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Abstract

The carbon footprint is a key indicator for assessing the environmental impact of institutions, including
universities. This study estimates the carbon footprint of the Universidad Tecnoldgica by analyzing emissions
resulting from fuel consumption (GHG), energy use, and waste generation. Using the Greenhouse Gas Protocol
methodology, consumption data for the years 2023 and 2024 were collected. The results show that the main
contributor to the institutional carbon footprint is Scope 2 energy consumption (56%), followed by Scope 3 waste
generation (34%), and direct Scope 1 emissions accounting for 10.36%. The inventory will support the
development of greenhouse gas reduction and mitigation policies, potentially generating both environmental and
economic benefits.

| Carbon Footprint Estimation Based on Consumption: A Case Study of Universidad Tecnoldgica de San Luis Potosi |

| Objectives | o
Contribution:

Estimate the university's carbon footprint by implementing the GHG Protocol, It provides a baseline that can be
aligning its operations with international sustainability standards. used in subsequent research to

— - - - ; _ monitor progress, compare
Findings: This study provides a solid foundation for understanding the current between institutions or evaluate the
state of the university, thus offering a broader perspective that contributes to impact of environmental policies.
continuous improvement and the building of more sustainable future
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Resumen

La huella de carbono es un indicador clave para evaluar el impacto ambiental de las instituciones, incluyendo las
universidades. Este estudio estima la huella de carbono de la Universidad Tecnol6gica mediante el analisis de
emisiones derivadas del consumo de combustibles (GEI), consumo energético, generacion de residuos. Utilizando
la metodologia del Greenhouse Gas Protocol, se recopilaron datos de consumo correspondientes a los afios 2023
y 2024. Los resultados muestran que el mayor contribuyente a la huella de carbono institucional es el consumo de
energia Alcance 2 (56%) seguido de la generacion de residuos Alcance 3 (34%) y el 10.36 % corresponden a
emisiones directas de Alcance 1. El inventario facilitara el establecimiento de politicas de reduccién y mitigacion
de GElI, lo que generara beneficios ambientales y econémicos potenciales.
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1. Introduction

Global warming is one of the most pressing concerns that humanity faces today. It has been demonstrated
that anthropogenic activities have negative impacts on the environment due to the increase in greenhouse
gas (GHG) emissions (Sen et al., 2022), requiring urgent actions from all sectors, including educational
institutions.

In this context, universities, as centers of knowledge and innovation, have a dual responsibility:
on one hand, to reduce their environmental impact, and on the other, to foster sustainability within their
communities (Leal Filho et al., 2019). This responsibility becomes even more significant considering
that higher education institutions can be compared to “small cities”, due to the complexity of their
structures, the magnitude of their operations, and the multiple environmental, economic, and social
impacts they generate (Abdullah et al., 2019; Robinson et al., 2018).

The carbon footprint is a widely used metric to quantify GHG emissions and identify
opportunities for reduction (Wiedmann & Minx, 2008). In Mexico, the main sectors contributing to GHG
emissions are energy, agriculture and livestock, industrial processes, waste management, and land use
(INECC & INEGI, 2018). Within this context, the role of academic institutions is crucial both in
environmental policy and as reference models for applying GHG mitigation strategies in other sectors.
The implementation of carbon footprint assessments and environmental improvements in universities not
only focuses on reducing GHG emissions from their activities but also aims to achieve environmental
benefits that promote economic savings and institutional competitiveness (Wiedmann & Minx, 2008).

At the global level, many universities have begun to calculate their carbon footprints as part of
broader sustainability initiatives (Samara et al., 2022; Ma et al., 2023; Paredes Canencio et al., 2024).
Various studies assessing the carbon footprint of universities highlight that Scope 2 (indirect emissions
from purchased energy) and Scope 3 (other indirect emissions such as transportation and waste) are the
main contributors (Larsen et al., 2013; Klein-Banai & Theis, 2011).

In Mexico, some institutions in the education sector have begun to incorporate carbon footprint
assessments (CF) as a key tool to measure and manage their environmental impact. According to Guillen-
Chavez (2023), among the studies conducted in Latin American universities reported in the literature,
Mexico accounts for 4.3% of partially completed studies and 17.6% of complete studies, reflecting
gradual but still limited progress in integrating sustainability metrics within higher education.

In 2019, Mendoza-Flores et al. estimated that the Metropolitan Autonomous University (UAM)
in 2016 produced approximately 3,000 tons of CO: equivalent (tCO2¢), with Scopes 1, 2, and 3
representing 4%, 24%, and 72%, respectively.

Similarly, in 2020, Cardoza et al. conducted a study at an academic institution in Monterrey,
applying the GHG Protocol methodology, and estimated an institutional carbon footprint of
approximately 2,040 tCO-e, where transportation accounted for 49% of total emissions, followed by
electricity consumption (29%) and institutional travel (20%).

The Institute of Engineering at the National Autonomous University of Mexico (UNAM) also
reported in 2010 a carbon footprint of approximately 1,577 tCO.e (Glereca et al., 2013), where
transportation, including the university fleet, represented 50% of total emissions, and electricity use
accounted for 42%.

In this context, the assessment of carbon footprints in educational institutions not only allows for
the quantification of their environmental impact but also represents a step toward institutional
transformation in favor of sustainability. As highlighted by Kiehle et al. (2023), achieving an
environmentally sustainable university model involves an innovative and transformative process that
requires the active commitment of all members of the academic community. This process demands
institutional and regulatory support to overcome potential bureaucratic or financial barriers that may
hinder its implementation.
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Aligned with this approach, the present study aims to estimate the carbon footprint of the
Technological University of San Luis Potosi and identify its main sources of emissions. The results will
provide technical foundation for the design of internal sustainability policies and for aligning institutional
actions with international commitments. Furthermore, this study contributes to the growing body of
scientific literature on sustainability in higher education.

2. Methodology

There is a general methodology for estimating the CO. footprint, which is adopted and expanded upon
by international standards. According to this framework, estimating the carbon footprint involves
developing three fundamental stages (Spannagle, 2003).

The GHG Protocol serves as a regulatory standard and a guideline of best practices for the
estimation of the CO: footprint. It provides methodological guidance for calculation and outlines

voluntary activities that can be implemented to improve performance in terms of CO: emissions reduction
(GHG Protocol Corporate Standard, WRI & WBCSD, 2004).

The GHG Protocol classifies emissions into three scopes and provides sector-specific guidance,
as presented below:

- Scope 1. Direct GHG emissions that originate from sources controlled by the organization, such
as emissions from the combustion of fuels used in boilers, furnaces, or company-owned vehicles.

- Scope 2. Indirect GHG emissions associated with the organization’s energy consumption within
its facilities — for example, emissions related to the use of electricity for heating, cooling, or
lighting.

- Scope 3. Indirect GHG emissions not directly controlled by the organization, such as those
associated with water supply, paper consumption, solid waste generation and management,
commuting and transportation of the university community, or corporate air travel WRI &
WBCSD, 2004).

To estimate the carbon footprint of the Technological University, the Greenhouse Gas Protocol
(GHG Protocol) methodology was applied. The procedure was structured into the following stages:

Stage 1. Defining organizational boundaries:

During the 2023-2024 academic cycle, the Technological University of San Luis Potosi recorded a
population of approximately 2,980 students and 275 staff members. Its facilities include 75 classrooms,
40 laboratories, 2 workshops, and a vehicle fleet composed of nine university-owned automobiles.

Stage 2. Identifying emission sources by scope:

Emissions were classified according to the three scopes defined by the GHG Protocol: direct emissions
(Scope 1), indirect emissions from electricity consumption (Scope 2), and other indirect emissions (Scope
3) associated with institutional activities such as travel, third-party transportation, or outsourced services.
Table 1. Classification of the three scopes defined for the estimation of the carbon footprint at the
Technological University.


https://www.ecologia.org/ems/ghg/news/cop9/comparison.html
https://pdf.wri.org/ghg_protocol_2004.pdf
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Table 1
Classification of the three scopes defined for the estimation of the carbon
footprint at the Technological University

Academic cycle 2023- 2024 Source
Scope 1 Natural Gas o LPG Consumption (L)
Carbon Dioxide Gas Consumption (L)
Gasoline Consumption (Own vehicle fleet) (L)
Scope 2 Electricity Consumption (kW)
Scope 3 Waste (paper, plastic, organic) (1)

Source: Author’s own elaboration
3. Collect activity data:

Quantitative information was collected on electricity consumption, fossil fuels, use of institutional
vehicles, and other relevant data for estimating emissions.

Table 2
Technological University Consumption by Scope

Academic cycle 2023- 2024 | Source Average Consumption
Scope 1 Gas LPG (L) 24.75 L
COz (L) 25L
Gasoline (L) 20, 755 L
Scope 2 Electricity Consumption (kWh) 543, 481 kWh
Scope 3 Paper (kg) 15,161 kg
Plastic (kg) 87,403 kg
Organic (kg) 53, 512 kg

Source: Author’s own elaboration
4. 4. Apply emission factors:
Standardized emission factors, primarily sourced from official references such as NOM-163-
SEMARNAT-ENER-SCFI-2013 and the IPCC 2006 methodology (INECC, 2020b and 2014), were
applied to the activity data to convert activities into COe emissions.
Scope 1.
LPG Consumption
Regarding LPG consumption, the University has a stationary 300-liter tank installation located in the
chemistry laboratory. It should be noted that this laboratory has lower occupancy compared to other
academic spaces. Since detailed and continuous consumption records were unavailable, an indirect
estimation was performed based on the number of groups that used the laboratory during the 2023-2024
academic cycles, along with the date of the last tank refill and the volume consumed up to the analysis
date.
LPG mass = Consumption (L) X Density kg/L (1)
Emissions = LPG mas (kg) X Local emissions factor (kg CO;) (2

- Emissions factor in Mexico: 3.00 kg COzeq/Lg (NOM-163, 2023).


https://www.dof.gob.mx/nota_detalle.php?codigo=5713555&fecha=03/01/2024
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CO2 Consumption
- Emissions factor in Mexico: 1:1 CO»
Gasoline Consumption
The University maintains a fleet of 9 vehicles, used to support field activities, staff transportation, and
institutional logistics such as special deliveries. To estimate the emissions associated with this source, an
inventory of the vehicles was conducted, including their mileage. Additionally, information from fuel
consumption invoices during the analysis period was taken into account.
Emissions = Consumption (L) X Local emissions factor (CO,e/Lg) 3)
- Emissions factor in Mexico: 2.347kg COze/Lg (NOM-163, 2023).
Scope 2.
Electricity consumption.
The electricity used by the University is supplied by the Federal Electricity Commission (CFE). To
estimate the institutional energy consumption, the information contained in the electrical billing receipts
for the years 2023 and 2024 was used as a basis, allowing for direct quantification of the electricity
acquired during this period.
Emissions = Consumption (kWh) X Local emissions factor (kg CO,e/kWh)
- Emissions factor in Mexico: ~0.444 kg CO.e/kWh (SEMARNAT, 2025).
Scope 3.
For the calculation of Scope 3 emissions, direct records on the generation of municipal solid waste are
not available, as there is currently no systematic tracking of this data within the institution. However, it
is possible to make an indirect estimation by considering the size of the university community during the
2023-2024 academic cycle, as well as the available facilities, including an institutional cafeteria, which
allows for the inference of approximate volumes of waste generated per person.

Organic Waste

Per capita generation of organic waste in university dining halls/Cafe:
0.1 a 0.3 kg/person/day (depending on food consumption).

— Cafe occupancy factor: Not all students/staff use the cafe daily. Assuming 30-50% occupancy
rate. (U.S. Environmental Protection Agency, 2023).

Paper

Per capita consumption in universities:

0.05 a 0.15 kg/person/ (includes sheets, cardboard, packaging, brochures).
— Factor: Vargas, (2015) reports ~0.017 kg/person/day.

Plastic.

Per capita consumption in universities:

0.03 a 0.09 kg/person/day (bottles, food packaging, cups).


https://www.dof.gob.mx/nota_detalle.php?codigo=5713555&fecha=03/01/2024
https://www.gob.mx/cms/uploads/attachment/file/981194/aviso_fesen_2024.pdf
https://www.epa.gov/system/files/documents/2023-12/warm_data_quality_assessment_report_dec_2023.pdf
https://www.reibci.org/publicados/2015/septiembre/1200106.pdf
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- Factor: Programa Universitario de Medio Ambiente, 2011 report ~0.09 kg/person/day

Solid waste generated

emissions (C0,,) = quantity tipe waste * correspondig emissions factor (5)
3. Results and Discussion

The total carbon footprint derived from the activities of the Technological University of San Luis Potosi
was estimated based on the average consumption for the years 2023 and 2024. Table 3 presents a detailed
breakdown of the different GHG emission sources during this period, yielding a total estimate of 463
tCO2e, equivalent to 0.14 tCO-e per capita per year.

This result is consistent with ranges reported in other studies. Helmers et al. (2021) reported that
studies conducted at 22 universities found emissions ranging from 0.73 to 8.17 tCO:e per capita per year
(average: 2.41 tCOze). Similarly, they identified values around 1-3 tCO:ze per capita per year in 20 higher
education institutions in the United Kingdom and between 0.29 and 6.51 tCO.e per capita per year
(average: 1.80 tCOze) in 15 universities worldwide during the period 2007-2017.

Table 3
Estimation of carbon dioxide equivalent emissions generated by the activities
of the Technological University

Academic cycle Source tCO2e
2023- 2024
Scope 1 GEI (Gas LPG y COy 48
Gasoline
Scope 2 Electricity Consumption 259
Scope 3 Waste (paper, plastic, organic) 156
Total 463

Source: Author’s own elaboration

The emissions obtained according to the GHG Protocol classification showed that 10.36%
correspond to direct Scope 1 emissions, 56% to indirect Scope 2 emissions (256 tCO2e), and 34% to
indirect Scope 3 emissions (156 tCO2e). (Fig. 1)

% tCO2e
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40.00 33.70%

30.00
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Figure 1
Percentage of estimated tCO2e at the Technological University of
San Luis Potosi by scope
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Of the total carbon footprint of the Technological University, approximately 56% of emissions
come from purchased electricity, 19% from plastic waste, 11% from organic waste, and 3% from
generated paper waste; meanwhile, approximately 11% of emissions belong to consumed fossil fuels
(Figure 2).
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mLPG ®mCO2 gas mGasoline mElectricity mPaper mPlastics mOrganics

Figure 2
Detailed Breakdown: Estimated Percentage of CO2e at the
Technological University of San Luis Potosi

Scope 2 emissions, associated with purchased electricity consumption, represent 56% of the total
greenhouse gas (GHG) emissions of the Technological University of San Luis Potosi, equivalent to 259
tCO:e. This value is comparable to that reported in other higher education institutions, where energy
consumption represents an even larger fraction of their carbon footprint, due to high dependence on
electricity grids based on fossil fuels (Prasad M.K et al., 2022). For example, Bautista J et al. (2022)
reported that 60.6% of the total emissions of the Konrad Lorenz University Foundation originated from
electricity consumption. Similarly, Maya J.R et al. estimated a total of 477,857.10 kg CO:e¢ attributable
to energy consumption at the Autonomous University of the State of Mexico.

In the present study, the proportion attributed to Scope 2 is consistent, considering that the
Technological University of San Luis Potosi has an electricity-intensive infrastructure, which includes
more than 20 computer laboratories, a machining workshop, a CNC laboratory, three industrial robots,
in addition to the various administrative and teaching activities carried out daily.

Regarding Scope 1, this study includes LPG consumption and gasoline consumption by the
proprietary vehicle fleet composed of 9 cars; the estimated emissions correspond to 10% of the total (48
tCO2¢e). Meanwhile, Scope 3 emissions associated with waste generation represent approximately 34%
(156 tCO2e). Together, these emissions contribute to nearly 44% of the total estimated emissions.

It should be noted that, in the specific case of Scope 3, the data were estimated indirectly based
on the size of the university community during the years 2023 and 2024, due to the absence of recorded
data and historical data on waste generation. Likewise, for Scope 1, only the fuel consumption of the
proprietary vehicle fleet was considered, without including other possible mobile sources.

These results are not directly comparable with other reviewed studies, due to differences in the
size and complexity of the institutions (campuses, schools, and faculties) (Valls Val, K & Bovea, M.D.,
2021). Furthermore, each institution defines its organizational boundaries according to its own criteria,
defined by its organizational structure, operations, and institutional scope. This methodological
variability influences the reported emission inventory, as it may include or exclude certain spaces,
academic units, or tertiary services (Paredes Canencio et al., 2021), which limits the possibility of making
homogeneous comparisons between studies.
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4. Conclusions
This study estimated an average annual total carbon footprint of 463 tCO.e for the Technological
University of San Luis Potosi during the years 2023-2024, representing an approximate value of 0.14
tCO2¢ per capita per year. This figure is consistent with the ranges reported by Mendoza-Flores et al
(2019), who identified values between 0.29-6.51 tCOze (average 1.80 tCO-e) in universities worldwide.
Regarding the distribution by scope, Scope 2 (electricity consumption) was the main contributor with
56% of total emissions, followed by Scope 3 with 44%, and finally Scope 1 with 10.36%. However, the
latter might be underestimated, as the effects of greenhouse gas emissions from vehicles used by the
university community (faculty, students, and administrative staff) are currently unknown.

Scope 3 stands as the second most significant source, highlighting the need to implement
strategies such as composting programs, recycling, and waste reduction initiatives. Furthermore, the lack
of precise historical data suggests that actual emissions could be higher than the estimated.

The results showed a high dependence on fossil fuels (Scope 2) as the main contributor,
attributable to an electricity-intensive infrastructure including laboratories, workshops, and industrial
equipment - a common characteristic among technology-oriented institutions.

Finally, the findings of this study provide a solid foundation for understanding the university's
current status. Although this is a preliminary study, it has been crucial for identifying areas of opportunity
and, together with comparative research from other universities, provides a broader perspective that
contributes to continuous improvement and building a more sustainable future for the Technological
University of San Luis Potosi.
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Abbreviations

INEGI Instituto Nacional de Estadistica y Geografia

CFE Comision Federal de Electricidad

GHG GreenHouse Gas

CF Carbon Footprint

SEMARNAT Secretaria de Medio Ambiente y Recursos Naturales
tCO2e Tons CO; Equivalent
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