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Abstract: Higher education institutions (HEIs) can be considered role models of small cities that
contribute to the fight against climate change. Therefore, assessing their own carbon footprints (CFs)
and drawing conclusions gives significance to this study. In this study, 77 CFs from 14 HEIs were
obtained through a tool developed by the Spanish Government. They were analyzed along with
different variables and recalculated using the same standardized activity ratios. As a result, a general
mapping of the environmental performance in climate change mitigation of Spanish universities has
been obtained. Although there is an overall decrease in total CF (72.7%), direct greenhouse gas (GHG)
emissions (Scope 1) remain stable, while the decrease is due to the reduction of emissions caused
by electricity consumption (Scope 2) through the use electricity suppliers that guarantee the energy
provided is generated from renewable sources. A lack of consensus in the definition of “student”
and “employee”, used for the activity ratios, causes large variations in the relative CF values. For
worldwide benchmarking of HEIs’ climate change performance, CF can be a valid indicator only if
they: (1) include standardized Scope 1 and 2 emission sources, (2) use the same emission factors, and
(3) calculate activity ratios from standardized functional units.

Keywords: carbon footprint; sustainability; greenhouse gas; climate change; higher educational
institutions; university; environmental performance; benchmarking

1. Introduction

Higher education institutions (HEI) or universities, which can be seen as small cities
contributing to sustainability through their education, research, the operation of their own
estate, and their relationship with society [1-3], play an important role in environmental
sustainability through combating climate change [4]. However, they are beginning to
address climate issues through carbon reduction policies [5].

Measuring sustainability is a complex and challenging process for HEIs worldwide [6].
Moreover, the lack of a global approach on what to measure is present in the results
on the contribution to sustainability of Spanish universities [7]. Although the definition
of environmental performance is manifold in the existing literature [8], some studies
suggest that the ISO 14000 series provides an accepted definition that encompasses both
management activities with respect to environmental aspects, and the results of these
activities and processes [9-11]. Even so, there is little consensus on how to measure
elements of environmental performance, being still far from standardized [8,12,13].

Environmental performance indicators must have certain characteristics and consider
certain properties to ensure their usability, comparability, and consistency. The carbon
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footprint (CF) meets these characteristics if properly assessed and interpreted, and it is
the key performance indicator commonly used to assess environmental impacts related to
climate change [14].

The assessment of the calculation of CF in HEIs has been considered as one of the initial
steps towards campus environmental sustainability [15,16], and CF reporting the start of
sustainable educational practices [17]. The CF of an organization can be defined as the
measurement of total greenhouse gas (GHG) emissions caused directly and indirectly due
to its activity [18]. An activity can have several sources of GHG emissions, usually classified
in three scopes: (1) direct emissions, (2) indirect emissions for electricity consumption, and
(3) other indirect emissions [19]. It is expressed as the amount of CO; equivalent (COzeq),
a universal unit of measurement that indicates the global warming potential (GWP) of each
one of the different GHGs (CO,, CHy, N>,O, HFCs, etc.).

Although there are no relevant references that evidence the use of CF as an environ-
mental performance indicator in HEIs [14], the assessment of CF in these organizations is
widely registered: The literature contains a few studies focused on comparing the CFs of
different HEIs belonging to specific associations in a specific geographical area [16], such
as Bailey and LaPoint [20], who compared the CF from nine universities located in Texas
(USA) or Robinson et al. [21] with 20 colleges in the United Kingdom. In some cases, they
are very detailed studies, but pertaining to a single university, such as Abdelalim et al. [22],
which reported individual CFs for 42 buildings on the Carleton University campus in
Canada. Globally, there are also few reviews of HEIs CFs, e.g., Helmers et al. [23] and
Valls-Val and Bovea [24] who studied and compared with corrections and amendments
the CFs of 20 and 35 universities worldwide, respectively. At the Spanish level, there are
several publications of articles about university CF in recent years, such as for the Poly-
technic University of Valencia [14], the School of Forestry Engineering of the Polytechnic
University of Madrid [25], the University of Castilla-La Mancha [26], the University of
the Basque Country [27], the Miguel Herndndez University of Elche [28], and the Jaime I
University [24]. Prior to these, the literature review provides broader studies focused on
the calculation of the so-called “Ecological Footprint” [29-32], which provides indicators
aggregated into a single index, where the result is biased by the criteria applied in the
evaluation [33]. Although some CF publications make brief comparisons of their results
with other universities, no comparative reviews of the CFs of Spanish HEIs in the last
decade have been found.

In most of the cases universities use their own calculation methods and do not use
specific tools, or if they use tools, there is no consensus on which one to use from the wide
variety available [24], so comparisons with previous literature are limited [26]. Conse-
quently, there appears a lack of standardization due to the use of different emission factors,
as well as a lack of normalized results due to the selection of different functional units
(students, employees, areas, budgets, etc.) [16]. It is recommended to continue researching
in order to set emission factors, and the methodology would be standardized, and more
accurate comparisons could be established between related studies [27].

To make a comparative evaluation of the operational environmental performance of
HEISs in terms of climate change, a standardization of functional units is also required to
normalize the results despite the size of the HEI [34], as well as in the choice of emission
sources and emission factors [23]. In this regard, the Spanish Carbon Footprint Registry
(SCFR), which was approved by the Spanish Government [35] through its Ministry of
Agriculture, Food, and Environment, tries to eliminate this gap in standardization, as it
is required that the emission factors of fossil fuels, the global warming potentials of the
different gases of air conditioning systems, and the emission factor associated with each
of the electricity companies are those officially provided by the Government. The SCFR
aims to combat climate change by promoting the calculation and reduction (as it requires
the existence of a reduction plan) of the CF of Spanish organizations in sectors not covered
by the EU Emissions Trading Scheme (ETS), such as agriculture, waste management, or
universities (Directive 2003 /87 /EC). Subsequently, the Government, through the Spanish
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Climate Change Office, verifies the results and issues a seal certifying their inclusion in the
registry and the level of commitment achieved (calculation, reduction, and/or offsetting).

Considering the opportunity for standardization offered by the SCFR as a dual assess-
ment tool for both management and operational performance, the aim of this study is to
carry out a general mapping of the Spanish University System’s effort in climate change
mitigation and to find a detailed proposal of activity ratios and emission sources specific
to HEIs around the world, allowing for subsequent comparison of efforts and results.
Furthermore, it will facilitate decision-making at universities to address their contribution
to climate change based on this performance indicator.

2. Materials and Methods

The methodology used to evaluate the environmental performance in climate change
mitigation of Spanish HEI through the evolution of their CF consisted of three main steps:
(1) data collection, (2) filtering and selection of universities, and, finally, (3) an interpretation
of the results and mapping analysis (Figure 1).

i CEm CULEIEHE, o Normalization
Data Educational Selection of entire analysis of istical
Collection Institutions universities university GHG *Satistica
campus emission analysis

Figure 1. Flow chart of the research process.

A first step to develop a standardized overall mapping was to identify all the CFs
registered in the Spanish Carbon Footprint Registry (SCFR) submitted by HEIs. Emission
data was obtained from the Ministry of Ecological Transition and Demographic Challenge
of the Spanish Government.

From 5544 CFs registered by 2338 organizations in the period between March 2014
(when the SCFR was created) and May 2022, the results were filtered by sector, isolating
those belonging to the education sector, with 160 CFs registered (2.9% of the total). After
this, educational institutions that were not universities (such as primary or secondary
schools, vocational training institutes, etc.) were discarded. The sample was reduced
to 81 CFs, which represents 1.5% of the total number of CFs in the SCFR, registered by
14 different Spanish HEIs (Table 1), which represents 17.1% of all Spanish HEIs [36]. This
value is far behind other sectors such as transportation and warehousing (11.5%) or the
manufacturing industry sector (19%), although the total number of organizations in these
sectors is several thousand times higher [37].

Based on the declared activity, organizational boundaries (e.g., all campuses and
their facilities, all buildings of a single campus, only one faculty or school, etc.) and the
operational boundaries (e.g., teaching, research, maintenance, etc.) were established for
each CFE. To preserve the homogeneity of the sample, partial CFs of HEIs whose boundaries
did not include the whole university (such as only one campus, or a single faculty or
school) were also discarded. In addition to the emission values, the mapping of the selected
data was completed by considering aspects and characteristics of each university, such as
the origin of the funds (public or private) or the type of teaching (face-to-face or distance
learning), location, etc.

After collecting, reviewing, and supplementing the data, a first analysis was per-
formed, focused on the reported information, delving into specific aspects of the calculation
methodology, such as the scopes included, the seals and percentages of reduction and
compensation obtained, or the reported activity rates.
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Table 1. Spanish higher education institutions (HEIs) with carbon footprints (CFs) registered in the
Spanish Carbon Footprint Registry (SCFR).

HEI Name HEI Spanish Typf: Ofa Founds ? Date (.)f First No.'of CEs Years Calculated
Acronym Learning Register Registered
CARLOS III UNIVERSITY
OF MADRID ucsMm F Pu 30 March 2022 5 2016-2020
COMPLUTENSE
UNIVERSITY OF MADRID ucMm F Pu 4 January 2022 3 2018-2020
MIGUEL HERNANDEZ
UNIVERSITY OF ELCHE UMH F Pu 13 October 2015 8 2013-2020
NATIONAL UNIVERSITY
OF DISTANCE UNED D Pu 30 March 2022 5 2016-2020
EDUCATION
POLYTECHNIC
UNIVERSITY OF upC F Pu 26 September 2018 4 2015-2018
CARTAGENA
POLYTECHNIC ¢
UNIVERSITY OF MADRID UPM F Pu 30 July 2014 12 2011-2020
POLYTECHNIC
UNIVERSITY OF UPv F Pu 2 June 2016 7 2014-2020
VALENCIA
REY JUAN CARLOS
UNIVERSITY URJC F Pu 10 February 2022 4 2017-2020
SAN JORGE UNIVERSITY us] F Prv 23 February 2016 9 2012-2020
UNIVERSITY OF ALCALA UAH F Pu 18 January 2021 5 2016-2020
UNIVERSITY OF
CANTABRIA UCAN F Pu 2 October 2018 6 2014-2019
UNIVERSITY OF
CORDOBA uco F Pu 18 January 2022 7 2014-2020
UNIVERSITY OF VIGO UVIGO F Pu 18 September 2017 1 2015
UNIVERSITY OF
ZARAGOZA UNIZAR F Pu 15 December 2017 5 2016-2020

2 Type of learning: F (face-to-face), D (distance learning). b Founds: Pb (public), Prv (private). ¢ Two partial UPM
CFs were recorded for two years.

The next step consisted in a comparative analysis of the GHG emissions results
obtained. To do this, it was necessary to carry out a prior normalization of the results using
identical functional units or activity ratios: number of official members of the university
community (disaggregated by number of students enrolled in official studies, number of
teaching and research staff, and number of administrative staff) and the annual budget for
each year and university.

Normalization is the calculation of the magnitude of the results of an indicator in
relation to some reference information, with the aim of better understanding the relative
magnitude of each result [34]. This process is also known as standardization, depending
on the discipline. For a greater clarity, the term normalized is used in this article to refer
to the process of transforming absolute values of GHG emissions to values relativized
by some business metric that results in a ratio indicator [38]. On the other hand, the
term standardization is reserved to refer to the process of making something conform to a
pre-established standard or norm.

In this sense, on this study not only the results were normalized, but also the defi-
nitions of the functional units were pre-adjusted in a standardization process to ensure
homogeneity and comparability of the results. For this purpose, the figures for the standard-
ized functional units were obtained from official sources of the Spanish Government [39]
and from specific activity reports published by the universities themselves [40-55].
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The relationship between the CFs of the universities with respect to the different
variables proposed (standardized student numbers, standardized staff numbers, total
university members, and annual budgets) was analyzed using principal component analysis
(PCA). These statistical analyses were performed in RStudio v.3.6.2 [56] using the RStudio
base function glm and the FactoMineR package [57].

3. Results and Discussion
3.1. Registration Dates and Calculation Years

From the analysis of the dates of registration of HEIs CFs, an exponential increase in
the use of the Spanish Carbon Footprint Registry (SCFR) tool is observed (Figure 2). For
example, 80.6% of registrations have been made in the period 2018-2022, and 35.8% of the
total during the year 2022. This exponential increase in the calculation of CF and the use of
SCFR is in line with the high increase that has been seen in the application of sustainable
development principles in HEIs [58].
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Figure 2. Evolution over time of the number of CF registrations by HEIs in the SCFR from its creation
in March 2014 to May 2022.

Regarding the years calculated, although the registry was created in 2014, the CFs
have been calculated for emissions from 2011 to 2020 (Figure 3). Several universities have
registered at the same time their CFs for several previous years. This could be motivated
by the fact that the Spanish Government requires the registration of at least 4 years of CFs
to qualify for the seal that accredits a reduction of the institution’s CF.
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Figure 3. Number of CFs per calculation year.

It is noteworthy that out of the 29 CFs registered between January and May 2022, none
of them calculated emissions for the previous year 2021, as would be expected. These CFs
registered in 2022 included emissions for 2020 and previous years. This delay in calculation
and registration is due to the fact that the emission factors for electricity trading companies
for a given year are published by the Spanish Government approximately in April of the
following year [59], which ensures the standardization of emission factors, but it delays the
start of the calculation and registration process.

According to the results obtained by the University Sustainability Evaluation Working
Group (Spanish acronym GESU), through its tool for self-diagnosis of environmental
sustainability in Spanish universities, it is estimated that the total number of Spanish HEIs
that calculate their CF is much higher than the 14 universities registered in the RSHC:
For the year 2021, after the participation of 43 Spanish universities, it was obtained that
55.8% include global monitoring indicators such as GHG emissions, ecological footprint,
CF, etc. [60]. After filtering the 43 universities participating in the GESU study against the
14 universities participating in the SCFR, it was found that there are at least 12 Spanish
universities that calculate their CF but do not register it in the SCFR. It would be interesting
to study the causes of this gap in depth.

Previously to this study, only a few HEI CFs were known to exist through their
publication in scientific journals. The results obtained suggest that the actual number of
HEIs worldwide that calculate their CFs, as part of their efforts in the fight against climate
change, is much higher than that found in the scientific literature.

3.2. Reduction and Offsetting Seals Granted

In terms of the types of seals granted by the Spanish Government, on 27 occasions the
seal obtained included at least the reduction level (25 times “Calculate and Reduce” and
2 times “Calculate, Reduce, and Offset”), demonstrating a significant reduction in CF in
recent years by complying with the following formula:

CF,+CF,_1+CF_,<CF_1+CF_»,+CF_3

where the relative CF for the year for which the possible reduction of CF is calculated (CF;),

it is compared with the relative CF of the previous three years (CF;_1, CF;_» and CF;_3).
At the level of the organization, 78.6% of the HEISs that registered their CFs achieved at

some point at least one “Calculate and Reduce” seal. This significant and lasting reduction
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over time consolidates what has already been observed in the review of the literature on
CFs in HEIs in the world [16].

This fact could demonstrate the technical effectiveness of CF assessment as a tool to
detect key points for improvement [27,61,62], and its usefulness in providing a baseline
against which to assess the effect of climate change mitigation actions on [5,63].

On the other hand, only two institutions (14.3%) have obtained the level 3 “Calculate,
Reduce, and Offset” seal. These are apparently very low figures, but it should be taken
into account that collaboration in CO, absorption projects, or own tree planting, although
historically suggested as a measure to offset the CF of HEIs [64-66], in the most recent HEI
CF studies [67-69], it is still proposed as a hypothetical tool and not as an implemented
measure. Helmers et al. [23] and Valls-Val and Bovea [16], in two literature reviews of HEIs
worldwide that publish their CFs, found that only 10.0% of 20 universities and 14.3% of
35 universities, respectively, offset part of their GHG emissions, indicating that Spanish
HEIs are at the same level (14.3%) as the global figure observed.

The amounts of CO,eq that were offset by University of Zaragoza and San Jorge Univer-
sity (privately managed) range from 0.04% to 4.69%, respectively. This range is lower than
that observed globally by Valls-Val and Bovea [16], which ranged from 0.09% to 18%.

Regarding the way it was carried out, they compensated through collaboration with
entities that implement absorption projects based on tree plantations and recognized
by the Ministry. In the literature review, we found a similar example with the case of
Monash University (Melbourne) which offset 18,883 t CO,eq by planting native forests in
collaboration with an approved GHG reduction provider [70]. Other forms of offsetting
are possible, such as the University of Maryland, which offset some 50,000 t COeq by
purchasing carbon credits [71].

Therefore, this study could be demonstrating that universities are finally starting to
implement this measure, at least in Spain, which could be mainly due to the facilities
offered by the Spanish Government to “connect” the Universities with institutions that
offer CO, offsetting projects.

3.3. Organizational Boundaries

The analysis of the established organizational boundaries reveals that 75 of the 81 CFs
(92.6%) included all campuses, faculties, and schools of the university. The other six
CFs, that did not include the entire university, correspond to the Polytechnic University
of Madrid: For the years 2011 and 2012, the CFs were calculated for only one of its
technical schools, which represented less than 3% of its university population. For the years
2013 and 2014, two separate CFs were calculated per year: one for that technical school,
and one for the rest of the university, being the sum of both organizational boundaries the
whole university.

For this study, standardization of organizational boundaries from all CFs to the whole
university was extremely important in order to subsequently normalize the results of
relative CF and make data comparable. For this reason, those CFs whose organizational
boundaries did not include the whole university were discarded, and the two CFs of the
Polytechnic University of Madrid for the year 2013, as well as for 2014, were added together
so that the organizational boundary was the whole university. As a result, 77 CFs from
14 Spanish HEIs with organizational boundaries that include the entire university were
finally obtained for the analysis (Figure 4).
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CARLOS Il UNIVERSITY OF MADRID
COMPLUTENSE UNIVERSITY OF MADRID
MIGUEL HERNANDEZ UNIVERSITY OF ELCHE

NATIONAL UNIVERSITY OF DISTANCE EDUC.

POLYTECHNICUNIVERSITY OF CARTAGENA

POLYTECHNICUNIVERSITY OF MADRID
POLYTECHNICUNIVERSITY OF VALENCIA
REY JUAN CARLOS UNIVERSITY

SAN JORGE UNIVERSITY

UNIVERSITY OF ALCALA

UNIVERSITY OF CANTABRIA
UNIVERSITY OF CORDOBA
UNIVERSITY OF VIGO

UNIVERSITY OF ZARAGOZA

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 4. CFs registered by HEI and seals obtained (C = Calculate; C&R = Calculate and Reduce;
C,R&O = Calculate, Reduce, and Offsetting); * The organizational boundary covered only one
technical school of this university; ® The organizational boundary covered the whole university
except one technical school.

3.4. Operational Boundaries

With regard to operational boundaries, the 77 CFs analyzed included Scope 1 (all direct
emissions) and Scope 2 (indirect emissions from electricity purchased and used by the HEI).
Although the SCFR requires separate reporting of direct emissions from different types
of sources (emissions from stationary installations that consume fossil fuels, emissions
due to travel in own vehicles, and emissions due to the leakage of fluorinated refrigerant
gases from air conditioning equipment), it has been observed that the Spanish Government
does not publish this information desegregated, providing only the final value for the total
of direct emissions or Scope 1. It is noted that the SCFR provides a standard for which
emission sources correspond to which scope. Thanks to this standardization, the SCFR
prevents universities from counting the leakage of refrigerant gases as Scope 3 [72] instead
of Scope 1, or from counting the purchase of fertilizer in Scope 1 [20,73] instead of Scope 3,
for example.

On the other hand, for Scope 3 (other indirect emissions), which include purchased
goods and services, business travel, employee commuting, waste disposal, transport, and
distribution upstream and downstream, etc. [19], its presence is almost inexistent: it was
only calculated for one year by one university; moreover, the organization boundary
included was only one technical school [25]. It should be noted that due to the almost
infinite heterogeneity and breadth of Scope 3, quantifying it can be quite challenging for
HEI, particularly for the largest and highly decentralized ones [16], and in addition, the
calculations must be verified by an independent third party for registration in the SCFR.
A CF study of De Montfort University in the UK [74] concluded that it is important to
recognize the limitations of the CF methodology in calculating a university’s Scope 3, such
as not reflecting differences between whether paper consumption is virgin or recycled, or
differences in waste management practices. While emissions from energy consumption can
be accurately measured, the questionnaires on which the quantification of the impact of
commuting to the university is based provide relatively weak estimates due to participation
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bias [23]. Furthermore, in the case of transportation, the efficiency (or not) of the car drivers
(without taking into account the type of fuel, engine, etc.) alone can account for a 15%
variation in fuel consumption, and therefore, a 15% variation in GHG emissions with
respect to the estimate [75]. Therefore, Scope 3 is far from the desired standardization of
this article [76], so it was decided to focus the study of CF associated only with Scope 1 and
Scope 2, discarding references to Scope 3.

3.5. Characteristics of Institutions

(@) Type of learning: As shown in Table 1, 13 of the universities with registered CF are
face-to-face or in-person education (although they also have some mixed or distance
degrees). Only one of the universities is officially recognized as non-face-to-face or
distance learning university (National University of Distance Education). The official
annual average of Spanish HEIs with face-to-face education for the study period
was 76 organizations, so the study sample represents 17.1% of the total number of
face-to-face Spanish universities. On the other hand, the total number of universities
with distance education is six, so the sample includes 16.7% of the non-face-to-face
organizations. No CF data from distance education HEIs has been found in any of the
literature reviews [16,20,23,77]; therefore, this mapping of the CFs of Spanish HEISs is
a useful contribution to the comparative study of the contribution to climate change
of distance learning universities versus face-to-face universities.

(b) University sizes: The sample ranges from small universities (with about 5000 mem-
bers per year on average) to the largest of the face-to-face Spanish universities (Com-
plutense University of Madrid, with an average of more than 80,000 members per
year) as well as Spain’s largest non-attending university (the National University
of Distance Education, with an average of almost 150,000 members per year). The
remaining organizations range in size from 10,000 to 40,000 members per year on
average. So, the different sizes of the HEI included in the study can also be considered
representative.

In terms of the number of university students (official studies) included in the sample,
an average of 259,197 students per year was obtained, which represents 16.6% of the
average number of total students of Spanish HEIs, and this figure even rises to 28.1% for
years such as 2018 (Table 2).

Table 2. Percentages of students included in the CF calculations by type of HEIs.

All HEIs Face-to-Face HEIs Non-Face-to-Face HEIs
No. % No. % No. %
CF Year Academic Students Students Total Students Students Total Students Students
Year ? Students ® Included Included Students P Included Included Students ® Included Included
in CFs in CFs in CFs in CFs in CFs in CFs
2012 2011/2012 1,572,617 1525 0.1% 1,345,045 1525 0.1% 227,572 0 0.0%
2013 2012/2013 1,548,534 49,830 3.2% 1,327,345 49,830 3.8% 221,189 0 0.0%
2014 2013/2014 1,539,709 114,150 7.4% 1,311,822 114,150 8.7% 227,887 0 0.0%
2015 2014/2015 1,506,179 134,946 9.0% 1,279,550 134,946 10.5% 226,629 0 0.0%
2016 2015/2016 1,548,369 336,953 21.8% 1,315,688 180,752 13.7% 232,681 156,201 67.1%
2017 2016/2017 1,564,943 379,369 24.2% 1,330,150 231,971 17.4% 234,793 147,398 62.8%
2018 2017/2018 1,583,025 444,070 28.1% 1,345,417 304,097 22.6% 237,608 139,973 58.9%
2019 2018/2019 1,599,050 442,450 27.7% 1,353,605 301,666 22.3% 245,445 140,784 57.4%
2020 2019/2020 1,626,210 429,481 26.4% 1,369,096 292,259 21.3% 257,114 137,222 53.4%
Average per year: 1,565,404 259,197 16.6% 1,330,858 179,022 13.5% 234,546 80,175 34.2%

2 As the CF are calculated for calendar years (from January to December), but the university population data are
provided for academic years (from October to September), it is considered for this study that the most representative
year will be the one with the highest number of months: For example, for the CF of 2014, the data of the academic
year 2013-2014 are chosen, as this academic year has 9 months of the year 2014, and only 3 months of the year 2013.
b Students enrolled in official degrees (bachelor’s, master’s, and PhD) in Spanish face-to-face HEL
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Considering that the number of students from distance learning universities should
not be taken into account for the study, as the CF does not collect their emissions from
home, if only face-to-face students are analyzed, the sample representativeness figures
are still favorable, with an average of 13.5%, and a maximum in 2018 of 22.6% of the total
number of Spanish HEI face-to-face students.

(c) Source of funding: In relation to the source of funding, one of the universities is private
(San Jorge University), while the rest operate with public funds. This interferes with
the fact that budgets and expenditures are not accessible, as is the case with public
universities.

(d) Territorial distribution: Moreover, they are well distributed throughout the Spanish
territory, with presence in 7 of its 12 autonomous communities. Although a priori
this variable could be interpreted as relevant, while there is a variation in heating or
air-conditioning consumption depending on weather conditions [78], recent studies
have not found a correlation of CF with geographical latitude [23].

(e) Educational branches: As a result of the analysis of the different educational branches
of the HEIs in the sample, it was observed that all sectors are well represented
(Figure 5).

UNIVERSITY OF ZARAGOZA

UNIVERSITY OF VIGO

UNIVERSITY OF CORDOBA

UNIVERSITY OF CANTABRIA

UNIVERSITY OF ALCALA

SAN JORGE UNIVERSITY

REY JUAN CARLOS UNIVERSITY
POLYTECHNIC UNIVERSITY OF VALENCIA
POLYTECHNIC UNIVERSITY OF MADRID
POLYTECHNIC UNIVERSITY OF CARTAGENA
NATIONAL UNIVERSITY OF DISTANCE EDUCATION
MIGUEL HERNANDEZ UNIVERSITY OF ELCHE
COMPLUTENSE UNIVERSITY OF MADRID
CARLOS Il UNIVERSITY OF MADRID

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Arts and Humanities ™ Sciences M Health Sciences ® Social and Legal Sciences ™ Engineering and Architecture
Figure 5. Percentages of the branches of education for each HEI in the study.

Teaching and research in science, engineering, and medicine have higher GHG emis-
sions than humanities and social sciences [79], and office and teaching areas have lower
emissions than laboratory and research spaces [80]. However, in the statistical analysis of
the correlation between the different educational branches (Arts and Humanities, Sciences,
Social and Legal Sciences, Health Sciences, and Engineering and Architecture) and the
different results of direct GHG emissions, both relative (per student, per employee and
per budget) and absolute, no correlation was found. This does not mean that, for exam-
ple, science degrees consume the same amount of energy as humanities degrees, but that
the choice of energy sources with lower GHG emission factors does not depend on the
education branch, but on the decision making of government bodies.

3.6. Total Contribution to Climate Change: Absolute CFs

The total annual GHG emissions, expressed in absolute values of CF, vary widely
among HEIs CFs reported: from 213.19 t COyeq (San Jorge University 2020) to 19,153.55 t
COseq (Polytechnic University of Valencia 2015), with a coefficient of variation equal to
89.4%. It is therefore recommended that they be relativized for comparison.
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Being aware of the likely bias that HEIs with positive GHG emission reduction policies
and results are those that are more attracted to register and publish their footprints in
SCEFR, the study collects a sufficiently significant sample (Table 2) to allow us to extrapolate
the CF results for the whole Spanish university system. Considering that for the period
2016-2020 the study sample represented between 14% and 23% of the total population in
terms of university members (employees plus in-person students), the value of the total
CF of the Spanish university system can be obtained (Figure 6). A clear decrease (72.7%)
of the total climate change contribution of the whole Spanish university system can be
observed. The subsequent detailed study of Scopes 1 and 2 separately will provide further
information to explain this decline.

600,000
500,000
400,000
o
(7]
)
o 300,000
200,000
. l .
0
2016 2017 2018 2019 2020
Years

Figure 6. Total extrapolated greenhouse gas (GHG) emissions of the whole Spanish university system

(Scopes 1 and 2).
3.7. Activity Ratio Indicators

In addition to the reporting of absolute emissions, the SCFR standard requires the re-
porting of activity ratio indicators or functional units used to relativize the CF results. These
activity ratios are freely chosen by each organization. In general, there are four main types
of activity ratios chosen to calculate relative CF: students (used by six universities), persons
or members (four universities), budget (one university), and degrees (one university).

In order to find out whether these are standardized ratios or not, the figures provided
were compared with figures obtained from official sources:

1 Regarding the number of students, large differences are observed in the values pro-
vided by the universities in the SRCF with respect to the figures for students in official
degrees obtained from the Ministry of Universities: from —8.3% to 63.2%. This points
to the fact that some universities seem to add only students from official bachelor’s and
master’s programs for the calculation of the CF, while others also include postgraduate
students, and others also include all students from non-official courses.

2 With regard to the number of persons or members, there is also no consensus or
standardization as to what type of relationship with the university is included in this
term. Although a priori it might be expected that this value would coincide with
the number of members of the university community (administrative staff, teaching
and research staff, and students of official degrees), on the contrary, large differences
are observed in the values of persons provided by the universities with respect to
the number of members: from —56.6% to 31.1%. Detailed analysis reveals that in
addition to the aforementioned differences in the type of students included, there are
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universities that seem to include only administrative staff and teaching and research
staff, while others also include workers from subcontracted companies operating on
campus. San Jorge University proposes the use of the so-called “equivalent person”
ratio, which could be interpreted as an attempt to equate full-time staff with part-time
staff, or undergraduate students with students on courses of less than one year, among
other possible equivalences [14].

3 One university chose to relativize its CFs by the number of euros in its annual budget,
which undoubtedly provides a figure that is easy to monitor and compare with other
universities (especially public universities). It is therefore not surprising that the
values provided by the institution coincided exactly with the official values available.

4 Finally, with regard to the use of the number of degrees offered as an index of activity,
this was used by the only distance learning university in the study. It is understandable
that distance learning universities do not consider the number of students to be
representative for monitoring their CF.

The large variations observed in terms of the interpretation of the concept of “stu-
dent” (from —8.3% to 63.2%) and the concept of “university member” (from —56.6% to
31.1%) demonstrate the urgent need for consensus or standardization. Furthermore, in
the literature reviews on the CF of HEIs [16,20,23,77], there is no effort to define and stan-
dardize these concepts, so the values obtained from each university of their relative CF in
COzeq/person or COzeq/student might not be as comparable as intended.

The study of university CF by budget has been the ratio with the least variability in
its definition, especially for public universities. Even so, Helmers et al. [23] proposes an
adjustment in the concept, by subtracting salary payments from expenditure.

As a result, the standardization of activity ratios is proposed. These indicator defini-
tions are not intended to be exhaustive, as more precise ratios such as “full-time equivalent
person” [77], “total number of users of the facilities”, “number of chairs of each build-
ing” [22], or “overhead costs minus staff salaries” [23] would complicate the calculation.
Therefore, this standardization of activity ratios is mainly based on the robustness of the
data along the time and their ease of collection:

5.  Standardized “number of students”: Students of official bachelor’s, master’s, and doc-
toral programs. Other students on non-official courses and activities are not included.
In the case of universities with a high percentage of non-face-to-face students (or all
of them), it is advisable not to include them.

6.  Standardized “number of employees”: Administrative and service staff, teaching and
research staff, and research staff. If it is decided to include workers from subcon-
tractors operating on campus such as gardeners or maintenance staff, this should be
clearly identified.

7.  Standardized “number of members”: The sum of standardized “number of students”
and “number of employees”.

8.  “Millions of Euros annual budget”: Includes the total initial budget approved at the
beginning of the year by the universities. This data has the handicap that it is not
usually disseminated by private HEISs.

3.8. Normalized CF with Standardized Activity Ratios

Due to the lack of consensus in the definitions of activity ratios (as student or member)
demonstrated in this study, the relative CF values reported by HEIs differ from the values
calculated for standardized activity ratios. In the case of relative CF per student, differences
ranging from —39% to 9% are observed, while for relative CF per university member, the
differences range from —24% to 131%. This large uncertainty may have negatively affected
the comparison of relative CFs in the existing literature reviews HEIs [16,23], where it is
assumed that all universities define “student”, “employee”, or “member” in the same way,
but this is not the case.

For the study, the normalized CFs provided by the Spanish HEIs were discarded, and
the CFs were recalculated from standardized activity ratios obtained from official sources
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such as Ministries or synthesis reports from the universities themselves. (Table 3). The
literature review did not find such a comprehensive list of HEIs” CFs disaggregated by type
of emission source, which is expected to be useful for future environmental sustainability
assessments.

Table 3. Normalized CFs by emission sources (Scopes 1 and 2) of Spanish HEIs recalculated from
standardized activity ratios and annual averages.

Annual A}/:;:ge/HEI & CF ice(;pe 1 CF icec;pe 1 CF ice(;pe 1 CF Spce(:pe 2 CF ice(;pe 1 CF Spceti‘pe 2 C]:)eSrcK/llaee 1 CI;,S:K/I[)ee 2
Student ? Student Employee ° Employee ® Member € Member ¢ Budget 4 Budget 4
(tCOzeq/std) (tCOzeq/std)  (tCOzeq/emp) (tCOeq/emp)  (tCOzeq/per) (tCOzeq/per) (tCOzeq/M€) (tCOzeq/M€)
AVERAGE 2012 0.09 0.46 0.43 221 0.07 0.38 11.76 61.04
AVERAGE 2013 0.12 0.37 0.75 2.49 0.10 0.32 14.66 47.46
AVERAGE 2014 0.10 0.32 0.62 2.16 0.08 0.28 11.88 40.83
AVERAGE 2015 0.12 0.36 0.71 227 0.10 0.31 13.82 43.15
AVERAGE 2016 0.11 0.23 0.65 1.38 0.09 0.19 12.57 26.34
AVERAGE 2017 0.11 0.19 0.69 1.30 0.09 0.17 13.47 2473
AVERAGE 2018 0.11 0.13 0.72 0.75 0.10 0.11 13.82 13.74
AVERAGE 2019 0.11 0.05 0.70 0.30 0.09 0.04 1291 5.78
AVERAGE 2020 0.09 0.00 0.61 0.05 0.08 0.00 10.98 0.76
UC3M 2016 0.10 0.30 0.69 2.00 0.09 0.26 12.01 34.75
UC3M 2017 0.10 0.27 0.67 1.88 0.08 0.23 11.61 32.57
UC3M 2018 0.12 0.14 0.81 0.95 0.10 0.12 13.23 15.49
UC3M 2019 0.11 0.00 0.79 0.00 0.10 0.00 11.94 0.00
UC3M 2020 0.10 0.01 0.68 0.06 0.09 0.01 9.59 0.87
UCM 2018 0.17 0.00 1.10 0.00 0.15 0.00 22.59 0.03
UCM 2019 0.15 0.00 0.94 0.00 0.13 0.00 19.30 0.00
UCM 2020 0.14 0.00 0.84 0.00 0.12 0.00 17.02 0.00
UMH 2013 0.13 0.56 1.04 4.49 0.11 0.50 17.32 74.92
UMH 2014 0.07 0.44 0.56 3.76 0.06 0.39 10.40 69.52
UMH 2015 0.12 0.56 0.99 4.50 0.11 0.50 18.22 82.54
UMH 2016 0.09 0.47 0.61 3.25 0.08 0.41 11.68 62.74
UMH 2017 0.05 0.54 0.35 3.55 0.05 0.47 6.75 68.91
UMH 2018 0.08 0.37 0.54 2.35 0.07 0.32 9.76 4294
UMH 2019 0.11 0.07 0.70 0.46 0.10 0.06 13.55 8.86
UMH 2020 0.10 0.00 0.63 0.00 0.09 0.00 12.67 0.00
UNED 2016 0.00 0.01 0.29 0.76 0.00 0.01 3.81 10.09
UNED 2017 0.00 0.02 0.26 0.94 0.00 0.02 3.28 11.94
UNED 2018 0.01 0.01 0.36 0.68 0.01 0.01 4.75 8.86
UNED 2019 0.01 0.01 0.31 0.56 0.01 0.01 3.90 6.96
UNED 2020 0.00 0.01 0.24 0.30 0.00 0.01 2.73 3.43
UPCT 2015 0.13 0.16 0.71 0.86 0.11 0.14 15.71 19.06
UPCT 2016 0.06 0.01 0.31 0.05 0.05 0.01 6.20 1.10
UPCT 2017 0.13 0.00 0.66 0.00 0.11 0.00 13.36 0.00
UPCT 2018 0.13 0.00 0.63 0.00 0.11 0.00 12.38 0.00
UPM 2013 0.13 0.31 0.78 1.81 0.11 0.26 14.07 3271
UPM 2014 0.13 0.28 0.79 1.66 0.12 0.24 14.74 31.11
UPM 2015 0.17 0.37 1.02 213 0.15 0.31 18.01 37.75
UPM 2016 0.12 0.28 0.69 1.66 0.10 0.24 12.12 28.94
UPM 2017 0.10 0.32 0.65 2.06 0.09 0.28 11.08 35.17
UPM 2018 0.12 0.25 0.74 1.50 0.10 0.21 12.29 24.92
UPM 2019 0.10 0.10 0.65 0.65 0.09 0.09 10.43 10.37
UPM 2020 0.08 0.00 0.51 0.00 0.07 0.00 7.76 0.00
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Table 3. Cont.

Annual A;:::ge JHEI & CF iceorpe 1 CF iceorpe 1 CF ?Jc;pe 1 CF ic;pe 2 CF ice(;pe 1 CF SPceorpe 2 Cl;) eSrcKlllaee 1 Cl;src;];g 2
Student ? Student * Employee ° Employee ® Member ¢ Member ¢ Budget ¢ Budget ¢
(tCO,eq/std) (tCOzeq/std)  (tCOzeq/emp) (tCOzeq/emp) (tCOeq/per) (tCOzeq/per) (tCOzeq/M€) (tCO,eq/M€)

UPV 2014 0.11 0.44 0.72 2.82 0.10 0.38 10.98 43.17
UPV 2015 0.08 0.55 0.50 3.28 0.07 047 8.43 55.43
UPV 2016 0.17 0.50 0.92 2.68 0.15 0.42 15.32 44.54
UPV 2017 0.21 0.44 1.09 2.29 0.18 0.37 18.40 38.64
UPV 2018 0.06 0.42 0.31 2.12 0.05 0.35 5.23 35.64
UPV 2019 0.16 0.00 0.80 0.00 0.13 0.00 12.49 0.00
UPV 2020 0.08 0.00 0.39 0.00 0.06 0.00 5.89 0.00
URJC 2017 0.05 0.11 0.87 1.88 0.05 0.10 18.83 40.74
UR]JC 2018 0.06 0.00 0.93 0.00 0.06 0.00 19.96 0.00
URJC 2019 0.06 0.00 0.81 0.00 0.05 0.00 17.71 0.00
URJC 2020 0.04 0.00 0.56 0.00 0.04 0.00 11.27 0.00
USJ 2012 0.09 0.46 043 2.21 0.07 0.38 11.76 61.04
USJ 2013 0.09 0.25 0.43 1.18 0.07 0.21 12.59 34.74
USJ 2014 0.06 0.18 0.30 0.92 0.05 0.15 7.98 24.56
USJ 2015 0.06 0.23 0.33 1.15 0.05 0.19 8.48 29.83
USJ 2016 0.06 0.21 0.32 1.12 0.05 0.18 7.77 27.64
USJ 2017 0.06 0.25 0.28 1.24 0.05 0.21 7.33 32.29
USJ 2018 0.06 0.21 0.29 1.04 0.05 0.17 7.39 26.56
USJ 2019 0.05 0.15 0.26 0.78 0.04 0.13 6.17 18.64
USJ 2020 0.04 0.03 0.22 0.17 0.04 0.03 5.44 4.08
UAH 2016 0.17 0.00 1.08 0.00 0.15 0.00 21.36 0.00
UAH 2017 0.18 0.00 1.18 0.00 0.16 0.00 22.86 0.00
UAH 2018 0.17 0.00 1.14 0.00 0.15 0.00 21.31 0.00
UAH 2019 0.16 0.00 1.04 0.00 0.14 0.00 18.60 0.00
UAH 2020 0.18 0.00 122 0.00 0.16 0.00 21.85 0.00
UCAN 2014 0.13 0.30 0.66 1.55 0.11 0.25 14.28 33.49
UCAN 2015 0.16 0.40 0.79 1.96 0.13 0.33 17.10 4243
UCAN 2016 0.13 0.30 0.61 1.38 0.11 0.25 13.59 30.66
UCAN 2017 0.16 0.38 0.74 171 0.13 0.31 15.84 36.55
UCAN 2018 0.17 0.26 0.79 117 0.14 0.21 16.35 24.11
UCAN 2019 0.16 0.27 0.71 1.21 0.13 0.22 14.48 24.58
UCO 2014 0.09 0.29 0.67 2.24 0.08 0.25 12.92 43.12
UCO 2015 0.08 0.36 0.62 2.70 0.07 0.32 11.52 49.89
UCO 2016 0.10 0.11 0.73 0.82 0.09 0.10 13.32 14.83
UCO 2017 0.08 0.00 0.58 0.00 0.07 0.00 9.85 0.00
UCO 2018 0.09 0.00 0.67 0.00 0.08 0.00 11.08 0.00
UCO 2019 0.09 0.00 0.64 0.00 0.08 0.00 10.24 0.00
UCO 2020 0.11 0.00 0.70 0.00 0.09 0.00 11.00 0.00
UVIGO 2015 0.11 0.25 0.72 1.56 0.10 0.21 13.09 28.26
UNIZAR 2016 0.17 0.28 0.89 1.46 0.15 0.24 21.12 34.43
UNIZAR 2017 0.19 0.00 0.99 0.00 0.16 0.00 2247 0.00
UNIZAR 2018 0.20 0.00 1.03 0.00 0.17 0.00 23.30 0.00
UNIZAR 2019 0.15 0.00 0.73 0.00 0.12 0.00 16.14 0.00
UNIZAR 2020 0.15 0.00 0.74 0.00 0.12 0.00 15.57 0.00

2 Includes students of official bachelor’s, master’s, and PhD programs. b Includes administration and services
staff, teaching and research staff, and research staff. ¢ Includes students of official bachelor’s, master’s, and PhD
programs plus administration and services staff, teaching and research staff, and research staff. ¢ Annual official
budget in millions of euros of public universities. The budget of the private university was estimated from the
average budget per student of the rest of HEIs.
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Thus, with the unified criteria for normalizing the relative results proposed in this
study, this CF calculating tool, in which the calculations are verified by the Spanish gov-
ernment or an independent verifying entity and the results are made public, would be
classified within sustainability assessment tools that allow for the generation of compar-
ative data that can be aggregated into an overall performance rating for benchmarking
purposes [81].

Finally, under the hypothesis that larger universities might have more facilities such as
swimming pools or sports centers, so that their CF per person might be higher, correlations
between the size of the university (in standardized number of members) and the relative CF
per member were also investigated. The result obtained showed that there is no correlation
in this sense (Pearson correlation coefficient equal to —0.17 and R-squared (R2) equal to
0.03), ruling out small correlations observed by some authors [23].

After the normalization of the data, a principal components analysis (PCA) has been
made with all the activity ratios (students, administrative and service staff, teaching and
research staff, and research staff, total employees, total members, and annual budget) and
all the analyzed universities in this work (Figure 7). This PCA shows the distribution of
the universities influence by different variables. It is clear that this model has separated
the only non-presential university (UNED) from the others. Regarding the behavior of
data, the figure shows that the first component (Dim1), that explain 63.3% of the variability,
positively grouped with high loadings the variables n_pas, budget, n_staff, n_pdi_pi, and
CF_scopel, and these variables are highly correlated with UPM, UPV, and UNIZAR. In the
second component (Dim?2), that explains 21.1% of the variability, the variables n_students
and n_members are positively correlated and influenced by the UNED (all the years) and
negatively correlated with the variables CF_total and CF_scope2. This PCA shows a high
level of dispersion among the Spanish universities studied in this work, which makes it
difficult to draw conclusions, but served as a basis for a second phase of statistical analysis
of correlation between different parameters.

n_studients

n_pas
Budget

n_staff

%n \_pdi_pi

CF_scopet

CF_total

CF_scope2

o Dim1 (63.3%)2 : * "
Figure 7. Scores and loadings for PCA performed for HEIs CFs (CF_total, total CF; CF_scopel, CF
Scope 1; CF_scope2, CF Scope 2; n_students, number of students; n_pas, number of administrative
and service staff; n_pdi_pi, number of teaching and research staff and research staff; n_staff, total
number of employees; n_members, total number of members; budget, annual budget).



Int. |. Environ. Res. Public Health 2022, 19, 10964 16 of 24

3.9. Correlations between Parameters

Correlations were investigated between the following parameters: total t COzeq, t
COyeq from direct emissions (Scope 1), t COeq from electricity consumption (Scope 2),
standardized number of students, standardized staff number, total university members,
and annual budgets (Table 4).

Table 4. Pearson correlations and R-squared (R?) between standardized number of students (official
bachelor’s, master’,s and PhD programs), standardized number of employees (administration and
services staff, teaching and research staff, and research staff), standardized number of university
members (students plus employees), and annual budgets versus absolute CF values reported by

Spanish HEIs.
Absolute CF Absolute CF Absolute CF
(Scope 1 +2) (Scope 1) (Scope 2)
No. Students Pearson correlation 0.50 0.85 0.16
N 72 72 72
R-squared (R?) 0.25 0.72 0.02
No. Employees Pearson correlation 0.62 0.93 0.24
N 77 77 77
R-squared (R?) 0.38 0.87 0.06
No. Members Pearson correlation 0.52 0.87 0.17
N 72 72 72
R-squared (R?) 0.96 0.76 0.06
Millions € Budget  Pearson correlation 0.55 0.83 0.22
N 68 68 68
R-squared (R?) 0.31 0.69 0.05

Of 12 correlation combinations investigated, the strongest were those related to direct
emissions (Scope 1) due to consumption of fossil fuels such as natural gas, diesel, etc.,
or leakage of refrigerant gases, both associated with the annual budget and with the
standardized number of students, employees, and consequently with the total number of
members (Figure 8a—c). These figures confirm that larger universities consume more fossil
fuels and have a greater amount of equipment in which refrigerant gases leak occasionally.
It is noteworthy from this result that in the analysis of the total carbon footprint (Scope
1 plus Scope 2) the result is not significant, so it would be advisable to evaluate and analyze
carbon footprints separately broken down by scope whenever possible.

So, there was no correlation between the size of the institution, in terms of standard-
ized number of students (official bachelor’s, master’s, and PhD programs), and the absolute
values of CF reported by HEIs. As for the standardized number of employees (admin-
istration and services staff, teaching and research staff, and research staff), there was no
correlation with the absolute values of HR (Scopes 1 and 2). Regarding the annual budget
of the universities (known data for all non-private HEIs), there was no correlation with the
absolute values of CF (Scope 1 and 2) reported.

In contrast, what could be surprising was the very weak or non-existent correlations
obtained for indirect emissions due to the purchase of electricity (Scope 2) and the rest of the
variables. This result confirms what was observed in case studies [28], where it was shown
that GHG emissions from electricity consumption are not correlated with the amounts
of electricity consumed but are strongly correlated with the source of electricity and its
emission factor (Table 5). Since the emission factor varies depending on the electricity
supplier, Spanish universities could reduce their CF only by contracting electricity with
guaranteed renewable sources of origin.
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Figure 8. Annual total GHG direct emissions (Scope 1) reported by Spanish HEIs versus: (a) Stan-
dardized number of students (official bachelor’s, master’s, and PhD programs) in-person learning;
(b) Standardized number of employees (admin. And services staff, teaching and research staff, and
research staff); (c) Standardized annual budget of non-private universities (EUR 1 = USD 1.18 average
2013-2020 [82]).

Table 5. Pearson Correlations between electricity consumption, emission factors, and HEI CF [28].

Absolute CF Electricity Emission Factor
(Scope 1 +2) Consumption
Electricity consumption Pearson correlation 0.50 1 —0.062
Sig. (bilateral) 72 0.773
N 0.25 24 24
Emission Factor Pearson correlation 0.62 —0.062 1
Sig. (bilateral) 77 0.773
N 0.38 24 24
Carbon Footprint Pearson correlation 0.52 0.340 0.916 **
Sig. (bilateral) 72 0.104 0.000
N 0.96 24 24

** The correlation is significant at the 0.01 level (bilateral).
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3.10. Temporal Evolution

With respect to the relative or normalized CFs (Scopes 1 and 2) by the standardized
ratios, there is a clear tendency to decrease over the years, both for the ratios of students
and staff ratios, as well as the annual budget ratio (Figure 9a—c).
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Figure 9. Relative CFs (Scopes 1 and 2) reported by Spanish HEIs per: (a) Standardized number
of students (official bachelor’s, master’s, and PhD programs) in-person learning; (b) Standardized

number of employees (admin. and services staff, teaching and research staff, and research staff);
(c) Standardized annual budget of non-private universities (EUR 1 = USD 1.18 average 2013-2020 [82]).
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The average relative CFs of the sample (Scopes 1 and 2) confirm the downward
trend in GHG emissions by Spanish HEIs. This decrease is clearly observed in the CF per
member (Figure 10), but the same results have also been obtained in the CF per student, per
employee, and per budget (all of them previously standardized). In all cases, the decrease
is due to a reduction in indirect GHG emissions from electricity consumption (Scope 2),
while direct GHG emissions (Scope 1) remain stable.
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Figure 10. Temporal evolution of normalized CFs annual averages (by Scopes) per standardized
members of Spanish HEIs registered in the SCFR.

This reduction in Scope 2 can be due to both (1) a reduction in electricity consumption
and (2) an increase in the proportion of electricity consumed from renewable energy
sources with renewable energy certificates [20,28,73,83,84]. The fact that this reduction is
total (Scope 2 equal to zero) in many cases (32% of the CFs) suggests that the decrease
in electricity consumption was not the main cause, but that all electricity comes from
renewable sources with an emission factor equal to zero.

Worldwide detailed studies on CFs in HEIs make comparisons of normalized CFs,
but also include Scope 3. Indirect GHG emissions in Scope 3 are practically unlimited,
both for upstream emissions (e.g., emissions from the purchase of pencils can be included
depending on their raw material, the origin of the raw material, etc.) and downstream
emissions (e.g., emissions from toner waste depending on the place it is taken to, the
treatment it receives, the type of energy used, etc.) practically ad infinitum. Therefore,
it does not seem fair nor equitable to compare the HEIs” CFs including Scope 3, as it
penalizes those universities that have produced a more complete or comprehensive report
by including more Scope 3 indirect emission sources. Moreover, Scope 3 indirect emissions
represent the main source of CF in most HEISs, reaching 70-80% in many cases [26,61,74],
and this figure could increase if more upstream and downstream emission sources are
added to the magnitude (e.g., energy consumption by students at home while studying
could be added). Furthermore, these are emissions that, although they are a consequence
of the university’s activity, are produced by sources that are not owned or controlled
by the university, so their capacity for modification is practically nil and is reduced to
recommendations in most cases.
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4. Conclusions

This study has made possible to draw a general map of the environmental performance
in climate change mitigation of Spanish universities through a standardized tool for
calculating and reporting CF. The environmental management performance in HEIs
has been demonstrated by the high percentage of HEIs that calculate and record their
CF compared to other economic sectors. Moreover, in recent years it has increased
exponentially, on the line with the increased involvement of the world’s HEIs in the
principles of sustainable development.

The evolution of absolute values obtained for GHG emissions as an indicator of the
operational environmental performance of the Spanish university system have allowed
estimating a significant reduction (72.7%) for the study period, going from almost
600,000 t COzeq in 2016 to about 145,000 t COeq by 2020. These data show the great
effort of the Spanish universities to reduce their emissions, although there is still a
significant margin for improvement in the area of offsetting GHG emissions through
reforestation projects and other CO, sinks.

Absolute direct emissions (Scope 1), due to the consumption of fossil fuels such as
natural gas, diesel, etc., or refrigerant gas leakage, are correlated with the annual
budget and with the standardized number of students and employees. In contrast,
there are no significant correlations between indirect emissions due to the purchase of
electricity (Scope 2) and the other variables. Therefore, GHG emissions from electricity
consumption are not correlated with the amounts of electricity consumed but are
correlated with the source of electricity and its emission factor. Since the emission
factor varies depending on the electricity supplier, universities could reduce their CF
drastically only by contracting electricity from renewable sources. Although there is
an overall decrease in total CF, direct GHG emissions (Scope 1) remain stable, so HEIs
should focus their efforts on reducing the consumption of fossil fuels in their facilities,
replacing them with renewable energy sources or biomass consumption.

Regarding CF as a benchmarking tool among universities, there is a very high lack
of consensus or standardization in the definition of the concepts of “student”, “em-
ployee”, and “member” used for the calculation of CF activity ratios, due to the fact
that each university includes in its count, or does not include, different types of stu-
dents (e.g., students in non-official studies, doctoral students, etc.) and employees
(e.g., employees of outsourced companies, part-time staff, etc.). This variability causes
large variations in the relative CF values per member (between —24% and 131%),
depending on how the concept of “member” is defined, which is significant enough
to preclude comparison between published CF values without first checking that the
functional units are defined and calculated in the same way:.

Consequently, standardization of university activity ratios is proposed. These indicator
definitions should be based primarily on the robustness of the data over time and
their ease of collection, since more precise ratios such as “full-time equivalent person”
or “actual number of users of the facilities” would complicate the calculation and
prevent comparison. The annual budget of the institution is one of the functional units
proposed, which is not commonly used by HEIs, but provides a well-defined activity
ratio related to the size of the university and its operating capacity.

The recalculation of all normalized CFs of HEIs with standardized activity ratios
has provided detailed data for GHG emissions of HEIs broken down by type of
emission source, which can serve as a basis for future benchmarking of the operational
environmental performance of HEIs worldwide.

As for the CF calculation and registration tool provided by the Spanish Government, it
has been proved to be a good basis for a comparative evaluation, since it does not only
standardize the sources of emissions and scopes, but also provides updated emission
factors and ensures homogeneity. As an opportunity for improvement, it is proposed
that the organizational and operational boundaries should always include the whole
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institution and its activities, or that they should be clearly specified when it is not
the case.

e It can be extrapolated worldwide that the calculation of CF can be a valid key indicator
for benchmarking the environmental performance in the fight against climate change
of HEIs of any country, provided that all CFs must (1) have included the standardized
Scope 1 and Scope 2 GHG emission sources, (2) have used the same emissions factors,
and, above all, (3) have obtained the activity ratios from homogeneous standardized
functional units.
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