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Abstract: This paper analyzes the energy reform that has taken place in Mexico since 2013, driven by
steady growth in energy demand and insufficient economic resources. The relevant points in the
restructuring process are discussed, shedding light on the impact of recent governmental actions
not aligned with the original spirit of the law. This research uses a framework and fundamentals
of a well-organized structural process called the textbook model, making a comparative analysis
of Mexican reform. It proceeds by presenting the Mexican Electrical System in numbers and how
it is affected by the present government’s restructuring process providing positive and negative
impacts of several implementations. The main objectives of restructuring were carried out to attract
private investment and increase the reliability and efficiency of the system. During the first four
years, the reform has attracted investment, in diminishing form in generation but not in transmission
and distribution. Therefore, the main reason for this is explained and a brief analysis and the roots
of these failures are presented. It is shown that recent political decisions tend to keep the system
operator and regulatory agencies under Federal Government control so that it is acting against the
main objectives of the original reform. Finally, a summary of the deviation of the reality from the
existing law is outlined.
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1. Introduction

Since 1980, movements to reform electric power systems have been implemented
around the world. The aim was to increase efficiency, improve quality of service and
increase electrification. In recent years, other objectives were added, for instance, to reduce
greenhouse emissions or increase renewable energy generation. The restructuring process
was designed to achieve these goals through competition, price—cost gap reduction, and
investment increase [1]. The restructuring process has been documented and condensed
in what is called the textbook model; this is a compilation of ten guidelines to achieve the
goals above. If fully respected, it increases the possibility to get a highly competitive and
unbundled electricity market model [2]. However, the implementation of the textbook
model is not applicable as a rule in any country. Still, it should be adapted to the specific
country conditions, these being the institutional framework, the country’s size, and the
social and political characteristics.

In the so-called textbook model, the government’s non-intervention in the activi-
ties of the electricity industry is suggested [2]. However, in practice, there is always
participation on the part of the government, from the undisputed power to dictate the
country’s energy policy, through to the control of the effects of fuel prices on final rates,
the assurance of supply, the mitigation of climate change, going as far as maintaining
preferential rates for specific sectors of the population or looking after the interests of
particular groups [3]. Electricity supply has been a public and universal service, making
the State ultimately responsible.
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In Mexico, for many years during the last century, electricity supply was carried
out under a vertically integrated monopoly scheme, operated, and owned by the State.
The enactment of the Electricity Industry Law in 1939 [4] considered as main goals the
activities regulation of the electricity sector in order to promote country development for
the benefit of the collective [4]. In 1975, the Electricity Industry Law was abrogated and
replaced by the Ley del Servicio Publico de Energia Eléctrica (LSPEE), the Public Electricity
Service Law, which reserved the electricity sector exclusively to the State but allowed
self-consumption for non-public service [5]. In 1992, private participation was extended to
other modalities such as self-supply (different from self-consumption), cogeneration, small
production, import, export and independent power producer (IPP). This one with entire
electricity production for Comisiéon Federal de Electricidad (CFE), the State company [6].
The objectives from 1975 to 2013 were to supply electricity with criteria of sufficiency,
competitiveness, sustainability, and customer satisfaction [5,6]. However, the situation
before 2013 demonstrated the following problems: one percent of the population did not
have electricity service, the non-competitive tariffs were higher than those in the United
States, and were insufficient to cover production costs, the State company indebtedness
increased substantially, technical and non-technical losses grew, investment in the power
sector was too low and high labor liabilities were observed [7].

A restructuring process was required to solve these problems. Such a process began
in 2013, with the reform of the Constitucion Politica de los Estados Unidos Mexicanos,
the Mexican Constitution, to allow private investment in competitive activities, such as
generation and commercialization and the possibility of private participation in joint
ventures with CFE in transmission and distribution [8]. The objective was to lay the
wholesale energy market model’s foundations and provide a safe, reliable, universal, clean,
and price cost-reflecting service [9]. The Mexican power sector reform was designed and
implemented in President Pefia Nieto’s (2012-2018) administration as part of a more general
energy reform that included the oil and natural gas sectors. Nevertheless, President Lopez
Obrador’s administration (2018-2024) has placed an administrative blockage to the energy
market-oriented reform. His energy policy endorses and promotes vertical integration
of the electricity sector led by the State company CFE, supported by the Secretaria de
Energia (SENER), the energy ministry, and the Comisién Reguladora de Energia (CRE),
the regulation agency [10]. The effects of taking the electricity market structure back into
a vertical integration have led to market distortion, uncertainty, and diminishment in
private investment.

In the literature, there are several works related to the restructuring process of the
Mexican power sector. Alpizar [11] describes, in 2016, the reform process of the electricity
and hydrocarbon sectors, as well as the State’s objectives to promote such restructuring:
to encourage more active private participation in the energy sector, reduce energy tariffs,
correct the finances of the State electricity productive companies, and move towards
a cleaner generation matrix. Ibarra [12] analyzes, in 2015, the restructuring process of
the electricity reform and points out that the unbundling and vertical separation of the
electricity industry segments was not complete. The government over-regulation could
sway power sector failure. He compares the main characteristics and attributions of the
independent system operator (ISO) from California, Texas, and Mexico, finding weaknesses
and strengths. Zenon [13] evaluates, in 2016, the expansion of the transmission system
under the market scheme and finds that it is compatible with the Programa de Desarrollo
del Sistema Eléctrico Nacional (PRODESEN)), the official power system planning program,
published by SENER. Kunz [14] addresses financial transmission rights (FTRs) under a
nodal price optimization model and shows that the benefits of FTRs can be exploited with
the impulse of policies that support them. To the best of our knowledge, the administrative
blockage of the Mexican power sector reform has not been studied in previous works.

This paper aims to assess the performance of the Mexican power sector under the
restructuring process (2013-2018) and its recent hindering (2018-2021). The contributions
of this paper are two-fold. Firstly, this paper analyses whether the power sector reform
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was well designed for solving the problems that existed before 2013. It uses a theoretical
framework based on the textbook model to determine whether the lack of results is caused
by the limitations of the restructuring design of 2012-2018 or by the recent political capture
of 2018-2021. Secondly, it contributes to the discussion about the actions that should be
considered by the policymakers, aiming at continuing with the reform process towards
the consolidation of a competitive and clean energy market. The lessons learned from the
Mexican restructuring process can provide valuable insight for developing countries with
a strong governmental influence in their power sector reform.

The document’s structure is as follows: Section 2 presents the conditions that gave rise
to the restructuring process and the theoretical framework mainly from the textbook model
and the critical characteristics of an independent regulatory agency. Section 3 describes
the Mexican power sector and the conditions of the sector before the reform. Section 4
discusses the reform progress and the setbacks from 2013 to 2021. Section 5 discusses the
main findings and the deviation from the original law. Section 6 concludes.

2. Theoretical Framework
2.1. Why Restructure?

Restructuring is a reorganization of the activities, rights, obligations, and responsibili-
ties of the electricity industry stakeholders, as well as a rearrangement of the ownership
of assets and the redesign of regulation [15]. Most of the structural reforms in the world
have been based on a vertically integrated industry formed by private or State-owned
monopolies under a highly regulated scheme. Taking advantage of the benefits and scope
of economies of scale with access to low-cost capital, significant progress was made in
the electrification and construction of new power generation plants, improving reliability
levels while keeping reasonable energy prices. Electricity service regulation was working
satisfactorily. However, cost-based regulation, although it guarantees cost recovery for
companies, does not encourage cost minimization. Thus, the problems of inefficiencies and
lack of incentives to minimize costs and introduce technology innovation were seen [15].

Although operating inefficiencies and economic losses occurred in many countries,
some authors differentiate the problems between developed and developing countries. For
developed countries, operational inefficiencies, such as low labor efficiency, high operating
costs, cost overruns in the construction of new infrastructure, expensive electricity tariffs,
low levels of reliability, safety, high levels of indebtedness of the incumbent company, and
excessive installed capacity were observed [16,17]. In developing countries, large technical
and non-technical losses in transmission lines, supply interruptions or blackouts, cross-
subsidy policies, the establishment of below-cost tariffs, high levels of indebtedness of the
incumbent company, and lack of investment in the power sector were observed [18,19]. In
addition to the problems of an inefficient monopoly, other factors influenced the restruc-
turing of the sector, such as the reform process in telecommunications, air transport, and
railroads sectors, and the pressure from the World Bank and the International Monetary
Fund [20]. Technological factors, such as the development of the small-capacity gas turbine
and the development of telecommunications technologies, were important in the reform
process of the electricity sector [15].

In the case of the Mexican electricity system, the problems mentioned earlier became
evident: generation costs rose substantially, non-competitive tariffs compared to those in
the United States, high State company indebtedness, high labor union liabilities, trade
unions reluctant to change the status quo, high technical and non-technical losses, and lack
of investment resulted in blackouts or power outages [7]. Additionally, positive factors help
the transition to a power market structure. Large-scale combined cycle technology offered
an efficient, cost-effective alternative, with shorter construction time, higher efficiency,
low-cost, and abundant inexpensive natural gas from the United States.

In general, a successful application of the textbook model would solve problems such
as capital solvency for new infrastructure, encourage competition to offer lower prices by
increasing efficiency, reduce power losses, improve universal access to the service, and
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increase the security and reliability of the system [21]. However, the market model itself
has its specific problems that, if not adequately addressed, can result in a model even worse
than the vertically integrated system [22]. Thus, it is necessary to integrate into the reform
the elements that correct the initial problems and address the complexities of the market.

2.2. Textbook Model and International Experience

Power sector restructuring is an evolving process guided by technological evolution,
geographic expansion of markets, implementation of green policies, optimization mix of
generation fleet, storage, demand-side resources, and transmission infrastructure [23,24].
Experts and academics documented the main ideas of the restructuring process in many
countries. Vertical unbundling of the power sector, privatization, competition, and in-
troduction of agency regulation were the first ideas presented [25]. Later, other authors
considered non-discriminatory open access, horizontal integration of transmission, and
system operation as essential [26,27], and by the 2000s, versions of the textbook model
were pretty similar.

Some countries with extensive experience in reforming their electrical system have
implemented advanced reform steps. Fotouhi et al. [28] present the experience of retail
electricity market liberalization in Portugal. They show that liberalization allows for
the implementation of small user demand response. Although incumbents could main-
tain a dominant market position, users have a more comprehensive range of options.
Hartley et al. [29] review the relationship from 2002 to 2016 between retail and wholesale
prices in competitive and non-competitive regions in Texas. They found that, in competi-
tive regions, the retail prices reflected the wholesale prices at the end of 2016. However,
in non-competitive regions, great political control and low competition increase the gap
between prices and marginal costs; moreover, the cross-subsidization of residential by
commercial customers was found in non-competitive areas. Shin and Managi [30] examine
the liberalization of the retail electricity market in Japan in 2016. They observed a good
rate of customers switching. Additionally, the results indicate a reduction in the utility bill
as an incentive to retain customers.

In developing countries, the reform process is quite different. The technical, structural,
political, economic, and cultural characteristics and the institutional framework are signifi-
cantly different from those in developed countries. Literature review about these emerging
countries shows many different restructuring configurations. Urpelainen and Yang [31]
present a dataset of 142 developing counties from 1982 to 2013 that started a power sector
reform. They show that most of the countries do not apply a full textbook reform but a
hybrid one because of the lack of formal institutions, low income, and the reluctance of
governments to relinquish the political control of the power sector.

Moreover, Bensch [32] explains that power sector reform is not the panacea itself. Ben-
sch analyses 70 qualitative and quantitative studies to measure the effects of privatization,
liberalization, private sector involvement, and regulation over different indicators expected
to improve after power sector reform: efficiency, supply and investment, and cost/tariff
ratios. Even though the results were not conclusive, the reform process did not have the
positive expected results in some cases. Ponce-Jara et al. [33] present the evolution of the
electricity sector in Ecuador from 2007 to 2017. They show that the legal framework was
modified in 2015 to move the generation fleet towards a cleaner energy matrix and the
incorporation of new technologies such as smart grids; therefore, the amendment also
reinforced the State’s position in the electricity sector as the sole institution in charge in
critical activities, but joint ventures with private companies were allowed. In addition,
distribution losses were significantly reduced. Mastropietro et al. [34] present the issues in
the Colombian short-term electricity market by implementing single non-binging settle-
ments and the clearing of hourly marginal prices for the entire system. They argue that a
multi-settlement system allows for better reflecting remuneration for flexible units when
more renewables are included. Daglish et al. [35] analyze the pricing effects of the electricity
market reform in Brazil from 1998 to 2004. They show that the marginal wholesale prices
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were reduced at the beginning, but they saw a probability increment in the last years of
crises occurring. Additionally, they show that volatility price is reduced during normal
times, but in times crisis became more severe.

The experience of restructuring power systems has shown that the textbook model
is currently applied in developing countries, although hybrid implementations are very
common. A complete version of the textbook model is the following [18]:

1.  Separate segments vertical to the electricity industry, structurally (unbundling) or func-
tionally (internal walls or rings, separating subsidiaries within the same organization).

a. It creates a competitive segment of the electricity industry (generation, commercialization).

b. It creates regulated segments (transmission, distribution, system operation).
C. It avoids cross-subsidies among state companies.
d.  Itallows for advanced regulation when the number of participants increases.

2. Privatize the State’s assets in the electricity industry.

a. It encourages improvement in the performance of the companies.
b. It hinders the use of these companies in favor of costly political agendas.
C. Increases the possibility of private investment, reducing the risk taken by the

State in electricity projects, allowing the State to invest in other sectors.
3. Restructure the generation sector horizontally.

a. It creates many competitors to avoid market power and ensures that the whole-
sale energy market will deliver significant competitive results.

4.  Integrate the system operation, transmission, and distribution horizontally.

a. It unifies system operation, centralizes unit dispatch, and maintains frequency,
voltage, and stability parameters within their ranges.

5. Create an ISO to manage the voluntary wholesale energy market.

a.  Itexpands competition, facilitates economic transactions among market partici-
pants, and minimizes the regulator’s intervention in the wholesale
energy market.

6.  Enforce regulatory rules supporting open access to the power grid.
a. It guarantees open and non-unduly discriminatory access to networks.
7. Itemize retail tariffs for captive consumers.

a. It differentiates the regulated tariff items from market items and allows the
consumer to choose among suppliers.

8.  The supplier of small captive users must purchase energy in the wholesale
energy market.
9.  Create an independent regulatory agency.

a.  With a good knowledge of costs, quality of service, and performance of trans-
mission and distribution companies.

10. Create transition mechanisms compatible with a well-designed market.

a.  Pre-existing pricing arrangements for captive users before they migrate to the
retail market.

Latin American countries showed that electricity reforms were implemented without
adequate independent institutions and the public sector was not strengthened to deal
with the private sector [36]. Joskow [37] warns that the assumption of a robust institu-
tional framework for successful restructuring has been considered costless and without
operational problems. The establishment of private property rights, contract enforcement,
effective dispute resolution, sound capital markets, and corporate governance systems are
some of the examples pertaining to the institutional framework [21,36,37].

For more than 30 years, developed countries that followed the textbook model had
successful reforms [18]. Most of the time, in developing countries with incomplete reforms,
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according to the textbook model, their problems were also a consequence of the pre-reform
conditions of each country.

2.3. Regulation

According to point 9 of the textbook model, it is essential to establish a single and in-
dependent body to regulate the activities of the electricity industry impartially in the public
interest. Its activities should not overlap with those of other institutions. The main objective
of the regulator is to establish mechanisms to correct signal failures, reduce government
intervention and increase the credibility of restructuring the industry [38]. Besides, the
regulatory framework’s evolution is necessary to integrate different technologies that could
not be integrated with the appropriate rules. It is necessary to separate the regulator from
the ministry of energy, mainly when the State retained a monopolist role in the networks as
a market participant after the reform. Therefore, the regulator must be independent of the
regulated parties, the federal government, the parliament and must have the competence
to regulate.

The main functions of the regulator are: to guarantee open, non-discriminatory access
to the networks; to oversee and encourage the efficient operation of sectors that operate
under regulated tariffs; to establish tariffs; to design mechanisms to ensure a long-term
supply of generation resources; to provide protection to small consumers; to follow up
and resolve disputes between regulated entities; to monitor the market and prevent abuse
of market power; to promote good practices and understanding of regulation; to require
compliance with the regulatory framework [39].

The regulatory body must be an institution that, in the long term, generates stability
and continuity. Its decisions must be based on criteria of rationality, fairness, and impartial-
ity, listening to all parties, but at a considerable distance. That is why it must have appeal
mechanisms, public hearings, and well-defined procedures and rules to execute its activi-
ties. The regulator’s practices should be carried out under transparency and accountability,
avoiding discrimination, and generally following good governance practices.

In practice, no regulator satisfies every one of the characteristics mentioned above or
performs all activities. There are many problems due to non-compliance with activities, non-
compliance with conditions of activities, or simply the characteristics of the environment.
For instance, asymmetric information among the regulator and the regulated parties may
hinder its performance [40]. The regulator’s staff are required to be highly specialized.
Thus, sometimes the desirable profiles are not met; some activities may be assigned to the
area of the federal trade commission, the treasury, or even a consumer protection agency
and are duplicated.

In some cases, the regulator comes from a federal government agency and depends on
it. It is highly complicated to establish total independence from both the federal government
and the regulated market, and they may be prone to regulatory capture. Regulatory capture
is understood as the process through which the participants of a regulated monopoly end
up manipulating the government agencies that are supposed to control them [41]. It is not
common to find a definition that includes the government as a captor of the government
agencies themselves, in which case one speaks of political capture [42].

Some authors have developed methodologies to assess the independence of the regula-
tor [39,43]. Gilardi developed a regulatory independence index based on four main points:
independence of the agency head, independence of the commissioners, independence from
government and parliament, and financial and organizational independence. In addition,
it is relevant whether the regulator performs their duties in complete independence or
whether another entity influences it. The index evaluates these points on a zero to one basis,
where zero represents very low autonomy and independent decisions, and one represents
greater autonomy and independence of decisions [39].
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3. Restructuring of the Mexican Electricity Sector
3.1. Background

Three systems integrate the Mexican National Electric System (SEN), the isolated
electric system in Baja California Sur, the electric system of Baja California interconnected
to the Western Electricity Coordinating Council in the United States, and the National
Interconnected System (SIN). This work focuses the analysis on the SIN and excludes the
Systems of Baja California. The electricity consumption in the SEN has primarily relied
on fossil fuels. The electricity mix accounts for over 75.22% coal, oil, and gas in the whole
period 2000-2020. However, gas-fired power plants have increased electricity produc-
tion, reaching almost 60% of the mix in 2020 [44]. Notice that hydro is the predominant
renewable source, but the wind increased electricity production since 2010, followed by
photovoltaic solar power plants. In 2020 clean energy production accounted for almost
24.77%, which includes wind, solar, hydro, nuclear, other renewables defined in the Elec-
tricity Industry Law (LIE) (LIE, Art. 3, XXII) [9]. Figure 1 shows the electricity production
of the last twenty years by generation technology. The tendency is increasing in almost the
whole period. Meanwhile, in 2020 the COVID-19 pandemic event significantly reduced
economic activity, impacting electricity production in the whole country.
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Figure 1. Electricity production in the Mexican power system by source in the period 2000-2020.

The electricity sector was opened to private participation in 1992. Due to its partici-
pation in the North American Free Trade Agreement, the appropriate modifications were
made to the Public Electricity Service Law in 1992 to allow for the participation of pri-
vate investments, under the following modalities: self-supply, cogeneration, independent
power producer (IPP), small production, import and export of electricity [45]. However,
the problems inherent to a vertically integrated industry began to manifest, as explained
in Section 2.1. In 1995, due to the lack of investment capital, the financing schemes called
Productive Infrastructure Investment Projects with Deferred Registration in Public Expen-
diture (PIDIREGAS) were implemented. This scheme allowed the federal government to
carry out projects with resources from the private sector and amortize interest and capital
payments with the income from the constructed projects. PIDIREGAS are subdivided into
two categories: direct investment, under the Build, Lease, Transfer scheme, and conditional
investment, Build, Own, Operate, which is the scheme of IPP projects [46].

Although private participation helped build generation plants to meet the growing
demand, other problems have surfaced, such as applying subsidies to specific tariffs. To
show this behavior, we took the price/cost ratio where a value less than one means tariffs
below production cost, and a value greater than one reflects tariffs above production cost,
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(p.u.)

on a yearly average basis. Figure 2 shows that between 2000 and 2014, agricultural and
residential tariffs were highly subsidized with an average price/cost ratio of 0.3 and 0.4,
respectively [47]. Notice that commercial and large industry tariffs were lesser subsidized,
with ratios around 0.9; subsequently, their ratios increased to 1.16 for both tariffs in 2014.
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Figure 2. Price/cost ratio of representative tariffs.

Figure 3 shows that in correspondence with the inadequate price/cost ratio, especially
for agricultural and residential tariffs, subsidies granted by the Federal government corre-
sponded to USD 5572 million (all currency units are 2015 constant American dollars) in
2000, and in 2014 subsidies reached the amount of USD 7378 million [47]. The residential
sector received 74% of the total subsidies in 2000 and reached 88.35% in 2014. It is also
observed that commercial and large industry tariffs stopped receiving subsidies in 2010
and 2011, respectively.
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Figure 3. Subsidies granted by tariff (2015 constant, USD million).

According to data from the Auditoria Superior de la Federacion (ASF), the Federal
Superior Audit Office, the total amount of subsidies was not always covered by the federal
government, and the missing amount was charged to the finances of the CFE. Therefore,
impacting the loss of CFE’s equity. Figure 4 shows how equity fell between 2006 and
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Demand (GW)

2015. In 2006, equity represented 51% of assets, while in 2015, it was only 10% [48-52].
As a result of the renegotiation of CFE’s labor liabilities and the federal government
contribution of USD 8296 million, equity recovered significantly in 2016. Additionally,
assets increased from 2015 to 2017 because CFE assets were positively re-evaluated after
restructuring [53,54]. Nevertheless, the company’s liabilities have been increasing.
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Figure 4. CFE’s equity in the period 2006-2020.

On the other hand, Figure 5 shows that installed capacity has always been greater than
maximum demand [47,55], mainly because the loads are geographically dispersed, with
transmission grid limitations requiring more generation capacity to manage contingencies.
Even though the capacity /demand ratio ranges between 1.5 and 1.72, a fraction of this
capacity was unavailable. This statement is reinforced by the fact that, for several years, the
operating reserve margin (MRO) was less than the recommended 6%. The unavailability
of power plants is related to the aging of the plants. The critical natural gas alerts in 2012
restricted the use of gas in the industry due to a shortage in supplies [55].
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Figure 5. Installed capacity and operating reserve margin 2000-2019.

Considering the presented arguments, the Mexican electricity industry had severe
structural problems reflected in heavy tariff subsidies and the compromised finances of
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the CFE. These problems avoided investment in new infrastructure to meet the growing
demand at reasonable prices, secure, reliable, and sustainable way, without detriment to
the CFE’s equity.

3.2. Restructuring Process

As explained in the previous section, the problems that prevented a vertically inte-
grated public monopoly model from meeting the demand with the required characteristics
worsened in the Mexican electricity industry. That is why, in 2013, Articles 25, 27, and 28 of
the Mexican Constitution were reformed [8]. Later, in 2014, secondary laws were approved,
the LIE, the Geothermal Energy Law, the Law of the Federal Electricity Commission (LCFE),
and the Law of the Coordinated Regulatory Bodies (LORCME), among others [9,56]. In the
Mexican Energy Reform, nine laws were created, and twelve were modified, creating the
legal framework to restructure the electricity and oil sectors, allowing private participation
in competitive areas, and beginning the liberalization of the retail market.

Before power sector restructuring, the State owned and operated the entire power
sector through the incumbent company, but private generation was allowed for self-supply
and entire power production to CFE [45]. After the LIE enactment in 2014, two parallel
regimes were allowed: a so-called “legacy” or “grandfathered” regime, granting vested
rights to permit holders under the LSPEE law; and the “electricity market” regime, which
is subject to competition in liberalized activities and regulated by tariffs in monopoly
activities as LIE establishes [9]. Under the electricity market regime, CFE activities were
vertically unbundled as follows [57]:

Generation.

Transmission.

Distribution.

Basic Supply.

Commercialization other than Basic Supply.
Primary Fuels Supply.

SRR N N

To promote an efficient market performance and avoid market power, generation was
horizontally unbundled into six subsidiaries, CFE Generacion from I to VI. The legacy
contracts IPP for entire power production to CFE are administered by CFE Generacion
V. The rest of the grandfathered contracts are administered by CFE Intermedicién de
Contratos Legados (ICL). Regardless of the incumbent company’s vertical and horizontal
unbundling, no divestiture or privatization of any CFE subsidiaries” assets occurred. Even
though it was not privatized, it is essential to notice that divestiture increases the possibility
of private investment, reducing the risk taken by the State in electricity projects and allows
the State to invest in other sectors. It is even worth pointing out that vertical unbundling is
crucial before privatization. If it is not unbundled, the result would be a private monopoly,
even worse than a State monopoly.

According to the LIE, it can be observed that Mexico carried out a reform following
the textbook model. Of the 10 points, 9 of them were established and implemented almost
fully—these were:

1. Vertical separation of the power sector activities.

2. Horizontal restructuring in the generation sector.

3.  Horizontal integration of system operation, transmission, and distribution.

4 The Centro Nacional de Control de Energia (CENACE) was created as an ISO to

operate the voluntary wholesale energy markets.

Regulatory Rules supporting network non-discriminatory access.

Creation of an independent regulator.

7. Itemization of retail tariffs for captive consumers in order to highlight the regulated tar-
iffs and to allow the consumer to choose among suppliers without incumbent affection.

8.  The supplier of small captive users must acquire power in the wholesale energy
market and long-term auctions.

9.  Transition mechanisms compatible with a well-designed market.

SAENL
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At the time of implementing the electricity sector reform, rule two of the textbook
model was not implemented because State assets were not privatized. However, the LIE
allows for the divestiture of assets if necessary (LIE art. 9). Among other issues, risk
mitigation mechanisms for congestion, such as FTRs, were left pending, with the exception
of legacy FTRs [58].

In the LIE, the government was allowed to influence, through different committees,
in a direct manner over relevant aspects that affect the performance of the electricity
market. The first element that stands out is the federal jurisdiction overall activities of the
electricity industry (LIE art. 7), leaving coordination with the states and municipalities
only for rural electrification (LIE art. 113). Among the direct attributions of the federal
government is naming the director of the state productive enterprise CFE (LCFE art. 46),
as well as the appointment of the members of the board of directors of the CFE: three
directors from the federal government and four independent directors ratified by the
Senate (LCFE art. 14). In the case of the members of the Regulatory Agency CRE, as well as
the president commissioner, the Senate of the Republic is responsible for the appointment
upon the proposal of the federal government (LORCME art. 6). However, if the proposed
candidates are rejected by the Senate, the federal government has the power to make direct
appointments. Likewise, the federal government also reserves the right to determine tariffs
for specific groups of basic supply users (LIE art. 139).

As strategic areas, the State reserves for itself the planning and control of the SEN and
public service of transmission and distribution (LIE art. 2). Likewise, the State establishes
and executes the policy, regulation, and surveillance of the electricity industry, through the
SENER and the CRE (LIE art. 6).

The SENER is considered an authority (LIE Cap. II), and among its attributions are
(LIE art. 11):

1.  Establish the required terms of strict legal separation or otherwise order the divestiture
of assets to promote open access and efficient operation of the electricity sector (LIE
art. 8 and 9).

2. Establish, conduct and coordinate the country’s energy policy.

Prepare and issue documents for the development of the electricity industry.

Ensure the coordination of the CENACE, the National Natural Gas Control Center,

the regulator CRE and other authorities relevant to the electricity industry.

Evaluate in coordination with the CRE the performance of CENACE.

Resolve social impact assessments of projects related to the electricity industry.

Establish requirements and criteria for acquiring and granting Clean Energy Certificates.

Prepare, coordinate and instruct infrastructure projects to comply with the country’s

energy policy.

Authorize the programs and instruct the expansion and modernization projects of

the National Transmission Network and the General Distribution Networks, to the

transporters, distributors or private companies.

10.  Verify compliance with the LIE, its regulations, rules and other applicable provisions.

11. Investigate, denounce, and impose sanctions corresponding to its attributions
(LIE art. 162).

12.  Determine the reliability and safety policy of the SEN (LIE art. 132).

13.  Request information and facilitate the transparency of the wholesale energy market
(LIE arts. 158 and 159).

In relation to CENACE, it should be noted that, despite being a decentralized public
agency of the Federal Public Administration, with its own legal personality and assets (LIE
art. 107), the fifth transitory provision of the LIE establishes that it is an agency that reports
to SENER.

The State is responsible for determining energy policy and intervening in the activities
of other participants in the electricity industry. Its multiple roles become evident, which
may affect its performance due to the possible conflicts of interest. The designers of the
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energy reform left broad capabilities to the Head of the Federal Government (nation’s
president), so the degree of intervention may be significant [59].

4. Electricity Reform: Progress and Results

After the publication of the secondary laws in 2014 and the start of operations of
the wholesale energy market in January 2016, it can be said that the evaluation period of
the electricity reform was very short. Table 1 shows the available capacity by generator
modality. Before market reform, private participation in generation was represented by
IPP and ICL. Legacy installed capacity increased slightly after sector reform because CRE
granted legacy permits until 2014. In contrast, new market participants represented by
generators were responsible for a small share of total capacity, 0.52% in 2016 and 11.82%
in 2020 [60].

Table 1. Capacity available for energy production per market participant from 2016 to 2020.

Verifiable Capacity (MW)

Market Participants 2016 2017 2018 2019 2020
CFE 37,279.07 38,597.53 39,368.33 38,913.34 38,798.70
PP 12,464.35 12,554.65 12,555.65 13,470.39 15,263.97
ICL 7853.00 10,462.73 10,444.19 11,616.16 11,861.43
Generators 298.40 1200.61 2326.56 5553.86 8833.88
Total 57,894.82 62,815.51 64,694.72 69,553.75 74,757.98

On the supply side, the reform specified two modalities of market participants. Quali-
fied suppliers are load-serving entities supplying load centers with a demand equal to or
higher than 1 MW, and Basic Service Suppliers for retail load centers with demand lower
than 1 MW. Before implementing the wholesale energy market, the legacy contracts were
almost 13% of the total demanded capacity in the Mexican power system, and they slightly
increased their demand in the next five years. After the wholesale energy market started
operations, qualified suppliers increased from zero MW in 2016 to 1336.38 MW in 2020;
however, it only represented 3.39% of the total. On the other hand, CFE Basic Service
Supplier was responsible for the most demanded capacity. In 2016, it was 87.07%, and in
2020 it accounted for 81.04% of the total [61]. Market participation is increasing, but the
CFE basic service supplier is still the preponderant participant (see Table 2).

Table 2. Demanded capacity per market participant from 2016 to 2020.

Demanded Capacity (MW)
Market Participant 2016 2017 2018 2019 2020
CFE basic service supplier 33,858.57 35,015 36,865 36,733 31,987
ICL supplier 4963.14 5768.29 5780.05 5740.96 5940.99
Qualified supplier 0.00 121.27 186.98 546.37 1336.38
Generators 64.21 86.98 182.60 215.56 206.17
Total 38,884.92 40,991.97 43,014.71 43,235.69 39,470.38

Some relevant results show the imperative need for large amounts of required invest-
ment for the different activities of the industry. In 2018, the PRODESEN calculated an
expected investment of USD 104,123 million in the next 15 years, 84% in generation, 9% in
transmission and 7% in distribution [62]. The following are some areas of opportunity for
the Mexican Electricity System.

In the case of transmission lines, the increased percentage of losses is an indicator of
insufficiency. Table 3 shows the consistent increase, year by year, of electrical losses. The
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losses went from 1.58% in 2013 to 2.71% in 2019 [63]. A quadratic trend in losses (%Loss)
were adjusted as a function of the received energy (E;), with a coefficient of determination
R? = 0.94., i.e., the energy losses change with the square of the received energy, and they
could increase in future years according to (1).

%Loss = 10" °(E,)? — 5E, + 6.53 1)

Table 3. Transmission electricity losses, 2013-2019.

Energy Received Energy Delivered Lost Energy

Year (GWh) (GWh) (GWh) Lost Energy (%)
2013 253,805.8 249,787 4 4018.4 1.58
2014 260,398.3 256,262.4 4135.9 1.59
2015 265,350.2 261,075.7 4274.5 1.61
2016 273,020.1 268,550.2 4469.9 1.64
2017 301,150.5 293,423.8 7726.7 2.57
2018 311,126.5 303,352.7 7773.8 2.50
2019 317,909.0 309,299.9 8609.1 2.71

This increase in the percentage of transmission losses highlights an over-utilization
of the grid, indicating that not enough has been invested. In the Mexican power system,
there are about 2500 nodes setting up locational marginal prices. For convenience, they are
grouped in transmission regions to show representative marginal prices by region. The
information obtained from the nodal marginal prices in the wholesale power market [64]
shows that the transmission network has congestion. The average marginal congestion
component (CCM) per year for each region has an upward trend from 2016 to 2019. Figure 6
quantifies the above by illustrating that the CCM in regions such as Cancun increased from
2.23 USD/MWh in 2016 to 34.43 in 2019 and decreased from 0.45 to —32.17 in Hermosillo
region in the same period. This means that, in regions with weak connections, such as
Cancun, the CCM was a small value in 2016, but in 2019 the CCM was more considerable.
Similarly, in nodes with weak connections but a high generation profile, the higher the
negative CCM, the more significant congestion. Regions such as Central, Lazaro Cardenas,
Aguascalientes and Guadalajara had low CCM due to a more robust transmission zone and
the proximity to the reference node, Queretaro. Finally, the CCM decreased in 2020 because
there was a general reduction in power production due to the COVID-19 pandemic.

Figure 7 shows the transmission capacity in megawatts between regions in 2017, and
the transmission links more congested in 2019, according to CCM presented in Figure 6.
Although regions Central, Monterrey, and Guadalajara are the most important load centers,
the transmission links more congested are 1-3, 38—41, and 17-24, followed by 2-8, 19-32,
and 4243, since the difference in CCM related to that links is the largest. This pattern is
increased over time, which means that congestion has increased from 2016 to 2019.

Designers considered international public tenders launched by CFE as the primary
mechanism for constructing and operating transmission lines. Although transmission and
distribution activities remained under the State’s control, the federal government, through
CFE subsidiaries, was allowed to develop joint ventures with private companies to finance,
construct, maintain, operate and expand the transmission and distribution networks. The
tariffs for these services are regulated by CRE, as established by the LIE. Since the LIE
addressed the rights of permit holders under the old regime, the transmission tariffs make a
distinction for grandfathered permit holders and wholesale energy market participants. In
either case, the postage-stamp model was implemented. CRE established that the required
income for CFE Transmission subsidiary was the expression (2)

RI=C+OMA - X @)
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where Rl is the required income, C is the return on capital and depreciation, OMA stands
for operating, maintenance and administration costs, and X is an efficient factor. The
required income is allocated 70% to consumers and 30% to generators, and weighted by the
voltage level and the energy related to each generator or consumer [65]. The methodology
applied by CRE is the same since 2010. Therefore, the adoption of specialized wheeling
tariffs is crucial for incentive, allocation, and cost recovery of transmission and distribution

networks [66,67].
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Figure 6. Average yearly CCM for representative transmission regions of the SIN in the period
2016-2020.
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Regarding CFE’s generation subsidiary production companies, Table 4 shows that the
average service life of generation equipment is 37 years, with CFE Generacion VI being the
subsidiary with the highest average age [63], putting at risk the system’s reliability due
to the power equipment demanding more frequent maintenance processes. On the other
hand, CFE subsidiaries present generation costs well above the IPP, notice that economic
loss reaches an average of USD 648 million per year, giving a total of USD 3239.63 million
in 2019.

Table 4. Seniority and average cost (2015 constant, USD) of CFE subsidiaries in 2019. * Weighted average cost includes IPP.

Subsidiaries Average Age of Plants Produced Energy Average Cost Economic Loss
(years) (GWh) (USD/MWh) (Million USD)
Totals 231,939.20 73.77 * 3239.63
CFE Generation I 36.1 24,587.20 94.85 510.61
CFE Generation I 33.5 26,324.55 108.02 903.18
CFE Generation III 33.7 29,071.01 95.38 836.78
CFE Generation IV 39.8 27,102.83 64.81 267.16
CFE Generation VI 418 32,640.18 107.50 722.44
IPP
CFE Generation V 12.1 92,213.42 43.21

Table 5 shows the cost of CFE’s inefficiencies. The estimate of CFE’s inefficient costs
recognized by the CRE was in the order of USD 3078.54 million, with generation being
the most significant contributor to such losses. Regarding subsidies, the ASF estimated
that, in 2019, the federal government granted a subsidy of USD 5998.89 million, of which
the Secretaria de Hacienda y Crédito Publico (SHCP) the Treasury Department made a
transfer to CFE of USD 3961.85 million. The missing amount was covered by charging
CFE’s liabilities, affecting the company’s finances so that it was not profitable and did not
generate economic value for the State.

Table 5. Cost of CFE inefficiencies recognized by the CRE in electricity tariffs.

Concept (USI?)mI\(/)Ilillrlliton) Percentage (%)

Total 3078.54 100.0

Generation 1636.57 53.2
Transmission and distribution 1389.25 45.1
Basic supply 52.73 1.7

Subsidies granted by SHCP to domestic and agricultural users

Estimated total subsidies 5998.89 100
Subsidies granted by SHCP 3961.85 66
Subsidies charged to CFE liabilities 2037.04 34

An objective of the electricity reform was to reduce electricity prices. However, despite
the subsidies and the fact that the subsidiaries have shown large losses, most users have
not seen a significant reduction in practice, which is why the electricity reform is perceived
by society as a deception. Mexicans expected the most significant benefit of the reform to
be a reduction in tariffs [68].
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4.1. Investment in the Electricity Sector

One of the main objectives contemplated in the design of the electricity reform was
to encourage private investment in the different activities of the sector. In the opening of
competitive areas, the injection of capital in generation and commercialization was allowed.
In contrast, in regulated areas, incentive mechanisms were required to remedy the lack of
capital to carry out the required projects.

The Energy and Infrastructure Investment Trust, also known as Fibra E, is a financial
vehicle designed to attract investment in transmission projects that meet specific require-
ments by negotiating revenue from mature assets. Fibra E is structured through a Mexican
trust fund created to issue senior bonds to be placed and offered through a public offering
on the Mexican Stock Exchange. The revenue obtained from the issuance, considering the
partial exercise of the over-allotment option, amounted to USD 885 million.

According to the ASF, no amount has been allocated from the proceeds of the se-
nior bonds to execute transmission projects. An unfavorable net financial effect for CFE
Transmission is exposed, with USD 123 million at the ending of 2019. The ASF has even
issued the recommendation to cancel the trust since it does not generate value for the
company [69].

The primary purpose of the Fondo de Servicio Universal Eléctrico (FSUE) the electrifi-
cation trust fund, as established in Article 115 of the LIE, is to finance electrification actions
in rural communities and marginalized urban areas, based on the income from the double
collection of losses from the settlement in the operation of the wholesale energy market. The
FSUE was created in 2014 and began to receive income from CENACE in 2016. However,
it stopped its activities from the beginning of 2019 until the end of the same year. In the
period from 2014 to 2019, the fund received contributions for USD 435.47 million mainly
from CENACE, of which almost USD 75.42 billion were delivered to the Fideicomiso para
el Ahorro de Energia Eléctrica (Mexican Energy-Saving Trust Fund), USD 79.65 million to
CFE distribution, 0.75 million were disbursed in consultancies, audits and fiduciary fees.
Whereas USD 172.10 million were returned to CENACE due to under-expenditure, USD
15.10 million were contributed to the federal treasury, and USD 9.30 million appear without
concept [70]. Besides, the transmission project from Ixtepec to Central with a nominal
capacity of 3000 MW was canceled in 2019 [71].

4.2. Regulatory Capture

The characteristics and strengths of the regulator are delimited by the powers granted
by law. In accordance with the resources allocated to the regulator, their tools are of varying
degrees of complexity and scope given the budget, human resources, and experience. In
1993, the CRE was created to regulate private participation in generation, and its law was
published in 1995. The CRE became an independent agency in 2015. The Gilardi index
has been used to unofficially determine the independence of the regulator. In 2011, the
Comision Federal de Mejora Regulatoria (Federal Bureau of Regulatory Improvement)
used the index to compare some Mexican institutions, with 0.55 being the value reported for
the CRE. Subsequently, in 2015, Salazar used the index to compare the CRE’s independence
before and after the 2013 energy reform, obtaining the value 0.84 [72]. Under the legal
framework, the Gilardi index is 0.84, though CRE has yielded its power following the
current federal government, so the index does not reflect the current situation.

Recently, the first negative impact on the CRE was reducing its budget and reducing
its workforce. Figure 8 shows the budget reduction in 2019, USD 5 million less than in
2018 [73-78], while the permanent workforce was reduced from 224 to 188 in the referred
year [79]. Second, the resignation of five commissioners of the CRE, including the president
commissioner, occurred from December 2018 to June 2019, which had never happened
before. Subsequently, the election of the commissioners occurred by direct assignment by
the head of the Federal Government after the double rejection by the Senate. Likewise, it
has been openly stated that the energy policy considers the support of the CFE, a clear
signal of reform agnosticism [80]. It is worth noting that the impartiality of the CRE
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commissioners is compromised given their affinity with the current administration, that is
why Gilardi’s index is assumed to drop below 0.83 (see Table 6). Additionally, the number
of CRE commissioners with extensive knowledge of the power sector has severely reduced.
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Figure 8. CRE budget allocated by the federal government.

Table 6. Gilardi index applied to the CRE in 2015.

2020

Index

Holder status

1. Term of office

7 years (Art. 7, LORCME)

0.80

The head of the Executive proposes, and the Senate

2. Who names him? approves (Art. 7, LORCME) 0.75
3. Grounds for dismissal For policy and non-policy reasons (Art. 9, LORCME) 0.67
4. Can the PresidingACom.missioner hold other positions within No (Art. 8, LORCME) 1.00
the government during his or her tenure?
5. Is it possible to renew the position? Yes, one-time (Art.7, LORCME) 0.50
6. Is independence required for the assignment of the position?  Yes (Art.8, LORCME) 1.00
Commission status
7. Term of office 7 years (Art. 6, LORCME) 0.8
8. Who names him? Proposed by the Fxccutive and approved by the 7
9. Grounds for dismissal For policy and non-policy reasons (Art. 9, LORCME) 0.67
:e()r IE;;IE gfofrircl:?lissioners hold other positions during their No (Art. 8, LORCME) 1
11. Is it possible to renew the position? Yes, one-time (Art.6, LORCME) 0.5
12. Is independence required for the assignment of the position?  Yes (Art.8, LORCME) 1
Relationship with government and parliament
13. Is it formally independent from the government? Yes (Art. 3 LORCME) 1
14. What are the obligations to the government? None 1
15. What are the obligations to parliament? ;ﬁ?;;lss;o(gif aZI; irg;léll\f[%};ort for informational 0.67
16. Who, other than the court, can overrule its decisions? Nobody 1
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Table 6. Cont.

Index
Organizational and financial autonomy
17. What is the origin of the budget? Regulated activities and Congress (Art. 3 LORCME) 0.5
18. How i the budget managed? cubjec o approval by he SHCP.(Ase 30, LORCME) |
19. Who decides the internal organization of the agency? Agency (Art. 22, LORCME) 1
20. Who is in charge of the agency’s personnel policy? The committe (Art. 23, LORCME) 1
Areas of competence to regulate

21. Tariffs Agency and government 0.25
22. Permits Only the agency 1.00
23. Permit modification Only the agency 1.00
24. Network access CRE and CENACE 0.75
25. Power quality The CRE 1.00
26. Authority to regulate through economic sanctions Yes 1.00

Independence Index 0.83

The result of these actions was a decrease in the activities attributed to the CRE. The
number of permits granted in electricity was reduced in recent years, with only 22 permits
in 2020; the percentage of permits granted was reduced by 77% compared to 2019 (see
Table 7).

Table 7. Permits granted by CRE in 2016-2020.

Year Electricity Oil Liquified Petrolum Gas Natural Gas  Hydrocarbons
2016 158 1370 5269 48 170
2017 126 470 235 81 164
2018 131 551 398 93 214
2019 94 521 280 48 169
2020 22 287 213 42 99

The restructuring of the electricity sector under the textbook model contemplates the
ISO’s essential function: to guarantee open and non-unduly discriminatory access to the
transmission and distribution networks to market participants who request it and comply
with specific requirements.

In this regard, according to the Manual for the Interconnection of Power Plants and
Connection of Load Centers and base 5 of the wholesale energy market bases, CENACE
is responsible for monitoring the connection and interconnection process requested by
market participants to connect load centers or interconnect power plants to the SEN,
as appropriate.

According to the LIE, the number of studies required to get the approval of CENACE
to celebrate the interconnection contract with the transmission company is three for power
plants below or equal to 10 MW, and four if the power plant is above 10 MW. All of them
are individual requests. Meanwhile, the application process for plants that opt for planning
is not addressed, since the number of plants that opt for this modality is very low compared
to that previously mentioned.

CENACE reports interconnection requests, as well as their status, from 2016 to 2020.
The number of requests submitted for processing has decreased significantly in recent
years, this being 157 in 2020. From the total number of applications, a tiny percentage
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corresponds to planning applications, while the rest corresponds to individual and ex-
isting applications. Similarly, requests for contracts and agreements have also decreased
significantly, accumulating in 2020 to only 38% concerning the previous year. Similarly;,
the number of canceled applications has also decreased. It is essential to highlight that the
number of pending applications that have not reached contracts and agreements increases
each year concerning the previous one (see Figure 9).
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Figure 9. Number of interconnection requests per year from 2015 to 2020.

4.3. International Agreements

According to the Economic Ministry, Mexico participates in more than 70 trade agree-
ments with 80 countries. Nevertheless, the United States—-Mexico-Canada Agreement and
Trans-Pacific Partnership are of great relevance because energy trade and protection to
investments are addressed in both of them.

Because of the signing of the North American Free Trade Agreement in 1992, Mexico
opened the electricity sector to private participation. Today, with a reform in the process
of being reversed, the United States-Mexico-Canada Agreement (USMCA) encourages
private participation in the industry and doing so under good regulatory practices and in a
sustainable manner. Among the points of the USMCA regarding energy and regulation,
the guarantee of investments against direct or indirect expropriation measures by the
federal government stands out (chapter 14). It restricts the undue benefit of the federal
government in favor of public companies (chapter 22.4) and against private companies. It
establishes the option of investor-government arbitration (chapter 14) and State-State arbi-
tration (chapter 31). It promotes good regulatory practices (chapter 22.5) and encourages
environmental protection (chapter 24).

Another important agreement is the Comprehensive and Progressive Agreement
for Transpacific Partnership [81], reaffirmed in 2018. This agreement includes the non-
conforming activities in the annex, which consider the exclusion of some activities non-
subject to liberalization. This means that every activity not included in the non-conforming
activities is liberalized and subject to competence rules.

5. Discussion

According to the results presented in the previous sections, power sector restructuring
was necessary due to the problems faced by the power sector before 2013. It is helpful to
set two periods to evaluate the implementation reform, the reform progress period from
2013 to 2018 and the reform reversion period from 2018 to 2021.
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5.1. Reform from 2013 to 2018

It should be noted that the reform progress period was short; the constitutional reform
took place in 2013, and the wholesale electricity market started operations at the beginning
of 2016. As we have shown, the power sector reform followed the textbook model closely,
except that privatization did not occur. However, the Federal Government maintained
preponderant participation in overseeing the sector through SENER and CRE and kept
sector activities through CFE’s subsidiaries. The Federal Government held vital aspects,
such as the appointment of CRE’s commissioners, the executive director of CFE, and the
determination of tariffs for specific population groups. Two groups were involved in the
reform design (2013-2018), the technical-SENER and the political-Congress. The technical
group was devoted to design and propose reform elements seeking technical and economic
efficiency. Meanwhile, the political group proposed reform changes seeking non-technical
objectives. Moreover, they were in charge of the final approval.

5.2. Reform Reversion from 2018 to 2021

The attributions granted to the Federal Government by the original reform design
facilitated the reversion of several reform implementations in this period. This reveals that
the power sector depends on the administration in office. The energy policy objectives of
President Lopez Obrador’s administration are based on a vertically integrated sector led
by the State companies. Thus, the policy actions taken in the reversion period mean an
administrative and structural blockage to the energy market-oriented reform. The CFE basic
service supplier is the preponderant market participant still. Private market participation
has increased slowly but is yet small. However, the reversion actions hinder the entrance
of new participants. Moreover, legacy participants do not have enough incentives for
switching from legacy to market modality. The year 2020 was non-typical and the COVID-
19 pandemic affected electricity consumption globally, and Mexican electricity consumption
was also reduced. Other effects of the pandemic included the suspension of administrative
activities in the power sector and the extension of procedures indefinitely. The main results
of this work can be grouped into four key categories: distorted unbundling; regulatory
capture and discriminatory access; lack of investment in transmission.

5.2.1. Distorted Unbundling

The vertical separation of the main activities in the electricity industry was established
originally in 2016 with the publication of the terms for the strict separation of CFE [57].
Nevertheless, in 2019, the federal government, through SENER, modified the terms for
the strict separation of CFE [82], where CFE is allowed to reorganize its assets, arguing
that legal separation has reduced the availability and efficiency of power plants and has
increased their costs due to the geographical separation of assets for each subsidiary.
The modifications allow for the reorganization of generation assets to the discretion of
SENER, and share information and personnel for all CFE subsidiaries and affiliates. These
modifications have significant implications. The first two are unfair practices for the
rest of the participants. At the same time, the last one put more pressure on the federal
government finances, prohibiting the entrance of private investment in transmission assets,
contrary to art. 30 and 31 in LIE.

5.2.2. Regulatory Capture

In 2014, the following CRE characteristics were strengthened: independence, compe-
tencies and stability in the long run. The Gilardi index was 0.84 after reform implementation.
The missing items to get a higher value were: the appointment and dismissal mechanisms,
the relation with the Federal Government and the Congress, the budget source, and some
competencies such as tariffs establishment and granting open access to the grid. The
independence protection mechanisms were not sufficient to prevent political capture. First,
in 2018, the budget was reduced. Second, in 2019, five out of six commissioners resigned
before their term of office had expired, and the appointment of new commissioners was by
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the direct nomination of President Lopez Obrador. Likewise, contrary to its competencies,
the support of the regulatory bodies has been openly requested for the benefit of the State
companies [83]. Under political capture, there is no guarantee that the CRE can exercise
other fundamental activities, such as granting permits, determining tariffs objectively, mon-
itoring non-unduly discriminatory access to the grid, and enforce sanctions against market
participants. The independent mechanisms of CRE should be revised and strengthened,
such as the budget source, the appointment and dismissal of commissioners, and their
required competencies.

5.2.3. Failure in Granting Non-Unduly Discriminatory Access to the Grid

As a result of the actions against the electricity reform, CENACE has delayed the
interconnection studies of power plants, thereby halting the access of new participants to
the network. Likewise, derived from the restrictions of activities at the national level due
to the COVID-19 pandemic, CENACE issued a statement limiting the entry of variable
generation plants, such as solar and wind power plants, for an indefinite period [84]. On
the other hand, CRE has been instructed by the Federal Government to not grant permits
for new private participants [83]; additionally, LIE has been modified to conditioning the
granting of generation permits to PRODESEN expansion plans issued by SENER [10]. This
restriction has caused the beginning of legal processes against the Federal Government’s
actions, and at the time, they are pending Supreme Court decision. Other important
counterbalances include the international agreements. International cooperation prevents
radical changes and provides stability in the long term. The USMCA and the Transpacific
Partnership commit the parties to enforce competence in the established activities, promote
good regulatory practices, and restrict the undue benefit of the federal government in favor
of public companies.

5.3. Lack of Investment in Transmission

The lack of infrastructure in the transmission is reflected by the increase in transmis-
sion losses over time and the increase in congestion in some regions of the Mexican power
system. The main congested links are Hermosillo-Obregon, Cananea-Moctezuma in the
northwest, while in the southeast, the congested links are Merida-Cancun and Tabasco-
Lerma. Even though capacity generation significantly exceeds demand, the operating
reserve margins are sometimes too low, and the bottleneck in transmission contributes to
such a problem. The transmission project outlined after the implementation of electricity
reform was canceled. Besides, FSUE and Fibra E, market mechanisms, were underused
or not implemented to develop network infrastructure. Moreover, modified terms for the
strict separation of CFE [82] canceled the private participation in the transmission projects.
Week transmission and distribution networks prevent open access to the grid because
individual interconnections will require costly reinforcements to interconnect a power
plant to the network.

This work is an empirical analysis of the Mexican power sector reform and focuses on
the SIN. The clean energy certificates market and the balancing capacity market were not
addressed in this work.

6. Conclusions

Almost all of the power systems around the world have gone through different types
of reform. The reasons are different: sometimes this is due to the financial situation, the
technological evolution of the equipment, or the political situation. In the case of Mexico,
the driving reason was the financial situation. The reform included well-accepted practices
from the best wholesale electricity markets, with improvement mechanisms. After five
years, when the reform was not mature enough, in 2018, President Lépez Obrador started
a counter-reform with the issues described in the previous section.

We made a comparative analysis of the textbook model with the power sector reform
performed in Mexico to evaluate the implementation depth. We found that the reform
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in 2013 applied the full textbook model, avoiding privatization. The original design
granted vast attributions to the Federal Government through SENER, CRE, and CFE. The
attributions facilitated that the Federal Government reversed three essential items starting
in 2018: vertical unbundling of CFE, horizontal reorganization of CFE generation, and
undermined CRE independence. Additionally, the Federal Government modified the LIE
to conditioning the access to new entrants for approval from SENER and canceled the
obligation of CFE Basic Service Supplier to acquire power under market mechanisms.
Currently, the LIE modification is pending the Supreme Court decision, and international
agreements are expected to minimize radical changes against the market structure.

The instruments designed to develop transmission and electrification infrastructure,
Fibra E and FSUE, were underused, although investment in transmission and distribution
infrastructure is much needed. Additionally, the modifed terms for the strict legal separa-
tion of CFE closed the possibility to develop, commission, and finance infrastructure with
private participation in transmission and distribution. The new government regulation
unduly benefits CFE and creates uncertainty for the rest of the participants.

Finally, to mitigate these problems and put the reform on track to achieve the goals of
the 2014 reform, and to make the national electric sector more efficient in order to increase
the country’s international competitiveness, it is imperative to act on the following points:
1. Guarantee true vertical unbundling of CFE subsidiaries; the current structure of CFE
prevents non-discriminatory access to the grid and allows monopolistic practices. 2. Restore
the CRE independence; provide clear and internationally accepted rules for CRE’s budget,
the appointment and dismissal of commissioners, and their required competencies. These
improvements would increase the confidence of market participants in the regulator and
reduce the uncertainty in the power sector. 3. Establish clear rules for non-discriminatory
access and strengthen institutions to enforce this rule; this will increase market participation
in competitive activities. 4. Increase investment in network infrastructure; establish
mechanisms of efficient network expansion, and allow private participation when the
Federal Government could not invest. The implementation of the recommendations
presented above is necessary for the evolution and success of the electricity reform. In any
case, in the long run, political commitment is also required to avoid the dependence on the
electricity industry on the political ideals of the administration in office.
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ASF Auditoria Superior de la Federacion (Federal Superior Audit Office)
ccMm Marginal Congestion Component

CENACE Centro Nacional de Control de Energia (Energy Control National Center)
CFE Comision Federal de Electricidad (Electricity Federal Company)

CRE Comisioén Reguladora de Energia (Regulatory Energy Commission)

FSUE Fondo de Servicio Universal Eléctrico (Universal Electricity Service Fund)
FTRs Financial Transmission Rights

IPP Independent Power Producer

ICL Intermediacién de Contratos Legados (Legacy Contracts)
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ISO Independent System Operator
LCFE Ley de la Comision Federal de Electricidad (Electricity Federal Company Law)
LIE Ley de la Industria Eléctrica (Electric Industry Law)
LORCME Ley de los Organos Reguladores Coordinados en Materia Energética (Law of the
Coordinated Regulatory Bodies)
LSPEE Ley del Servicio Publico de Energia Eléctrica (Public Electricity Service Law)
MRO Operating Reserve Margin
PIDIREGAS  Proyectos de Inversion en Infraestructura Productiva con Registro Diferido en el
Gasto Publico (Productive Infrastructure Investment Projects with Deferred
Registration in Public Expenditure)
PRODESEN  Programa de Desarrollo del Sistema Eléctrico Nacional (Official Power System
Planning Program)
SEN Sistema Eléctrico Nacional (National Electric System)
SENER Secretaria de Energia (Ministry of Energy)
SHCP Secretaria de Hacienda y Crédito Publico (Ministry of Finance and Public Credit)
SIN Sistema Interconectado Nacional (National Interconnected System)
USMCA United States Mexico and Canada Agreement
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