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Abstract: The study investigated the changes that occurred in the Mexican power sector pre-,
during, and post-COVID-19 pandemic and its repercussions on energy sustainability goals. The
study is based on the variability of the installed capacity, consumption, generation, and demand of
the National Electric System (SEN), covering the period from 2017 to 2021. The data were collected
from the Development of the National Electric System (PRODESEN), the Ministry of Energy, the
National Energy Balance, and the government's official website. The results indicated that installed
capacity and generation increased by 22.83% and 27.86%, respectively, despite the pandemic. This
growth was attributed to clean energy, mainly photovoltaic solar and wind sources. Another finding
is that the gross domestic product (GDP), consumption, and demand were seriously affected by
COVID-19. They had a fall of 8.2%, 2.2%, and 4.4%, respectively, which translates into a significant
economic lag and a slowdown in energy self-sufficiency and the Mexican Energy Transition (TEM).
Moreover, the objective of generating 35% and 40% of electrical energy through clean energy will
be achieved by 2031 and 2035, instead of 2021 and 2035, respectively.

Keywords: consumption; demand; installed capacity; SEN

1. Introduction

In March 2020, the WHO declared the SARS-COVID-2 virus outbreak, known as COVID-19,
which had a profound impact on the lifestyles of each country [1]. Since its appearance, each country
has taken a wide range of measures to stop its spread, some of which include social distancing, strict
confinement, and the cessation of non-essential economic activities, among others [2,5]. As a
consequence, there were serious repercussions not only on health but also on economic indicators,
energy use, and CO:z emissions. From an economic point of view, the crisis caused by the pandemic
produced a drop in the GDP [6-8], the impact on trade levels [9-11]; the loss of millions of jobs [12,13];
the increases in the levels of poverty and inequality in various scopes [14,15]. From the energy point
of view, there was an imbalance in prices, investments, and patterns of generation, consumption, and
demand for energy, mainly in oil, gas, and electricity [16-18]. Finally, from an environmental point
of view, CO:z emissions were reduced, but climate targets were delayed in most countries [19,20].

The electricity sector, being one of the fundamental pillars of human activities, has been the focus
of attention due to its rapid changes in generation, consumption, and demand as a result of the
pandemic. Early attempts to track the evolution of electricity changes reported that electricity
consumption decreased by 4.5% in 2020 and increased by 5% in 2021, in the context of the global
pandemic. Countries like China presented an increase in electricity consumption of 2.2% and 5.2% in
2020 and 2021, respectively. However, India, the United States, Russia, and the European Union
reduced electricity consumption by 5.6%, 8.6%, 4%, and 6.8% in 2020, and in 2021, they increased
electricity consumption by 4.7%, 4.7% 9%, and 4.5%, respectively [20,21]. Electricity consumption also
increased in many regions, except for the Middle East (-0.4%) and the Pacific (-2.5%). In relation to
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electricity demand, the International Energy Agency reported that Global electricity demand fell by
around 1% in 2020, decreasing more markedly in the first months of 2020. Eliminating climatic
variations, in 2020, China's demand fell more than 10% in February. In Germany, France, and the
United Kingdom it fell by more than 15% and, in Spain and Italy, even more than 25%. Similarly,
India presented a reduction of 20% in electricity demand during March and April. In Japan and
Korea, where COVID-19 cases were lower than in Europe, demand fell by around 8% in May [22-24].

In the literature, there is a limited amount of research that addresses the effects of COVID-19 in
the energy sector, especially in the electricity sector. However, these studies report electricity
demand, electricity consumption patterns in the most affected countries such as China, Italy, USA,
and the impact these had on gross domestic product pre- and during COVID-19 [25,30]. Therefore,
the objective of this study is to analyse the impact of the generation, consumption, and demand of
electric energy pre-, during, and after the COVID-19 pandemic in Mexico. The novelty of this study
revolves around the variations of electrical energy from 2017-2021 in conventional and clean energies,
as well as the different regions of the Mexican SEN. It also includes the discussion of implications for
energy sustainability goals.

The remainder of the paper is organised as follows. In Section 2, the methods used to estimate
the impact of installed capacity, generation, consumption, and demand are presented. In section 4,
we showed a general description of the Mexican SEN in detail. Section 5 explains the main results of
the statistical analysis in terms of installed capacity, generation, consumption, and demand for
electrical energy. Finally, in sections 6 and 7 discussions of future directions and conclusions are
provided, respectively.

2. Methodology

The main objective is to assess the changes of the COVID-19 pandemic in the electricity sector.
For this study, we analysed data collected from the annual publication of the PRODESEN, which is
published by the Secretary of Energy SENER, along with other databases such as the National Energy
Balance, data belonging to CENACE, and the official government website. The analysis was based
on the statistical variability from 2017 to 2021 in installed capacity, generation, consumption, and
demand during the post-COVID period and then compared with the period before and after the
pandemic. This research uses the conventional and clean sources in the analysis of installed capacity
and generation, and nine control regions (Central, Eastern, Western, Northwest, North, Northeast,
Baja California, Peninsular, Baja California Sur, and Mulegé System) in consumption and demand
analysis. For a better readability, Table 1 lists the abbreviations used in this section.

Table 1 List of abbreviations.

Acronyms Description (Spanish) Description (English)

CENACE Centro Nacional de Control de Energia ~ National Centre of Energy Control

CFE Comision Federal de Electricidad Federal Electricity Commission

DACG Disposiciones administrativas generales General Administrative Provisions

GSP Producto Interno Bruto Gross Domestic Product
Centro de Investigacion de Politicas . .

IMCO I Public Policy Research Center
Publicas

MEM Mercado Eléctrico Mayorista Wholesale Electricity Market

PEMEX Petroleos Mexicanos Mexican oil

PRODESEN Pr(?gr?ma para el Desarrollo del Sistema Development of the National Electric
Eléctrico Nacional System

SEN Sistema Eléctrico Nacional National Electric System

SENER Secretaria de Energia Mexican Ministry of Energy

SIN Sistema Interconectado Nacional National Interconnected System

TEM Transicién Energética Mexicana Mexican Energy Transition

WHO Organizacion Mundial de la Salud World Health Organisation
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3. Panorama of COVID-19 in Mexico

The first case of SARS-CoV2 was reported on February 27, 2020, in Mexico [31]. At the time, the
virus had already been reported as a global threat, however, it was expected to take adequate control
of the situation. Due to the levels of propagation and its severity, the WHO defined COVID-19 as a
pandemic. The evolution of the epidemic in Mexico continued. Given the alert of a massive contagion,
the “Sana Distancia” program was established in the country on March 23, which would help reduce
contagion [32,33]. With this program, classes were suspended in schools nationwide and non-
essential activities were suspended, as well as concerts and other events that could generate a crowd
of people; except those related to security, health, energy, and cleaning.

The number of infections began to grow exponentially faster than expected, so a health
emergency was declared in Mexico on April 1 [34]. This led to the establishment of additional
measures like remaining at home to the general population, especially those over 60 years of age and
people with a diagnosis of high blood pressure, diabetes, heart disease or pulmonary disease,
induced or acquired immunosuppression, to women who are pregnant or postpartum immediately.
On May 13, the Mexican government announced the “Return to the new normality” plan, and on
June 1 the return of essential activities began. In this phase, Mexico begins its National Vaccination
Day, with the arrival of the first batch of vaccines developed by Pfizer-BioNTech. It began
immunising front-line medical personnel caring for COVID-19 patients [35,36]. Figure 1 shows a
timeline of the COVID-19 in Mexico.
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Figure 1. Timeline of the COVID-19 in Mexico.

4. Mexican National Electric System (SEN)

The SEN is made up of transmission lines, general distribution networks, power plant
equipment, and installation in Mexico. It is divided into nine control regions and an isolated electrical
system [37]: 1) Central, 2) Eastern, 3) Western, 4) Northwest, 5) North, 6) Northeast, 7) Baja California,
8) Peninsular, 9) Baja California Sur and 10) Mulegé System, as shown in Figure 2. All these regions
share resources and capacity reserves responding to the demands and operating situations of
electricity. Most of these regions are interconnected, forming the SIN. Baja California is the only
region that operates with the Western Interconnection of the United States overseen by WECC.

The SEN is controlled by CFE, and its technical operator is CENACE [38,39]. One of the functions
of the CENACE is to monitor in real-time the generation, demand, and consumption of energy that
is registered in the electrical system. Another function is to develop strategies, goals, and objectives
for planning, retirement, expansion, distribution, and modernisation of the SEN through PRODESEN
[40,41].
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Figure 2. Regions of the National Electrical System: 1) Central, 2) Eastern, 3) Western, 4) Northwest,
5) North, 6) Northeast, 7) Baja California, 8) Peninsular, 9) Baja California Sur and 10) Mulegé System
[37].

5. Results

5.1. Installed Capacity

In the last five years, Mexico has increased its total installed capacity, from 75.7 GW to 98.1 GW,
which is equivalent to 22.83% [42]. To achieve this, the government established short and medium-
term goals to generate electricity from clean energy and promoted Structural Reforms, which allowed
the modernisation of the electricity and oil industry [43]. In particular, the goals are focused on the
participation of clean energies and it will reach 25%, 30%, and 35% in 2018, 2021, and 2024,
respectively [44]. As a result, the installed capacity of clean sources increased from 22.33 GW to 29.25
GW (23.66%), from 2017 to 2021, while conventional sources have increased their capacity at a slow
rate, going from 53.36 GW to 58.84 GW (9.31%), as shown in Figure 3.
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Figure 3. Installed capacity from 2018 to 2022.

In 2018, the installed capacity was 87.44 GW, presenting a strong growth of 13% compared to
2017 (75.7 GW), as shown in Table 2. In this year, the biggest change was seen in the clean sources,
which presented an increase in the solar photovoltaic source and wind with 95.3% (0.21 GW to 4.43
GW), and 36.41% (from 4.19 GW to 6.59 GW), respectively (Figure 3). With less growth was reported
hydroelectric and geothermal sources. Part of the growth was due to the Energy Transition Law and
the three electricity auctions held to date. This has allowed 39 solar plants to operate in 11 states,
including the largest plant in Latin America and the second largest in the world, located in Viesca,
Coahuila [45,46]. In relation to the conventional sources, the major changes were seen in the combined
cycle, which increased from 28.08 GW to 33.72 GW, corresponding to 16.73%, followed by coal-fired
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sources from 5.38 GW to 551 GW (24%), and internal combustion with 1.8%. While the
thermoelectric source presented a reduction of 6.98%.

Table 2. Evolution of installed capacity from 2017-2022 [42].

Technology Pre-COVID-19 COVID-19 Post-COVID-19
Year 2017 2018 2019 2020 2021 2022
Combined cycle 28.08 33.72 34.28 35.15 36.87 40.59
Thermoelectric 12.59 11.71 8.23 748 7.16 5.12
Coal-fired 5.38 5.51 5.51 5.51 5.51 5.51
Turbogas 5.14 5.06 5.75 5.75 5.66 5.31
Internal combustion 1.63 1.66 1.66 1.77 1.69 1.74
Fluidized bed 0.58 0.58 0.58 0.58 0.58 0.58
Hydroelectric 12.64 12.67 12.67 12.67 12.67 12.67
Wind 4.19 6.59 8.13 8.86 11.23 12.42
Geothermal 0.93 0.94 0.91 0.89 0.89 0.89
Solar Photovoltaic 0.21 443 5.63 7.55 7.75 8.05
Nucleoelectric 1.61 1.61 1.61 1.61 1.61 1.61
Bioenergy 1.01 1.01 1.01 1.05 1.29 1.58
Efficient cogeneration 1.23 1.93 1.93 1.93 1.93 2.01
Regenerative brakes 0.007 0.007 0.07 0.07 0.07 0.07
Total (GW) 75.7 87.44 87.97 90.82 94.87 98.1

From 2018 to 2019, installed capacity kept increasing moderately (0.6%) implying a less rich
growth than in 2018 due to the pandemic. According to PRODESEN 2018-2032 [47], conventional
energy decreased by 3.7% and clean sources increased by 8.5% of the installed capacity. The major
reduction came from thermoelectric sources by 12% due to the effects of the COVID-19 pandemic and
the cancellation of four new power plant projects [48]. In relation to clean sources, the investment of
installed capacity in photovoltaic sources passed wind power, to become the sixth-largest source of
energy based on its capacity, after the combined cycle (34.28 GW), hydroelectric (12.67 GW),
thermoelectric (8.23GW), wind (8.13 GW) and turbogas (5.75 GW). Photovoltaic energy had a growth
of 21.31%, reaching 5.63 GW, while wind technology had an increase of 18.9% in installed capacity.

In 2020, the installed capacity presented an increment of 3.14% despite the contingency. The
increase in installed capacity was mainly on clean sources by 7.7%, while conventional energy had a
weak growth of 0.3%. In the case of conventional sources, thermoelectric energy had a reduction from
8.23 GW to 7.48 GW, representing 9.1%. This negative impact could be attributed to the three transient
failures that occurred in the 400 kV network that caused the simultaneous disconnection of the 400
kV double circuit and the interruption of the electricity supply in Yucatan [49]. As a result, internal
combustion and combined cycle technologies compensated for the supply of electrical energy, going
from 1.66 GW to 1.77 GW (6.2%) and from 34.28 GW to 35.15 GW (2.4%), respectively. In the case of
clean sources, photovoltaic sources added an increase in their installed capacity of 25.4% compared
to 2019, followed by investments in wind resources with 8.2% and the bioenergy source with 3.8%.

In the post-pandemic (2020-2022), the installed capacity raised to 94.87 GW, which represented
an increase of 4.27% with respect to 2020. According to Figure 3, both conventional and clean sources
increased 2.2% and 7.5% from 2020-2021, and 2.3% and 4.7% from 2021-2022, respectively. During
2020 and 2021, the combined cycle increased its capacity by 4.7%. However, the thermoelectric
industry continued to fall from 7.48 GW to 7.16 GW (-4.3%). Also, turbogas and internal combustion
showed a decrease in installed capacity, going from 5.75 GW to 5.66 GW (-1.6%) for turbogas, and
from 1.77 GW to 1.69 GW (-4.5%) for internal combustion. The wind, bioenergy, and photovoltaic
industries had a slight increase in the installed capacity of 21.1%, 3.8%, and 2.6%, respectively. In
2022, the installed capacity of clean energy plants such as photovoltaic, wind, and bioenergy
continued to grow by 3.7%, 9.6%, and 18.3%, respectively. Also, it was reported an increase in
installed capacity for the combined cycle at 9.2% and internal combustion at 2.9%.
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5.2. Generation

According to CENACE data, in the last six years, the electricity generation in Mexico grew 4.3%,
going from 319.364 TWh in 2016 to 333.8 TWh in 2022 [50]. This growth is almost entirely attributed
to the increase in electricity generation through clean technologies. As shown in Figure 4, between
2017 and 2021, the generation with clean sources increased 27.86%, from 69.87 TWh to 96.85 TWh,
while power generated from fossil sources grew 20.9592%, going from 259.77 TWh to 328.59 TWh,
due to pandemic.

Clean @ Conventional

2021 | SR SRS } 231.75 TWh
2020 S =V 11232.97 TWh
%2019 B ARSI 1 250.1 TWh
2018 |2 ARV 1\ 243.41 TWh
2017 g 69.87TWh 259.77 TWh
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Figure 4. Electricity generation from 2017 to 2021 in Mexico.

During the pre-pandemic period (2017-2018), total power generation was 313.16 TWh in 2018,
with a decrease of 4.6% compared to 2017 (329.16 TWh). The largest decreases in electricity generation
were around conventional sources, which presented a reduction of 1.6% (from 259.77 TWh to 243.41
TWh). The energy generated in power plants operated by internal combustion registered the greatest
drop, going from 4.01 TWh to 2.59 TWh (35.41%). In the same sense, turbogas sources presented a
reduction of 26% (from 12.85 TWh to 9.51 TWh), followed by coal-fired sources with 10.47% (from
30.55 TWh to 27.35 TWh). Finally, the energy generated in thermal power plants and combined cycle
fell 8.04% and 0.83%, respectively, as shown in Table 3. The decrease in generation from conventional
resources is mainly attributed to the increasing availability of cleaner, more efficient, and cheaper
plants [45].

On the contrary, the clean energies grew 1.6%, going from 69.87 TWh to 70.56 TWh. Specifically,
clean sources (solar photovoltaic and wind) presented the highest growth rates in 2018. Between 2017
and 2018, the solar photovoltaic source increased 89.29%, going from 334 GWh to 3.211 TWh, while
wind sources grew 17.09%, going from 10.620 TWh to 12.435 TWh. The increase in these two
technologies responds to the development of the MEM, and, fundamentally, to the long-term
electricity auctions held between 2015 and 2017, [51]. Similarly, bioenergy sources increased
electricity generation by 5.58%.

During the COVID-19 pandemic (2019-2020), electricity generation achieved 321.58 TWh,
increasing 2.36% with respect to 2018. The clean energies with the highest growth rates were
photovoltaic and wind energy with 67.76% and 25.65%, respectively. Opposite, hydroelectric plants
had a significant reduction of 26.77% from 32.23 TWh to 23.6 TWh, due to water scarcity and
increased droughts in the country in this year [56]. In addition to this, nucleoelectric and bioenergy
sources decreased by 15.58% and 6.17%, respectively. In the case of conventional sources, internal
combustion increased by 18.78%, from 2.58 TWh to 3.18 TWh. Similarly, turbogas and the combined
cycle had an increment of 12.8% and 6.6%, respectively. While coal-fired sources had a reduction of
20.97%, going from 27.35 TWh to 21.61TWh.

doi:10.20944/preprints202312.1423.v1
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Table 3. Evolution of the generation of electricity from 2018-2023 [47,52-55].

Technology Pre-COVID-19 COVID-19 Post-COVID-19
Year 2017 2018 2019 2020 2021
Combined cycle 165.25 163.88 175.51 185.64 186.72
Thermoelectric 4278 39.34 38.02 2241 22.19
Coal-fired 30.55 2735 21.61 1253 8.70
Turbogas 12.85 951 1090 8.66 11.15
Internal combustion 4.01 259 319 284 212
Hydroelectric 31.85 3223 2320 26.82 34.72
Wind 1062 1244 1673 19.70 21.07
Geothermal 6.04 506 506 4.57 424
Solar Photovoltaic 0344 3211 996 15.84 20.19
Bioenergy 1.88 199 187 221 1.59
Nucleoelectric 10.88 132 10.88 10.86 11.61
Efficient cogeneration 6.93 242 338 429 3.42
Regenerative brakes 0.004 0.004 0.004 0.004 0.004
Total (TWh) 329.16 313.98 321.58 317.27 328.59

In addition, it can be noted generation fell 1.3% from 321.58 TWh to 317.27 TWh with respect to
2019, (Figure 4). According to the PRODESEN report [47], clean resources were the main source of
electricity production in Mexico, generating 15.19% more energy than in 2019, while conventional
energy had a reduction of 6.85%. Regarding conventional energy, the electric generation with
combined cycle slightly increased by 5.5%, going from 175.51 TWh to 185.64 TWh, compensating for
decreases in other energy sources. The energy generated in conventional thermal power and coal-
fired plants registered the greatest decrease (about 42%). Turbogas also decreased from 10.90 TWh to
8.66 TWh (20.58%). internal combustion sources had a reduction of 10.86%, going from 3.19 TWh to
2.84 TWh. Despite the health emergency caused by the coronavirus, clean sources grew 15.2%, from
71.48 TWh to 84.29 TWh during this period. In special, the solar photovoltaic source registered an
increase from 9.96 TWh to 15.84 TWh, corresponding to 37.1%. Wind and bioenergy sources increased
about 15%, from 16.73 TWh to 19.7 TWh, and 1.87 TWh to 2.2 TWh, respectively. Similarly,
hydroelectric sources increased by 11.99%, from 23.6 TWh to 26.82 TWh (Table 3).

After a 1.3% drop due to the COVID-19 pandemic in 2020, power generation rebounded by
3.44% in 2021, as shown in Figure 4. Specifically, hydraulic and solar photovoltaic sources presented
the highest growth rates during the period analysed. Hydraulic sources grew 22.76%, going from
26.82TWh to 34.71 TWh, while photovoltaic energy grew 21.6%, going from 15.84 TWh to 20.19 TWh.
Wind and nucleoelectric also increased by about 6.4%. However, bioenergy and geothermal sources
fell 27.68% and 7.25%, going from 2.21 TWh to 1.59 TWh, and from 4.57 TWh to 4.24 TWh,
respectively. On the other hand, conventional energy presented a slight reduction of 0.5%, from
232.97 TWh to 231.75 TWh. This decrease is mainly attributed to the coal-fired source, which has a
reduction from 12.53 TWh to 8.7 TWh, equivalent to 30.6\ %, and internal combustion from 2.84 TWh
to 2.12 TWh (25.4%). Contrarily, turbogas sources increased by 22.3% from 8.67 TWh to 11.15 TWh.

5.3. Consumption

From 2017 to 2021, Mexico increased its total electricity consumption, from 309.73 TWh to 322.54
TWh, which is equivalent to 3.97% [52-55]. Figure 5 shows the evolution of the Annual Gross
Consumption of Electricity by control area in the period 2017 to 2021, where it can be distinguished
that the areas with the highest gross consumption of electric power in the country are the Western,
Central, and Northeastern areas, while the regions with the lowest consumption are Baja California
Sur, Peninsular and Baja California.
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Figure 5. Evolution of electricity consumption from 2017 to 2021 in Mexico.

During the pre-pandemic period (2017-2018), the gross national consumption of the SEN
registered an increase of 318.24 TWh, which meant a growth of 2.7% compared to the consumption
of 2017 with 309.73 TWh, (Table 4). In general, all the regions showed moderate growth. The northern
regions of the country (North, Northeast, and Northwest) grew 3.8%, 3.5%, and 1.6%, respectively,
caused by high temperatures in the summer months. Eastern and Western regions had also a growth
of 3.4% and 2.1%, and with less participation in electricity consumption was the Central region (1%).
During the year in the months of May to October 54.5% of gross consumption was presented, while
in the remaining months 45.5%.

Table 4. Evolution of the electricity consumption from 2017-2021 [47,52-55]

Technology Pre-COVID-19 COVID-19 Post-COVID-19

2017 2018 2019 2020 2021
Central 1 60.68 61.29 60.85 57.43 56.87
Eastern 4858 50.28 51.66 50.44 52.07
Western 66.69 68.11 69.69 68.15 69.89
Northwest 2429 2468 2497 261 25.55
North 25.95 27 28.87 29.29 28.95
Northeast 54.42 5643 5442 54.24 57.15
Peninsular 1249 1298 13.87 1249 13.55
SIN 282.66 300.79 307.33 298.15 304.02
Baja California 13.83 1454 14.62 1494 15.54
Baja California Sur ~ 2.62 276 282 272 2.83
Mulegé System 0.152  0.155 0.155 0.159 0.15
SEN (TWh) 309.73 318.24 324.93 315.97 322.54

In the COVID-19 pandemic (2019-2020), the national gross consumption of the SEN continued
to rise to 324,927 TWh, which meant an increase of 2.1% compared to the consumption of 2018. Most
of the regions showed growth in electricity consumption, except for the Central and Northeast
regions. They had a fall of 0.72% and 5.6%, respectively. Opposite, the North and Peninsular regions
registered an increase of about 6.4% in their electricity consumption. Eastern, Western, and Baja
California Sur regions increased the national gross consumption between 2.1% and 2.7%. A slight
growth in electricity generation was presented by Northeast (1.2%) and Baja California (0.5%). During
the year in the months of May to October 54.6% of gross consumption was presented, while in the
remaining months 45.4%.
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In 2020, the national gross consumption was 315.97 TWh, which meant a decrease of 2.76%
compared to the consumption of 2019. This decrease was caused by the health contingency caused
by COVID-19, which caused the suspension of productive activities throughout the country. In this
period, the Northwest region presented a positive growth rate of 4.6%, from 24.97 TWh to 26.1 TWh.
Similarly, Mulegé, Baja California, and the North region increased electrical consumption by 2.6%,
2.2%, and 1.5%, despite the contingency. In Table 4, it is shown that the Peninsular regions reduced
their energy consumption by 9.9%, followed by the Central (5.6%) and Northeast regions (5.5%).
Similarly, Eastern and Western regions decreased their consumption by about 2.4%. As shown in
Figure 6, in the first quarter of 2020 (from January to March), Mexico increased electricity
consumption when the first case of COVID-19 was detected. After this first diagnosis, the number of
patients increased exponentially. In response to this global outbreak, the Ministry of Health
established the “Sana Distancia” program, with which sanitary and social distancing measures come
into action to reduce contagion, Section 3. As a result, the electricity consumption was reduced from
April to September. In the remaining months, energy consumption presented a slight rebound. This
increase may be the result of greater use of energy in homes due to the decrease in temperature or
the decision of some businesses to resume activities despite the pandemic.
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Figure 6. Monthly consumption from 2017 to 2021 in Mexico.

In the post-pandemic period (2020-2021), the national consumption of the SEN amounted to
322.54 TWh, which means an increase of 3.5% compared to the consumption of 2020. This increase is
a reflection of the rising recovery of the country's economy, after the ravages caused by the health
contingency, which caused the suspension of some productive activities throughout the country. In
this period, the Peninsular, Northeast, and Baja California and Baja California Sur were the zones that
showed a higher recovery when presenting rates of 7.8%, 5.1%, 3.9%, and 3.9%, respectively. The
Eastern zone showed moderate growth in the order of 3.1%, going from 50.44 TWh to 52.07 TWh.
However, Northwest, North, and Central regions continued to decrease their consumption by 2.1%,
1.2%, and 1% respectively.

The sectors that reported the most changes in electricity consumption during the pandemic were
medium business, residential, and big industry [55]. In 2018, the highest growth in electricity
consumption was reported in medium business with 37.6%, followed by big industry with 26.6% and
residential with 23.7%. The number of users with electricity services in 2018 amounted to 43.4 million.
In 2019, the agricultural and services sectors increased by 10.4% and 15.8% their consumption,
respectively, while big industry reduced its final consumption by 7.9%. In 2020, the agricultural sector
presented the highest growth with 12.7%, followed by the residential sector with 8.9%. Derived from
the strategies to contain the spread of COVID-19, the commercial and medium business sectors
decreased their electricity consumption by 8.2% and 5.2%. In 2021, medium business and big industry
presented the highest growth in electricity consumption with 6.5% and 6.4% compared to 2020,
respectively. On the contrary, the agricultural sector had a fall of 12.7% this year, as shown in Figure
7.
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Figure 7. Electricity consumption by sectors [55].
5.3. Demand

According to PRODESEN 2017-2032 [47], pre-pandemic period, the gross integrated demand of
the SIN registered a value of 45.17 TWh/h, which is equivalent to a growth of 4.3% compared to the
43.32 MWh/h of 2017 (Table 5). In 2018, all the regions increased their electricity demand. Mainly, the
Western and Peninsular regions had an increase of 5.4%, achieving 10.37 TWh/h and 2.25 TWh/h,
respectively. The regions with the lowest demand were the Central and North regions with 1.1% (8.81
TWh/h) and 0.7% (4.64 TWh/h), respectively.

Table 5. Evolution of the gross integrated demand from 2017-2021 [47,52-55].

Technology Pre-COVID-19 COVID-19  Post-COVID-19
Year 2017 2018 2019 2020 2021
Central 8.71 881 875 872 8.29
Eastern 7.29 759 792 745 7.74
Western 9.84 10.37 10.09 9.76 10.17
Northwest 4.58 476 531 531 5.31
North 4.61 464 485 498 498
Northeast 8.85 9.2 971  9.39 9.53
Peninsular 1.96 206 225 201 2.19
Baja California 2.69 286 289 312 3.15
Baja California Sur 0.48 0.5 054 051 0.54
Mulegé System 0.03 0.03 003 0.03 0.03
SIN (TWh) 43.32 45.17 45.95 43.27 45.24

During the pandemic period (2019-2020), the demand continued to rise 1.7% with respect to
2018, going from 45.17 TWh/h to 45.95 TWh/h. The greatest recovery in electricity demand was in the
Northwest region with 5.31 TWh/h, equivalent to 11.6%. Followed by the Northeast region with 5.5%
(9.71 TWh/h) and the Eastern region with 4.3% (7.92 TWh/h). While the Western and Central regions
had a reduction during the last week of April of 2.7% and 0.6%, respectively. In 2020, it was observed
that most of the region decreased their electricity demand, due to social confinement and economic
paralysis caused by the coronavirus, Figure 8. The Peninsular region demand fell 10.3%, achieving
an electricity demand of 2.01 TWh/h, followed by the Eastern region with a decrease of 5.8%, going
from 7.92 TWh/h to 7.45 TWh/h. The North region slightly increased its demand by 2.6% arriving at
4.98 TWh/h.
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Figure 8. Annual growth rate of demand from 2017-2021.

In relation to the hourly behaviour of the SEN demand, it can be seen that as of March 30, 2020
(week 14), the date that the immediate suspension of non-essential activities in Mexico was ordered,
there is a significant drop in the peak of demand up to week 38 compared to 2019. Figure 9 shows the
maximum demands on business days and on weekends decreased with respect to the usual pattern
registered in previous years [54].
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— SEN 2020

Integrated hourly demand (MWh/h)

39-Wedneedav
40-Memday

3
38-Fridav

Week number/day

Figure 9. Hourly profile of demand of the SEN from 2019 to 2020 [54].

Mobility restrictions and the decrease in economic activities not only affected electricity demand
but also GDP and SEN net consumption. The GDP in 2020 presented a lower annual variation than
in 2019, with a decrease of the order of -8.2%, while gross consumption registered a decrease of -2.8%,
a rate lower than that registered in 2019 of 2.1%, (Figure 10). This collapse is worrying because it is
the deepest in almost ninety years. Its magnitude surpassed that of the global financial crisis of 2009,
that of the debacles of 1995, 1986, and 1983, and is only surpassed by that of the Great Depression in
1932, when it was calculated that GDP fell 14.8% [54].
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Figure 10. Evolution of national GDP, consumption and net maximum integrated demand from 2017
to 2021 [54].

In the post-pandemic period, demand began to increase by up to 4%. The Peninsular and Eastern
regions showed the highest increases with 9.6\ % and 5.3% respectively and with less participation
the Central region achieved 8.29 TWh/h (-0.6%), as shown in Table 5.

6. Discussion and Conclusion

The purpose of this study was to gain a better understanding of the changes in electricity energy
pre-, during, and post-COVID-19 pandemic in Mexico. The changes observed in the last five years
have reflected a transformation in the matrix composition of electrical energy. Mexico has strongly
promoted the development of renewable energies, especially electricity generated from the sun and
wind. As a result, Mexico is among the top 12 countries in the world with the highest investment in
clean sources, as shown in Figure 11.

Since 2017, Mexico has begun to make efforts to reform its energy sector, which has allowed a
renewed dynamism in the national solar and wind industry. From the results, it is clear that Mexico
has increased its total capacity by 22.83% from 2017-2021, despite the pandemic. During this period,
the clean sources had a noteworthy increase of 43.1% of installed capacity, while the conventional
sources have gradually grown by 9.31%.

In relation to electricity generation, it grew 4.3% in the last six years, going from 319.4 TWh in
2017 to 333.8 TWh in 2022. The clean sources grew 27.86% of electricity generation after three years
of the energy policy promoted by the present administration. This growth is almost entirely
attributed to the increase in electricity generation through clean technologies, with a slight stagnation
in 2019, while conventional energies have had a reduction of 10% in electricity generation. Between
2019 and 2020, both conventional energy and clean energy had a slight stagnation or reduction in
electricity generation. The results showed that conventional energies have had a reduction of 10% in
electricity generation. The most affected technology was thermoelectric with 41.1% and coal-fired
with 42%. While combined cycle, wind source, and solar photovoltaic increased by 11.8%, 49.59%,
and 98.3% of electricity generation in this period, respectively.
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Figure 11. Monitoring of G20 policies in energy transition 2021 [57].

Another finding is that the gross national consumption had a gradual rise of 3.979%, passing
from 309.73 TWh to 322.54 TWh. However, electricity consumption had a 2.7% decline due to the
COVID-19 crisis and grew 2% in 2021, which translates into an economic recovery. Electricity
consumption recovered 6.1% in Latin America, with growth of 8.6% in Brazil, 3.1 in Mexico, 4.6% in
Argentina, 5% in Chile, and 5.3% in Colombia [58], as shown in Figure 12. The sectors with the
greatest recovery were the medium business and big industry from the ravages of the pandemic. One
interesting finding is the residential sector kept electricity consumption during 2020 and 2021. In this
sense, a decrease was expected due to the return to industrial and daily activities.
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Figure 12. Electricity consumption in Latin America from 2017 to 2021 [58].

The economic recovery also revived electricity demand. In Mexico, GDP, net consumption, and
maximum net integrated demand were seriously affected during the year 2020. GDP fell 8.2% in 2020,
the consumption and demand decreased by 2.2% and 4.4%, respectively. The most affected region
was the Peninsular region demand with a drop of 10.3%, followed by the Eastern region with a
decrease of 5.8%. It suggested a significant reduction in the generation of new jobs and an economic
setback.
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The results above show that Mexico is going through a gradual transition towards the de-
carbonization of economic activities with the goal that the energy consumed comes from clean
energy. It is noteworthy that the actions of the energy policy to eliminate competition in the energy
market and strengthen PEMEX and CFE, as well as the goals of COz reduction by 2024 have delayed.
The projections of the SENER affirm that the objective of generating 35% of its energy through clean
technologies in 2024 will not be reached until 2031 and that 40% of the energy through clean
technologies in 2032 will be reached by 2035 [59].

According to PRODESEN 2022-2036 projections, it is estimated that in a period of four years, the
installed capacity of the SEN will increase by 20.425 GW, going from 89.89 GW in 2022 to 110.315 GW
in 2026, which implies a growth average of 5.106 GW additional per year [60]. This annual average,
however, is equivalent to 3.4 times the new capacity that was installed in 2022 (1,483 GW). If the new
installed capacity contemplated in PRODESEN 2023-2037 is compared with the previous year's
edition, the increase is considerable. The reports presented by IMCO [61] mention that CFE, which is
solely responsible for expanding renewable generation capacity, currently does not have specific
renewable generation projects in its project portfolio to expand the installed capacity at the rate that
the country requires. Therefore, Mexico cannot successfully address the challenge of the energy
transition that has been established.

Moreover, it is projected that distributed generation will grow 338% between 2022 and 2037,
which will increase the installed capacity of distributed generation by 8,829 GW, going from 2,613
GW in 2022 to 11,442 GW in 2037 under a baseline scenario. This implies that in 2037 distributed
generation will contribute around 15.54 TWh of electrical energy, a figure that is equivalent to 3.1%
of the estimated total net consumption in 2023 (479,987 TWh). However, the preliminary draft of
DACG on distributed generation threatens to limit the growth of this modality [62].

Although there is a framework of uncertainty, there are opportunities in different areas to
support the country's energy transition, some of which involve the manufacturing and distribution
of wind and photovoltaic equipment in the country. In the photovoltaic sector, Mexico has a large
maquila industry where it exports photovoltaic cells, mainly to the United States and the
Netherlands, however, the wind sector is limited only to exports to the United States. For this reason,
the opportunity could be opened to include wind equipment manufacturers in the projects proposed
by the Mexican government. On the other hand, the public administration could resume projects
related to the public sector. An example would be the eight renewable energy projects, of which five
are from the photovoltaic area, mentioned by PRODESEN 2019-2033. As well as projects derived from
long-term auctions, which represent a total of 7.56 MW of installed capacity and which are stopped
or in the process of being built [52].
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