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ARTICLE INFO ABSTRACT

Keywords: Through the decades Mexico has gone through different transition stages in its national energy sector, aiming to
Energy democracy adopt the best practices from Europe and North America. Since the 2013 energy reform implementation, strate-
Energy transition gic and structural changes have been made to strengthen the energy transition process. This research analyses

Energy nexus
Legal framework
Social challenges

the structural changes in the energy industry due to a reform that promotes a transition from a vertical scheme
directed by a state monopoly to a liberalized scheme allowing private sector participation through new market
mechanisms. In this way, a review of the legal and regulatory framework is presented where new bodies are
created or assigned to manage and regularize the several agencies and actors in the sector. Additionally, a multi-
axial analysis of the main challenges of implementing renewable energy mega-projects is proposed, considering
a structural and socio-cultural approach based on case studies. This analysis reveals that these challenges have
political, economic, socio-cultural, and environmental implications, which should generate mechanisms built by
the wide variety of stakeholders engaging with the sustainable transition.
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nature for every country in the world. Different policies are continuously
implemented to promote economic development along with the genera-
tion of energy projects. In the last two decades, the dimensions of envi-
ronmental protection and national security have acquired relevance for
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the energy sector. The phenomenology of energy markets has evolved;
some of the causes are associated with technological advances, the con-
stant search for minimizing production costs, continued innovation in
designing strategies to connect supply and demand and taking advan-
tage of information technologies and new market schemes. In addition
to these phenomena, the integration of renewable energy applications
has been carried out. Based on such a dynamic landscape, the countries’
energy policy is in continuous reform to adapt to this multidimensional
dynamic.

Some studies around the world discuss about different energy nexus
and their contribution. Dai et al. [1] mentions that studies of energy-
water nexus are increasing, however, there are very few approaches
that offer support to governments and implement technical solutions.
Marinelli et al. [2] found that energy savings and emission reductions
can be achieved by reconfiguring a water treatment plant to obtain and
reuse water instead of wastewater discharge. Usman et al. [3] analyze a
causal connection between economic growth, foreign direct investment,
energy use (conventional and renewable), with trade openness and eco-
logical footprint. In addition, they suggest associating economic growth
with clean energy and environmentally friendly technologies, expand-
ing the share of renewable energy in America. Stringer et al. [4] pro-
pose a methodology for resilience trajectories from a multidisciplinary
perspective. On the part of the photovoltaic nexus, Karasmanaki et al.
[5] found that most studies or methodological frameworks do not explic-
itly place social justice at the center of the discussion. Also analyzes the
economic and environmental factors that affect the decision to invest in
photovoltaic installations.

A process of Energy Reform (ER) implies Structural Changes (SC) in
a country, modifying the role of the state, either with changes in the
mission of its institutions or the creation of new ones. Therefore, energy
reforms impact regulatory frameworks, and the way markets operate, as
well as the orientation of public policies. When a country decides to de-
sign and implement a Reform, it involves a set of SC. Structural changes
analyzed by CEPAL and OLADE in Latin America and the Caribbean
have reported a trend of energy markets liberalization since the early
1980’s [6,7]. On the other hand, the planet’s challenges are related to
the fight against global warming. According to the Intergovernmental
Panel on Climate Change (IPCC), this phenomenon leading cause is the
increase in the concentrations of Greenhouse Gases (GHG) in the atmo-
sphere, which has an anthropogenic origin associated with fossil fuel
burning [8]. Therefore, the actions involve reforming the energy sec-
tors to trigger an energy transition [9]. One of the steps that were taken
at the global level is remarked in the Conference of the Parties (COP22)
where various countries committed to achieving 100% electricity gen-
eration through renewable energy sources. Throughout 2016, 117 coun-
tries submitted their first contributions at the national level under the
Paris Agreement [10], and 55 of these countries presented renewable
energy targets, including Mexico.

The Mexican electricity system has undergone a series of changes
since its nationalization in 1960 [11], one of the most relevant being
the opening of the energy generation echelon to private entities through
generation contracts specified in the 1991 legal system [12]. However,
these changes in Mexican legislation were not considered as a reform. It
was not until 2008 that a reform to the Mexican energy sector was pro-
moted that mainly included SC in the hydrocarbon sector, but it was ul-
timately rejected [13]. Lajous A. [14] pointed out the speed with which
the Mexican ER was approved in December 2013 and concluded that
a stabilization and consensus time was necessary for adequate regula-
tion due to the lack of trained human resources to serve the new public
regulatory institutions, considering the government’s need for special-
ized external consultancy. Moreover, Alpizar-Castro [15] highlights that
with the approval of the reform, two opposing views arose, defenders
and opponents, according to specialist consultants in the field. Further,
Gonzalez-Lépez & Giampietro [16] consider that the effects of the re-
form need time to mature for the new institutional arrangements and
point out the trade-off between improving the autarky of gasoline and
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associated with its consumption, the consequent increase in GHG emis-
sions.

At a socio-economic level, Moshiri & Martinez Santillan [17],
through an econometric model, found that the energy demand in Mexico
is elastic concerning income. Therefore, the impact of energy prices in
low-income households is more significant than those with middle and
high income, concluding that this justifies that a compensation package
for the reform would be socially acceptable. In addition to this socio-
economic dimension, the ER and its consecutive SC open debates related
to concepts like energy democracy, which are of great relevance for in-
ternational academic discussions that revolve around transitions and en-
ergy justice [18,19]. Although the specific definition of this concept is
still at the center of intense academic debate, there is a consensus about
its importance in expressing the need for more inclusive, equitable, and
low-carbon energy systems [20]. The relevance of this energy democ-
racy principle can be traced to the sub-national level in Mexico through
its incorporation into climate change laws at the state level. Such is the
case of the general climate change law of the state of Querétaro, where it
is recognized that "the principle of energy democracy, which represents
the shared responsibility of citizens, institutions, productive sectors and
public authorities, regarding the use of renewable energy as a common
good, in the way that best guarantees fair, equitable, collective and sus-
tainable development" [21]. Nevertheless, it still seems complicated to
describe how this principle can be implemented practically through SC
after the ER at the national and sub-national levels. Contrasting with
principles of energy democracy, Zarate et al [22] argue that the social
problems of indigenous communities, a product of the mega-projects of
renewable energy on the Isthmus of Tehuantepec, Oaxaca are related to
the absence of land use planning norms, the lack of resolution mecha-
nisms for the conflicts of property rights issued for communal and social
control, besides, there is a lack of institutional interest in guaranteeing
local participation in project planning and in correcting existing top-
down political and operational practices.

In this context, in Mexico ER is in a transition stage, where chal-
lenges that were not contemplated at the time of its operational im-
plementation have been visible. Therefore, a new multidisciplinary re-
search field is emerging. This case study was focused on five axes that
involve economic, organizational, environmental, socio-cultural, plan-
ning and water aspects. In order to address the different energy links, a
methodological framework was presented that consists of clarifying the
energy context and the changes that the reform seeks, and then qualita-
tively exploring the challenges that arise from it. In energy nexus stud-
ies, methodological frameworks are generally proposed that aspire to
explore energy relationships with different dimensions of analysis. The
study analyzes the trajectory of the ER process that seeks the liberaliza-
tion of energy markets and draws essential conclusions that undoubtedly
serve as a reference and orientation in this new global energy transition
dynamic. In a first stance, this paper aims to present a general and sum-
marized historical review of Mexico’s experience before and after the
2013 energy reform, considering two crucial axes related to energy pol-
icy: the legislative and the organizational structure. Additionally, this
paper classifies some of the main challenges faced by this new reform
for the first time, based on observations, readings, and analysis of re-
cently reported local studies. This work’s main objective is to provide a
currently lacking in-depth understanding of the Mexican ER case study
in academic literature, potentially leading to the formulation of better
solutions by achieving a transition that contributes to the criteria of sus-
tainable development.

The present work is organized into three sections. The first presents
a historical overview of the Mexican energy system, from establishing
the foundations of the country’s energy infrastructure to the liberaliza-
tion of the energy sector. Section 2 presents the structural and regula-
tory changes derived from the 2013 energy reform. Section 3 presents
the capacity of the national electric system, Finally, the last section
classifies and discusses the challenges generated as a result of this
reform.
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2. Historical review of the legislation of the Mexican energy
system

Chronologically, the history of electrical energy policy legislation in
Mexico is divided into three main periods. The following section pro-
vides a brief historical overview of these periods, which are: 1) foun-
dation of the bases for the development of the country’s electrical in-
frastructure (1880-1959); 2) nationalization and consolidation of the
electricity sector (1960-1990): and 3) transition and liberalization of
the sector (1991-2013).

2.1. Foundations and legal bases of the legislation in electrical energy
(1880-1959)

The Mexican electricity sector had its emergence in the last quarter
of the 19th century as a product of the rising industrialization of the
country. Derived from the early linkages of the electrical system with
private industry in the country: textile and mining, coming from coun-
tries such as England and Canada. During its early years, the Mexican
energy sector was characterized by the lack of government regulations,
as well as the implementation of an economic policy that favored the
hegemony of foreign private capital companies, allowing them to con-
centrate control over transmission, distribution and commercialization
of electricity in the country [23]. The foregoing brought the emergence
of various problems in the sector, such as inequity and abuse in the
collection of electricity rates and the inability to interconnect between
systems with different characteristics [24]. Therefore, the development
of the electrical system in its early stages was not connected with provid-
ing energy services to the population, but to supplying a nascent private
industry. Less than 50% of the population was supplied with electricity,
focusing the supply on large cities and ignoring rural areas as it did
not represent economic benefits for electricity companies. In response
to this scenario, the Mexican government created in 1920 the National
Commission of Motive Force whose main objective was to curb the ex-
cessive profit of the electricity monopolies and to obtain governmental
control over the operations of the sector. These measures were comple-
mented with establishing the National Electrical Code in 1926, which
defined the technical specifications for the generation and distribution
of electricity in the country, declaring electricity as a public service and
granting Congress powers for its legislation [25].

During the 1930s, the Mexican government carried out two funda-
mental actions to ensure the growth of the national electricity infras-
tructure and give rise to its legislation. The first of these was the cre-
ation of the Federal Electricity Commission (CFE) in 1937, which was
established as a public owned company whose main functions included
establishing the country’s electrification program, as well as organizing
and directing generation, transmission, and distribution of electrical en-
ergy [26]. The second relevant action was the declaration of the Elec-
tricity Industry Law (LIE) in 1939, designed to regulate all aspects of the
nascent Mexican electricity sector and promote its development, repre-
senting the main legislation of the national electricity sector until 1960.
It was in effect the recognition of electricity as a service of inherent so-
cial interest for the national economy that put the electricity system in
the federal government’s hands to oversee electricity services to most of
the Mexican population. Due to the change from private to public com-
panies between 1945 and 1960, around 2,300 MW of electric capacity
were installed compared to 100 MW of generation installed from 1935
to 1945 by private companies [27].

2.2. Nationalization and consolidation of the national electricity sector
(1960-1990)

From 1960 the Mexican government was characterized by imple-
menting a policy focused on the nationalization of the electricity sector,
the objective of which was to ensure the expansion of the electricity in-
frastructure and the integration of electricity generation systems [28].
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The nationalization process was concluded in 1972 with the acquisition
and control of 95% of the country’s energy segments. As a result, in
1976, the Electricity Public Services Law (LSPEE) was enacted, declar-
ing CFE and LyFC as the exclusive electricity generators, operators and
providers [29]. At the end of this stage, the Mexican electricity system
was consolidated through the establishment of a new electricity tariff
scheme subsidized by the government (1973) and the unification of the
electricity distribution frequency at 60 Hz (1976), which allowed reach-
ing a population coverage of 95% [30,31].

During this period, the development of multiple engineering
projects, financed by federal funds and international loans, focused on
generating electricity through various energy sources such as coal, oil,
turbo-gas, hydroelectric, and geothermal [32]. In addition, to promote
the electricity sector’s technological development, in 1975 the govern-
ment created the Institute of Electrical Research (IIE) [30]. Since 1980,
the country’s energy policy has been to increase productivity, save en-
ergy, and diversify electricity production. Thus, to establish the guide-
lines and strategies for the reduction in the use of electricity, the Na-
tional Commission for the Efficient Use of Energy (CONUEE) and the
Electric Power Savings Trust Fund (FIDE) were created in 1985 and 1990
respectively [33,34].

2.3. Transition and liberation of the energy sector (1992-2018)

The main events that mark the historical transition in energy matters
in this period are shown in Fig. 1. In the late 1980s, Mexico experienced
financial difficulties due to the fall in oil prices on the world market. The
increase in interest rates forced the renegotiation of the foreign debt and
the operating costs of public policies that were not adjusted for inflation.
This scenario generated a radical change in the ideology of the govern-
ment, reducing state intervention and favoring the free market. In terms
of electricity, this represented the gradual reduction of government sub-
sidies and the opening of private investment to the electricity sector. In
December 1992, the proposal to reform the LSPEE was presented to the
Senate, representing the first legislative amendment on electricity in the
country after 55 years. This modification published in 1993 allowed the
production and sale of electricity by the private sector to the CFE. In
this way, the CFE remained as a state monopoly focusing mainly on the
distribution and final sale of electricity in the country [29,33].

Since 1993, the Mexican electricity sector experienced a period in
which private investors increased importance while the role of gov-
ernment diminished. Investment by foreign companies in the electric-
ity sector was encouraged, emphasizing the diversification of energy
sources such as natural gas and hydroelectric plants. As a result of this,
in 1995, the Energy Regulatory Commission (CRE) was created to act
as a new actor in charge of establishing the link between the public
sector (CFE) and private investment (power generators) through reg-
ulation of the electricity price [35]. Between 1998 and 2008, various
proposals for a restructuring of the energy sector focused on privatizing
the distribution and generation of electricity and the implementation of
renewable energy for electricity production were put forward without
approval by the legislators [36]. Nevertheless, due to the enactment of
the Climate Change Law [37], During this period, small modifications
to the law were made by the Mexican Congress, allowing the establish-
ment of interconnection contracts of renewable energies in 2006 - 2007.
These modifications culminated in implementing the second legislative
amendment on energy, the Law for the Use of Renewable Energy, and
the Financing of the Energy Transition (LAERFTE) in 2008. Based on
this law, Mexico raises renewable energy sources and natural gas as a
fundamental piece of the country’s energy development [38]. At the end
of this transition period, the independent power production accounted
for 35% of the installed capacity and 45% generated by the CFE.

Since the beginning of 2000, Mexico was already considering inte-
grating renewable energy sources in the energy sector. In particular, the
state of Oaxaca organized with the support of the IIE, an international
colloquium focused on transnational wind companies to take advantage
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of investment opportunities in wind energy in that entity. Discussions
were subsequently held in 2001, 2002, and 2004 under the name of
"International Colloquium on Opportunities for Wind Power Develop-
ment of the Isthmus of Tehuantepec Wind Corridor". In 2006, the res-
olution of interconnection contracts for renewable energy sources was
approved, followed by the implementation of the LAERFTE in 2008.
However, it was not until 2013, with the implementation of the energy
reform, whose objectives are shown in Fig. 2, where qualified users of
the electricity industry were established their obligations in terms of
clean energy and the reduction of contaminating emissions [39].

3. Structural organization of the Mexican energy sector
3.1. Main organizations in the energy sector

Management and decision-making in the Mexican energy sector
changed from a central control coordination with vertically organized
state companies to a liberalized one. Some responsibilities exclusive to
the primary electricity generation company have been transferred to

other government agencies [40]. Fig. 3 presents the different levels of
the current organizational structure of the energy sector in Mexico.

Level 1 - Coordination. SENER is the main body of the energy system,
in charge of conducting and coordinating the country’s energy policy
in electrical energy; it must draw up sector programs and the National
Electricity System Development Program (PRODESEN). It is also respon-
sible for reviewing and authorizing the operation rules of the wholesale
electricity market, establishing the energy requirements for electricity
generation, as well as the mandatory coverage of electricity supply in
rural communities.

Level 2 - Regulatory agencies. CRE is the institution in charge of reg-
ulating and promoting efficient development of electricity generation,
public and non-public electricity transmission and distribution services,
and electricity commercialization. Additionally, the Electricity Indus-
try Law (LIE) declares that the CRE is in charge of establishing general
rules for the provision of the Electric Power Transmission and Distribu-
tion Public Service. The issuance and application of the rate regulation
to the different types of generators, suppliers, users, and services; mon-
itoring compliance with the law in question, its regulations, and other
applicable administrative provisions. The CNH is an autonomous body
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in charge of supervising the exploration and extraction of hydrocarbons
in Mexico. Among its functions are regulating the exploration and ex-
traction of hydrocarbons, administering and supervising activities in as-
signments and contracts.

Level 3 - System operators. CENACE is a decentralized public body of
the federal public administration with legal and patrimonial personality.
Under the LIE, it exercises operational control of the National Electric
System (SEN), the Wholesale Electricity Market (MEM) operation, and
open access to the national transmission network and general distribu-
tion networks. Likewise, it is responsible for carrying out expansion and
modernization programs of the national transmission network and gen-
eral distribution networks. CENEGAS oversees managing the federal gas
pipeline systems operational capacity and arises from the 2013 energy
reform. Its functions are to administer and operate the national trans-
portation and storage system.

3.2. Structural transformation of the electrical industry

Before the reform, there was a vertical model where private compa-
nies could develop electricity generation projects (Fig. 4(a)); however,
their participation was limited to self-supply schemes or independent
producers. In the new model of the electricity market (Fig. 4(b)), private
companies can generate electricity independently of the CFE’s planning,
assuming costs and risks. Private companies can sell electricity through
short-term contracts or in the spot market to qualified users through
bilateral contracts and to the basic service provider through auctions
[41].

In the new electricity market structure, there are participants with
various functions. There are two types of generators: those authorized
to generate electricity through power plants and those who act as rep-
resentatives of power plants or as resellers. The generators can sell their
electricity in the market or to a qualified user. Qualified end-users are
those with consumption equal to or greater than three Mega Watts or
those who operate under the previous scheme. For the provider, there
are three types: basic services, qualified services, and last resort. The
first case, which only includes the CFE, may sell through purchase and

sale contracts. In the second case, they will be able to sell their electricity
to qualified users and act as representatives of the exempt generators.
Those of third may only provide their services to qualified users, under
a maximum price and for a specified period. The Energy Reform has es-
tablished that the transmission and distribution areas remain strategic
and exclusive to the state, but there are opportunities to contract with
privates. Private sector will be able to participate in the transmission
and distribution networks’ maintenance and modernization. CENACE
will be responsible for proposing, for the Ministry of Energy’s approval,
the networks’ expansion in a non-discriminatory manner so that new
energy generators, especially from renewable sources, can achieve their
interconnection to the system. A fundamental tool for promoting clean
energies is the Clean Energy Certificates (CELs). Generators and distrib-
utors of electricity that do not reach the minimum percentage of gener-
ation through clean energy, set periodically by the state, must buy these
certificates from those who comply; otherwise, they will be creditors of
the corresponding sanction. CELs represent a competitive advantage and
an additional source of income for clean energy generators. Although
the Energy Reform preserves the control of the Nation in the planning
and control of the national electricity system, as in the transmission
and distribution of electricity, it allows competition to generation and
commercialization activities. It also foresees that the state may enter
contracts with individuals to enable the expansion and improvement of
transmission and distribution networks. The previous seeks to reduce
production costs, a more significant share of clean energy, and use of
more efficient technologies. Table 1 summarizes the Mexican electricity
sector’s main characteristics before and after the implementation of the
2013 ER, considering different axes of the sector.

4. National electricity system capacity

Mexico has great potential for electricity generation from renewable
resources. With the implementation of the Energy Reform and the objec-
tives established in the Energy Transition Law, public policies have been
developed that allow the implementation of more clean energy projects.
Clean energies are those energy sources and electricity generation pro-



E. Cruz May, A. el Mekaoui, A. Livas-Garcia et al.

Private Sector

Generation

Energy Nexus 5 (2022) 100045

Public Service

Generation

Consumption

Pt -
O-—----—- >0 m
! o0 Kl self-supply
Renewable

F o

I

Conventional

o o § CFE

. . CFE
Transmission

Consumption

r“ &__'_‘:8@ Residential
- .

e =] Commercial
it & CFE .
=z o 2o -

o--l-»o .
Coo g Industrial

CFE
Distribution

(a)

Before the reform )

i

= Short Term

ﬂ CFE Transactions

Spot Market

it CFE

lz pe CENACE

- _ i

Il = Private © Long Term
Parties o_: Contracts

. . CFE
Transmission

Unregulated Supply IF.--*O
ey Users
I:: Higher than
. 1
Retailers ----i! 1Mw

I

I

I

Standard
Users

Lower than
1MW

&

Regulated Supply

--»0

L. . CFE
Distribution

(b)

After the reform )

Fig. 4. Structure of the electricity market before and after the Energy Reform of 2013.

cesses whose missions or waste, when any, do not exceed the thresholds
established in the regulatory provisions. On the other hand, renewable
energies are those whose source resides in phenomena of nature, pro-
cesses or materials that can be transformed into energy usable by human
beings, which regenerate naturally, so they are available continuously
or periodically. Mexico has competitive operating and electricity pro-
duction capacity with world electricity markets (Fig. 5). According to
the 2021 national development plan [42], which has as the strategic
purpose of the government, to guarantee the basic supply of electricity
for the entire population, at affordable prices, it is necessary to contem-
plate the recovery of the CFE generation and transmission capacity, in
order for the State company to generate and support the SEN. Therefore,
strategic infrastructure projects are contemplated to strengthen the na-
tional energy policy, promote the development and efficient operation
of the electricity industry, and ensure the reliability of the SEN. Un-
der this premise with the energy policy of the Mexican government,
the reactivation of the development of power plants of the CFE was pro-
posed, for which the incorporation of combined cycle plants is proposed,

but mainly the rehabilitation and modernization of some hydroelectric
plants in operation, as well as the equipment of other existing hydraulic
installations.

At the end of 2020 [43], the country had a total installed capacity of
83,122 MW of which 25,594 come from renewable energy representing
30.79% and 3,913 MW from clean energy representing 4.71%. In this
period, solar energy was the one that had the highest growth as capac-
ity increased 1,503 MW, becoming the third most important renewable
technology in Mexico. Total electricity generation during the 2020 pe-
riod was 312,347 GWh, of which 74.36% corresponds to conventional
sources with 232,259 GWh, 20.88% to renewable energy sources and
4.76% to clean sources. Regarding generation from renewable energy
sources presented in Fig. 6, water was the one with the highest gener-
ation with 26,817 GWh, followed by wind with 19,702 GWh and solar
with 13,528 GWh. On the other hand, among the energies known as
clean (nuclear and efficient cogeneration), nuclear energy had a total
generation of 10,864 GWh corresponding to 3.48% while that of effi-
cient cogeneration was 4,002 GWh with 1.28%.
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Table 1

Characteristics of the Mexican electricity sector before and after the 2013 ER.
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Before the Energy Reform

After the Energy Reform

Generation

Transmission and distribution

Market operation

uElectricity generation for private companies was limited.

m[ndependent electricity producers had purchase and sale
contracts only with the CFE through tenders.

mSmall producers (less than 30 MW) sold energy to the CFE
through auctions.

mGenerators under the self-supply scheme could generate
electricity and sell it to their consumer partners.

uThe CFE oversaw the transmission and distribution of electricity

uThe participation of private companies was limited to
transmission and distribution only with their consumer partners
under the self-supply scheme.

uThe electricity market was operated solely by the state’s
productive company.

mMarketing activities for private companies were not allowed.

uThe private sector had a minimal presence in self-sufficiency

aThe participation of the private sector in activities of the electricity
industry increased.

wPrivate generators can sell their electricity in a Wholesale Electricity
Market.

uThe CFE company continues as an electricity generator for the sale of
basic service (residential, small, and medium industry).

aThe CFE participates as a competitor of the Wholesale Electricity Market.

uCENACE oversees coordinating the electricity transmission and
distribution networks.

aThe state can manage contracts or form associations with individuals to
carry out the financing, installation, maintenance, management,
operation, and expansion of the infrastructure necessary to provide
electricity transmission and distribution services.

uThe entry of private investment in the commercialization of electrical
energy was allowed in two main modalities: providers of basic services
and qualified service providers.

uThe electricity market is made up of the wholesale electricity market for

schemes.

Renewable energy

investment in generation plants.

wPrivate investment was allowed in generation activities with
renewable energy sources under the self-supply scheme.
aThere was no regulatory framework that allowed private

large users and the retail market for basic service users (residential,
small and medium-sized companies).

aThe MEM is operated by CENACE and regulated by CRE.

mGradual increase of the participation of Renewable Energies in the
Electric Industry, to achieve the established goals of clean energy and
reduction of CO2 emissions.

sImplementation of long-term auctions for the installation of renewable
energy projects in areas with high potential.

Total Capacity *

83,122 MW

64.50% & 30.79% ‘ 4.71%

53,615 MW 25,594 MW 3,913 MW
Conventional Renewable Clean
] | |

Total Generation
312,347 GWh

74.36% & 20.88% 4.76%

232,259 GWh 65,222 GWh 14,866 GWh
Conventional Renewable Clean
] I |

Fig. 5. Total operative capacity and electricity generation by technology (2020).

Mexico continues to follow the steps for the liberation of the electric-
ity market, the country has established measures to take the necessary
elements for a competitive and modern electricity system. Mexico’s am-
bitions in the energy transition require careful planning and setting of
short- and long-term goals. Therefore, generation targets have been es-
tablished for various energy sources for the next few years. To ensure the
success of this transition, investments in the sector’s value chain should
be maintained.

5. Main challenges of the Mexican Energy Reform

The first challenge facing the energy sector comes from the gray ar-
eas generated by the vertical disintegration of the CFE, the liberation of
the market, and the prevailing integration of renewable energies into the

energy matrix, which result in a struggle by private companies to ensure
the best places to generate renewable energy. The second challenge is
related to possible myopia in the energy infrastructure planning process
associated with the modalities of coordination between state bodies and
private companies. The third challenge addressed in this article refers
to the different environmental, socio-economic, and socio-cultural im-
pacts produced by the new additions of renewable technology, which
have shaped Mexico’s market and electrical infrastructure. The fourth
challenge describes the concept of energy democracy. It outlines the ef-
forts to strengthen it in practice, focusing on balancing the imperative
of liberalizing energy markets and community organization forms. The
fifth challenge relies on the nexus energy water and the complexity of
the implementation of hydroelectric systems as well as the impacts on
the population and its social repercussions.
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859% 146% () 3.48% R
26,817 GWh 4,575 GWh 10,864 GWh
Hydroelectric Geothermal Nuclear

——

6.31% ! 0.19% 1.28%

19,702 GWh 600 GWh 4,002 GWh
Wind Bioenergy Efficient

I Cogeneration
4.33% o 20.88% a.76%  (9)
13,528 GWh 65,222 GWh 14,866 GWh
Solar Renewable Clean

——

Fig. 6. Electricity generation by clean and renewable energy sources (2020).

5.1. Energy economic nexus

The vertical disintegration of the CFE was implemented in each ech-
elon of the electrical system, providing the public company with instru-
ments to compete in the new open market. Within this market logic,
the criterion for allocating electricity generation permits is based on an
auction system, where permits are assigned to the competitor offering
the greatest amount of energy at the lowest price. Under the current
nodal price scheme, the geographical location of supply and demand,
technology, and the moment of the demand curve at which electricity
is offered become a key element for the success of projects. Within this
context, the integration of renewable energies also responds to a spatial
logic, as the quality of renewable resources, such as the sun or wind,
serves an inherently geographical nature that determines specific terri-
tories of great value for exploitation and renewable energy generation.
Therefore, this challenge arises from the struggle to guarantee the best
location of the generating plants and ensure the best supply (solar, wind,
hydro, geothermal, etc.) that maximizes the investment return from the
energy project and the best offer for the electric auction. The complex-
ity of renewable and clean energy projects increases between the value
that can be exploited from the geographical location with the aspects
that influence local development, especially of indigenous communities
and ecological reserve areas. On the one hand, there are compensations
for the communities that are in possession of the exploitable location
that influence the decision of the project, such as economic income,
reduction of electricity costs and taxes, technical and legal training,
in general all those aspects that lead to a material improvement. On
the other hand, the State must balance the decision between guaran-
teeing well-being conditions for both the population and the market.
And it adds the business purpose that has as a natural objective to max-
imize the returns on your investments. Additionally, the generation of
renewable energy impacts the electricity market due to the generation
of Clean Energy Certificates (CELs) and the obligations that users with
an electricity demand greater than 1 MW must pay for CELs to cover
their clean electricity consumption requirement. In parallel, the strug-
gle to guarantee the best locations for installing power plants that take
advantage of renewable energies is intensifying, as scarce installation
surface is considered a scarce good. However, in recent years, they have
shown how the projects proposed based on the SC described above have
faced challenges related to government changes or protected areas. It
has been demonstrated that the new federal administration, beginning
in 2018, has consistently challenged the SC made by the 2013 energy
reform. Specifically, the new administration has harshly criticized and
has tried to modify mechanisms such as CELs and temporarily stop the
auction processes for renewable energy projects. Regarding the exist-
ing challenges to manage protected areas and those with a high poten-
tial for renewable energies, as well as the possible conflicts that emerge

from these overlaps, tools, and programs such as AZEL (National Atlas
of Zones with High Potential of Clean Energies) have been developed.
This tool allows, through geographic information systems, to explore
the country’s territories where the theoretical potentials of renewable
energies are high and exclude potential conflicts with protected areas.

5.2. Energy planning nexus

The second challenge refers to potential myopia in the current energy
planning system generated by gaps in the coordination processes be-
tween regulatory entities and energy companies. For the electric power
generation echelon, there are two options: 1) by the CFE, whose de-
cisions are made based on the increase in energy demand in different
regions of the country, 2) private sector investments, based on increas-
ing its supply by taking advantage of the opportunities in the electricity
market. For the electricity and natural gas transmission echelon, the reg-
ulators are CENACE and CENAGAS. As commented in previous sections
after the RE, the transmission and generation links remain property of
the Mexican state; however, the private sector can participate through
permits or install its own transmission systems as long as this is not used
to provide public service. Both CENACE and CENAGAS operate using
two regulatory principles: 1) free access to the transmission system fa-
cilities (electricity and natural gas, respectively) and 2) generate market
disputability or competition conditions. However, the type of regulation
becomes problematic since it responds to a complex combination of a
private business regulation system based on users interacting within a
market and a centralized planning system. In hydroelectric projects, the
repowering and reconfiguration of existing plants can have multipur-
pose benefits such as increasing the irrigation capacity of agricultural
areas. Even reconfigurations of water treatment plants to include mini
hydropower (turbines less than 30 MW) can generate electricity, reduce
polluting emissions or the ecological footprint and generate reusable wa-
ter for irrigation instead of consuming energy in pumping for wastewa-
ter discharge. Due to the aforementioned, the challenge for the planning
of energy projects focuses on striking a balance between short-term de-
cisions based on market signals and long-term decisions that will allow
a resilient energy infrastructure that contributes to the country’s devel-
opment.

5.3. Environmental, social, and cultural nexus

The third challenge refers to make visible and solving the environ-
mental and socio-cultural impacts related to energy projects, especially
those coming from renewable energy, existing within the different eche-
lons of the energy chains. To make visible and solve such impacts, it be-
comes necessary to implement mechanisms that guarantee an adequate
balance between the benefits and local impacts caused by these projects’
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installation and operation. Although there are independent regulatory
entities for the operation of the market, there are not enough institu-
tional resources or mechanisms that, comprehensively and effectively,
regulate, supervise, and control the effects arising from different renew-
able and clean technologies.

The iconic case of the failed "Marefia Renovables" wind project
in Oaxaca, represents a clear example of how the potential socio-
environmental impacts of renewable energy developments generate
great concern for local communities that function as guests of such
projects [44,45]. The lack of clarity from potential environmental im-
pacts from the wind project to the fragile lagoon ecosystem of the region
and the potential social implications to traditional livelihoods of the "Za-
poteca" and "Tkoot" fishing village generated sustained and robust resis-
tance to the project, which ended up being canceled [46]. Therefore,
the iconic case study of "Marefia Renovables" demonstrates the lack of
specific regulation to attend and publicize the potential environmental
impacts of renewable energy mega-projects, representing a clear chal-
lenge after the ER to promote a fair energy transition.

The current absence of recycling regulations or regulations regarding
waste from photovoltaic panels or wind turbines is an example of envi-
ronmental problems waiting to manifest in the medium and long term
for communities hosting renewable energy mega-projects. These exam-
ples illustrate the challenges that the energy transition faces in the con-
text of an incomplete ER that failed to include specific and transparent
mechanisms to measure, avoid, mitigate, and clarify the environmental
impacts of potential projects on rural and indigenous communities. It
becomes necessary to generate SC that allow a better evaluation of the
potential socio-environmental impacts from projects, through specific
environmental impact assessments for each energy technology. Addi-
tionally, greater participation and inclusion of state authorities in the
supervision of socio-environmental impacts could allow the proper de-
velopment of restoration strategies. Technology’s specialized measures
may contribute to improving evaluation mechanisms, translating into
more transparent and more direct communication with local communi-
ties, and in the generation of more effective mitigation strategies that
consider the specific characteristics of the places where energy projects
intend to settle. It has been observed that energy projects, especially
those of renewable energies, have a common factor, not considering
the sustainability criteria in their socio-environmental or socio-cultural
dimensions [47]. A clear example of the challenges faced in address-
ing the socio-cultural dimension can be found in the challenges regard-
ing social impact assessments and indigenous consultation, which were
mentioned above. Until now, neither SENER as head of the sector nor
its departments, such as DGISOS, have sufficient human resources, reg-
ulatory procedures, or technical training to carry out their functions
effectively.

In the case of the evaluation of social impacts mechanism, the Mex-
ican legal system has experienced great difficulties integrating its sec-
ondary legislation into the Electricity Industry law until 2018 (Oaxaca
Economic, 12 years after constructing the first wind farm in Mexico
in 2006). Additionally, the secondary provisions of the social impact
assessment were integrated relatively recently, in 2018. On the other
hand, the indigenous consultations, which seek to ".. identify the tra-
ditional authorities, in the definition of the collective subject of law, in the
application of intercultural communication strategies for the delivery of infor-
mation, among others ..." [48] frequently encounter significant problems
to implement these mechanisms in a way that adheres to the principles
of due process and transparency, satisfying the demands of local and
regional resistance groups [49]. There is a lack of training programs
that help the communities submitted to consultation to make informed
and rationalized decisions about energy projects requesting permission
to settle within their territories. Due to the combination of "energy illit-
eracy", present in any citizen who does not have studies or professional
experience in the area of energy, and the common lack of a clear and
transparent language by the companies and government entities that
participate in the processes of consultation, large information gaps are
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created that are perceived by different groups in the communities as an
absence of transparency (corruption), or worse still as mechanisms for
legitimizing projects [50]. Differential perceptions between community
groups can open the way to social conflicts, which attend to arguments
of an unfair distribution of the projects’ negative environmental and
socio-cultural impacts and their socio-economic benefits [51,52]. These
conflicts unleash episodes of violence at the intracommunity level be-
tween groups with opposing interests, families [53], or affect the Mexi-
can electricity system’s materiality by generating uncertainty in private
investment.

5.4. Organizational energy, normative legal and human rights nexus

Energy has always been a terrain of struggle, in which processes of
social and political confrontation determine the practices of use, dis-
tribution, and production [54]. Within this struggle, energy democracy
aspires to put in the hands of energy users and workers power and an ac-
tive role in all aspects of the sector, from production to distribution and
from supply to financing, technology, and knowledge production. As
mentioned before, the concept of energy democracy has been mentioned
on some occasions within the ER context to promote greater inclusion
and participation of Mexican society in national energy activities and
the energy transition process. However, it is currently still difficult to
mention examples where this principle of energy democracy is being put
into practice, promoting energy projects that involve Mexican citizens
in decision-making or as active partners in different energy projects. The
concept of energy democracy has been implemented in practice through
community generation models, especially in the form of community re-
newables, by several countries in Europe such as Denmark, the United
Kingdom, and Germany [55], as well as some Latin American countries
like Chile [56]. These energy generation models have not been debated
only in their ability to internalize the potential benefits of energy transi-
tions towards citizens and local communities. Still, they have also been
identified as possible means to improve the social acceptance of low-
income carbon projects by local communities. However, some authors
highlight that the support mechanisms in public policy are a determin-
ing factor for the success of these community renewable energy models
that pursue the principles of energy democracy [57].

The case of Mexico is an example of how this support from pub-
lic policies becomes an essential factor for the materialization of such
community generation projects. Frequently voices from government and
academia that have addressed wind energy in the Isthmus region have
highlighted the importance that community generation models could
have for contexts of high social resistance and socio-economic inequal-
ity such as the Isthmus [58,59]. Since 2008, the Yansa project has pro-
posed creating a community wind generation project with some mem-
bers of the Ixtepec community as partners of 50% of the project. The
model proposed by Yansa attends to an equal distribution of the socio-
economic benefits between the company and indigenous communities
and establishes governance structures where community members be-
come decision-makers [60]. Authors such as Baker [61] had already
highlighted the opportunity that the SC brought by the ER represented
for the generation of new regulatory mechanisms that would allow com-
munity models for the generation of renewable energy by indigenous
and rural communities in Oaxaca. The challenge to integrate the prin-
ciple of energy democracy in low carbon transitions after ER continues
as a significant slope in Mexico.

Another geographical enclave where the term of energy democracy
is of great relevance is San José Tipceh in Yucatan. In this case, and from
ethnography [47] analyzed how they have enacted their power over the
rural communities without questioning the local authorities and with-
out their inhabitants having the appropriate tools to effectively defend
their interests. In this context, Velasco-Herrejon and Bauwens [62] high-
lighted the importance of conceptual frameworks such as the "capability
approach" to understand the tools and information channels that dif-
ferent indigenous communities use to support a process of resistance
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against wind energy in Oaxaca [52]. In parallel, A. El Mekaoui detected
that the planning and design processes of energy mega-projects do not
consider the community’s processes, nor the heterogeneity of the indige-
nous communities. This lack of recognition and due process fragments
communities in different groups of "winners" and "losers", fostering the
breakdown of communication channels between society and the private
sector. Such is the reality of the populations selected for implementing
mega-projects of renewable energies in the state of Yucatan promoted
by transnational companies. A. El Mekaoui [47] shows how power is
exercised in the implementation of energy projects in the absence of an
inclusive and equitable governance system that not only recognizes the
principles of energy democracy but also ignores the local socio-cultural
contexts of the host communities of energy projects. This exercise of
power ignoring socio-cultural contexts results in the generation of new
powers and permanent conflicts that remain a heritage for the commu-
nities.

5.5. Water energy nexus

Hydroelectric projects are highly complex because the infrastructure
and location are multipurpose, they are important for their potential to
positively impact the population with the supply of electricity and wa-
ter, to reduce polluting emissions and contribute to the energy transi-
tion. In the locations with the largest potentials, there are generating
plants that are in the planning stage for repowering or reconfiguration,
and the current federal administration is including the potential for mini
hydropower. One of the great challenges for the massive exploitation of
these technologies is the impact on the cost of water to generate electric-
ity versus the cost of using water for human or animal consumption and
irrigation. A regulatory framework is necessary to avoid situations of
economic competition between the uses of water for endosomatic pur-
poses. The design and implementation of a regulatory framework that
avoids situations of water grabbing and investments in infrastructure is
also considered a challenge. In the reconfiguration of large hydroelectric
plants, it is necessary to consider the effects of climate change, for ex-
ample, the over accumulation of water in reservoirs in the rainy seasons,
including bioethical rules for in situations of pressure release or delib-
erate flooding. in populated, growing, livestock or other areas. Some
strategies such as the primary use of water for agriculture or strategies
of moderate drainage of some hydroelectric plants can serve to minimize
the effects of flooding in populations.

6. Conclusion and Policy Implications

Since the 2013 energy reform, a series of secondary laws have been
implemented focused on strengthening this reform’s objectives and es-
tablishing a transition of the energy sector path. The Energy Reform was
reflected in the culmination of different types of markets. On the other
hand, and no less critical, it continued with including climate change to
the country energy sector’s priorities with implementing the general law
of climate change. Although regulations on climate change and the envi-
ronment have been regularized and approved, there are still no specific
mechanisms to address the potential environmental impacts generated
by the implementation of renewable energy mega-projects. The impacts
range from land use in the areas designated for these projects to the final
disposal of the equipment at the end of its useful life.

The challenges in Mexico in energy matters have political, economic,
cultural, social, and environmental implications in fulfilling interna-
tional obligations. Although it is expected that, by attracting investment
in the electricity sector with renewable energy projects such as hydro-
electric, photovoltaic and wind, plus modifications at the constitutional
level and secondary laws, the energy transition will be achieved, from
the point of view of decarbonization and legally - administrative. It will
undoubtedly be achieved; however, it is necessary to consider finding a
solution to the emerging challenges. Challenges have two levels of anal-
ysis; the first comes from the effects of the energy transition, applying to
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the decarbonization of the energy system from the perspective of seek-
ing technological change and the rationalization of both the demand
and supply agents’ modes production. The second is the energy transi-
tion and the migration of institutional arrangements before and after the
reform. These two levels are compounded by a challenge related to the
fluidity of implementation, given the change of administration in the
federal government at the end of 2018, which raises management ori-
ented towards social welfare, suggesting that the government incentive
is not only to create and regulate markets. In this sense, market criteria
will not necessarily capture profitable socially oriented welfare require-
ments in their communities. The social challenges are problematic since
the government does not have the procedures or the necessary training
to establish communication with the communities, manage the problems
transparently, or concerning the private sector’s interests. Additionally,
the government does not have adequate training for the decision-making
on energy sector projects with economic potential.

Finally, this study illustrates the various challenges faced by Mex-
ico since 2013 to generate structural changes that properly implement.
Within this context, regulatory gaps or implementation problems were
identified for the categories of challenges analyzed and discussed in this
article, as well as potential remediation strategies. In this way, this re-
search contributes to the study of structural changes and energy reforms
in the field of energy transitions from underrepresented geographies in
the international academic literature, such as Latin America and other
countries.
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