2017; IRENA, 2019a; Yang et al., 2019). The
digitalization of the electric system makes it easier for consumers to
know how their consumption habits affect their electricity bills, giving
them the ability to control and optimize their energy consumption
(IRENA, 20205 Pel et al, 2021). After having brought up those
statements, the next hypotheses are conveyed:

Hjo: CS-Civil Society -> ET-Energy Transition
H;;: CS-Civil Society -> G-Government
Hj,: CS-Civil Society -> NE-Natural Environment.

2.2.5. Natural environment

The natural environment provides natural capital, which is made
available to the people (Barth, 2011). It also guides decisions and
provides information about sustainable development (Carayannis
et al., 2012). The natural environment is the space where the life
of living beings develops; it is a system formed by natural and
artificial elements that interrelate and are modified by human action
(Shende et al., 2015). To encourage and raise awareness in society and
governments about the importance of caring for the environment,
the sustainable use of its natural resources, and the social good,
several non-governmental organizations (NGOs) and associations
have emerged (Robina-Ramirez et al., 2022). These organizations are
committed to the defense of nature and the environment; therefore,
they provide expert advice to the government (Kacar and Kartal,
2014; Roa and Alonso, 2015), i.e., secretariats, public institutions,
city councils, politicians, etc. on various topics. In addition, they
foster dialogue, agreements, and lobbying mechanisms to make
the government comply with the commitments established in the
constitution and/or international agreements and public policies to
respond to the needs and demands of society (Bobadilla Diaz and
Barreto Huamén, 2014; Servos and Servos, 2019).
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NGOs and associations incentivize the transformation of
the electric power industry and climate change mitigation. For
example, distributed renewable energy sources projects provide local
distributed employment integrating renewable energy needs with the
interests of local communities contributing to ecology, sustainability
of their economies, and encouraging self-consumption (Scholten and
Bosman, 2016; Campos and Marin-Gonzalez, 2020; IRENA, 2020).
These challenges require citizen awareness and participation, which
is why they carry out informative campaigns, conferences, debates,
etc. through various mass media (Yanfei and Zhao, 2008; Kacar
and Kartal, 2014; Roa and Alonso, 2015; Dai et al., 2017). Having
conveyed the previous ideas, H;3 and Hy4 are introduced:

H;3: NE-Natural Environment -> ET-Energy Transition
H14: NE-Natural Environment -> G-Government.

2.3. Sample and population

According to Lepkowski (2008), the choice of the target sample
was directed toward sectors directly related to the object of the
sample. The respondents were recruited using purposive sampling
(Roeters, 2014). For this purpose, several Mexican government
agencies directly related to the electric power sector were selected,
such as the Energy Regulatory Commission (CRE, for its acronym
in Spanish), the National Commission for the Efficient Use of
Energy (CONUEE, for its acronym in Spanish), the Ministry of
Energy (SENER, for its acronym in Spanish), and the National Energy
Control Center (CENACE, for its acronym in Spanish). In addition to
incorporating these specific energy production bodies, we include the
Federal Chamber of Deputies and the Senate as transmitter vehicles
and connectors of the rest of the parts of the helix model, since in both
chambers there are bodies representing the “Academia,” “Industry;’
“Civil Society,” and “Natural-Environment.”

The distribution of employees in each of these bodies is as follows:
CRE had 91 employees, CONEEE had 105 employees, SENER had
499 employees, CENACE had 639 employees, Federal Chamber of
Deputies had 500 employees, and the Senate had 128 employees. In
total there were 1,962 employees. In April, a letter explaining the
objective of the investigation was sent to each of the presidents of
the Commissions requesting their collaboration. The lack of response
from some commissions led to a second, and sometimes a third letter,
being sent. They were asked to send the final questionnaire by internal
communication to all their employees, and a representation of 15
employees per Commission was asked to help carry out the pre-test of
the study. The questionnaire was validated by 47 employees from all
the commissions, accepting the indicators and making modifications
to the wording of the questions in the final questionnaire. The
questionnaires were sent out during the month of July. A total of 995
questionnaires were collected, representing 51% of the total sample.
Table I shows the demographic variables such as gender, age, and
education of the employees.

2.4. Selection of indicators
The Quintuple Helix Model as an analytical and decision-
making framework was implemented through the involvement

of the different stakeholders of each helix or subsystem in the
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TABLE 1 Demographic characteristics of inhabitants (n = 995).

Attributes Employees Frequency
Gender Female 597 60%
Male 398 40%
Total 995 100%
Age 18-25 102 10%
26-35 195 20%
36-45 265 27%
46-55 301 30%
56-65 111 11%
Older than 66 21 2%
Total 995 100%
Education Without studies 11 1%
Primary studies 109 11%
Secondary 256 26%
studies
High school 298 30%
University 321 32%
studies
Total 995 100%

electric power sector in Mexico, as follows: 1. Government:
CRE, CENACE, CONUEE, SENER, Federal Chamber of Deputies
and the Senate; 2. Academia: Researchers and academics from
various universities, research centers, and educational institutions
for technical professionals and high school technical professionals;
3. Industry: Staff from CFE and personnel from private electricity
generation companies; 4. Civil Society: Consumers; and, 5.
Natural Environment: Environmental NGOs and renewable energy
associations. The conceptual model is formed by six constructs and
twenty-four indicators, all of which were obtained from the literature
and are summarized in Table 2.

2.5. PLS-SEM data methods

Partial least squares structural equation modeling (PLS-SEM)
is a second-generation multivariate method that can be defined
as a combination of simultaneous factor analysis and multiple
regression analysis (Wong, 2013; Ravand and Baghaei, 2016). Its
objective is to test the degree of fit of an observed data set to
a hypothesized model represented through a plot of trajectories.
This methodology has gained greater emphasis in recent years
in various research areas because it overcomes the weaknesses of
first-generation multivariate techniques, such as multiple regression,
cluster analysis, or analysis of variance (Haenlein and Kaplan, 2004).
It allows the simultaneous examination of a series of dependence
relationships between independent and dependent variables (Gefen
et al., 2000), between observed and latent variables, as well as
between latent variables, and takes measurement error into account
(Ravand and Baghaei, 2016). For the use of structural equation
modeling (SEM), a strong theoretical foundation and justification of
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the studied phenomenon are required to achieve the specification of
the dependence relationships and for the estimation of the proposed
model (Mulaik, 2009). Therefore, SEM can be used to test theoretical
assumptions with empirical data (Haenlein and Kaplan, 2004).

In SEM, two types or approaches can be found, the covariance-
based (CB-SEM), recommended for testing, contrasting, or
confirming theories, and the based-on variance or partial least
squares method (PLS-SEM), which aims to maximize the explained
variance of the dependent variables by adopting an ordinary least
squares estimation method and is recommended when the objective
is the prediction and development of new theories (Chin, 2010; Hair
et al,, 2011; Wong, 2013; Ravand and Baghaei, 2016). In addition,
PLS-SEM is a more flexible modeling methodology since (1) it has
no assumptions regarding the multivariate normality distribution
of data because it is a non-parametric method; (2) it is robust to
the presence of missing values; (3) it can use minimum sample
sizes; (4) the number of items of each construct measured can be
only one or more and in the relationships between latent constructs
and their indicators (observable variables) reflective and formative
measurement methods can be incorporated; (5) it assesses the
reliability and validity of measurement models using various criteria;
and (6) there is a high degree of statistical power (Dijkstra and
Henseler, 2015; Ravand and Baghaei, 2016).

For the development of this model, the following decisions were
made about the nature of the constructs and indicators involved in
it: (1) the 5-helix model was modeled as a composite (Bollen, 2011;
Bollen and Bauldry, 2011; Henseler, 2017) that can be estimated
in Mode A or correlation weights (Henseler et al., 2014; Sarstedt
et al,, 2016), i.e., a composite whose indicators are expected to
correlate with each other; (2) the presented model was measured
across six reflexive common factor constructs (Henseler et al,
2016b), as they are behavioral constructs of the analyzed individuals
(Henseler, 2017); and (3) given the nature of the indicators, they
were constructed as reflexive common factor models, measurement
models in which the variance of the indicators is assumed to be fully
explained by the latent variable and random errors, these errors being
uncorrelated with each other.

The evaluation of the measurement model and the structural
model were developed using structural equation modeling (SEM),
with a causal-predictive analysis approach (Shmueli et al., 2016; Hair
etal., 2017,2019). We used the multivariate PLS technique to process
the information obtained from the questionnaires. Specifically, the
study used the partial least squares (PLS) technique, through the
Smart PLS V3 2.6 program. This version is especially recommended
for composite models (Rigdon et al., 2017). This technique is ideal
in social science analysis (Henseler, 2017) due to the precision of
its predictions; this means that the model can be replicated in other
settings (Carmines and Zeller, 1979).

2.6. Hypothesis and model

Based on the documentary compilation and the literature review
which were carried out, a set of hypotheses were provisionally
established as the basis of the research to respond in an alternative
way and with a scientific basis to the problem of the energy transition
in the electricity industry in Mexico. According to this series of
assertions and the PLS-SEM methodology, a model was designed
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TABLE 2 Model for energy transition in electric power industry.

10.3389/fsuep.2022.1047675

‘ Constructs Indicators References ‘
Energy transition ET, GHG emissions Aratjo, 2014; Singh et al., 2019; IRENA, 2020; World Economic
Forum, 2021
ET, Price Pikk and Viiding, 2014; Taylor, 2020
ET; Electrification rate Monitor Deloitte, 2021; BloombergNEF, 2022
ET, Share of electricity from renewables FAES, 2018; Lucas et al., 2018; Miskiewicz, 2018
ETs Security of electricity supply Aratjo, 2014; Singh et al., 2019; IRENA, 2020
Government (political system) Gy Investment Abdmouleh et al., 2015; Liu and Chu, 2019
G, Cross-cutting and coherent policy making Hoekstra et al.,, 2017; IRENA, 2020
Gs Taxes and subsidies Abdmouleh et al., 2015; Zhao et al., 2017
Gy Information and best energy practices Yanfei and Zhao, 2008; Kuzemko et al., 2016; INECC SEMARNAT,
dissemination 2018
Gs Energy eﬂiciency Vargas et al., 2016; CEPAL, 2022
Academia (education system) Ay Research in cutting-edge energy technologies FAES, 2018; Lantz et al., 2021; Sandin and Benner, 2022
Ay Knowledge and technology transfer Miskiewicz, 2018; de Wit-de Vries et al., 2019; Thomas and Paul, 2019;
IRENA, 2020
As High-skilled human capital Lucas et al., 2018; Maier et al., 2019; IRENA, 2020
Industry (economic system) I Investment in renewables Chapman et al., 2018; Fragkos and Paroussos, 2018; IRENA, 2020;
Monitor Deloitte, 2021; BloombergNEF, 2022
1, Green jobs Fragkos and Paroussos, 2018; IRENA, 2020
I Innovation DigitalES, 2019; IRENA, 2019¢; United in Science, 2019
Iy Digitalization Gil et al,, 2017; DigitalES, 2019; IRENA, 2020; Torres and Eguia, 2020
Civil society (media-based and CS; Energy citizenship Vanegas Cantarero, 2020; Beauchampet and Walsh, 2021; Pel et al.,
culture-based public) 2021; Wahlund and Palm, 2022
CS, Prosumers Hoekstra et al., 2017; IRENA, 2019a; Yang et al., 2019
CS; Digitalization IRENA, 2020; Pel et al., 2021
Natural environment NE,; Advising Kacar and Kartal, 2014; Roa and Alonso, 2015
NE, Influence Yanfei and Zhao, 2008; Kacar and Kartal, 2014; Roa and Alonso, 2015;
Dai et al., 2017
NE3 Projects Scholten and Bosman, 2016; Campos and Marin-Gonzalez, 2020;
IRENA, 2020
NE4 Information and best energy practices Yanfei and Zhao, 2008; Kacar and Kartal, 2014; Roa and Alonso, 2015;
dissemination Dai et al,, 2017

Source: Authors.

that proposes the sum of strategic interactions between government,

academia, industry, civil society, and the natural environment

to promote the sustainable development of the electricity sector

in Mexico. The fourteen working hypotheses to be statistically

validated are:

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)

H;.
H,.
Hs.
Hy.
Hs.
Hg.
H;.
Hg.
Ho.

The government (G) shapes the energy transition (ET).
Academia (A) influences the government (G).
Academia (A) shapes the energy transition (ET).
Academia (A) affects the natural environment (NE).
Academia (A) influences civil society (CS).

Academia (A) affects the industry (I).

The industry (I) shapes the energy transition (ET).
Industry (I) influences the natural environment (NE).
Industry (I) affects civil society (CS).

Hjy. Civil society (CS) shapes the energy transition (ET).
Hy;. Civil society (CS) influences the government (G).
Hj,. Civil society (CS) affects the natural environment (NE).
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13) Hj3. The natural environment (NE) shapes the energy
transition (ET).

14) Hyy. The natural environment (NE) influences the
government (G).

Figure 1 shows the research model to convey the relationships
among the constructs, indicators, and hypotheses.

3. Results

3.1. Measurement model results

In this section, we analyze the model’s reliability and validity
(Hair et al, 2017). The first one analyzes simple correlations of
the measurements with their respective latent variables (>0.7 was
accepted; see Table 3). For this reason, all indicators (GHG emissions,
price, taxes and subsidies, high-skilled human capital, green jobs,
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Research model.
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energy citizenship, and advising, among others) associated with a
particular construct or latent variable (energy transition, government,
academia, industry, civil society, or natural environment) are highly
correlated with each other.

Table 4 shows the main parameters. Cronbach’s alpha coefficient
was used as a reliability index of the latent variables. In addition, the
composite reliability was calculated. To measure validity, the mean-
variance extracted (AVE), known as “convergent validity” (accepted
> 0.5), was evaluated (see Table 4). The discriminant validity was
verified using the Fornell-Larcker criterion (Fornell and Bookstein,
1982). This was accepted as the square root of the AVE of each item
exceeded the correlations with the other latent variables.

Furthermore, according to Henseler et al. (2015), the best
technique to detect the lack of discriminant validity is known
as the heterotrait-monotrait ratio (HTMT). Henseler et al. (2015)
proposed testing the correlations between variables using the HTMT
parameter. Since all values are <0.90, as observed in Table 5,
this condition is accepted (Henseler, 2017). Table 5 reveals that
the HTMT ratios for each pair of factors were <0.90 (Henseler,
2017).
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3.2. Structural model results

PLS-SEM aims to maximize the amount of variance explained
through the coefficient of determination (R?). The structural
evaluation of the model also analyzes the predictive relevance
(Q?), the size, and the significance of the standardized regression
coeflicients or path coefficients. The basic algorithm of the PLS
follows a two-step approach. The first step is the iterative estimation
of the scores of the latent variables, and the second step is
the final estimation of the weights, loads, and path coefficients
using the estimation of ordinary least squares p-value of >0.05
(Henseler et al., 2015) (Table 6). Figure 2 shows the results of the
PLS algorithm.

According to Henseler et al. (2016a), the best-fit criterion for
the global model is the residual root mean square normalization
(SRMR) (Hu and Bentler, 1998, 1999). A model with an adequate
fit is considered when the values are <0.08. Therefore, a value of
0 for SRMR would indicate a perfect fit and, in general, an SRMR
value <0.05 indicates an acceptable fit (Byrne, 2008). A recent
simulation study shows that a correctly specified model implies
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TABLE 3 Indicators.

A-Academia CS-Civil society ET-Energy transition G-Government I-Industry NE-Natural environment

Al 0.873

A2 0.902

A3 0.839

CS1 0.885

CS2 0.868

CS3 0.742

ET1 0.769

ET2 0.738

ET3 0.777

ET4 0.857

ET5 0.848

Gl 0.799

G2 0.844

G3 0.788

G4 0.809

G5 0.811

11 0.813

12 0.842

13 0.766

14 0.742

NE1 0.814

NE2 0.804

NE3 0.860

NE4 0.779

TABLE 4 Reliability and construct validity.

RETETEIE S Forner—Larker criterion
Alfa de rho_A CS ET €]
Cronbach’s
A 0.841 0.844 0.904 0.760 A 0.871
cs 0.782 0.822 0.872 0.696 cs 0.458 0.834
ET 0.857 0.857 0.898 0.639 ET 0.696 0.444 0.799
G 0.869 0.871 0.905 0.657 G 0.676 0.481 0.749 0.811
I 0.802 0.814 0.870 0.627 I 0.569 0.495 0.700 0.678 0.792
NE 0.831 0.833 0.887 0.664 NE 0.620 0.557 0.667 0.668 0.634 0.815
SRMR values >0.06 (Henseler et al., 2016a). SRMR is 0.065, so From these data, it is clear that the model has a predictive capacity

the model is appropriate for the empirical data used (Hair et al.,  (Chin, 1998). Following Stone-Geisser (Q*) (Geisser, 1974; Stone,
2017). 1974), all endogenous constructions comply with Q* > 0, as can
The R? values (see Table 7) obtained for the investigation led to  be seen in Table 7. Hair et al. (2017) also establish values of 0.02 as
the following conclusions: 0.67 = “Substantial”, 0.33 = “Moderate”,  small, values of 0.15 as medium, and values of 0.35 as large in their
and 0.19 = “Weak” (Chin, 1998). The result obtained for the main  predictive validity of the model. In our case, all the values exceed
dependent variable, Energy Transition (ET), in the intention to use  the maximum threshold, ET, G, and NE indicate a high predictive
the model (DCM) was R? = 68.4%. relevance, while I and CS have an intermediate predictive relevance.
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4. Discussion

The cooperation model proposed for the strategic interaction
between industry, academia, government, society, and environment
is highly significant R> = 0.684 (Chin, 1998). This means that
the model is valid for solving transdisciplinary problems related to
sustainability and social ecology (Carayannis and Campbell, 2010;
Barth, 2011). If the contribution of each of the elements in the variable
“Energy Transition” is analyzed, it is observed in Table 8 as terms
of the variance explained, the “Government” contributes to better
explain the variable “Energy Transition” (Var = 0.234). Hence, our
results suggest that the government may act as the driver of the energy
transition, which is a common result in the literature as pointed out
by Yanfei and Zhao (2008), Abdmouleh et al. (2015), Kuzemko et al.
(2016), Vargas et al. (2016), Hoekstra et al. (2017), Zhao et al. (2017),
INECC SEMARNAT (2018), Liu and Chu (2019), IRENA (2020), and
CEPAL (2022). In other words, the government is the entity that can
lead the energy transition process by modifying the electricity sector.

The “Industry” (Var = 0.188) and “Academia” (Var = 0.179)
contribute to explaining the variable “Energy Transition” to a lesser
degree. Our results indicate that the industry is a key factor for

TABLE 5 Heterotrait-monotrait ratio.

Construct DP1 DP2 DP3 EG1 EG2 EG3
A

cs 0.542

ET 0818 | 0537

G 0792 | 0571 | 0.865

I 0686 | 0611 | 0833 | 0.809

NE 0.740 | 0.670 | 0790 | 0.784 | 0.766

TABLE 6 Path coefficients.

Path coefficients

10.3389/fsuep.2022.1047675

the development of the energy transition through innovation and
digital solutions, adaptation to market trends, competitiveness, and
generation of employment and social welfare, in accordance with Gil
et al. (2017), Chapman et al. (2018), Fragkos and Paroussos (2018),
DigitalES (2019), IRENA (2019¢, 2020), Torres and Eguia (2020),
Monitor Deloitte (2021), and BloombergNEF (2022). For its part,
academia can provide and enhance education and information to
foster a critical and participatory attitude toward climate change and
the development of a sustainable electricity sector, as referred to by
FAES (2018), Lucas et al. (2018), Miskiewicz (2018), de Wit-de Vries
et al. (2019), Maier et al. (2019), Thomas and Paul (2019), IRENA
(2020), Lantz et al. (2021), and Sandin and Benner (2022).

Similarly, the other two variables with significant coefficient
determinations are NE-Natural Environment R*> = 0.546 and G-
Government R? = 0.563. In the first case, the influence of “Industry”
(Var = 0.211) and “Academia” (Var = 0.197) are determinants.
According to Doh et al. (2012) and Abenoza et al. (2015), the industry
has the capital and the influence of consumers. The knowledge,
experience, and capabilities of industry and NGOs are different and
complementary, together they can achieve more than they could
alone. For its part, linking academia with NGOs in developing
countries provides innovation in ideas, concepts, technologies, and
projects, which, increases the impact, influence, and efficiency of
NGOs and associations (MacLeod, 2009; Leege and Mcmillan, 2016).
In the second case, the changes produced in the “Government”
construct are explained thanks to the effect of “Academia” (Var
= 0.276) and “Natural Environment” (Var = 0.243). According to
authors Parker Gumucio (2014) and Vargas et al. (2016), academia
provides expertise to the government for the development of policies,
regulatory and investment frameworks, and the change toward a
cleaner mode of production and consumption patterns. Likewise,
NGOs and associations communicate and explain to the government
the opinions, needs, and demands of society and ask for responses to
them (Diaz and Bel, 2003; Roa and Alonso, 2015).

Confidence interval (%)

2.5% 97.5% t (|O/STDEV|)

H;: G->ET 0.312 0.167 0.435 4.268 0.000***
Hy:A->G 0.408 0.280 0.531 6.324 0.000***
H3: A->ET 0.257 0.128 0.376 4.071 0.000"**
Hy: A->NE 0.318 0.202 0.435 5.232 0.000"**
Hs: A->CS 0.260 0.127 0.394 3.610 0.000***
He:A->1 0.570 0.461 0.671 10.069 0.000***
H7:1-> ET 0.268 0.174 0.362 5.264 0.000***
Hg:1-> NE 0.332 0.222 0.445 5.754 0.000***
Ho:1-> CS 0.348 0.199 0.493 4.474 0.000"**
Hj: CS -> ET —0.042 —0.128 0.050 0.970 0.332

H;: CS->G 0.092 —0.021 0.182 1.809 0.071

Hy,: CS-> NE 0.247 0.139 0.367 4.265 0.000***
Hiz: NE-> ET 0.153 0.153 0.062 2.454 0.014**
Hi4s:NE-> G 0.364 0.359 0.059 6.189 0.000***

Statistical significance: *p < 0.05; **p < 0.01; **p < 0.001; n.s.: not significant (Hair et al., 2014).
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Results of the PLS algorithm. Statistical significance: p < 0.05; p < 0.01; p < 0.001; n.s.: not significant.

TABLE 7 Coefficient of determination (R?) and Stone-Geisser test (Q?).

Constructs R? Q?
CS-Civil society 0.291 0.192
ET-Energy transition 0.684 0.419
G-Government 0.563 0.357
I-Industry 0.325 0.195
NE-Natural environment 0.546 0.354

On the other hand, in terms of variance explained, “Civil Society”
does not contribute to explaining the variable “Energy Transition”
(V = —0.019), likewise, its influence on the variable “Government”
is minimal (V = 0.044). These results can be explained by the fact
that citizen participation in Mexico is very low in this type of issue
due to several factors: the lack of information, the fact that most
of these issues are solved by the citizens themselves due to low
governmental performance, distrust in institutions, and because they
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do not feel represented, they consider it unnecessary to get more
involved. Some others think that the solution to them is only the
government’s responsibility (Serrano Rodriguez, 2015; Del Tronco
and Ramirez, 2021). However, “Civil Society” influences the variable
“Natural Environment” (V = 0.138) since when citizens are members
of associations, NGOs, etc. they tend to participate more in the
solution of community problems (Del Tronco and Ramirez, 2021).

If the hypotheses are analyzed, twelve are significant and
two are not. This indicates that the model, in general terms,
has established relationships between constructs that are largely
accepted by the large sample that participated in the study.
Above all the hypotheses, the close relationship between the
variables “Academia” and “Industry” (He: A I, p: 0.570, t: 10.069)
stands out. This relationship is grounded in the fact that the
transfer of knowledge and technology between academia and
industry creates an intangible network of support, which drives
innovation, growth, and prosperity of the economy (de Wit-de
Vries et al, 2019; Thomas and Paul, 2019). A key element for
the development of a low-carbon power sector (Miskiewicz, 2018;
IRENA, 2020).
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TABLE 8 Analysis of variance by constructs.

10.3389/fsuep.2022.1047675

Adjusted R? Q? Direct effect Correlation Variance explained

ET 0.684 0.419

G 0312 0.749 0.234

NE 0.153 0.667 0.102

cs —0.042 0.444 —0.019

I 0.268 0.702 0.188

A 0.257 0.696 0.179
0.684

I 0.325 0.195

A 0.57 0.57 0.325

cs 0.291 0.192

A 0.26 0.458 0.119

1 0.348 0.496 0.173
0.292

NE 0.546 0.354

A 0318 0.62 0.197

I 0332 0.635 0211

cs 0.247 0.557 0.138
0.546

G 0.563 0357

A 0.408 0.676 0.276

cs 0.092 0.481 0.044

NE 0.364 0.668 0.243
0.563

CS, Civil society; ET, Energy transition; G, Government, I, Industry; NE, Natural environment.

There is also a special significance to the relationship between
“Academia” and “Government” (Hp: A G, B: 0.531, £ 6.324).
It is logical to think that academia provides scientific support,
empirical evidence, and expert knowledge to the government on
technological, social, and economic issues so that it can establish the
legal framework, national objectives, and strategic decision-making
necessary to incentivize the transformation of the electricity sector
(Vargas et al., 2016; Glied et al., 2018).

The statistical analysis rejects hypotheses Hjp (CS ET, B:
0.050, t: 0.970) and Hj; (CS G, B: 0.182, t: 1.809). The poor
relationship between the variables of the two hypotheses is
explained because the participation of Mexican citizens in
matters related to community problems is infrequent due
to distrust in institutions, lack of information, and because
they consider that public problems should be solved by the
government (Serrano Rodriguez, 2015; Del Tronco and Ramirez,
2021).

In general, the statistical analysis indicates that in Mexico it is
feasible to adopt a five-helix approach, but it is not fully developed,
much less consolidated. So, returning to particular relationships:

e It is clear that the government plays a fundamental role in
Mexico’s energy transition. From the results, one could interpret
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the Mexican government as the intermediary driver. This
contrasts with other countries where academia has driven this
process (the Netherlands, for example). This would imply that
the government should strengthen the structural change of
the energy market by promoting the activities of CENACE,
CRE, and CNH (National Hydrocarbons Commission, for its
acronym in Spanish), but the opposite is currently happening.
Possibly, with these results, it could be suggested that CENACE
should promote the updating of energy infrastructure, CRE
should encourage competition to increase consumer welfare,
and CNH should promote technology transfer with academia.

e The work reflects the lack of social participation. This is an
expected result because public policies focused on the consumer
only reward those who consume less. In other words, the CFE
promotes lower consumption but is not a substitution for clean
electricity. There is also no clear strategy for people to produce
energy. These types of public policies only benefit small and
medium-sized companies. It is important to emphasize that
social mechanisms for participation in the energy transition
practically do not exist; those that do exist only integrate
certain types of companies. Then, in addition to the subsidy
for low consumption, Mexico could implement subsidies for the
connection of solar panels to the grid or withdraw the subsidy
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received by the CFE to encourage the search for other suppliers
(which exist but are not developed due to lack of demand).

The network of technology transfer offices in Mexico is
an initiative with an “appropriate origin”,but it has never
been consolidated. Perhaps, due to the relationship between
government and academia, it would be convenient to change
the agent that controls them. Its administration should be
transferred to academia, and the development of academic
programs focused on energy transition should be promoted.
Another point that can be discussed is the lack of development
in the energy market. In recent years, it has returned to a
monopolistic situation, instead of promoting short, medium,
and long-term markets.

5. Conclusion

Due to the wealth of renewable resources in Mexico, as
well as the urgent need to achieve the transformation of the
electricity sector and the mitigation of climate change, an exploratory
model based on the Quintuple Helix Model was proposed as
an analytical and decision-making framework to promote the
production and consumption of clean/renewable electricity and
reduce GHG emissions. It proposes a cooperation system and
transfer of knowledge, know-how, and innovation through the active
and committed collaboration of government, academia, industry,
civil society, and the environment through the sum of strategic
interactions to achieve the sustainable development of the electricity
industry in Mexico, as well as to provide relevant information to
decision-makers in the energy transition of the electricity industry
and similar transition processes.

This study concludes that the five-helix approach is valid to
solve transdisciplinary problems related to sustainability and social
ecology, in this case, to evolve from a state of greenhouse gas
(GHG) emissions due to electricity generation through the use of
fossil fuels to one where electricity generation is carried out through
renewable energy sources and can be replicated in scenarios with
similar socioeconomic characteristics. In Mexico, it is possible to
adopt such an analytical and decision-making framework, however,
it is not fully developed and consolidated. In addition, it became
clear that the government is the most appropriate intermediary
driving agent for the development of the energy transition in
the electricity industry, i.e., the government is the one that can
lead and drive the energy transition process by modifying the
electricity sector.

Likewise, industry and academia are key players in achieving
the energy transition. The importance of industry lies in the fact
that innovation, competitiveness, the generation of green jobs,
and social welfare are fundamental to encouraging the sustainable
development of the electricity industry. Likewise, the collaboration
of academia is indispensable since it is the main source of
knowledge and technology generation, which are indispensable
for the training of highly qualified human capital; advising
the government for the development of policies, regulatory and
investment frameworks, and the change toward a cleaner mode of
production and consumption patterns, as well as facilitating and
enhancing information to promote collective actions and a critical
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and participatory attitude of society to achieve the energy transition
in the electricity industry.

In the particular case of Mexico, the civil society, namely
consumers, do not contribute to the energy transition in the
electricity industry, but as part of NGOs or associations, they
participate and have the influence to achieve the transformation
of the electricity sector. Consequently, in Mexican society, it is
important to encourage citizen participation in matters related to
community problems. The government must emphasize the creation
of public policies and mechanisms that motivate civic involvement
in social problems and decision-making processes and facilitate
access to information to transform the prevailing civic culture.
On the other hand, it is convenient that academia encourages the
sensitization and awareness of the population on the importance
of the change to a sustainable electric industry and climate change
mitigation through its technical training programs, university,
and postgraduate programs, as well as in basic and high school
education programs.

5.1. Future research lines

The results drawn from the study have allowed us to understand
the importance of developing other lines of research. It is
suggested that future researchers explore a temporal approach
to citizen participation in the energy transition in the electric
power industry, that is, how citizen participation accelerates
or delays the change to a sustainable electricity sector. It
is also recommended that future researchers investigate, in
detail, the current patterns of social participation in communal
issues to know the type of mechanisms necessary to implement
a changE to a low-carbon electricity sector and/or similar
transition processes.
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