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Abstract: The COVID-19 pandemic has generated multiple impacts. In particular, in the educational
sector, the virtual class modality generated changes in the patterns of energy consumption at the
institutional level; the identification of this consumption will allow us to reflect on new energy saving
and efficient use strategies. In this research, we present a case study of the effects of the COVID-19
pandemic on electricity consumption in 13 state universities in Michoacán, Mexico. Electric energy
consumption has been evaluated before and during the presence of the COVID-19 between 2019 and
2020. The comparative analysis estimated the reduction in energy consumption and its economic
and environmental impact. The results show a considerable decrease in electricity consumption,
generating an average saving of 76.24 MWh/month, which translates into an annual emission
reduction from 2019 to 2020 of approximately 497 TnCO2e, and in economic terms of $8,882.25 USD
each month. In general, it was identified that consumption patterns in the use of machinery and
computer equipment for administrative activities were drastically reduced. If education continues in
virtual or hybrid modes, energy consumption schemes will continue to decline and institutions could
move towards resilient, affordable, and sustainable models of energy production and consumption.

Keywords: COVID-19; energy consumption; universities; impact environment; sustainability

Energies 2021, 14, 7642. https://doi.org/10.3390/en14227642 https://www.mdpi.com/journal/energies

https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0001-9284-737X
https://orcid.org/0000-0002-5036-5097
https://orcid.org/0000-0002-9115-5694
https://orcid.org/0000-0002-8580-5873
https://doi.org/10.3390/en14227642
https://doi.org/10.3390/en14227642
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/en14227642
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en14227642?type=check_update&version=2


Energies 2021, 14, 7642 2 of 19

1. Introduction

At the end of 2019, the world experienced a new health crisis caused by the SARS-CoV-2
virus that quickly spread throughout the most remote corners of each country, state and
localities [1,2]. During the first months of 2020, a global state of emergency was formally
decreed, because the infection epidemic reached the pandemic phase that even increased
and was more severe in 2021. The effects of this pandemic are unquantifiable, diversified
and increasingly severe. All sectors of the population have been, are and will continue
to be affected [3]. Productive and economic activities still have daily losses [4], and the
final global economic impact of this pandemic is still unknown. The health sector faces a
challenge that permeates the safety and well-being status of patients, doctors and nurses.
On the other hand, it is also estimated that the educational system was not the same
as it was before 2020; progress in this sector continues to be dynamic and the academic
community is increasingly resilient [5].

In Mexico, the SARS-CoV-2 virus arrived between January and February 2020 [6,7].
The first case of COVID-19 was detected in Mexico on 27 February 2020 [8]; and in a large
part of the national territory, the strategies for confinement and closure of ordinary activities
began in March of the same year [9]. As in the rest of the world, economic activities in
Mexico have suffered various effects since the first months of the pandemic [9].

The education sector was also affected—technological advances for the development
of teaching activities came quite quickly. In a few months, the academic society migrated
from an interactive and practical face-to-face system, to a mostly digital environment in on-
line, distance and virtual modalities [10–12]. Virtuality became a periodic routine, and the
blackboard and notebooks were replaced by components of computational nature [13,14].
The students had to immediately adapt to audiovisual sessions, sometimes asynchronous,
and to be linked daily to a digital screen to attend lessons, tasks and activities comple-
mentary to the learning dynamics planned by the national educational sector. This digital
scheme could only be possible for a fraction of Mexican society, only a percentage of
those institutions located in urban areas, and institutions of upper and upper middle level,
as well as for private institutions that are not funded by the state [15]. This increases the
digital divide that accelerates educational inequality and has placed Mexico in 87th place
worldwide in the use of information and communication technologies [16].

The rest of the Mexican student population with difficult access to the digital modality
have maintained their teaching activities with total uncertainty, and have limited them-
selves to being in a teaching model of task submission and printed material to work from
home and, in the best cases, to have frequent face-to-face sessions once a week. In Mexico,
as in many developing countries [17], the reality of virtual education during the pandemic
had two contexts: (a) those who adapted and maintained a resilient learning status and
(b) those who were in precarious conditions, educational backwardness and each day tried
to adapt to the systematization of education, whose progress achieved up to now, was vo-
raciously consumed by the pandemic, leading to further lagging of the rural educational
system [18–20]; the latter is the representation of the majority of Mexicans. Both contexts
proposed to cover all educational levels, from the basic level called “Primaria” to the higher
level, “Universitario” [21].

Although there are points in common at the different levels of the national educational
system, the truth is that the one that represents the greatest changes in the lifestyle of young
Mexicans is the University level [22,23], because students must move to areas distant from
their home to the cities where the universities are located, which translates into various
energy consumption patterns. In addition, they must pay variable fees for their education,
as well as for rental, food and mobility services. This educational level promotes a local
and regional economy scheme where the universities are located, due to the concentration
of all student enrollment, which has generated a total economic dependence in many
cities. The SARS-CoV-2 virus pandemic permeated these local economies and caused
serious effects on the inhabitants where the universities are located, on the students who
work to obtain income and pay their university expenses, and the institutions themselves
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due to changes in the patterns of functionality and economic sustainability. A particular
change generated during the closure of these institutions was related to the consumption
of electrical energy [24–26], which has been constant in all universities in the world,
and European universities had reductions from 10% up to 40% [25]. It is estimated that in
the first quarter of 2020, there was a saving of 3.8% in global energy demand compared to
in the same quarter of 2019, as a consequence of the reduction in global economic activity
and mobility [27–29], including the impact of the closure of higher education institutions.

It should be noted that university campuses use energy differently compared to
residential buildings, and their consumption pattern is more complicated since it depends
on many factors such as the physical characteristics of the facilities, the occupancy rate,
heating, ventilation and air cooling according to the climate where the property is located,
interior and exterior lighting, the number of computers, laboratory materials, charging
sockets, and class periods throughout the year [25,30].

Energy consumption during the COVID-19 lockdown has been studied and quantified
in various parts of the world. In general, the decrease in energy consumption during the
COVID-19 pandemic has been reported in educational centers. A study carried out by
Samuel et al. in 2021 in South African primary and secondary schools, with and without
accommodation service, reports a decrease in energy use of 30% to 40% equivalent to
2–20 kWh per student per month [31]. Additionally, in some higher education institutions,
the decrease in consumption has made it possible to estimate the reduction of the carbon
footprint due to the decrease in mobility, the decrease in the generation of waste and the
low energy consumption after the closure of the university buildings, which decreased by
more than 10% in some places in America, Europe and Asia [32,33], as well as the decrease
in the use of air conditioning systems as in the United Kingdom for example at the Uni-
versity of Bournemouth [26], whose carbon footprint was reduced by approximately 30%.
On the other hand, in particular cases, such as the University of Almeria in Spain, energy
consumption was reduced by 1.3 million kWh in 2020, with the largest decrease in library
buildings and the smallest decrease in research buildings [25]. The reduction of electrical
energy has also recently been studied in extracurricular spaces, for example, a research
was carried out in university dormitories in the southern United States of America [34],
which showed savings from confinement by COVID-19 of 40% in total electricity demand.
Likewise, in a particular way, the reduction in electrical energy consumption could be
identified in the buildings and laboratories of some universities in Europe, with significant
levels of decrease, as has been reported in some studies [25,35]. This translates into reduced
environmental impact [36–38] and energy costs.

In this context, it is interesting to carry out a comparative analysis between the
environmental impacts caused by the activities of the universities before the COVID-19
pandemic and the activities that are being carried out remotely today, which has been
addressed by Lopes et al. in institutions of Higher Education in Brazil [39], and that
has allowed the use of environmental impact methodologies such as Life Cycle Analysis,
to carry out more sophisticated studies. In addition, Clemson University has conducted a
study of the reduction in energy consumption and the low estimated impacts in reducing
its carbon footprint, in which case the decrease was approximately 30% [40].

Additionally, electric lighting is quite significant in educational institutions. A study
of schools in the United States showed that consumption by this activity represented
between 20% and 30% in office buildings and consumed, on average, around 14% of
energy in schools [25]. The consumption of electrical energy in these cases is even more
important, considering the health emergency scenario and the changes in consumption
patterns, on the one hand, because a diagnosis before, during and after the pandemic
will allow the identification of a possible medium term energy efficiency and energy
management programs; and on the other hand, because it will contribute to knowing the
environmental impact of this pandemic; for example, globally, a decrease in greenhouse gas
(GHG) emissions close to 8.8% was observed, only in the first half of 2020 [41]. Therefore,
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it can be seen that the environmental impact product of the health strategies was also
representative [42].

Diagnostic studies of electrical energy consumption during the COVID-19 pandemic
have made it possible to propose energy efficiency scenarios that promote energy saving
and emission reduction [43]. It is important to know the current context to propose possible
solutions with perspectives for energy sustainability. It is also important to mention that
the studies that quantify the impact of the COVID-19 pandemic on energy consumption in
educational centers are few, recent and increasingly necessary as they provide important
information for planning the return to activities through comprehensive models that
consider both the relevance of human contact [44] and its environmental impact [45–47].

In Mexico, there have been no systematic studies on electricity consumption in higher
education institutions during the COVID-19 pandemic, which could contribute to establish-
ing new energy efficiency and energy management programs after this health emergency.
Therefore, in the first place, it is important to know the diagnosis of electricity consump-
tion in universities by type of institution and in various socioeconomic regions of the
country during this period, which will allow us to envision new energy scenarios for
this educational sector. In addition, currently (November 2021) in the state of Michoacán,
the state development plan is being formulated and multisectoral working groups are
being generated; this plan should consider aspects related to energy management for the
next 6 years. At the same time, there is a political dialogue for a new energy reform at
the national level. Therefore, this type of research may contribute to incorporating the
educational energy consumption sector into new government plans and programs with an
impact on the national educational sector at the higher level.

This research performs a comparative analysis in the patterns of electricity consump-
tion of 13 state universities located in Michoacán, Mexico. Studying energy consumption
during the final months of 2019 and the months of the beginning and first peak of maxi-
mum infections of the SARS-CoV-2 virus in 2020, when the pandemic caused the closure of
universities and classes, were maintained in a virtual modality. Three dimensions of the
impacts of the closure of state universities are analyzed: (a) electricity consumption; (b) im-
pacts on CO2e emissions; and (c) the institutional economic impact. Therefore, the monthly
variations in electrical energy have been estimated, as well as those variations in terms of
energy costs, energy consumption per student capita and the reduction of equivalent CO2
emissions due to the reduction of electricity consumption. In a complementary way, collat-
eral effects are discussed, formulating a scenario of impacts generated by the reduction of
student mobility during this pandemic. The objective of this research is to diagnose energy
consumption patterns during the COVID-19 pandemic, as well as the environmental and
economic effects that make it possible to determine possible routes for restructuring the
university energy system, and to establish the basis for the construction of new scenarios on
the management and efficient use of electricity during and after the pandemic, encouraging
the construction of alternative proposals for self-sufficiency through sustainable electricity
supply strategies, also promoting reflection regarding energy consumption linked to the
new normal and distance education schemes that, in the coming years, will be abundantly
reproducible in most universities [48]. It is also expected to encourage the establishment of
realities of satisfaction of electrical energy needs economically and with low environmental
impact. In addition, this research contributes to knowing the dimension of the reduction of
electrical energy consumption in the higher education sector and will allow the proposal of
immediate scenarios for the construction of public policies and energy and technological
transition programs in the studied state universities, considering the current changes in
the national and state policy in energy matters that are being carried out this year.

2. Materials and Methods

The present work is a case study carried out in the state of Michoacán, in western Mex-
ico. In this research, the total electrical energy consumption data from 13 public universities
that are distributed throughout the State of Michoacán were analyzed (Figure 1). The data
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were collected from 2019 to 2020, to identify the variations in consumption associated with
the change in patterns of teaching and academic–administrative activities in each of these
universities. Electricity consumption for each university was obtained with data referred
institutionally by the Federal Electricity Commission (CFE). With these data, a consumption
baseline was determined and then an energy saving estimate was made before and during
the presence of the pandemic.

Figure 1. Location and distribution of the case study.

The universities of study are located in regions of small cities, rural and indigenous
regions and suburban areas in small municipalities. These universities maintain organi-
zational schemes of single venues with majority enrollments, and host between 431 and
3155 students per university, according to the datamexico.org platform of the Ministry
of Economy of the Government of Mexico. These institutions belong to a decentralized
scheme, which provides higher and postgraduate education to low-income young people,
whose university academic offer is aimed at addressing local problems with undergraduate,
engineering and postgraduate degrees that can promote local development, so it is common
for them to have infrastructure such as machine and tool workshops, computer labora-
tories and physicochemical laboratories, as well as some specialized laboratories for the
performance of the activities of each offered academic program. Other activities associated
with the consumption of electricity are lighting and, in a few cases, space heating.

In Mexico, the health contingency plan due to COVID-19 began in March 2020, with the
partial closure of educational institutions, businesses and government offices. Although for
the month of April 2020 the Mexican national educational system was already generating
virtual distance teaching strategies, in that same month there was the vacation period
that each year takes place between the months of March or April (Holy Week) for two
continuous weeks and is mandatory in all public schools. On the other hand, to contrast the
electricity consumption data with the contingency stages linked to the increase in COVID-
19 infections, data from the Mexican Health Secretariat and the Environmental Geography
Information Center of the National Autonomous University of Mexico (CIGA-UNAM in
Mexico) were used.

To carry out the economic and environmental analysis related to electricity consump-
tion, data from the Energy Regulatory Commission (CRE) were used, considering an
emission factor of 0.55 kgCO2e for each kWh of electricity consumption for the year 2020,
these data will allow us to know the reduction of CO2 emissions [49]. The electricity costs
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for each kWh were estimated according to the average consumption rate, obtained from
the consumption reports of each university, which are generated by the CFE, an institution
in charge of providing the electricity supply nationwide. The identified electricity con-
sumption patterns and the possible strategies for the use and self-consumption of energy
after the pandemic are also discussed. Considering the trend of institutional economic
savings on a monthly basis, a strategy for the implementation of solar lights is proposed
for all the studied universities.

For confidentiality reasons, according to the Education Secretary in the State of Mi-
choacán and the letter of authorization and use of data for this research SEE/SEMSyS/DES/
129/202, and practical use of data, the names of the universities will be omitted, only con-
sidering those names from the comparative analysis in the urban and indigenous sectors.
The marginal notes of the 13 universities will have a nomenclature from the letters “A”
to “M”, and only the initials of these institutions have been incorporated to identify them
(Figure 1).

Additionally, with the database of the studied educational institutions, collateral
effects of the pandemic linked to virtual teaching activities were also analyzed, generating
a scenario of economic–environmental impact based on the decrease in mobility of student
enrollment by university, considering an average mobility radius of 10 km in local public
transport, in vehicles with automotive yields of 9.5 km per liter of consumption of gasoline,
and mobility costs of 1 USD/day. Specifically, two universities are also compared, one in
the urban sector and the other in the indigenous sector, in order to compare the various
contexts and the impact of the pandemic in different socio-territorial spaces.

3. Results

With the total closure of Universities and virtual classes in April 2020, as well as
the Easter holidays, the variation peaks in electricity consumption could be seen until
May. From October 2019 to October 2020, a pattern in electrical energy consumption
was identified for the studied universities. In this period, the monthly average electricity
consumption data were identified; in the case of 2020, those months after May were taken
into account, which are the months that showed decreasing trends, when all the institutions
were already fully attending to the measures of the health emergency. Figure 2a shows
the mentioned average consumption, while Figure 2b shows the percentage of savings in
energy consumption.

It can be seen that nine of the 13 studied universities maintained savings in electricity
consumption of between 30% and 45% during the pandemic, while the rest have irregular
savings. J University is the one that achieved the highest amount of savings because it
is a university with smaller student enrollment and academic and administrative staff
than the rest of the universities, it is recently created and is in the incipient phase of
infrastructure. On the other hand, Universities K and L do not have significant savings,
but it should be noted that University L is a virtual university, so its consumption has
not been reduced due to its operating scheme that has not changed drastically, unlike the
rest of the universities. “K” University has vast infrastructure that requires a high energy
supply, and it is likely that much of its team was left working at a minimum, even so,
the magnitude of infrastructure it has limits its decrease in energy. On the other hand,
J University maintains the highest energy savings, probably because it is a recently created
institution that did not maintain all consumption patterns like the rest of the universities,
or perhaps, due to the low enrollment, the lighting system is limited. It is likely that
there is little dependence on the spatial location and socioeconomic conditions where
the universities are located, since the saving pattern has been maintained for most of
the universities in the urban, suburban and rural and indigenous sectors. The monthly
consumption patterns of a year, 2019–2020, which in sum represent a total average saving
of 76.24 MWH/month, can be seen in Table 1.

The savings trend that has been identified not only translates into a decrease in
consumed electrical energy, it is also linked to a reduction in emissions in an institutional
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way. Figure 3a shows a comparative analysis of the generation of emissions associated with
average electricity consumption for the months of 2019 and 2020; as expected, the amount
of emissions generated by a university is directly proportional to electricity consumption.
These emissions in general represented, for the year 2019, approximately 1212 tons of
CO2e, and for 2020 approximately 712 tons of CO2e, which represents a reduction of about
500 tons per year in only 13 universities (Figure 3b), on average a mitigation 1.3 tons of
CO2e daily.

The mitigation of CO2e emissions in universities, as in the rest of the world, as a result
of the pandemic, is also significant [50] and it has been common in all the universities of
the world [38]. In contrast, the reduction of CO2 emissions as a result of the reduction of
energy consumption in universities [38,46] has represented a mitigation strategy resulting
from the pandemic, which has contributed to the reduction of the carbon footprint in the
entire world’s education sector [36].

Figure 3b also shows the percentage contribution of institutional emissions for the
total tons of CO2e generated between 2019 and 2020. From these data, it stands out that
institutions such as the virtual university have not had significant variations because its
operation was not affected. Furthermore, analogous to energy consumption, there is no
differentiation between the reduction in the percentage of emissions generated between
universities in the urban, suburban or rural and indigenous sectors.

Figure 2. (a) Comparative analysis in the average monthly consumption of electrical energy
2019–2020 (b) Percentage of savings in electrical energy consumption in average months of 2019–2020.
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Table 1. Distribution of electricity consumption by university from October 2019 to October 2020 (MWh).

Month A B C D E F G H I J K L M

October 2019 7.74 5.68 29.93 15.20 7.60 4.72 16.24 12.08 11.44 2.00 5.66 1.27 4.50
November 2019 7.36 6.64 25.64 15.19 6.40 5.04 16.48 12.80 2.08 0.46 32.38 6.99 24.86
December 2019 6.16 6.64 27.48 9.91 6.64 5.52 17.28 11.20 12.81 1.86 29.24 6.20 21.11
January 2020 5.84 3.84 22.33 9.84 4.48 5.12 9.04 9.52 10.45 1.60 28.40 6.50 21.59
February 2020 5.92 5.04 21.82 12.69 3.12 3.44 10.96 9.36 9.04 1.92 30.01 6.17 23.49
March 2020 3.92 6.16 26.94 10.22 4.96 4.24 15.44 11.44 12.16 2.40 30.81 6.25 19.26
April 2020 3.76 3.84 22.22 0.70 5.20 4.48 10.32 8.40 8.83 1.36 3.41 0.69 1.70
May 2020 3.76 3.20 1.97 4.54 2.80 2.72 6.80 7.12 0.62 0.30 22.63 4.47 10.54
June 2020 4.08 3.12 12.61 5.12 2.96 2.40 8.00 7.20 3.95 0.51 27.41 5.40 12.08
July 2020 3.92 2.24 14.64 5.12 3.04 2.24 7.84 6.40 4.30 0.53 29.54 5.24 11.35
August 2020 4.08 2.72 15.80 5.53 2.48 2.32 7.76 7.44 3.99 0.93 26.95 5.30 12.62
September 2020 4.00 2.64 15.61 5.98 3.20 2.32 7.44 7.12 4.01 1.00 30.06 5.95 12.92
October 2020 4.00 3.04 15.36 4.62 3.68 2.56 7.76 7.04 4.34 1.10 28.05 6.36 12.24

Figure 3. (a) Comparative analysis of monthly emissions per university for 2019 and 2020 (b) Analysis
of annual emissions in the 13 study universities.

On the other hand, infections in 2020 in Mexico linked to SARS-CoV-2 increased from
March to July, and it was in this last month when they reached the first maximum peak
since the beginning of confinement. For the first half of July, the country reached the highest
number of infections, and days later the decline in infections of this nature would begin.
For the month of May, a substantial decrease in the consumption of electrical energy could
be observed, a fact that coincides with the confinement throughout the country and when
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the universities closed their daily teaching and research activities. It should be noted that,
in the month of March, the confinement began in the state of Michoacán, and Figure 4
shows the scenario of the evaluation of electrical energy consumption linked to the closure
of universities and the increase in infections. In Figure 4a, the first maximum peak of
infections is observed, which is linked to the closure of universities and economic and
productive activities in the state of Michoacán.

Figure 4. (a) Distribution of contagions until the first peak of 2020. Variation in energy consumption in the first months
of confinement in Mexico (March = 1): (b) Universities in rural and indigenous areas (c) Universities in suburban and
peri-urban areas (d) Universities in urban areas (e) Virtual University.

In particular, Figure 4b shows the comparison in energy consumption for the universi-
ties that serve the population of rural and indigenous areas and are located in this type of
region. As can be seen, there is a similar pattern of behavior in all the curves, differentiated
only by the magnitude of consumption. As of July, energy consumption showed constant
behavior in each university in these categories. Thus, for the universities that serve the
population of suburban and peri-urban areas (Figure 4c), the behavior is analogous to the
previous case, differentiated in the magnitude of energy consumption, something similar
occurs with those universities that offer their higher education services to the population
of urban areas (Figure 4d). On the other hand, a special case is the variations in electricity
consumption that the Virtual University had, which drastically decreased its consumption
in the months of April and May, but had an increase until it recovered its ordinary monthly
average consumption in the month of September, although all its activities were virtual
before and during the pandemic; this behavior is due to the suspension of face-to-face
activities that allow the university to function, that is, the administrative and teaching staff
were absent from the university due to the total closure of face-to-face activities during
the months of lower consumption in 2020. In this sense, unlike the rest of the universities,
the virtual university maintains its base consumption during the pandemic months after
September 2020, while the rest stabilize a reduction in the consumption of electrical energy.
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These universities serve thousands of young people from the state of Michoacán
and neighboring states. Figure 5a shows the distribution of student enrollment in the
studied universities. This distribution does not present a specific pattern; the urban, peri-
urban, suburban and rural sectors do not determine the total number of students per
university, each region where they are located shows diverse contexts allowing enrollment
to be diverse.

Figure 5. (a) Enrollment per university (b) Monthly electricity consumption per capita per student for each university
(c) Monthly energy economic savings.

According to student enrollment for the 2019–2020 period, as well as the total energy
consumption by university, Figure 5b shows the monthly per capita energy consumption
for students from each university, considering the average consumption prior to the pan-
demic. The diversity of this graph allows us to identify three different groups of average
monthly per capita energy consumption: (a) Universities with high average monthly per
capita consumption >25 kWh: whose high consumption may be due (J) to equipment and
infrastructure available and (K) to low enrollment and high infrastructure at this time
for being a newly created institution. Institutions that are located at the extremes of the
state of Michoacán, in the east and west of the state capital; (b) Universities with average
consumption, monthly average per capita <25 kWh but >8 kWh, where there are techno-
logical universities from the center and south of the state. In this category there are four
universities; (c) Universities with a low average monthly per capita consumption <8 kWh,
which corresponds to the largest number of universities (seven), so that predominantly,
study institutions maintain low consumption. Compared to universities in Europe, such as
those in England, this electricity consumption of the three mentioned categories represents
a low value [35,51]; on the other hand, it is within the levels of institutions such as the
Universidad de Almería [25]. In Latin America, energy consumption in higher education
institutions had a significant reduction and in an order of magnitude similar to the present
study, as has been reported for countries such as Brazil [39].
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As mentioned, the monthly per capita energy consumption levels were reduced within
a few months of the start of the pandemic contingency plan, hence the per capita student
consumption was also reduced. In some way, saving energy translates into lower costs
associated with purchasing energy. In this context, according to the average rates for the
unit consumption of each kWh in the universities that are around 0.125 USD/kWh. With
these data, the monthly economic savings were determined, which are shown in Figure 5c.
The total monthly financial savings is approximately $ 8,882.25 USD. The lower the energy
consumption, the greater the savings; these data are in accordance with Figure 2.

The data presented so far can be analyzed in an integrated way. According to reports
from the Secretary of Energy of the Government of Mexico (SENER, for its acronym in
Spanish) for 2020, the monthly electricity consumption per capita was 188.07 kWh. In this
sense, the monthly electricity savings per university can be represented in a way equivalent
to the number of people whose electricity needs could be satisfied (Figure 6). In paral-
lel, Figure 6 shows the saving of electrical energy in terms of mitigating environmental
impact (Ton CO2).

Figure 6. Multivariate analysis of energy consumption by university.

Figure 6 shows an increasing linear trend from “L” University to “C” University.
It is worth highlighting the case of the “J” University, which is situated in a context of
dimensions much higher than the average of the rest of the universities, due to its low
enrollment and high consumption as it is newly created and has a natural growth scheme,
which will be completed in a few more years. In the case of the other universities, the high
enrollment has made it possible to reduce economic energy costs and reduce per capita
consumption, as they are institutions with several generations of students.

The analysis of the electricity consumption data in the studied universities has made
it possible to know the distribution of its magnitude over several months, before and
during the first months of the SARS-CoV-2 pandemic, and also includes consumption data
during the first peak of infections in 2020, when educational activities transitioned to a
virtual scheme and universities closed their doors, operating minimally administrative
processes (almost zero), mostly remotely and with sporadic visits to universities. All this
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represented a significant decrease and made it possible to identify decreasing curves from
2019 to 2020, as well as consumption plateaus with low magnitudes in 2020 compared
to 2019. One of the interesting aspects, a priori to the analysis, was the distribution of
electricity consumption that, suggestively, would represent a higher percentage for the
operation of laboratory equipment and workshop machines. It should be noted that the
studied universities contain spaces of this nature due to the approach of the higher level
programs that are offered at these institutions. However, with the total closure—the most
drastic due to the health contingency plan developed by the government of the state of
Michoacán—carried out during the months of July to August, it was possible to identify
in a general way that the savings in the electricity consumption of these universities did
not exceed 50%. Knowing that the equipment, machinery and comprehensive computer
system were not operating, it is possible to understand that the base electrical energy
consumption corresponding to the plateaus of 2020 (Figure 4) came mainly from the
lighting and heating systems. The latter is associated with equipment that protects the
general telecommunications system, as well as reagents and research material. However,
in some cases, months ago, an emerging strategy was established for the suspension of
research activities, which suggests a main consumption due to lighting.

4. Discussion and Final Remarks

Within the previous context, more than a year after the pandemic, it is necessary to
reflect on the new educational normal of 2021 and the following years. This year, the state
and national education system at the higher level is still virtually maintained, and although
a possible return to face-to-face classes is expected in a staggered manner throughout 2021,
the truth is that Mexico is still facing a scenario of new maximum spikes of contagion and
deaths from the SARS-CoV-2 virus. So, there are some issues that should be specified,
mainly because the new realities are closely linked to the electric power sector. In the first
place, the immediate future will demand a system of hybrid lessons since, technologically,
national education at the higher level accelerated its transition process towards virtual
lesson schemes. Secondly, universities are now offering new virtual degrees, and this
approach is expected to permeate all higher education institutions. The pandemic has
generated enormous school dropouts, regardless of the fact that the educational system in
Mexico is free. Furthermore, due to the economic impact of the pandemic, many university
students have had to seek sources of employment to survive or supplement family income.
The panorama will hardly ever be the same as the educational context prior to the pandemic.
Thirdly, because many of the undergraduate programs may remain virtual due to the low
number of students in the groups and facilities that the universities will provide to ensure
the permanence and right to higher education of young Mexicans, the energy context will
also change in these institutions.

Particularly in universities, it is possible to suggest sustainable energy alternatives
to move towards self-managed, decentralized and resilient energy systems. If lighting
represents one of the activities with a high consumption of electrical energy in these higher
education institutions, photovoltaic systems could significantly satisfy this demand and
generate local supply schemes to provide the necessary energy. To cite an example, by sav-
ing energy monthly during the pandemic months, for these case studies, the equivalent
economic expense could be used in the acquisition of autonomous solar lighting systems
that can currently be found at a low price of approximately 20 USD each, with lighting
areas of 100 m2. Figure 7 shows the projection of the number of solar lights acquired with
the monthly economic savings for each university. Monthly, the illuminated area would be
equivalent to two soccer stadiums of those found in the capital of the state of Michoacán.
In this sense, there may be multiple energy alternatives that allow optimizing the savings
and efficiency of electrical energy in these universities [52].
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Figure 7. Projection of acquisition of solar systems for lighting.

In addition, the environmental and economic impact produced by the reduction in
electricity consumption analyzed in this work, the closure of universities and virtual classes,
has also collaterally decreased student mobility, which translates into economic savings
and the mitigation of CO2 emissions by student and by university. To cite an example
of the magnitude of student mobility, a comparative case for two university contexts is
presented below; on one hand, a university located in an indigenous area, the “Universidad
Intercultural Indígena de Michoacán”, UIIM (A) and, on the other hand, an institution in
the urban area of the capital of the state of Michoacán, the “Universidad Tecnológica de
Morelia”, UTM (M). This comparative scenario has been proposed to locate territorially
diverse contexts, but also in conditions of different socioeconomic statuses among the
students who attend both institutions (Figure 8).

In both cases, the transfers have points in common. In Mexico, the students do not live
on the university campus; most of the students coming from places distant from where the
universities are located rent rooms where they stay. The more distant the room, the smaller
the rental cost. In this proposed scenario, a minimum transfer proximity radius of 10 km
that most of the students travel to reach these two universities is considered, which are
located in an industrial zone in the case of the UTM and an area of agricultural crops, in the
case of UIIM—both distant from highly populated areas. The vehicles they mainly use are
Urvan-type models with an average capacity of 15 passengers, whose transportation costs
are around 0.5 USD per trip. They are internal combustion vehicles that consume gasoline
and whose emission factor for this fuel is 2.3 KgCO2/L. Considering that mobility is total
in each university under the previous approaches, Figure 8b shows the analysis of monthly
transportation costs for the enrollment of UTM (M) and UIIM (A) students; on the other
hand, Figure 8c shows the comparative analysis of the energy consumption and emissions
generation of both universities. As can be seen, this scenario shows the mitigation in
energy consumption, emissions and expenses associated with mobility, under assumptions
of minimal considerations, although clearly the real context is even more demanding in
the analyzed variables. However, this proposed scenario allows us to partially know the
magnitude of savings in terms of student mobility that, if extrapolated to all the analyzed
universities, allows us to suggest a state panorama of the reduction of student mobility, as
observed in Figure 9.
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Figure 8. Student mobility reduction scenario: (a) Geographical location of 2 analysis cases i = UTM, ii = UIIM (b) Monthly
transportation costs for UTM and UIIM student enrollment (c) Comparative analysis of energy consumption and emissions
generation UTM and UIIM.

Figure 9. Extrapolated matrix of mobility impacts in 13 universities in Michoacán.

The present analysis is consistent with international experiences suggesting that the
energy use is related to the attention to the pandemic. For example, it was observed that,
based on sanitary restrictions in Brazil, there was less electricity consumption related
to mobility, about −20% and −18% of electricity consumption [53]. Other studies have
highlighted that, from the restrictive actions of the pandemic, energy consumption was
affected mainly in areas where networks are shared, which, when the service is interrupted
due to the absence or inefficiency of action plans, have seriously impacted the life of
communities [54]. In addition, it has been observed that, although there is an economic
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recovery, it will not necessarily lead to better energy consumption. Everything will depend
on the actions and post-pandemic policies that are promoted by the government, such as in
the case of China, which expects a speedy economic recovery but recognizes that this will
not necessarily involve an increase in energy consumption [55]. It has also been recognized
that an improvement in air quality and a reduction in atmospheric pollutants has been
perceived. Although the pandemic affects the economic aspect, it has been seen as a break
from anthropogenic impacts for the environment and this has motivated a rethink of the
need for energy transition and decarbonization [56]. This is key in educational matters,
because important actions are being developed from the academy to promote energy
decarbonization and sustainable energy consumption.

It should be noted that various studies suggest that energy consumption has varied
during the pandemic and will not be the same after the pandemic, particularly because
technology and planning strategies have been key to the new normal [57,58], such as energy
management strategies implementing renewable, profitable and efficient sources made
in Ukraine [59]. It is also important to bear in mind that the effects on energy demand
and carbon emissions depend on the socioeconomic conditions of each region or country,
because factors like income, type of employment, nature of employment, urbanization,
public services, and so forth, must be taken into account.

In the aforementioned context lies the importance of this study, which in a particular
way allows us to know the dimension of savings in terms of the electricity consumption of
public universities in the state of Michoacán, Mexico; as well as some energy consumption
patterns in these institutions for lighting, laboratory machinery and equipment, and ad-
ministrative computing systems. Knowing the priority consumptions helps us to define
energy and technological transition strategies towards those that are renewable and that
operate in a sustainable way, respectively. It also allows us to suggest particular strategies
such as those shown in Figure 7. On the other hand, this research will serve to contribute
to the diagnosis of energy consumption in the higher education sector, which is linked to
three current energy management actions:

(a) The state development plan (Michoacán) with regard to energy management, which
began to be elaborated in November 2021, as well as the institutional development
plans that are generated in the different analyzed educational entities, whose plans
are aligned because they have simultaneous validity, which may propose significant
changes in terms of local energy transition and the use of efficient energy technologies
where necessary.

(b) The current energy reforms in the country, which will be evaluated in the Mexican
Congress in 2021, and the possibility that, in the following years, new reforms will be
developed. It should be noted that in Mexico (2021), the national electricity system
consists of the CFE as a state productive company, private investors, and small gen-
erators under the figure of distributed generation and clean distributed generation.
The latter component promotes the possibility of electricity generation from the edu-
cational sector. Therefore, this research may contribute to the consumption patterns,
the construction of programs and public policies that encourage the energy transi-
tion under current regulations after the pandemic, as well as the articulation of the
climate change programs of the Ministry of the Environment and Natural Resources
(SEMARNAT), which are linked to the General Directorate of Higher University and
Intercultural Education of the Government of Mexico (DGESUI in Spanish) and to
which all public universities of the country are attached.

(c) The generation of a decentralized system for the national educational system. This al-
lows the generation of self-supply energy strategies and the promotion of carbon
footprint reduction programs through student communities.

Finally, it is necessary to mention that it is possible that the saving of electricity in
the universities will be transferred to the homes of each student (and the increase in
consumption is not necessarily linear), increasing consumption at the residential level as
has been reported in some investigations (up to 30% increase) [60,61], but it is clear that
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the null use of workshops and laboratories minimizes this transfer. However, unlike the
consumption of electrical energy, mobility was reduced without transfer or equivalence [62].
The program of virtual classes and confinement due to the pandemic generated new
patterns of energy consumption, these are some of the effects of the COVID-19 pandemic
on the energy consumption of state universities in Michoacán, Mexico. The results shown
in this research aim to propose a trend scenario towards lower consumption; once long
distance education is maintained or in hybrid mode [63], energy consumption schemes
must change and move towards resilient, affordable and sustainable models [64].

5. Conclusions

This case study allowed the evaluation of electricity consumption before and during
the first year of the COVID-19 pandemic in 13 public state universities in the state of
Michoacán in Mexico. The results have shown that the savings in energy consumption
ranged between 10% and 90%, and are still maintained since the universities have not
returned to face-to-face classes as of August 2021. The economic savings exceed 8000 dollars
per month for all universities and the total average monthly saving exceeds 70 MWh of
electrical energy, which translates into a reduction in emissions of nearly 500 tons per year of
CO2e (Total). In addition, a reduction in student mobility has also been identified, allowing
an estimation of mitigation due to mobility reduction of more than 5 tons CO2 per month
per university. In the studied institutions, the economic–environmental impacts during
the pandemic are significant, and there may be renewable energy use strategies based on
the economic savings during this health emergency, which, if integrated into an energy
management and energy efficiency program could reduce consumption and promote self-
generation of university electricity. This, in turn, could be linked to strategies to raise
awareness of the carbon footprint of the university community, which can be linked to the
results reported in this study. In an incipient way, new models of electricity consumption
can be formulated that should exist with the new normality and contemporary remote
education schemes. This research encourages the higher education system in Mexico to
suggest strategies for energy self-sufficiency and sustainable mobility, which in sum can
maintain low emissions, minimal economic expenses and reduction in the consumption of
conventional energy sources in the student population.

This research also produces two contributions: (a) at the local level: making it possible
to contribute to the state plan and university institutional development plans in energy
matters, as well as to encourage the dimension of private consumption in higher education
institutions with a perspective of supporting the current national energy reforms, and to
the generation of an alternative proposal for a decentralized energy system for the national
education system; and (b) on a global scale: it shows the effects on energy demand and
carbon emissions that depend on the socio-economic conditions of each region or country.
In educational matters this is key because the academy develops important actions to
promote energy decarbonization and sustainable energy consumption. Therefore, knowing
the dimension of consumption in the case of Mexico will encourage the systematization of
diagnoses of this nature in Central and South America, and it is expected to be useful in the
construction of public policies and post-pandemic reactivation programs that consider the
transition towards renewable energy sources and sustainable technologies at the University
level. This normality poses challenges from an energy perspective for the higher education
sector that can be addressed with diagnoses before, during and after the pandemic, which
are built with research like this, that, with the appropriate management measures, can
encourage the construction of fair, affordable and sustainable energy scenarios.
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