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Abstract

The aim of this study is to calculate the Carbon Footprint (CF) of one campus of the Instituto Tecnologico Metropolitano (ITM), a higher
education institution in Medellin, Colombia. Such calculation was conducted from the perspective of Life Cycle Assessment (LCA),
considering and analyzing significant impacts of the ITM on the environment and its relationship with its surroundings derived from its
operational activities related to the objectives in its mission statement (education, outreach, and research). The methodology used here for
the LCA, the Carbon Footprint calculation, and the compilation of input and output inventories of different subprocesses (that comprise
ITM’s operation) observed the requirements and guidelines established in the ISO 14001 (2015), 14040, 14041, 14043, and 14064
standards. According to results the activities that emit the most GHG fall within Scope 1, especially the use of fossil fuels (for the
transportation of equipment and ITM employees), with about 69%; and, in Scope 2, electricity consumption contributes 26.8%.

Keywords: carbon footprint, life cycle assessment, sustainability, GHG

Aplicacion de la norma NTC-ISO 14064 para calcular las emisiones de
Gases Efecto Invernadero (GEI) y la Huella de Carbono (HC) en del
ITM campus Robledo

Resumen

El objetivo de este estudio es cuantificar la Huella de Carbono (CF) del Instituto Tecnologico Metropolitano de Medellin (ITM). Este
calculo considera y analiza los impactos significativos en el medio ambiente y la relacion de la institucion con el entorno, derivado del
desarrollo de sus actividades operativas destinadas a cumplir los objetivos de la misiéon de ITM (Educacion, Relaciones con la Comunidad
e Investigacion) desde una perspectiva de Andlisis del Ciclo de Vida. La metodologia utilizada para el ACV, el Calculo de la Huella de
Carbono y la compilacién de inventarios de entradas y salidas para los diferentes subprocesos que conforman el funcionamiento de la
institucion, sigue los requisitos y las pautas establecidas en ISO 14001 (2015), 14040, 14041, 14043, 14064. Segun los resultados, las
actividades que mas GEI emiten corresponden al Alcance 1, especialmente el uso de combustibles fosiles (para el transporte de equipos y
empleados de ITM), con cerca del 69%; y, en el Alcance 2, el consumo de electricidad aporta el 26,8%.

Palabras clave: huella de carbono, analisis de ciclos de vida, sostenibilidad, GEI.

1. Introduction makers and policy designers because they provide
comprehensive information and enable organizational

Sustainability reports and determining environmental changes to increase competitiveness, while reducing costs
impacts have become important tools for many decision- and negative environmental impacts, for example, through
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the rational and efficient consumption of energy (ISO
50001) and/or manufacturing products and providing
services that are carbon neutral (ISO 14064) [1-5].

The operation and maintenance of a university is a
socioeconomic process that transforms raw materials,
energy, and water into wastes, while it conducts its activities.
Every part interacts and interchanges materials, energy, and
information with its surroundings through a complex
network [6]. These flows should be monitored and analyzed
from the point of view of sustainability and adopting a
quantitative methodology that considers their negative
impact and environmental damage to plan mitigation
measures that can be implemented and identify potential
emission reductions [5,7,8].

The aim of this study is to determine and analyze the
Carbon Footprint of one campus of the Instituto Tecnoldgico
Metropolitano ~ (Medellin, Colombia), which has
implemented and applied the NTC-ISO 14001:2015
standard. This kind of study can enable ITM students and
community to understand carbon footprint and their
responsibility to reduce it, thus fostering cultural change
inside the organization [7,9].

The Instituto Tecnologico Metropolitano is committed to
being carbon neutral, a beacon for society, and a sustainable
educational institution. Therefore, in this study, the Carbon
Footprint of the ITM was determined using Life Cycle
Assesment (LCA). Fig. 1 shows a graphical representation
of the LCA, including its boundaries, scope, and balance of
input and output flows.

The objective of using Life Cycle Assessment is to
provide greater benefits in the short and long term by
employing the knowledge and understanding of the
consecutive and interrelated stages of the organization’s
product and/or service system, from the acquisition or
production of raw materials from natural resources to their
treatment at the end of their useful life [10-12]. In addition,
LCA can produce financial savings and utility cost
reductions and establishes a baseline for source-specific
evaluation and future mitigation efforts [13,14].
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Figure 1. Graphical representation of the LCA of the ITM
Source: The authors.

1The information in this section was taken from the institutional website
(http://www.itm.edu.co/institucion/) and provided by the coordination staff
at SGA-ITM.
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2. NTC-ISO 14064 report structure
2.1 Description of the object of study’

The ITM is a university institution with a technological
orientation, vocation, and tradition. It is a public municipal
institution with five campuses in Medellin: Robledo, Fraternidad,
Floresta, Castilla, and Prado. This study analyzes Robledo campus
in 2016, when it had an average of 9,865enrolled students and
ITM’s building of administrative offices is located on this campus.

Currently, the ITM’s physical infrastructure continues to
grow, its teaching staff and administrative staff are better
qualified, its academic programs are more innovative, and it
is widely recognized as it was the first public university in
Colombia to be accredited as a High-Quality institution.

Additionally, the ITM is committed to the continuous
improvement of its environmental management system. As a
result, it is taking actions, in the medium term, to reduce its Carbon
Footprint and become a carbon neutral organization through
programs aimed at the rational and responsible use of natural
resources and the correct handling and final disposal of chemical
substances; in addition, all ITM students receive environmental
education courses. The ITM’s Environmental Management
System focuses on six environmental programs: water discharge
management, efficient use of water and water saving, efficient use
of energy and energy saving, comprehensive management of solid
waste, adequate storage of chemical substances, and
environmental education. All these programs are mentioned here
because they contribute to have a green campus [15].

2.2 Functional unit

Considering the mission, vision, and operating aims of the ITM,
in this study, the Functional Unit is one (1) student currently enrolled
in one of its study programs. However, the Total Carbon Footprint
is reported by scope and resource so that this sustainability indicator
can be compared with that of other institutions that provide
academic services, as reported in the literature [14,16].

2.3 Operational limit

To calculate the Carbon Footprint (CF) of ITM’s Robledo
campus, direct and indirect emissions were first quantified and
represented within the operational limits and scopes of the study.
Such scopes are shown in Fig. 2 and described below.

Goy e oy

SCOPE 3

@ & &

SCOPE 2 SCOPE 1

LYY

T
Bl =S

Figure 2. Graphical representation of the scopes in the GHG emissions
calculation methodology.
Source: The authors.
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* Scope 1. Direct GHG emissions: Paper consumption; fuel for
transportation and machinery operation; administrative,
operational, and teaching staff; refrigeration equipment; air
conditioning; and fire extinguishers.

Therefore, given the specific characteristics of the operation,
Scope 1 also includes emissions associated with GHG
mitigation activities, such as composting organic and
biodegradable waste and solid waste recycling thanks to the fact
that the ITM stablished a direct control through a sound internal
waste management policy.

* Scope 2. Indirect GHG emissions: Electricity and water
consumption.

* Scope 3. Other indirect emissions: This scope will not be
considered in its entirety in this study because this is the
first time that the CF ofthe ITM is determined. However,
this paper does consider its carbon footprint impact due
to waste transport from the ITM to the landfill. This
service is provided by a municipal sanitation company.
Organizations can exclude direct or indirect GHG sources

whose contribution to gas emissions or removals is not
significant and those whose quantification would not be
technically feasible according to the organizational context (in
technical, economic, and temporal terms). However, these
exclusions should be justified with precise arguments of why
such sources were not included in the GHG inventory despite
having operational or financial control over the facilities [17].

3. Calculation of Carbon Footprint (CFP) and emission factors

Table 1 shows the description and unit used here to

represent the impact category called Climate Change or
Global Warming, according to reference [18].
Before calculating ITM’s Carbon Footprint, all the
anthropogenic GHG emissions from inside the organization
must be estimated (CO,, CH4, N,O, HFC, PFC, and SF).
Subsequently, this information was converted into
equivalent CO, emissions (kg CO»-eq) with the Global
Warming Potential (GWP) [19,20]. Table 2 shows the
conversion factors of different GHGs to equivalent kg of
CO; according to the references [21,22].

Regarding the emission factors of each type of resource,
preference should be given to sources, applying standardized
and globally supported methodologies. For example, an
ideal study should be compatible with ISO 14040/44, the
international standard for environmental life cycle
assessment [23]. However, factors that depend on
geographical location or the characteristics of the location of
the object of study may be modified to perform a preliminary
calculation [24,25].

Table 1.
Example of environmental indicator of an LCA
Indicator Unit of . Description
representation
Quantifies the effects of climate
change resulting from the
Global keCO ivalent emission of carbon dioxide
Warming gL equivalen (CO,), methane (CHy), or other

greenhouse gases that cause
global warming.

Source: The authors
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Figure 3. Methodology for calculating ITM’s Carbon Footprint.
Source: The authors.

Table 2.
Conversion factors of different GHGs to equivalent kg of CO,.

Lifetime (years)

Compound GWP*
20 100
Carbon dioxide (CO,) 1 - -
+ Methane 25 86 34
HFC-
134a (hydrofluorocarbon) 134 3790 1550
CFC-
11 (chlorofluorocarbon) 4 7020 3350
Nitrous oxide (N,O) 235 268 298
HFCF 123 77 - -
Carbon tetrafluoride (CF;) 50000 4950 7350

* Global Warming Potential (GWP)
Source: The authors.

Table 3 shows the GHG emission factors of the
electricity and natural resources used by the ITM in its
operation.

Another element that generates CO; emissions and is
not generally considered is human labor, that is, the
consumption of the energy needed to carry out different
activities in organizations, human metabolism, and
breathing. The equations for calculating this energy are
illustrated in [35,36], and [37]. With the help of the
information provided by the emission factors, type of
resource, and the characteristics of each activity causing
the emission, Eq. (1) was used to calculate the Carbon
Footprint.

CFP =Z(ADi*EFi) (1)

where CFP is the Carbon Footprint of the
organization, derived from the process of consumption of
goods and/or services (kg of CO,-eq); ADi, the data on
source activity i (based on a unit of measurement); and
EFi, the emission factor of source i (kg CO,-eq/unit of
measure).


https://en.wikipedia.org/wiki/Carbon_tetrafluoride
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Table 3.
GHG emission factors for greenhouse gas inventory
Concept Scope g CHy4/unit g N2O/unit kg CO/unit Reference
Paper consumption
(1,000 sheets of white bond 1 - - 0.85 [26,27]
letter size paper)
Electric Power (KWh) 2 - - 0.199 [28]
Drmkm‘g water and}water for 3 ) ) 03519 [29]
sanitary use (m?)
Vehicles, machinery, and
equipment that run on gasoline 1 381.15 406.56 8.8085 [28]
(gal)
Vehicles, machinery, and
equipment that run on diesel or 1 136.78 53343 10.149 28]
petrodiesel
(gal)
Composting .
(Ton of organic waste) ! 1,800 2681 0 [30]
Waste disposed into landfill b
(Ton of waste) 3 136,714 - - [31]
Recycled material
(Ton of material) ! 0 0 0 [32]
HCFC-123 fire extinguisher 1 0 0 77 [33]
CO, Fire Extinguisher (Red) 1 0 0 1 [2,34]

2Composting operations are considered carbon neutral (kgCO,/Ton=0) [21].
b Landfill without methane recovery (CH,).

cFirst-Life post-consumer waste has no environmental burden when it is recycled and used as raw materials in its Second Life [32].

Source: The authors.

4. Results

Table 4 shows the Total Carbon Footprint (Ton CO,-
eq/year) of each scope and the contribution of each item to
this sustainability indicator.

Table 4.
ITM’s Carbon Footprint (Ton CO,/year) by scope.
Scope Concept Tota:q(/’;z:r(;o: ) (%)
Paper 0.786 0.086%
Personnel 49.74 5.452%
Leakages from 0.768 0.084%
fire extinguishers ) 0.000%
Air conditioners
and refrigeration 66.475 7.287%
Scope 1 equipment
Fossil fuels 629.989 69.055%
Composting 1.337 0.147%
Mitigation due to
‘waste separation
and final -87.076 -9.545%
treatment
Scope 2 Wat‘er‘ 5.663 0.621%
Electricity 244.523 26.803%
Transport of
ordinary waste to 0.485 0.053%
landfill
Mitigation of
transponationlof 20291 -0.032%
Scope 3 waste (organic
material)
Mitigation of
transportation of 20.097 20.011%
waste (recyclable
material)
Total 912.302 100%

Source: The authors.
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Thanks to the calculation of the Carbon Footprint by
type of resource and scope, one can establish which
activities have the greatest impact on the CF of an
institution. For example, in the case of ITM Robledo
campus, the activities that emit the most GHG fall within
Scope 1, especially the use of fossil fuels (for the
transportation of equipment and ITM employees), with
about 69%; and, in Scope 2, electricity consumption
contributes 26.8%.

Although it is difficult to compare the carbon footprint
of different institutions, Table 5 shows the calculated Total
Carbon Footprint (Ton COs-eq/year) and the specific
Carbon Footprint per student at several universities and
higher education institutions in the United States and Latin
America.

Another way to compare the total CF of institutions is
using the COs-eq emission weight of each scope. This
methodology can be employed to identify the components
that need an intervention to decrease the GHG emissions,
inspired by the measures applied by other institutions with
the lowest emissions.

For this purpose, this study considered the electricity,
transportation, and waste data of several academical
institutions as found in [15]. In addition, it includes the
following ITM data:

e FElectricity: Electricity consumption (Scope 2).

e Transportation: Fossil fuels (Scope 1).

e Waste: Composting and mitigation due to waste separation
and final treatment (Scope 1), transport of ordinary waste to
landfill, and mitigation of transportation of organic and
recyclable material (Scope 3).

Table 6 compares the emission weights of electricity,
transportation, and waste of several universities, including
ITM Robledo campus.
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Table 5.

Carbon Footprint (Ton CO,/year) of the ITM and higher education institutions around the world.

. . . Emissions per
Emissions per university P

University Country Year Students (Ton CO;-eq) university (Ton CO2- Reference
eq/student*year)
Instituto Tecnolégico Metropolitano ¢y 0 ks 2016 9,865 912302 0.0925 The authors
(Robledo campus)
University of Maryland USA 2010 42,209 251,956 597
University of New Hampshire USA 2011 180,172 56,303.70 0.31
University of Washington USA 2005 63,300 196,000 3.10
Vanderbilt University USA 2013 12,700 419,692 33.05
Indiana University USA 2010 110,000 478,477 4.35
Duquesne University USA 2010 10,381 42,044 4.05
Temple University USA 2009 27,988 233,138 8.33 [16]
Xavier University USA 2007 6,607 37,000 5.60
University of Massachusetts-Ambherst USA 2007 26,340 142,237 5.40
George Washington University USA 2008 20,365 128,301 6.30
Cornell University USA 2012 30,750 28,300 0.92
Instituto Tecnologico de Costa Rica Costa Rica 2013 10,536 3,860 0.37
Universidad Nacional de Costa Rica Costa Rica 2012 20,681 2,919 0.14
Instituto Politécnico Nacional Mexico 2008 153,027 10,788.29 0.07
Clemson University USA 2014-2017 21,857 95,418 4.4
The University of Cape Town South Africa 2007 21,175 84,926 4.0
The Norwegian University of
Technol%)gy & Scienctg Norway 2009 20,000 92,000 4.6 [14]
Tongji University China 2009-2010 47,000 178,600 3.8
Institute of Engineering at the National .
Autonomoungniverfity of Mexico Mexico 2010 1,577 >81 27
Universitas Pertamina Indonesia  2017-2018  1,351.98 2,410 56.09 [15]
Source: The authors.
Table 6.
Comparison of emission weights of several universities.
University Year Electricity Transportation Waste References
ITM. Robledo campus 2016 31.00% 79.86% -10.86% The authors
Universitas Pertamina 2017-2018 92.29% 6.66% 1.04%
Universiti Teknologi Malaysia 2013 83.79% 12.65% 3.56%
Edith Cowan University 2015 97.30% 0.41% 2.29% [15]
University of Leicester 2015-2016 70.09% 29.74% 0.17%
Clemson University 2017 58.92% 41.08% 0.00%
University of Cambridge 2015-2016 74.24% 25.19% 0.57%

Source: The authors.

Clearly, the total CF of each scope and resource of ITM
Robledo campus is far below that of its contemporaries in the
US, Europe, Africa, Asia, and Latin America. Therefore, the
environmental program implemented by the ITM under ISO
14001:2015 is a good way to achieve GHG mitigation and
become a carbon neutral institution. Furthermore, the ITM’s
waste management program could be disseminated because
it showed a negative carbon footprint.

The CF of the other campuses of the ITM should be
calculated as well. However, the total CF of the whole
institution should not increase in proportion because the
environmental management system is implemented and
certified in its campuses.

5. Conclusions

This article details a procedure to calculate the Carbon
Footprint of Robledo campus of the Instituto Tecnologico
Metropolitano (Medellin, Colombia). This sustainability
indicator was estimated in accordance with the methodology
described in ISO 14064 (Greenhouse Gas Measurement) and
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ISO 14040-14044 (Life Cycle Analysis) standards;
information provided by the ITM; secondary information
taken from scientific articles published in indexed journals
and reports; and data and statistics published by government
and other decentralized agencies related to environmental
protection and the use of a country’s energy resources, such
as the Environmental Protection Agency (EPA) in the US, the
Mining and Energy Planning Unit (UPME) in Colombia, and
the National Department of Statistics (DANE) in Colombia,
among others.

One of the most important contributions of this study is
the calculation of the Carbon Footprint associated with
human activity or work, which consists of an analysis of
direct CO2 emissions attributed to energy expenditure and
the characteristics of human metabolism.

Therefore, ITM’s efforts to control and mitigate GHG
emissions should focus on how to reduce consumption and a
more rational use of fuel and electricity through changes in
organizational culture, the use of renewable energy, and
technological upgrading. However, these measures may
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require high investments. Thus, Thus, the ITM should
implement mitigation measures that have been successful at
other organizations, such as recovering materials through
recycling and composting organic waste, as well as
institutional campaigns to raise the environmental awareness
of the academic community at ITM Robledo campus. These
strategies are ideal as they are inexpensive to implement in
the short term and help to mitigate the GHG emissions
associated with Scope 3 (e.g., reducing emissions in the
transportation of solid waste to the landfill).

This study can be used as a baseline for GHG tracking,
monitoring, control, and mitigation activities, as well as the
continuous improvement of GHG emissions at ITM Robledo
campus, because it defines the amount of GHG the latter
emits into the atmosphere classified by scope, resource,
and/or activity. In addition, the methodology established in
this paper can be extrapolated to all ITM campuses and even
serve as a reference to estimate the Carbon Footprint of any
type of organization because it observes international
standards such as ISO 14040-14044 and ISO 14064.
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