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Abstract

In the last fifteen years, Mexico’s National Electric System (Sistema Eléctrico Nacional, SEN)
has undergone significant structural changes, including the 2013 energy reform, the 2020
health contingency, ongoing geopolitical pressures, and the 2024 constitutional energy
reform. Over this period, electricity consumption grew at an average annual rate of 3.1%,
while the generation mix shifted substantially, with solar and wind capacity expanding
from negligible levels to a combined output of 38,627 GWh by 2024. Despite these advances,
supply reliability remains under pressure, and the growth of renewable deployment has
not kept value with declared decarbonization commitments. This study quantifies the
gap between the historical growth trajectory of the SEN and the targets established in the
national expansion plan, using linear and second-degree polynomial regression models
applied to official data series for the period 2010-2024 to assess whether current structural
inertia is consistent with Mexico’s declared energy transition commitments. The results
indicate that under a trend scenario, renewable installed capacity would reach approxi-
mately 34.3% by 2030, with an estimated generation of 112,136 GWh—insulfficient to close
the gap to sectoral decarbonization goals. The analysis further reveals that the Expansion
Plan requires installing nearly twice the annual capacity historically added, posing a financ-
ing and institutional challenge that market signals alone cannot resolve. These findings
demonstrate that structural inertia, rather than policy ambition, is currently the dominant
driver of the evolution of Mexico’s electricity system, and that its energy transition will
require deliberate acceleration beyond historical trends.

Keywords: energy modelling; electricity sector; energy transition; energy planning; climate
change; renewable energy

1. Introduction

Energy is a fundamental element of economic prosperity and social well-being globally.
Modern societies depend on access to reliable, affordable, safe, and sustainable energy
sources, making the energy sector a strategic pillar of development. Currently, energy
systems are undergoing an accelerated transformation, driven by multiple factors, including
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climate change, technological evolution, geopolitical dynamics, and interactions among
actors with diverse interests.

However, the progress of decarbonization faces an increasingly complex and frag-
mented international landscape, characterised by conflicting national agendas. While
the energy transition is not a new phenomenon, the challenges of managing a successful,
fair, and sustainable transformation process are unprecedented in both magnitude and
complexity. Added to this is the accelerated growth of technological innovation, which
simultaneously introduces new challenges and opportunities, redefining the global energy
sector’s development trajectories [1].

The energy transition can be defined as a comprehensive transformation of the energy
system towards a new configuration, encompassing not only the production, distribution,
transmission, and consumption of energy, but also the technologies, management schemes,
and practices associated with energy security and geopolitics, as well as the governance
of the sector. The energy transition phase, aimed at reducing carbon emissions, envisages
an energy production and consumption model dominated by clean electricity to achieve
carbon neutrality by 2050 [2].

Global electricity production has registered sustained growth in recent decades, with
occasional interruptions associated with global economic and health events. Between 2008
and 2009, the international financial crisis caused a significant contraction in electricity
demand. In 2020, lockdowns resulting from the COVID-19 pandemic generated a temporary
reduction in economic activity and electricity consumption worldwide.

After the pandemic, electricity demand resumed its upward trajectory, a trend that is
not only maintained but also accelerated in the coming years. According to the International
Energy Agency (IEA), global electricity demand will grow at an average annual rate of 3.6%
in the period 20262030, representing a significant acceleration compared to the average
annual rate of 2.8% recorded over the last decade. This increase will be driven by the
growing consumption in the industrial sector, the electrification of the transport sector,
the rising demand for air conditioning, and the rapid expansion of data centres [3]. This
dynamic confirms that global electricity demand will continue to grow, posing additional
challenges to expanding generation capacity.

In 2023, global electricity production reached 30,121.75 TWh, an increase of 2.7% from
the previous year. In terms of composition, 60.13% of the electricity generated came from
fossil fuels, 30.77% from renewable sources, and 9.10% from nuclear energy [4]. This
distribution indicates that, despite advances in clean technologies, fossil fuels continue to
play a dominant role in global electricity supply, underscoring the challenges associated
with decarbonising the sector.

The sustained growth in electricity demand and production has direct implications
for carbon dioxide (CO,) emissions, given that the electricity sector remains one of the
world’s largest emitters. Despite progress in the use of renewable sources, electricity and
heat generation is the sector that contributes the most to polluting emissions, surpassing
the transport and industrial sectors. In 2023, electricity generation accounted for more than
40% of global CO, emissions [4].

The environmental crisis is intensifying, and the costs of inaction are rising rapidly.
Meanwhile, the window to act effectively and urgently is narrowing. Faced with this
scenario, a change is necessary to achieve environmental, social, and economic objectives
in an integrated manner, guaranteeing a sustainable and fair future for all and addressing
the inequalities affecting the most vulnerable populations [5].

In Mexico, CO, emissions from electricity generation account for almost 20% of the
country’s total emissions in 2024. Emissions from the SEN increased significantly from
133.69 megatons (Mt) of COze in 2010 to 148.78 Mt of COse in 2024, representing just
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over 15 Mt of COe. Given the magnitude of its contribution, the electricity sector is
expected to play a central role in the country’s decarbonization process, thereby driving the
implementation of public policies and regulatory measures to meet the climate and energy
objectives set by the Mexican government [6].

As a result of these efforts, the composition of the generation matrix has changed
significantly over the same period. The share of coal-fired power plants fell from 13.03%
to 3.68%, while conventional thermoelectric plants went from 17.45% to 8.01%. However,
electricity generated from natural gas increased its share from 47.9% to 60.4%, deepening
the SEN’s dependence on imported fuels. At the same time, renewable sources registered
significant growth. The share of solar energy went from 0% to 5.29%, while the share of
wind energy increased from 0.48% to 5.67%. Although these increases are still moderate
in relative terms, they are substantial in absolute terms. Solar generation increased from
0 GWh to 18,640 GWh, while wind generation went from 1298 GWh to 19,987 GWh [7].

Along with these structural changes, conjunctures in the SEN have significantly im-
pacted its evolution. Among the most relevant events are the energy reform of 2013, which
introduced various changes to the organisation and operation of the sector’s production
chain; the launch of the wholesale electricity market in 2016; and the health contingency
in 2020, which caused supply chain interruptions and substantially modified energy con-
sumption patterns. In addition to these factors, geopolitical and climatic conflicts have
increased the operational complexity of the SEN.

In this context, to guarantee energy security and self-sufficiency, strengthening national
planning in energy matters, and ensuring a secure, efficient, and affordable supply of
electricity, the Mexican government promoted an energy reform that involved modifications
to the Political Constitution of the United Mexican States published in the Official Gazette
of the Federation (Diario Oficial de la Federacion, DOF) on 31 October 2024 [8].

As part of the implementation, on 18 March 2025, a new legal framework was issued
consisting of eight laws, including two for State Public Companies, the Federal Electricity
Commission (Comisién Federal de Electricidad, CFE) and Petréleos Mexicanos (PEMEX); CFE is
the only Electricity Generation Company to provide the service in the entire country. The
laws are: The Electricity Sector Law and the Hydrocarbons Sector Law; the Energy Planning
and Transition Law; the Biofuels Law; the Geothermal Law; and the Law of the National
Energy Commission, as well as the Organic Law of the Federal Public Administration.

Subsequently, on 17 October 2025, the Ministry of Energy (Secretaria de Energia, SENER)
published the first edition of the National Plan for the Development of the Electricity Sector
(Plan Nacional de Desarrollo del Sistema Eléctrico, PLADESE), replacing the National Elec-
tricity System Development Program (Programa de Desarrollo del Sistema Eléctrico Nacional,
PRODESEN), which sets the growth path for the SEN over the next 15 years. The PLADESE
defines investment priorities and the roles of the various public and private actors [7].

To guarantee the safety, continuity, accessibility and reliability of the SEN, the
2025-2030 Strengthening and Expansion Plan was launched, which includes strategic
projects to expand and modernise public infrastructure across its main components: gener-
ation, transmission and distribution, with a priority focus on increasing renewable energy
generation. In addition, it seeks to create conditions for universal access, eradicate inequal-
ity, and ensure fair movement throughout the country.

The Plan targets 21,846 MW of new electric power generation capacity, of which
the CFE will contribute 15,446 MW through the development of new projects and the
implementation of battery systems. In comparison, the private sector will contribute
6400 MW through clean energy projects. In addition, 10 plants began operating during the
previous administration, and 16 hydroelectric plants were repowered, adding 7228 MW [9].
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The Comprehensive Plan for the Modernisation of Hydroelectric Power Plants is part
of the mitigation policy and aims to strengthen the CFE. The energy system planning
accounts for repowering and automating 14 plants by replacing equipment, thereby in-
creasing electricity generation capacity from clean, reliable sources. The Plan will extend
the plants” useful life by up to 50 years, leverage existing civil infrastructure, and improve
water-use efficiency [9].

The modernisation process consists of replacing turbines, generators, transformers,
and auxiliary systems in hydroelectric plants, which have an average age of 62 years.
It will require an investment of 494.51 million dollars to increase annual generation by
1815 GWh [10].

The SEN faces growing risks stemming from ageing infrastructure and extreme
weather events. In this context, and to better understand the evolution of the Mexican
electricity sector and the challenges associated with the energy transition, a structured
review of the existing literature was conducted. This review aims to identify the main
research approaches, highlight common findings and limitations, and establish the context
in which the present study is framed.

1.1. Impact of Energy Reforms and External Disruptions on the SEN

Percino-Picazo et al. [11] conducted a comparative analysis of energy reforms since
2013, concluding that although the reform incorporated widely accepted wholesale market
practices, a counter-reform was initiated after five years. Gonzélez-Lépez and Ortiz-
Guerrero [12] examined changes in both demand and generation during the COVID pan-
demic, finding that the impacts were non-linear and affected economic and energy systems
simultaneously. Salgado-Conrado et al. [13] analysed the Mexican electricity sector before,
during, and after the COVID pandemic, reporting that electricity generation increased by
4.3%. Together, these studies document how regulatory and external shocks have shaped
the SEN's trajectory, but they do not quantify the gap between observed trends and national
expansion targets.

1.2. Methodological Tools and Modelling Approaches

Chang et al. [14] examined 54 modelling tools, evaluating not only technical aspects
but also political relevance, user accessibility, and linkages to other models. Hernandez-
Hurtado et al. [15] integrated an economic dispatch model based on linear programming.
They found that central and northeastern regions have the highest emissions and that 90%
of transmission lines are congested for most of the year. Banacloche et al. [16] assessed the
social, economic, and environmental impacts of green investments linked to renewable
energy deployment, concluding that increased deployment is necessary to achieve the Paris
Agreement goals. These works value the operational and multi-variable modelling, but
their complexity limits reproducibility and transparency when the analytical objective is to
evaluate structural trends against planning targets.

1.3. Energy Transition Studies in Mexico

Buira et al. [17] used the Deep Decarbonization Trajectory methodology to develop
two analytical scenarios through 2050, proposing a reduction of natural gas to 17% by 2035
and an additional 5% by 2050. Icaza-Alvarez et al. [18] proposed a roadmap for the energy
transition to renewable energy by 2050, evaluating the potential of renewable sources to
reduce fossil fuel use. Cruz Ake et al. [19] analysed 24 possible trajectories of Mexico’s
energy transition using an optimisation algorithm that accounted for installed capacity,
production costs, emissions, and technology growth rates. While these scenario-based
studies provide valuable long-term visions, they rely on normative assumptions about
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future policy conditions and do not assess the consistency between the system’s observed
historical inertia and the targets established in current national planning instruments.

The reviewed literature reveals a gap between two types of analysis: on one hand,
detailed operational and scenario models that require complex assumptions and data;
on the other hand, descriptive studies of specific events or reforms that do not quantify
structural trends. No study has systematically applied regression-based trend analysis to
official historical data for the SEN to assess whether the system’s structural inertia aligns
with the targets established in the current national expansion plan. This gap is particularly
relevant in the context of the recently published Expansion Plan, which sets ambitious
capacity and generation targets for 2030 that have not yet been contrasted against the
system’s observed historical trajectory.

The objective of this study is to quantify the gap between the historical growth tra-
jectory of Mexico’s National Electric System (SEN) and the targets established in the
national expansion plan, using regression models applied to official data series, to as-
sess whether current structural inertia is consistent with the country’s declared energy
transition commitments.

2. Methodology

This analysis focuses on the historical and prospective evolution of the SEN, consid-
ering both installed capacity and electricity generation. To this end, annual data for the
period 2010-2024, obtained from official energy sector sources, were used as the basis for
trend analysis and extrapolation to 2030.

To comprehensively evaluate the energy transition process, the data were disaggre-
gated into fossil and renewable sources. This classification made it possible to analyse
the historical behaviour of the SEN and identify differences in growth dynamics and their
impact on the energy transition.

The methodology adopted combines data analysis with statistical regression models,
selected according to the behaviour of each variable. The models obtained were used to
extrapolate the evolution of installed capacity and electricity generation through 2030, to
compare the projected results with the guidelines and goals set out in the National Electric
System Expansion Plan, and to evaluate their alignment with the sector’s decarboniza-
tion objectives.

For the development of the statistical models, a continuous temporal variable was
used, defined to uniformly represent the evolution of time throughout the period of analysis.
Although the historical data correspond to the calendar years between 2010 and 2024, the
temporal variable was transformed into a consecutive numerical scale, assigning 0 to the
initial year (2010) and incrementing by 1 for each subsequent year, reaching 14 for 2024.

Years exhibiting anomalous behaviour attributable to documented external
disturbances—specifically the COVID-19 pandemic (2020-2021), the 2014 thermoelectric
dispatch disruption, and anomalous hydrological conditions (2012-2013, 2022)—were ex-
cluded from the regression fitting procedure. This approach follows established criteria
for event-driven outlier removal, whereby observations are excluded based on identifiable
non-structural causes rather than statistical grounds alone [20,21].

This transformation does not alter the trend or the interpretation of the variables
analysed, but rather facilitates statistical adjustment and extrapolation to the 2030 time
horizon by avoiding the use of high values directly associated with calendar years.

First, the evolution of installed SEN capacity was analysed, as it constitutes the
structural basis that shapes electricity generation and defines the sector’s long-term pro-
ductive potential. During 2010-2024, electricity generation capacity from fossil sources
grew steadily, with annual variations driven by the commissioning of new plants and
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technological substitution. In 2010, the installed fossil capacity was 42,072 MW, and by
2024, it had increased to 61,003 MW, a cumulative increase of 18,931 MW.

The observed growth corresponds to an average annual rate of approximately 2.5%
in the period analysed. This value of expansion reflects a strategy to strengthen fossil
infrastructure as a fundamental component to ensure the reliability and continuity of
the electricity supply, particularly amid sustained growth in demand and the gradual
integration of intermittent renewable sources.

To evaluate the expansion trend, a linear regression model was applied using a time
variable. The use of a linear adjustment is justified because incorporating new capacity
aligns with planning, investment, and construction processes that evolve gradually over
the long term. Figure 1 presents a graphical representation of the model; the goodness-of-fit
was 0.94, indicating high temporal consistency and allowing this model approximation to
be used for extrapolation to 2030 under a constant policy.

y=1589.87x + 40,352.26 )
Rz =0.94 e

2 4 6 8 10 12 14

—0— Fossil Capacity (MW)  «eeeeeees Linear (Fossil Capacity (MW))

Figure 1. Fossil installed capacity with linear adjustment, 2010-2024.

Although generation capacity from fossil sources continues to play an important role in
the SEN, the growth in installed capacity in renewable technologies has become increasingly
important during the period analysed. From 2010 to 2024, renewable electricity generation
capacity registered sustained, progressively accelerated growth, reflecting the gradual
diversification of the national energy matrix. In 2010, the installed renewable capacity
stood at approximately 13,018 MW; by 2024, it had reached approximately 29,540 MW, an
increase of 16,522 MW.

The observed growth corresponds to an average annual rate of approximately 6.0%,
higher than that recorded in fossil capacity. This behaviour makes it evident that clean
technologies are playing a greater role in the expansion of the electricity system, driven
mainly by the commissioning of solar and wind projects.

As in fossil capacity, a linear regression model was applied using a consecutive
temporal variable. Figure 2 shows the graphical representation of the model, and the
obtained correlation coefficient was 0.97.

The observed behaviour demonstrates sustained growth in installed capacity, with ac-
celerated expansion in renewable technologies, which is relevant to evaluating compliance
with the electricity sector’s decarbonization objectives.
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Figure 2. Renewable installed capacity with linear adjustment, 2010-2024.

In the case of electricity generation, growth was non-linear. In 2010, fossil generation
amounted to 224,542 GWh, while in 2024 it reached 285,769 GWh, representing a cumulative
increase of 61,227 GWh over the period analysed. The observed growth corresponds to an
average annual rate of 1.7%, significantly lower than the rate recorded for the installed fossil
capacity over the same period. This behaviour shows that although fossil infrastructure
continued to expand, its effective use for electricity generation grew at a more contained
rate, indicating changes in dispatch patterns and greater participation by other technologies.

As shown in Figure 3, the analysis allowed us to identify years with atypical be-
haviours associated with non-structural external disturbances of the SEN. In 2014, ther-
moelectric plants reduced their generation participation from 53,770 GWh in 2013 to
37,682 GWh, a 35.5% decrease. In 2020, generation from fossil fuels decreased from
249,228 GWh in 2019 to 232,073 GWh, marking a gradual recovery after the fall caused by
the COVID-19 pandemic, and reached 266,143 GWh in 2023.

Impact of the
COVID-19
Pandemic

Impact of the 2013
Energy Reform

2012 2014 2016 2018 2020 2022 2024

—e— Fossil Generation (GWh) ~ «eeeeeeer Poly. (Fossil Generation (GWh))

Figure 3. Generation from fossil fuels, 2010-2024.
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As shown in Figure 4, when the analysis included the outliers, a coefficient of deter-
mination of 0.81 was obtained using a fourth-degree polynomial regression. To analyse
the trend and avoid distortions in the adjustment, data from 2014, 2020, and 2021 were
excluded from the model, preserving only the representative evolution of fossil generation
under normal operating conditions.

y = 13.05x% - 350.84x3 + 2912.52x2 - 4890.06x + 230,369.16
R?=0.81

2 4 6 8 10 12 14

—— Fossil Generation (GWh)  eeeeeeene Poly. (Fossil Generation (GWh))

y=151.26x2 + 3193.18x + 228,925.48
R?=0.92

2 4 6 8 10 12

—— Fossil Generation (GWh) ~ ceceecees Poly. (Fossil Generation (GWh))
Figure 4. Fossil generation with second —degree polynomial regression, 2010-2024.

To identify and discard outliers, a second-degree polynomial regression model was
applied to a temporal variable measured sequentially. The adjusted model had a coefficient
of determination of 0.92, indicating adequate temporal consistency and validating its use
for extrapolating fossil generation to 2030.

Electricity generation from renewable sources increased, reflecting both the expansion
of installed renewable capacity and the growing use of national energy resources. In 2010,
renewable generation amounted to 46,941 GWh, while in 2024 it reached 66,536 GWh,
representing an increase of 19,595 GWh over the period analysed.

This growth corresponds to an average annual rate of approximately 2.5% between
2010 and 2024, higher than that observed in fossil generation during the same period. This
behaviour indicates a favourable dynamic for renewable sources, which have progressively
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increased their share of the national electricity supply, contributing to the diversification of
the generation matrix.

However, as shown in Figure 5, variations associated with climatic and structural
factors are evident, particularly in technologies that depend on variable resources. These

fluctuations alter the trend for the proposed extrapolation of renewable generation towards
the year 2030.

Extreme variations
in hydroelectric
generation
Rapid structural
increases in solar
power plants
2012 2014 2016 2018 2020 2022 2024
—o— Renewable Generation (GWh) ~ «ceceeeee Poly. (Renewable Generation (GWh))

Figure 5. Generation from renewable energies, 2010-2024.

Figure 6 shows that hydroelectric generation has historically been the main renewable
source; however, it is highly sensitive to water availability, leading to significant annual
variations driven by climatic conditions such as droughts and wet years, as well as dam
storage levels. Photovoltaic solar generation shows growing and accelerating participation,
reflecting the commissioning of new plants and reductions in technology costs. Wind
generation shows gradual, relatively stable growth, while geothermal and bioenergy remain
stable, though their contributions are insufficient to alter the dynamics of the overall series.

2015 2020
—e—Hydro —e— \Wind —o— Geothermal Solar Bioenergy

Figure 6. Renewable generation by type of technology, 2010-2024.
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As shown in Figure 7, when outliers were included in the analysis, a regression coeffi-
cient of 0.86 was obtained with a fourth-degree polynomial model. To analyse the trend
and avoid distortions in the fit, a second-degree polynomial regression model was fitted to
a modified series of historical values. The years 2012, 2013, 2021 and 2022 were excluded
from the model, retaining only the representative evolution of renewable generation under
normal operating conditions. The adjusted model presented a regression coefficient of 0.93,
indicating adequate temporal consistency and keeping its use for extrapolating renewable
generation to 2030.

y =-11.23x4 + 302.83x3 - 2304.78x2 + 5876.36x + 41,527.94
R?=0.86

2 4 6 8 10 12 14

—&— Renewable Generation (GWh) ~ «eceeeeee Poly. (Renewable Generation (GWh))

y=300.33x2 - 646.29x + 45,591.60
R?=0.93

2 4 6 8 10

—0— Renewable Generation (GWh) ~ ceeeeeeee Poly. (Renewable Generation (GWh))

Figure 7. Renewable generation with second —degree polynomial regression, 2010-2024.

3. Results

Based on models calibrated to historical data on installed capacity and electricity
generation for 20102024, these variables were extrapolated to 2030. These projections
allow the system’s expected trajectory to be evaluated under the assumption of continuity
in historical trends and serve as the basis for comparison with the objectives established in
the National Electricity Sector Expansion Plan. Figure 8 shows the extrapolated installed
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capacity of fossil and renewable sources, presented in a graphic that allows us to appreciate
the historical trajectory and the projection to 2030.

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

—e— Fossil Capacity (MW) —e— Renewable Capacity (MW)

Figure 8. Historical evolution [7] and extrapolation of the installed capacity of the SEN, 2010-2030.

Table 1 presents the values obtained using linear regression models for the period
2025-2030. The extrapolation of installed capacity indicates that, if the historical trends
observed in 2010-2024 continue, the SEN would incorporate approximately 19,273.8 MW
of new capacity by 2030. This expansion results from the joint growth of fossil and renew-
able capacity.

Table 1. Extrapolated values of installed capacity, 2024-2030.

Fossil Capacit Renewable Total Capacit o
Year MW)  Capacity (MW) Mw) " Renewable
2024 61,003 29,540 90,543 32.63
2025 64,200 31,006 95,206 32.57
2026 65,790 32,338 98,128 32.95
2027 67,380 33,670 101,050 33.32
2028 68,970 35,003 103,973 33.67
2029 70,560 36,335 106,895 33.99
2030 72,150 37,668 109,817 34.30

For electricity generation from fossil and renewable sources, a second-degree poly-
nomial regression model was used to extrapolate from 2025 to 2030. Figure 9 shows the
graphical representation of the historical data and the proposed trajectory to 2030.

The results of the extrapolation of electricity generation presented in Table 2 indicate
that, if the historical trends of the 2010-2024 period continue, the SEN will increase its elec-
tricity production by 4.6%, from 352,305 GWh in 2024 to 439,059 GWh in 2030, representing
an increase of 86,754 GWh, a growth higher than that observed in the 2010-2024 period of
80,822 GWh.

According to the National Electricity Sector Expansion Plan towards 2030, the incorpo-
ration of approximately 21,846 MW of new electricity generation capacity is contemplated.
Of this total, the CFE would contribute 15,446 MW by developing 25 new generation
projects and battery storage systems. In comparison, the private sector would contribute
6400 MW through renewable energy projects. Additionally, the Expansion Plan considers
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commissioning 10 plants that were started in the previous administration (2018-2024) and
repowering 16 existing hydroelectric plants, which would add a total of 7228 MW to the
SEN. In total, the Plan foresees adding approximately 29,074 MW of installed capacity by
2030 [22].

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

—e— Fossil Generation (GWh) —e— Renewable Generation (GWh)

Figure 9. Historical evolution [7] and extrapolation of the SEN generation, 2010-2030.

Table 2. Extrapolated generation values, 2024-2030.

Year Fossil Generation Renewable Total Generation % Renewable
(GWh) Generation (GWh) (GWh)
2024 285,769 66,536 352,305 18.89
2025 289,025 74,822 363,847 20.56
2026 295,999 81,084 377,083 21.50
2027 303,277 87,946 391,222 22.48
2028 310,856 95,408 406,265 23.48
2029 318,738 103,472 422,210 24.51
2030 326,923 112,136 439,059 25.54

These goals reflect an accelerated expansion strategy aimed at guaranteeing energy
security and meeting growing demand by advancing the sector’s transition and decar-
bonization. Based on these thresholds, it is relevant to contrast the objectives set out in the
Expansion Plan with the historical evolution of the SEN to assess the consistency between
past trends and the value of expansion required to meet the objectives by 2030.

The comparison between the results from the analysis of the historical evolution of
installed capacity and the goals established in the SEN Expansion Plan shows a difference,
as calculated by the model, in the expected growth towards 2030. While extrapolation from
trends observed in 2010-2024 suggests adding approximately 19.3 GW of new capacity, the
Expansion Plan proposes nearly 29 GW of expansion over the same horizon.

From 2010 to 2024, the total installed capacity increased from 55,090 MW to 90,543 MW,
a gain of 35,453 MW, representing an average annual growth of 3.6%. On average, 2532 MW
were installed per year. With the proposed extrapolation, approximately 3212 MW of
capacity would need to be installed per year. At the same time, the Expansion Plan will
require installing 4833 MW per year, almost double the annual average over the last
fifteen years.

The SEN Expansion Plan includes the construction of seven wind farms, nine photo-
voltaic plants, five combined-cycle plants, and one internal-combustion plant, requiring
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an investment of 15,541 million dollars (MDD). In addition, the conclusion of 26 projects
initiated in the previous administration requires an investment of 6796 million dollars,
bringing the total investment for all projects to 22,337 million dollars (427,624 million pesos),
as shown in Table 3.

Table 3. Adding electric generation and storage capacity.

Technology Projects Capacity (MW) Investment (MDD)
In Execution 26 7228 6796
Wind 7 2470 3253
Photovoltaic 9 4673 4909
Combined cycle 5 3425 2622
Internal combustion 1 240 370
Cogeneration (PEMEX) 3 2422 2059
Batteries N/A 2216 2328
Expansion 25 15,446 15,541
CFE Total 51 22,674 22,337
Private sector — 6400 —
CFE + Private — 29,074 —

According to the Federation’s Expenditure Budget, from 2010 to 2024, the budget
allocated to electricity generation grew at an average annual rate of 4.65%. In 2024, the
CFE received 56,695 million pesos; of that total, 33.54% was allocated to generation, 17.01%
to transmission, 15.45% to distribution, and the remainder to the commercialisation of
electricity and administrative support services.

In the 2024 Budget, approximately 19,014 million pesos were allocated for investment
spending on electricity generation, a total amount below the 71,270 million pesos per year
estimated by the Expansion Plan (427,624 million pesos in total for the period 2025-2030).
This difference of 50,256 million pesos could be reduced through the trusts the CFE has used
to develop its infrastructure; however, these differences reflect the optimistic nature of the
Expansion Plan, suggesting that the goals set are challenging given the historical behaviour
of the SEN. Meeting these targets requires substantial acceleration in the development of
generation projects, as well as high levels of investment and private sector participation,
particularly in renewable energy technologies.

Likewise, achieving the established goals depends on a clear and stable regulatory
framework that enables the planned projects to materialise. In the absence of these elements,
the growth of the NES would tend to align with the historical trends identified in this study,
posing a challenge to meeting the sector’s decarbonization objectives.

4. Implications for the Energy Transition

The results of the modelling developed in this project, as indicated by the methodology,
with trends calculated as a function of time, show that the participation of renewable
energies in the installed capacity of the SEN would reach approximately 34.3% by 2030,
with an estimated generation of 112,136 GWh, equivalent to 25.5% of total production.
Although these projections show significant progress compared to the starting point, where
renewable participation was only 17.5% in 2010, they require greater commitment from all
those involved to decisively reach the levels required by international climate commitments
and decarbonization scenarios towards 2050.

From the 2013 data, it can be observed that renewable energy was almost constant,
with a minor decrease, but in 2014 it declined [23]. This political scenario shows minimal
growth for renewables until 2019. After 2019, it shows a 16.5% increase in 2020, followed

https://doi.org/10.3390/ electricity7030063


https://doi.org/10.3390/electricity7030063

Electricity 2026, 7, 63

14 of 17

by another 16.0% increase in 2021. Those values were consistently derived for installation
in renewable energy facilities.

The addition of solar and wind technologies is evident under current policies. Solar
generation went from practically zero levels in 2010 to 18,640 GWh in 2024, while wind
increased its production from 1298 GWh to 19,987 GWh in the same period. Despite these
growth rates, both technologies maintain a relatively limited share within the national
electricity matrix. These results suggest that, for decarbonization to be sustainable with
current energy policies, in addition to maintaining the current expansion effort (6.0%
renewable energy), it will also be prudent to increase it through a combination of public
investments, more efficient market mechanisms, and identifying how there could be greater
private sector participation if Mexican laws deem it appropriate.

The contrast between the estimated scenario and the goals established in the Expansion
Plan indicates that achieving those goals is a considerable challenge that will require
overcoming the inertia of the current system. One possible route is to articulate long-
term plans with short-term verifiable follow-up mechanisms, through the coordinated
participation of the various institutional actors involved. Unlike other economies where the
transition has been driven mainly by market signals, in Mexico, the State’s role as a planner
and operator of the system makes the institutional capacity of the CFE and regulatory
bodies particularly relevant.

In this sense, the modernisation of hydroelectric plants contemplated in the Com-
prehensive Modernisation Plan represents an opportunity: in addition to the potential
for decarbonisation, it can help rehabilitate infrastructure that should already have been
renovated, reducing capital costs compared with new infrastructure. This planning makes
it potentially attractive for public and/or private investment, to the extent permitted by
current legislation. However, the impact of these actions will depend on operational and
environmental factors, particularly the management of water resources amid increasing
climate variability.

The models developed in this study are used to evaluate the generation’s growth
over time. These models cannot predict the intermittency of renewable sources; they
do not operate hour by hour but instead rely on approximations based on annual totals,
which limits their interpretation, as detailed in the next section. The accelerated addition
of solar and wind capacity implies the need to simultaneously strengthen other system
components, such as energy storage, transmission infrastructure, and demand response
mechanisms. Although the Expansion Plan contemplates installing 2216 MW of battery
storage, this figure could be constrained if the penetration of variable renewables continues
to increase at the projected rate. In this sense, the levels of congestion reported in the
transmission network reinforce the idea that the modernisation of the infrastructure is not
a complementary element, but an enabling condition for the expected transition.

5. Limitations of the Modelling Used

The methodological approach adopted in this study presents transparency and ease of
reproduction as one of its main strengths, unlike the use of the Low Emissions Analysis
Platform (LEAP) tool in our previous studies [24,25]. The use of second-degree linear and
polynomial regression models, applied to official data series, enables clear identification of
the general trends of the SEN and quantification of gaps relative to the expansion objectives.
However, this same simplicity introduces limitations that are important to recognise to
interpret the results properly.

The analysed approach is based on linear time trends that describe the trend but are
independent of fuel prices, macroeconomic conditions, regulatory changes, or technologi-
cal cost evolution. The present simplification allows us to calculate trends and obtain the
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proven annual feasibility of growth. Assuming the existing infrastructure has significant
inertia, the structural changes in this system are expected to preserve the already-verified
inertia. The exclusion of up to four atypical years—2014, 2020, and 2021 in fossil genera-
tion, and 2012, 2013, 2021, and 2022 in renewable energy generation—is evidence of the
model’s main limitation: its inability to explain the observed changes in detail beyond the
obvious pandemic.

Another limitation of these approaches is the lack of grouping into sub-technologies.
The annual model does not distinguish between the different groups of technologies and
their subcategories of fossil generation or renewable energies. This feature prevents analysis
at the disaggregated level. In particular, the variability of hydroelectric generation, which is
highly dependent on hydrological conditions, may exhibit unstable trends during periods
associated with Pacific climate phenomena, such as El Nifio and La Nifia, which the model
cannot capture in detail.

There is a relationship between installed capacity and generation, and we assume it is
constant over time, which does not necessarily reflect the system’s actual operation when
grouped. However, the capacity factor varies across technologies and can be modified by
economic conditions, dispatch decisions, and changes in the energy matrix composition.

Finally, the models used in this study do not account for interactions between the
electricity system and other domains, such as the economy, climate, or public policy. Elec-
tricity demand is treated implicitly, although studies indicate that it depends on economic
growth, sectoral electrification, and local energy-efficiency policies. In this sense, models
with multiple factors or equilibrium models of the energy sector will be able to show these
interdependencies and build more robust scenarios in a future study.

6. Conclusions

In this study, the evolution of the National Electric System was analysed using re-
gression models applied to official historical data to evaluate the consistency between
observed trends and energy expansion objectives. The results indicate that under a trend
scenario, installed renewable capacity would reach approximately 34.3% by 2030, with an
estimated generation of 112,136 GWh, equivalent to 25.5% of the national total. Although
these figures represent a significant advance over the levels recorded in 2010, when the
share of renewable energy was around 17.5%, the analysis suggests that this growth would
be insufficient to close the gap with respect to the decarbonization goals set out in the
sectoral planning instruments.

Likewise, the persistence of a significant expansion of fossil capacity, together with
the gap between installed capacity and effective generation, indicates that the system’s
dynamics respond not only to the incorporation of new infrastructure but also to more
complex operational and structural patterns. In this context, the paper confirms that the
energy transition in Mexico faces a great challenge to sustain itself on historical inertia,
and that its consolidation will require not only accelerating the deployment of renewable
technologies, particularly solar and wind, but also strengthening the enabling elements of
the system, such as transmission infrastructure and energy storage.

Finally, although the methodology used allows for the identification of trends and the
quantification of gaps in a transparent and reproducible manner, its limitations suggest
the convenience of incorporating, in future studies, models disaggregated by technology
and by region, which allow for capturing the specific variability of hydroelectric, solar
and wind generation, as well as their responses to regulatory changes and macroeconomic
conditions. This study demonstrates that structural inertia, rather than policy objective, is
currently the dominant driver of the evolution of Mexico’s electricity system.
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