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Handling editor: Zhifu Mi This work has calculated the organisational environmental and social footprint of the University of the Basque
Country (UPV/EHU) in 2016. First, input and output data flows of the UPV/EHU activity were collected. Next,
the environmental and social impacts of the academic activity were modelled, using the Ecoinvent 3.3 database
with the PSILCA-based Soca v1 module in openLCA software. In order to evaluate the environmental impacts,
CML and ReCiPe LCIA methods were used. The Social Impact Weighting Method was adjusted for the assessment

of specific social impacts.
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S-LCA The modelling has identified some hotspots in the organisation. The contribution of transport (8,900 km per
Higher education institution user, annually) is close to 60% in most of the environmental impacts considered. The life cycle of computers
LCA stands out among the impacts derived from the consumption of material products. More than half of environ-

mental impacts are located outside the Basque Country. This work has also made it possible to estimate some of
the impacts of the organisational social footprint, such as accidents at work, only some of which occur at the
UPV/EHU. Traces of child labour and illiteracy have also been detected in the social footprint that supports the
activity of the UPV/EHU. Some of the social and environmental impacts analysed are not directly generated by
the UPV/EHU, but they all demand attention and co-responsibility.

Based on the modelling performed, this work explores alternative scenarios and recommends some
improvement actions which may reduce (in some cases over 30%) the environmental and social impacts of the
UPV/EHU’s activity. These scenarios and improvement actions will feed a process with stakeholders in the UPV/
EHU based on the Multi-criteria Decision Analysis (MCDA) methodology.

1. Introduction

The University of the Basque Country UPV/EHU is the public uni-
versity of the Autonomous Community of the Basque Country, located
on the northern coast of Spain. Its faculties and schools —around 30
centres— are distributed among three campuses, one for each of the three
provinces of the Basque Country: the Campus of Araba (located in
Vitoria-Gasteiz), the Campus of Bizkaia (Leioa, Bilbao, and Portugalete),
and the Campus of Gipuzkoa (Donostia-San Sebastian and Eibar)
(UPV/EHU, 2020a). In the 2016-17 academic year, 68 Bachelor’s de-
grees, 111 Official postgraduate Master’s courses, 65 PhD programmes,
and 34 own qualifications were offered (UPV/EHU, 2020b).

The implementation of sustainable development in the daily work of
higher education institutions is increasingly widespread (Caeiro et al.,
2013; Lozano et al., 2015). The UPV/EHU, for its part, considers the
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2030 Agenda for Sustainable Development and the 17 Sustainable
Development Goals (SDGs) set out by the UN General Assembly in
September 2015 (UN, 2015) a route map to bring the university’s work
into line with the major challenges facing the planet and people, so that
‘no one will be left behind’ (Saez de Camara et al., 2021; UPV/EHU,
2019).

Given this context, it is essential that organisations have the tools to
assess the consequences of their activity in different spheres, environ-
mental issues being among the most important, although not the only
ones. Whereas the standardisation of environmental management has
had organisations in its sights from the beginning (Finkbeiner et al.,
1998), the standardisation of life-cycle thinking (Mazzi, 2019) through
ISO 14040 and ISO 14044 started by taking products and services as a
reference (ISO, 2006a, 2006b), leaving the standardisation of organ-
isational assessment for a later stage through ISO/TS 14072 (ISO, 2014).
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In fact, the extension of international standards with a life cycle
perspective to other fields continues unabated (Toniolo et al., 2019).
During the last decade two main different frameworks for the calcula-
tion of the organisational LCA have developed in parallel (Martinez--
Blanco and Finkbeiner, 2018). At the same time as the UNEP/SETAC Life
Cycle Initiative was pushing its ‘Guidance on organizational LCA’
(UNEP/SETAC, 2015), the European Commission published its ‘Orga-
nisation Environmental Footprint (OEF) Guide’ (Pelletier et al., 2012,
2014).

The organisation environmental footprint, or organisational LCA, is a
multi-criteria measure of the environmental behaviour of an organisa-
tion that provides goods or services, according to the perspective of the
entire life cycle (Thobe, 2018). Its objective is to estimate the environ-
mental impacts derived from the activity of an organisation, in order to
improve its environmental performance (Martinez-Blanco et al., 2015a,
2015b, 2015b; Manzardo et al., 2016). This work has followed the
recommendations provided by the European Commission and the
UNEP/SETAC initiative. In recent years, there have been numerous or-
ganisations that have followed some type of procedure for the calcula-
tion of their OEF in the framework of the UNEP/SETAC Life Cycle
Initiative, in sectors such as energy, finance, automotive, chemical, food
and agriculture, cosmetic, municipalities, academic institutions and
textile (Forin et al., 2019; Resta et al., 2016). There are also interesting
case studies that apply the framework provided by the European Com-
mission’s OEF Guide in the beverage-packaging sector (Manzardo et al.,
2016) and construction sectors (Neppach et al., 2017; Martinez et al.,
2019). Applications to organisations in the service sector, however, are
scarcer, such as in the hotel sector (Martinez-Blanco et al., 2016) or in an
Institution of Higher Education (Lo-lacono-Ferreira et al., 2017).

The literature includes some other case studies of Higher Education
Institutions (HEI), but limited to some specific environmental cate-
gories. Lopes Silva et al. (2015) performed a combined Material Flow
Analysis and LCA to calculate the impacts of the Autonomous University
of Barcelona, using the ReCiPe-2008 LCIA method, concluding that 50%
of impacts were caused by energy consumption and that 92% of the total
normalised impact was related to the Climate Change Potential cate-
gory, or the equivalent of 314.11 kg COseq-cap '-year !, although
commuting and other transport needs were not considered in the in-
ventory. Lo-lacono-Ferreira et al. (2017) provide for the EPSA (small
HEI in Alcoy, Spain) an impact on Climate Change of 677.9 t
COzeq-year’I, but commuting of staff and students were not considered,
either. Sinha et al. (2010) concluded that Greenhouse Gas (GHG)
emissions from US HEIs accounted for 121 Mt COzeq in 2005, nearly 2%
of the total annual national emissions in that year, or 7.67 t CO2eq per
full-time equivalent student; emissions from purchased electricity, sta-
tionary combustion and commuting accounted for approximately 88%
of the total. In Scotland, the Higher Education sector emitted 316 Mt
CO2eq in 2007-08, although student and staff commuting was excluded
from the inventory (EAUC-Scotland, 2016). Shields (2019) estimated
the GHG emissions associated with global international student mobility
in 2014 to be between 14.01 and 38.54 Mt CO.eq. Most of the case
studies on HEIs focus on carbon footprint (Alvarez et al., 2014; Gomez
etal., 2016; Larsen et al., 2013; Norgate and Haque, 2012; Ozawa-Meida
etal., 2013; Sippel et al., 2018; Townsend and Barrett, 2015; Ullah et al.,
2020), but some others also cover energy and water footprints (Gu et al.,
2019) or nitrogen footprint (Leach et al., 2013; Liang et al., 2018). Lang
and Kennedy (2016) assessed, using the environmentally extended
global multiregional input-output (EE GMRIO) approach, the global
operational footprint of Higher Education for energy, carbon dioxide
emissions, water, materials and land use.

Trying to fill these gaps, this work presents the organisational
environmental and social footprint of the UPV/EHU, an institution of
Higher Education, which despite being a sector with few case studies in
the LCA field, is assumed to have a strong concern for sustainability
(Amador and Padrel Oliveira, 2013). The study has been developed in
the context of the EHU-Aztarna project, which involves a
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multidisciplinary team formed by teaching and research staff, admin-
istration and service staff and students of the UPV/EHU. This work de-
scribes the results obtained in the modelling for academic activities
carried out in buildings of the UPV/EHU, used in 2016 by almost 97% of
the academic community, considering various inflows and outflows, as
well as the transportation needs of the academic community (students
and workers). As a novelty, these results include not only the environ-
mental impacts derived from the academic activity of the UPV/EHU, but
also its social footprint. Social LCA is an expansion of the LCA frame-
work, in order to assess social impacts related to products and services
(Moltesen et al., 2018), and can also be applied to organisations (Mar-
tinez-Blanco et al., 2015c). This combination of social and organisa-
tional LCA was also pointed out by the Life Cycle Initiative in 2015
(UNEP/SETAC, 2015), and is now consolidated with the recent publi-
cation of the Guidelines for Social Life Cycle Assessment of Products and
Organisations (Benoit et al., 2020). The European Commission’s OEF
Guide, on the other hand, does not integrate social LCA into its frame-
work, for the time being.

Another novelty of this paper is the scope of the study when
compared with similar studies in the literature. In this case, all phases of
LCA methodology have been considered, including an approximate
guess of the impacts due to building construction. Moreover, both
environmental and social impacts have been evaluated. The remainder
of the paper is organised as follows: Section 2 presents the methodology,
where the goal and scope of the environmental and social footprint
(Section 2.1), the compilation and quantification of the inventory
(Section 2.2) and the modelling through openLCA (Section 2.3) are
detailed. Section 3 presents and discusses the results, divided into
environmental impacts (Section 3.1), social and economic impacts
(Section 3.2) and a comparison of results (Section 3.3), preceding the
conclusions (Section 4). Additional detail on primary and secondary
data, methodology and results are presented in an accompanying “Data
in Brief” article (Bueno et al., 2021).

2. Methodology
2.1. Goal and scope of the environmental and social footprint

The goal of the environmental and social footprint of the UPV/EHU
—the reporting organisation— is (i) to monitor its performance for a
reference year; (ii) to identify the environmental and social hotspots
related to its academic activity; and (iii) to explore some alternative
scenarios to reduce environmental impacts. Following the guidance
proposed by the European Commission (Pelletier et al., 2012) and
facilitated by Thobe (2018), the modelling of the environmental and
social impacts of the UPV/EHU has been carried out taking 2016 as a
base year. Adding teaching and research staff, administration and ser-
vice staff and students, the UPV/EHU had 46,813 users that year.
Table 1 summarises the number of students, teaching and research staff,
and administration and service staff at the UPV/EHU, divided by
Campuses.

The scope of our model has covered the academic activity in build-
ings that were used by 45,306 users, accounting for 96.8% of total users

Table 1
Number of students, teaching and research staff, and administration and service
staff at the UPV/EHU, 2016/17 academic year.

Campus Students  Teaching Admin and Total Percentage
and research services (%)
staff staff
Araba 7,163 979 254 8,396 17.9
Bizkaia 22,078 3,241 1,219 26,538  56.7
Gipuzkoa 10,119 1,376 384 11,879 25.4
Total 39,360 5,596 1,857 46,813  100.0
Percentage 84.0 12.0 4.0 100.0 -

(%)
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of the UPV/EHU. These buildings make up the reporting unit. The
reporting flow is the academic activity performed in these buildings of
the UPV/EHU in year 2016. Table 2 shows the users involved in each
faculty, centre or building under management of the UPV/EHU. No
faculty was excluded from the Araba Campus. In the Bizkaia and
Gipuzkoa Campuses, Medicine Teaching Units were excluded, as they
are based in University Hospitals whose direct management is not the
responsibility of the UPV/EHU. They account for 2.5% of total users. The
Faculty of Engineering (Navigation and Naval Machines), with 0.6% of
total users, was also excluded. This building is located in Portugalete
(Bizkaia), next to the Bilbao estuary but far away from the other
buildings of the Faculty of Engineering of Bilbao, and with entirely in-
dependent management. Finally, the remaining entities managed by the
UPV/EHU were excluded from the study, as they are isolated from other
buildings and have less than 25 users: university residences on all three
campuses and the Research Centre for Experimental Marine Biology &
Biotechnology in Plentzia. Some other research units shared with other
institutions and some isolated common infrastructures (Bizkaia Aretoa)
have also been excluded, as the inventory phase presented serious
problems in these centres from the point of view of data collection and
allocation.

2.2. Inventory: quantification of input and output fluxes

In order to carry out the inventory, both consumption (electricity,
fuels, main materials and products) and the generation of waste (urban
waste, hazardous waste, electrical and electronic equipment waste,
wastewater) have been taken into account. Some flows (electricity, gas,
water, hazardous waste) have been systematically quantified. The rest
have been estimated from the data provided by those agents responsible
for maintenance, canteen and cleaning services or by the administrators
of the UPV/EHU facilities, which, in some cases, are subject to Envi-
ronmental Improvement Plans and quality processes. The year 2016 has
been considered as the base year (calendar year: January-December),
although for some flows it has been necessary to take the academic year
as a unit (September 2016-August 2017), or later years.

Transportation needs derived from the academic activity at the UPV/
EHU have also been considered in this work, as established by the Eu-
ropean Commission Guide (Pelletier et al., 2012). For this, the data from
a survey conducted by the Directorate of Sustainability of the UPV/EHU
among the entire academic community in summer 2018 has been used
(INGARTEK, 2018). Survey characteristics, questions and possible an-
swers are detailed in the Data in Brief article (Bueno et al., 2021). The
survey was answered by 2,966 students and 603 staff members,
providing an error margin of 1.7% and 3.8%, respectively. The survey
characterises the daily commuting of users to and from University
centres (80% of total transport needs, measured in passenger-kilometres
(pkm)), changes of residence at weekends (11% of total) and punctual
displacements to meetings, conferences and so on (9%, with almost no
contribution from students) (See Table 3).

Of total transport needs, 57.4% are satisfied by bus and coach, 22.2%
by private car, 5.3% by aeroplane, 11.1% by other modes (mainly
regional trains and metro) and 4.2% by walking, as shown in Fig. 1.
Students’ transport is much more efficient than staff transport. While
43.8% of staff transport (excluding aeroplane) are satisfied by private
car with an average occupancy rate of 1.84 passengers, students reduce
private car transport down to 16.6% of the total, in vehicles with a
higher average occupancy rate of 2.05 passengers per car. As shown in
the Data in Brief article, the use of public transport decreases with age,
women use a little more public transport, more the bus and less the
metro and bicycle than men. The modelling of transport needs at the
UPV/EHU and their impacts is explored in more detail in another paper
(Zuazo et al., 2021).

Table 4 summarises the concepts included in the inventory, and the
strategy followed to collect the data for each item, at each campus/
building. In the case of some specific flows such as electricity, natural
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Table 2

Number of users and percentage of total users of the faculties, centres, and
buildings under management of the UPV/EHU. Excluded entities are marked
with an asterisk (*).

Faculty, centre or building, service Users Percentage of total users

in UPV/EHU (%)

Campus of Araba

Faculty of Engineering Vitoria-Gasteiz 939 2.01

Faculty of Business and Economics (Vitoria- 511 1.09
Gasteiz)

Education and Sport Faculty (Physical Activity =~ 576 1.23
and Sport)

Education and Sport Faculty (Education) 1,125 2.40

Faculty of Pharmacy 1,706 3.64

Faculty of Arts 2,572 5.49

Faculty of Labour Relations and Social Work 593 1.27
(Vitoria-Gasteiz)

Faculty of Medicine and Odontology 266 0.57
(Teaching Unit Vitoria-Gasteiz)

Library 28 0.06

Vice-Chancellor of Araba Campus 28 0.06

Others Araba (<0.05%) 52 0.11

Campus of Bizkaia

Faculty of Engineering (Higher Engineering) 3,335 7.12

Faculty of Engineering (Technical Engineering 598 1.28
of Mines and Public Works)

Faculty of Engineering (Industrial Technical 1,932 4.13

Engineering)
Faculty of Engineering (Navigation and Naval 266 0.57
Machines)*
Faculty of Education - Bilbao 2,111 4.51
Faculty of Fine Arts 1,547 3.30
Faculty of Science and Technology 3,718 7.94
Faculty of Social and Communication Sciences 2,922 6.24
Faculty of Law. Bizkaia Section 718 1.53

Faculty of Business and Economics (Elkano) 1,086 2.32
Faculty of Business and Economics (Sarriko) 3,425 7.32

Faculty of Medicine and Nursing (Nursing 766 1.64
Leioa)

Faculty of Medicine and Nursing (Medicine 1,957 4.18
and Odontology)

Faculty of Labour Relations and Social Work 642 1.37
(Leioa)

Faculty of Medicine and Odontology 408 0.87
(Teaching Unit Basurto)*

Faculty of Medicine and Odontology 419 0.90
(Teaching Unit Cruces)*

Architecture and Building Works 28 0.06

Management Computing Centre 34 0.07

Computer, Teaching, Research and Network 41 0.09
Centre (Bizkaia)

Library building - Leioa 35 0.07

Academic Management 43 0.09

General Secretariat 27 0.06

Vice-Chancellor of Accounting and Budgeting 32 0.07

Vice-Chancellor of Management of Patrimony 25 0.05
and Contracting

Vice-Chancellor of Staff 57 0.12

Vice-Rectorate for Undergraduate Studies and 29 0.06
Innovation

Vice-Rectorate for Research 54 0.12

Other Bizkaia included (<0.05%) 249 0.53

Other Bizkaia excluded (<0.05%)* 34 0.07

Campus of Gipuzkoa

Faculty of Engineering, Gipuzkoa (Donostia- 1,537 3.28
San Sebastian)

Faculty of Engineering, Gipuzkoa (Eibar) 344 0.73

School of Architecture 920 1.97

Faculty of Chemistry 601 1.28

Faculty of Law 1,258 2.69

Faculty of Economics and Business (Donostia- 1,161 2.48
San Sebastian)

Faculty of Education, Philosophy and 1,548 3.31
Anthropology (Philosophy and Education
Sciences)

Faculty of Education, Philosophy and 1,182 2.52

Anthropology (Education)

(continued on next page)
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Table 2 (continued)

Faculty, centre or building, service Users Percentage of total users
in UPV/EHU (%)

Faculty of Computer Science 845 1.81

Faculty of Medicine and Nursing (Nursing - 558 1.19
Donostia-San Sebastidn)

Faculty of Psychology 1,335 2.85

Faculty of Medicine and Odontology 342 0.73
(Teaching Unit Donostia-San Sebastidn)*

Library 39 0.08

Carlos Santamaria Centre 46 0.10

Computer, Teaching, Research and Network 32 0.07
Centre (Gipuzkoa)

Vice-Chancellor of Gipuzkoa Campus 39 0.08

Others Gipuzkoa, included (<0.05%) 54 0.12

Others Gipuzkoa, excluded (<0.05%)* 38 0.08

Total included 45,306 96.78

Total excluded* 1,507 3.22

Table 3

Distribution of total transport according to modes (% of pkm).

Daily Change of Punctual work displacements
commuting residence at (meetings, conferences)
weekends
Students  61.6% 9.6% -
Staff 19.4% 1.1% 8.3%

gas or water consumption, it was possible to collect data of the highest
quality, through direct measurements. In other cases, the information
was collected from the billing of supplies, i.e. that of diesel or paper
consumption. Finally, some information was provided by the suppliers
of the service to be inventoried. Such is the case of the collection of some
waste fractions, i.e. hazardous waste, or residual waste derived to
incineration.

Occasionally, individual interviews have been carried out with
personnel in charge of some specific services at the university —for
example, with those responsible for cleaning services in most centres,
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and staff in charge of canteens and cafeterias— in order to identify the
different waste fractions collected in a year. As it has already been
pointed out, a massive survey has also been carried out among UPV/
EHU workers and students to determine their annual transportation
needs. In some specific cases in which it has been impossible to obtain
data on a specific flow in a given centre, projections have been made
based on data from some other centre with similar characteristics and
with better inventory quality. Finally, in some very specific cases,
reasonable estimates had to be made. For instance, it has been assumed
that the annual consumption of sanitary water is equivalent to the
annual generation of wastewater; similarly, the demand for toner or
fluorescent lamps has been calculated from the registered number of
discarded units, assuming a replacement rate of 1:1. The activity of the
canteens and cafeterias within the university has also been inventoried.
In fact, for example, all the organic waste collected in 2016 came from
them (21.8 tonnes, see Table 4). Other flows, such as the consumption of
electricity, water and heating, are not recorded separately within the
buildings, not allowing a segregated analysis.

Current regulations require organisations to provide some data,
which makes it easier to complete inventories; for example, both the
amount and type of hazardous waste produced at the UPV/EHU facilities
need to be registered in order to manage them according to Law 22/
2011 on waste and contaminated soils, which incorporated Directive
2008/98/EC on waste into Spanish national law (BOE, 2011). According
to Law 4/2019 on Energy Sustainability of the Basque Autonomous
Community (BOPV, 2019), it is compulsory for public administrations to
carry out an inventory of existing buildings, vehicle fleet and public
lighting installations within their scope of action (Article 11). Moreover,
some faculties and centres of the UPV/EHU (e.g., Elkano and EIB-Bilbao)
have already voluntarily implemented environmental management
systems following the Ekoscan standard promoted by Ihobe (2004). This
standard requires quantifying some consumption flows (white and
recycled paper, toner, plastic cups, cleaning products, etc.) and waste
(fluorescents, WEEE, paper and cardboard, etc.). In contrast, most flows
are not systematically registered and their diverse typology and vari-
ability depending on the faculty, centre and building, makes it very
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Fig. 1. Distribution of total transport for students and staff in different modes, according to passenger-kilometres (pkm) for each transport mode (other modes
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Table 4
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Inventory of flows of energy consumption, material consumption, waste generation and transportation that support the academic activity of the UPV/EHU in 2016;
strategy followed to collect the data, when not obtained by direct measurement (® Service provider/Bills, S Survey/Interviews, © Projection from other faculties, ¢
Educated guess). All figures provided are considered significant.

Concept Unit Leioa EIB-Bilbao Sarriko Elkano Donostia-San Sebastian Eibar Vitoria-Gasteiz
Users Person 15,024 5,865 3,441 1,086 11,879 344 8,396
Energy resources
Electricity MWh 15,989 4,204 1,019 168 7,400 100 ¢ 5,074
Natural gas MWh 14,192 1985 2,194 178 8,834 0 7,727
Gas-oil L 0 113,694 B 0 0 90 B 39,000 B 0
Material resources
Water supply m® 116,963 23,718 9,925 1,085 27,979 350 ¢ 19,045
Paper kg 55,022 & 29,702 B 8,738 B 1,263 8 18,939 B 3238 13,1837
Computers Units 1,161 ¢ 643 C 235 ¢ 59 ¢ 977 ¢ 466 5456
Batteries kg 42158 65.8 80 B 145 81 5B 4¢ 1858
Fluorescent lamps Units 10,623 B 2,400 B 260 ¢ 38 500" 200 ¢ 200 ¢
Toners Units 1,083 ¢ 277 ¢ 214 ¢ 150 ¢ 661 ¢ 40 ¢ 803 ¢
Waste treatment
Hazardous waste kg 23,138 B 6,176 ® 0 0 25,616 B 0 9,718 8
Light packaging waste kg 21,622 8 3,856 ° 3,634 5 3,744 5 5,060 5 1,200 ¢ 2,996 5
Paper waste kg 134,200 B 9,855 B 13,909 $ 4,368 © 48,1828 400 © 16,754 °
Glass waste kg 2,171 B 3008 3008 0 6218 0 1,647 8
Organic waste kg 0 0 0 0 20,330 ° 0 1,488 5
Residual waste kg 222,000 60,613 S 50,504 5 12,480 8 19,534 ° 4,000 ¢ 80,1267
WEEE kg 10,704 B 3,500 B 1,907 B 900 B 2,352 B 3,000 ¢ 2,080 B
Toner waste Units 1,083 B 2778 2148 150 B 661 ° 408 8038
Fluorescent waste kg 3,400 ¢ 768 ¢ 83 B 126 160 © 64 ¢ 648
Sanitary wastewater m? 116,963 ¢ 23,718 ¢ 9,925 ¢ 1,085 © 27,979 © 3560 19,045 ¢
Transport
Transport needs x 10° p-km 141.16 5 42128 23.87 8 7.28 5 101.03 8 3.145 84.87 5
difficult to quantify them. Since unregistered fluxes may not be included Table 5
able

in the inventory, environmental and social impacts may be under-
estimated. Hence, in the future, similar model sheets to those used in this
work should be used in order to register data flows in each faculty,
centre or building in a normalised and systematic way.

2.3. Modelling through openLCA

The modelling of the environmental and social impacts derived from
the activity of the UPV/EHU was carried out with the openLCA free
software (Ciroth, 2007) and the Ecoinvent 3.3 database (Wernet et al.,
2016), using the Cut-Off approach for system modelling, according to
which the producer of a recyclable material does not receive any credit
(Steubing et al., 2016). The modelling of the processes that give rise to
each of the inventoried flows have been selected from among the pro-
cesses available in Ecoinvent, making the appropriate adjustments to
adapt them to the context of the UPV/EHU (electricity mix, efficiencies
of combustion equipment, location). More information regarding the
modelling of transport modes can be found in the Data in Brief article
(Bueno et al., 2021).

Following the recommendation provided by UNEP/SETAC (2015),
environmental impacts have been estimated using the CML (Baseline)
(Guinée et al., 2001) and ReCiPe (Huijbregts et al., 2017) impact
assessment methods. The CML methodology is a midpoint methodology
(classification and characterisation) that considers eleven significant
impact categories including, for example, global warming potential,
reduction of non-renewable abiotic resources, human toxicity and
photochemical oxidation (Section 3.1, Table 5). The ReCiPe methodol-
ogy contemplates three endpoint categories (normalisation and
weighting; in this study the Hierarchical perspective has been used),
which shows the impact on three levels of aggregation: effects on human
health, biodiversity and resource scarcity (Section 3.1, Table 5).

The social impact assessment was carried out using the Social Impact
Weighting Method provided by the Soca module (Eisfeldt, 2017). This
module incorporates into the Ecoinvent database for openLCA the social
impact information from the PSILCA database (Ciroth and Eisfeldt,
2016), which in turn covers 53 social indicators for almost 15,000 in-
dustrial sectors and goods in 189 countries. This module allows S-LCA

Environmental impacts derived from the academic activity of the UPV/EHU, for
each of the categories of CML and ReCiPe environmental assessment methods.

Method  Impact category Unit Impact Impact/
user
CML Terrestrial kg 1.4-dichloroben- ~ 2.54-10°  5.52
ecotoxicity zene eq
Ozone layer kg CFC-11 eq 8.88 1.93.107*
depletion
Climate change* t CO, eq 5.60-10* 1.22
Photochemical kg ethylene eq 1.19-10* 0.258
oxidation - high NOy*
Acidification kg SO, eq 2.57-10° 5.57
potential
Eutrophication kg PO3~ eq 7.31-10* 1.59
Marine aquatic kg 1.4-dichloroben- ~ 1.20-10"  2.62.10°
ecotoxicity zene eq
Depletion of abiotic GJ 7.57.10°  16.4
resources - fossil fuels
Human toxicity* t 1.4-dichloroben- 3.31-10* 0.720
zene eq
Depletion of abiotic kg antimony eq 446 9.69-1073
resources - elements,
ultimate reserves*
Freshwater aquatic t 1.4-dichloroben- 2.97-10* 0.645
ecotoxicity* zene eq
ReCiPe Human Health* DALY (Disability 118 2.56.107°
Adjusted Life Year)
Resources* $ 3.22.10°  70.0
Ecosystems* species-yr 0.569 1.24.107°

and E-LCA (Social and Environmental Life Cycle Assessments) to be
combined with LCC (Life Cycle Costing). The activity variable consid-
ered for the calculation of social impacts is the “hours of work” in each of
the modelled processes and in the work activity of the UPV/EHU. The
results of the modelling of social impacts are provided in the form of
“risk hours” according to different levels (from non-existent to very high
risk), which require further processing and the appropriate interpreta-
tion. Among the 53 available indicators, grouped into four categories
(local community, society, value chain and workers), seven significant
indicators have been selected. Some of them are related to the direct
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social impact of the academic activity (fatal and non-fatal accidents,
economic costs), while others are related to the socioeconomic context
that supports the academic activity (indirect social impacts; see Table 9,
Section 3.2). The social impacts of labour activity at the UPV/EHU have
been modelled by adjusting the indicators available in Soca for Spain to
the context of the Autonomous Community of the Basque Country, and
assuming an annual workday of 1,500 h and the average labour cost
taken from the annual budgets of the UPV/EHU for 2016.

3. Results and discussion
3.1. Environmental impacts

Table 5 shows the impacts of the academic activity at the UPV/EHU
in the midpoint impact categories of the CML (Baseline) method and in
the endpoint categories of the ReCiPe method. The eight categories
indicated with an asterisk (*) have been subjected to a more detailed
analysis, breaking them down according to the nature of the processes
involved, as well as the geographical location of the impacts (Figs. 2 and
3). In order to have a reference of these impacts, Table 8 below shows
the annual life-cycle impacts of a set of multi-storey buildings (Ecoin-
vent dataset) with the same constructed area as in the UPV/EHU.

Environmental impacts by campus and faculty follow proportions
similar to those of the number of users, with deviations related mainly to
the specific characteristics of transport and waste treatment in each
location.

Fig. 2 shows the relative contribution of transport, energy con-
sumption, consumption of material products and the generation of waste
and its treatment in each of the eight selected impact categories (* in
Table 5). The satisfaction of transportation needs is the most significant
subprocess considered, as it gives rise to almost 60% of the total impact
in ReCiPe endpoint categories, and between 37 and 63% in the selected
CML midpoint categories.

The impact category of depletion of abiotic resources-elements is
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dominated by subprocesses related to the consumption of materials
(54.2%, mainly the consumption of the Information and Communica-
tions Technology infrastructure, ICT), followed by transport needs
(43.9%, half of which is due to private car life-cycles; in fact, on the
Vitoria-Gasteiz campus, the impact of transport is even slightly higher
than that of ICT) and residual contributions for energy consumption and
waste treatment (less than 2%). The most important contributor to the
impact category of freshwater aquatic ecotoxicity is waste treatment
(42.6%,; the direct incineration without any pretreatment of 222 tonnes
of residual waste collected in the Leioa campus accounts for 31% of total
impacts), followed by transport (36.6%; mostly private car transport).
Energy consumption is also significant in the climate change (39.3%) and
photochemical oxidation (35.1%) categories; electricity-related impacts
(34.0 GWh) are higher than those linked to natural gas (35.1 GWh), as
just 43.3% of electricity consumed at the UPV/EHU in 2016 was of
renewable origin (36.4% from fossil fuels and 20.3% of nuclear origin)
(CNMC, 2017). Energy contributions to human toxicity (16%) and
freshwater aquatic ecotoxicity (12%) are less significant, but not negli-
gible. The subprocesses with the least contribution are consumption of
materials (2.4-14.3%, depending on impact; except in depletion of abiotic
resources-elements, where its contribution is 54.2%) and waste treatment
(less than 1.2%, except in freshwater aquatic ecotoxicity, with a contri-
bution of 42.6%, and in human toxicity, with 6.5%).

In the three endpoint categories of ReCiPe (human health, resources
and ecosystems, Fig. 2), transport shows a similar contribution of almost
60%, the contribution of energy consumption stands at around 36%,
that of material consumption is around 5% and that linked to waste
treatment is less than 1%.

Fig. 3 shows the analysis of the location of the environmental im-
pacts derived from the academic activity of the UPV/EHU. These have
been grouped as they are located inside the Basque Country, outside the
Basque Country, or in locations not defined according to the available
information. No impact in the category of depletion of resources-elements
is explicitly located within the Basque Country. Only a small part of the
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Fig. 2. Relative contribution of transportation, energy and material consumption and waste treatment to selected environmental impact categories, derived from the

academic activity of the UPV/EHU.
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Fig. 3. Location of the environmental impacts derived from the academic activity of the UPV/EHU, for selected environmental impact categories.

impacts are located in the Basque Country in the categories of human
toxicity (10.6%; predominantly waste incineration and private car
driving) and photochemical oxidation (14.3%; essentially due to trans-
port). Local impacts on climate change (30.0%) are largely due to
transport, followed by natural gas consumption for heat and hot water
supply. Local impacts on freshwater aquatic ecotoxicity (43.1%) are
almost completely due to waste incineration. The impacts explicitly
located outside the Basque Country, according to category, represent
from 0.6% in freshwater aquatic ecotoxicity to 42.6% in climate change and
43.4% in photochemical oxidation, being primarily due to transport and
electricity supply in both categories. Regarding impacts located abroad,
in the human toxicity category (12.2%) they are mainly linked to energy
supply, while those under depletion of resources-elements (30.9%) are
overwhelmingly related to the consumption of precious materials
needed for the ICT infrastructure. The endpoint categories of the ReCiPe
method reveal an explicitly foreign contribution of impacts of between
43.4% (human health) and 56.5% (resources).

Finally, due to the uncertainty associated with the methodology it-
self, there are impacts whose location is not defined, with a contribution
varying between 21.1% (ecosystems) and 77.2% (human toxicity) of the
total, as some important subprocesses in the Ecoinvent database are
modelled for a geographic scope that covers a much broader territory
than the Basque Country: Global (World), Europe, Western Europe, and
others. Such is the case of the treatment of sulfidic tailing, produced in
mining (Nehdi and Tariq, 2007), and in ferrochromium production
(Schulte and Tuck, 2020), mainly for stainless steel production —both
located not in the Basque Country, but modelled as global processes in
Ecoinvent—, which account for 14% and 13% respectively of total human
toxicity impacts; or the case of gold, zinc and lead production (Althaus
and Classen, 2005; Norgate and Haque, 2012), which globally account
for 53% of total depletion of abiotic resources-elements and are modelled in
Ecoinvent as global (lead, zinc) or as world excluding main producers
(RoW, for gold) but should be considered as impacts located outside the
Basque Country, as there is no mining of these materials there.

Most of the impacts associated with the consumption of materials
derive from the renovation of computer equipment, and are much larger

than the impacts derived from paper consumption or sanitary water
consumption. The energy consumption demanded by cloud services and
the computing infrastructure in the UPV/EHU accounts for 9.6% of all
electricity consumption at the UPV/EHU (see calculation in Table 6).
This percentage is higher than values registered for other areas. Shehabi
et al. (2016) report that data centres in USA would be responsible for
2.1% of final electricity consumption in 2017, and Cho and Ko (2018)
estimate that data centres worldwide accounted in 2017 for up to 3% of
all global electricity consumption. Furthermore, the ICT sector in EU-25
accounted for 8% of electricity consumption in 2005 (Beton et al.,
2008). The environmental impacts derived from the renewal of the ICT
infrastructure represent the most important contribution among those
related to the supply of materials. As shown in Table 4, the inventory
carried out has counted 18,609 desktop computers, 6,793 laptops and
269 servers. Based on the rates of equipment renewal observed in some
centres, our model considered that computers have an average lifetime
of 7 years, and computer displays of 14 years. The supply of these
products gives rise to significant environmental impacts, which in the
case of the depletion of abiotic resources-elements category accounts for
54.3% of total impacts at the UPV/EHU.

Modelling of scenarios. Once the main sub-processes that support
the academic activity of the UPV/EHU have been inventoried and
modelled, the modification of specific parameters of the model allows us
to explore other possible scenarios in order to reduce environmental
impacts. Five scenarios have been explored: Scenario A, in which the
lifespan of computer equipment is extended by two years; Scenario B,
where electricity supplied to the UPV/EHU is of 100% renewable origin;
Scenario C, in which a change in transport habits transfers half of the
transport made by private car to bus and coach; Scenario D, where
natural gas and gas-oil boilers used for thermal energy production are
replaced by air-source heat pumps, which use R134a as the working
fluid and have a seasonal coefficient of operation of 4; and Scenario E, in
which Scenario B and Scenario D are combined. Table 7 summarises the
changes in impact categories in these scenarios. Impact values are
gathered in the Data in Brief article accompanying this manuscript
(Bueno et al., 2021).
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Table 6
Inventory of the Information and Communication Technology (ICT) infrastructure and its electricity consumption at the UPV/EHU.
Network Personal Computers Laptops Peripherals Servers TOTAL
Switches
Units 1,091 18,609 6,793 4,691 269
Consumption (W/unit) 5 5 5 5 800
Consumption (MWh) 47.8 815.1 297.5 205.5 1,885.2 3,251.1

Although technological development may require, in some specific
cases, the renewal of computer equipment regardless of its age,
lengthening the years of use seems viable in many other cases, such as:
computer screens, teaching equipment in computer classrooms, or
administrative workplaces that require office automation tasks.
Extending the lifespan of computer equipment by two years would
reduce depletion of abiotic resources-elements by 10.6%, eutrophication by
2.6% and human toxicity by 2.7%.

Consuming 100% renewable electricity would reduce climate change
by 19.2%, ozone layer depletion by 16.9%, photochemical oxidation by
23.5% and acidification potential by 29.4%. However, a greater demand
of renewable technology would also increase depletion of abiotic re-
sources-elements by 0.6% and terrestrial ecotoxicity by 2.4%.

A change in transport habits that involves the transfer of half of the
transport made by private car to bus or coach would reduce the impact
on human toxicity by 19.4% and the depletion of abiotic resources-elements
by 18.5%. Freshwater aquatic ecotoxicity would be reduced by 12.6% and
terrestrial ecotoxicity by 15.0%. Other possible scenarios related to
transport are explored in more detail in Zuazo et al. (2021).

The replacement of diesel or natural gas boilers by air-source heat
pumps for heat production would reduce depletion of abiotic resources-
fossil fuels by 16.5%, ozone layer depletion by 12.1%, climate change by
11.4% and photochemical oxidation by 0.7%. On the other hand, greater
non-renewable electricity production would increase eutrophication
(3.8%), acidification (3.7%), human toxicity (2.8%), marine aquatic eco-
toxicity (2.5%) and freshwater aquatic ecotoxicity (2.2%). These impact
categories could be reduced by using 100% renewable electricity, as
shown in Scenario E. The combination of Scenarios B and D would
reduce depletion of abiotic resources-fossil fuels by 37.9%, climate change
by 35.0%, acidification potential by 33.1% and ozone layer depletion by
32.8%. As aforementioned, a greater consumption of renewable elec-
tricity would imply an increase in depletion of abiotic resources-elements of
2.2% and in terrestrial ecotoxicity of 6.0%.

Impacts related to building construction. The construction and
maintenance of UPV/EHU buildings are indirectly attributable upstream

Table 7

activities to be considered within the system under assessment (Pelletier
et al., 2012). Our work, however, has not included in the inventory the
input and output flows related to the construction and maintenance of
the UPV/EHU buildings, in line with some other case studies (Lo-Iaco-
no-Ferreira et al., 2017; Resta et al., 2016). This is a clear limitation that
requires a justification, or at least an estimation of the resulting error. It
seems that the construction and sometimes even the maintenance of
buildings tends to be systematically excluded from the systems under
assessment, surely under the assumption that long life-spans tend to
minimise their contribution, but also due to the extreme difficulty
involved in an adequate inventory compilation in this aspect. As a
reference, Martinez-Blanco et al. (2016) provide useful information
about the OEF assessment performed by the French hotel group Accor in
2011, in which the construction and renovation of hotel building
structures and building materials were included within the system
boundaries. In that work, the construction and renovation of buildings
accounted for 4.5% of total energy use and climate change categories;
0.15% of total water consumption; and 67% of total waste generation.
Therefore, it might seem that the error made could be less than 10% in
energy-related impact categories, and only significant in waste-related
impact categories. In order to verify whether this exclusion is justified,
we have made a rough estimate of the impacts not considered, following
an alternative strategy.

According to the data provided by the UPV/EHU, the buildings used
by the 45,306 students and workers considered in this work add up to a
total constructed area of 727,727 m>. Assuming an average height of 3
m, this equates to a total constructed volume of 2.18-10° m®. As an
approximation of the environmental impacts linked to this built surface,
we have taken as a reference the Ecoinvent 3.3 dataset for the con-
struction of a multi-storey building in Europe (RER), which considers for
its inventory the combination of two concrete buildings, one built in
1927 and the other in 1972, and assumes the life of the constructions to
be 80 years. The buildings of the UPV/EHU have an age, averaged across
the constructed area, of 20 years in the Araba campus, 17 years in the
Gipuzkoa campus and an average of 28 years in the Bizkaia campuses.

Percentage change in impact categories in relation to 2016 context, for five scenarios: A, computer equipment lifespan extended; B, electricity 100% of renewable
origin; C, half of the transport by private car moves to bus and coach; D, thermal demand provided by heat pumps; E, thermal demand provided by heat pumps and

electricity of 100% renewable origin.

Method  Impact category A computer B electricity C transport from car to D heat production by heat  E heat production by heat
lifespan 100% bus/coach pumps pumps
extended renewable A% A% 100% renew.
A% A% A%

CML Terrestrial ecotoxicity —1.84 +2.42 —15.0 +2.87 +5.97

Ozone layer depletion —0.51 -16.9 -3.73 -12.1 —-32.8
Climate change -0.73 -19.2 —5.02 -11.4 -35.1
Photochemical oxidation - high NOy -0.90 —23.5 —6.05 -0.67 —30.1
Acidification potential —0.65 -29.4 —0.35 +3.68 —33.1
Eutrophication —2.58 -19.2 -2.21 +3.75 -20.3
Marine aquatic ecotoxicity -1.63 -12.5 —4.32 +2.53 -13.2
Depletion of abiotic resources - fossil fuels —0.70 -17.5 —5.31 -16.5 -37.9
Human toxicity —2.65 —8.36 —19.36 +2.79 —7.63
Depletion of abiotic resources - elements, -10.6 +0.56 -18.5 +1.48 +2.19
ultimate reserves
Freshwater aquatic ecotoxicity —1.65 —6.41 -12.6 +2.22 —5.81
ReCiPe Human Health -1.19 —20.0 —4.60 —6.36 -31.2
Resources —1.02 -16.0 —6.38 -15.1 —34.7
Ecosystems —0.84 -10.3 —5.45 —8.28 —-20.9
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Table 8 gathers the annual impacts of a construction (total life-cycle
impacts divided by 80 years), for the CML and ReCiPe impact categories,
with the same built volume as that of our system for the multi-storey
Ecoinvent dataset, and as a percentage of the total global impacts pro-
vided by our modelling for the UPV/EHU in the reference year.

Although not specifically inventoried, environmental impacts
related to building construction and maintenance could vary widely
from less than 12% of total estimation for some categories (climate
change, 11.5%; depletion of fossil fuels, 10.5%; ozone layer depletion, 5.3%)
to more than 100% for other categories (human toxicity, 203%; ecosys-
tems-ReCiPe, 159%). Although long life-spans have to be considered for
the calculation of environmental impacts for buildings on an annual
basis, the construction of a new infrastructure should not be ignored for
the calculation of OEF. Much effort will have to be put into sustainable
construction.

3.2. Social and economic impacts

This section describes the assessment of social impacts estimated
from the results provided by openLCA (Ciroth, 2007) and Soca/PSILCA
(Eisfeldt, 2017; Ciroth and Eisfeldt, 2016). The methodology used for
the social impact of the UPV/EHU is explained in more detail in another
paper (Erauskin-Tolosa et al., 2021). The Social Impact Weighting
Method provides 53 social impact categories. This work focuses on seven
social impact categories, which are listed in Table 9 along with their
corresponding numerical value, a brief explanation of the category and
the value of reference for them in the Basque Country. Information
related to all indicators provided by the Social Impact Weighting
Method are gathered in the Data in Brief article accompanying this

Table 8

Annual CML and ReCiPe life-cycle impacts of a set of multi-storey buildings
(Ecoinvent dataset) with the same constructed area as in the UPV/EHU, as a
percentage of the total global impacts provided by our modelling for the UPV/
EHU.

Method  Impact category Unit Annual Annual impact
impact of of buildings as
buildings percentage of

estimated
impacts in
2016
CML Terrestrial kg 1.4-dichloro- 2.43.10* 95.5%
ecotoxicity benzene eq
Ozone layer kg CFC-11 eq 0.467 5.3%
depletion
Climate change t CO, eq 6.44-10° 11.5%
Photochemical kg ethylene eq 5.87-10° 49.4%
oxidation - high
NOx
Acidification kg SOz eq 1.25.10° 48.8%
potential
Eutrophication kg PO3 ™ eq 7.15.10* 97.9%
Marine aquatic kg 1.4-dichloro- 9.02:10'°  74.9%
ecotoxicity benzene eq
Depletion of GJ 7.98.10* 10.5%
abiotic resources
- fossil fuels
Human toxicity t 1.4-dichloroben-  6.74-10* 203%
zene eq
Depletion of kg antimony eq 429 96.2%
abiotic resources
- elements,
ultimate reserves
Freshwater t 1.4-dichloroben-  1.95.10* 65.7%
aquatic zene eq
ecotoxicity
ReCiPe Human Health DALY (Disability 55.2 46.9%
Adjusted Life
Year)
Resources $ 9.06:10° 28.1%
Ecosystems species-yr 0.903 159%
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manuscript (Bueno et al., 2021).

The socio-economic activity that supports the academic activity of
the UPV/EHU gives rise to direct social impacts, such as workplace ac-
cidents. According to our estimation, 147 work-related accidents and 0.75
fatal accidents (a rate of three deaths every four years) would have been
related to the UPV/EHU academic activity in 2016. In addition, Soca and
openLCA, following the methodology proposed and used by Moreau and
Weidema (2015) for environmental Life Cycle Costing (LCC), also allow
for the assessment of the costs of the UPV/EHU’s academic activities
throughout its life cycle. According to these authors, the life cycle cost is
the sum of the added value generated throughout the life cycle, which
for our case study amounts to 314 M€. This amount is 22% lower than
the UPV/EHU’s annual budget in 2016, which was 403 M€ (UPV/EHU,
2020c). This difference is due to the fact that a number of relatively
immaterial services, such as financial services or software licences, are
not considered in our inventory but also incur costs; there are also ac-
tivities that have been excluded from the inventory, such as building
maintenance, which incur significant costs. Conversely, the LCC in-
tegrates a valuation of user transport costs, which is outside the uni-
versity’s annual budget.

This methodology also allows us to characterise the socioeconomic
context that supports the academic activity of the UPV/EHU through
impact categories that we label as indirect. To this end, it is relevant to
compare the result provided by the model with the value of reference in
the closest context; in this case, the Basque Country. While child labour is
non-existent in the Basque Country, it would rise to 2.8% in the context
of the socioeconomic activity that supports the UPV/EHU, and which
extends far beyond the Basque Country. A similar trend is observed with
illiteracy. Although very low in the Basque Country (0.36%), it would
reach almost 6% in the socioeconomic context that supports the aca-
demic activity of the UPV/EHU. The subjective perception of pollution,
measured by the Numbeo index, would also rise from 32 points in the
Basque Country up to 52 points in the context supporting the UPV/EHU.

The methodology used also allows for a disaggregated analysis of
social impacts. As in the analysis of environmental impacts, some social
impact categories have been subjected to a more detailed analysis,
breaking them down according to the nature of the processes involved
(contributions from transportation, energy consumption, material con-
sumption, waste treatment and labour activity at the UPV/EHU) and to
the geographical location of the impacts (located in the Basque Country,
outside of the Basque Country and in undefined locations). Results are
gathered in Figs. 4 and 5; the analysis is extended to eleven indicators in
the Data in Brief article accompanying this manuscript (Bueno et al.,
2021).

As shown in Fig. 4, work activity at the UPV/EHU has a significant
weight in the social impact categories analysed. UPV/EHU labour costs
constitute more than 93% of the total estimated costs. In work-related
accidents, the weight of labour activity at the UPV/EHU is also very
significant; above 75%. The satisfaction of transportation needs ac-
counts for almost 16% of total non-fatal accidents. In the case of fatal
accidents, the weight of the UPV/EHU falls below 30% and transport-
related accidents exceed 42%, while the satisfaction of energy and ma-
terial needs remains in the range of 13-15%. It should be noted that
these data do not include traffic accidents, except in cases of professional
labour activity in the transport sector.

With regard to the location of the social impacts, Fig. 5 shows that
more than 22% of work-related accidents linked to UPV/EHU activity
are likely to be linked to socioeconomic activities outside the University,
and surely also outside the Basque Country, to a great extent. In the case
of fatal accidents, almost 68% would be linked to activities outside the
University.

3.3. Impact comparison and future work

Table 10 shows a comparison of some of the environmental and so-
cial impacts linked to the UPV/EHU with other regional or global
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Table 9
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Social impacts derived from the academic activity of the UPV/EHU for selected categories. Impact categories labelled as direct imply a direct social impact of academic
activity (e.g. work-related accidents), while categories labelled as indirect characterise the socio-economic context that supports the activity under assessment (e.g.

child labour, perception of pollution).

Social impact categories Value in UPV/EHU (life-cycle Value of reference in the Basque ~ Description
perspective) Country
Illiteracy Indirect  5.8% 0.36% Average percentage of population over 15 years of age who cannot read or
write correctly
Pollution level Indirect  51.6 32.0 Numbeo index (average of subjective perception of pollution, 0-100)
Gender wage Indirect  23.3% 24.3% Percentage of the wage gap between men and women
gap
Child labour Indirect  2.8% 0.0% Average percentage of minors between 7 and 14 years old who carry out at
least 1 h of work activity per week
Fatal accidents Direct 0.75 2.19 #/yr-100000 empl. (*) Annual rate of fatal accidents
Non-fatal Direct 147 1719 #/yr-100000 empl. (*) Annual rate of non-fatal accidents
accidents
Costs Direct 314.10° € - Annual costs
2 (EUSTAT, 2020).
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Fig. 4. Relative contribution of work activity at the UPV/EHU, transportation, energy consumption, material consumption and waste treatment linked to the ac-

ademic activity of the UPV/EHU to selected social impact categories.

benchmarks that may serve as a reference. The impact on climate change
of the UPV/EHU activity in the reference year (2016) was 1.22 t COzeq/
user, or 14.2% of GHG emissions per capita in the Basque Country (8.57
t COzeq/cap); the depletion of fossil fuels was 16.4 GJ/user, or 13.6% of
primary energy supply in the Basque Country (120.3 GJ/cap); the
depletion of ultimate reserves of element materials was 9.6 g Sb eq per user,
or 1.2% of global abiotic depletion potential (818 g Sb eq/cap); the
impact on human health was 2.54 DALY per thousand user, below 1% of
world disease derived from injuries and diseases (400 DALY per thou-
sand person in 2011); the impact on ecosystems was a temporal diversity
loss of 0.569 species-yr, while the background rate of biodiversity loss
due to complete extinction is estimated at 3.6 species annually lost
worldwide, and the average rate of vertebrate species loss over the last
century is estimated at 360 species annually. In relation to social im-
pacts, our analysis shows that there may be traces of child labour and

10

illiteracy in the socioeconomic context that supports the academic ac-
tivity of the UPV/EHU. This is because part of the processes involved in
the supply chain of energy, materials and transport services to the UPV/
EHU are located in countries with these serious social problems. In any
case, despite being able to make an approximation as to their quantifi-
cation, it is difficult to determine the location of such social impacts,
which occur far beyond the geographical scope of the UPV/EHU.
Consequently, all these social impacts are clearly not internalised by the
direct economic cost paid by the users and society for university
services.

These social and environmental impacts are not negligible, but they
seem to be moderate, as would be expected from the service activity of a
HEI, in comparison with the impacts linked to the average societal ac-
tivity in a developed region or the world. For some categories, these
impacts are also higher than those provided by the O-LCA study of the
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Fig. 5. Location of the social impacts linked to the academic activity of the UPV/EHU, for selected categories.

Faculty of Science and Technology (UPH, Indonesia), when compared in
per user terms: 67% higher in the climate change category, 129% higher
in eutrophication, and 50% higher in depletion of fossil fuels (Martinez--
Blanco et al., 2017). At this point in time, however, it is difficult to
compare these impacts with those of other organisations, mainly due to
the insufficient standardisation in the procedures. The development of
Organisation Environmental Footprint Sector Rules (OEFSR) for HEIs, in
the framework of the European Commission’s Environmental Foot-
printing initiative, will undoubtedly be of great help (Pelletier et al.,
2012). Until then, ISO/TS 14072 states that O-LCA shall not be used for
comparative assertions (Martinez-Blanco et al., 2015), but “to drive
improvement in the given organization” (ISO, 2014).

In that sense, we believe that the most useful and interesting com-
parisons provided by this work are those that are made within the sys-
tem under study itself, through the disaggregated analysis by sub-
processes, in order to detect hotspots in the functioning of the organi-
sation, and through scenario analysis, so that studies such as this can be
used to implement specific policies to reduce environmental and social
impacts linked to the life cycle of the academic activity. Actually, this
work will continue with an assessment of possible future scenarios (i.e.
extending the lifespan of ICT infrastructure, transferring journeys from
private cars to public transport, installing fossil-free heating and cooling
systems) that, focusing on the hotspots detected through the dis-
aggregated analysis, will allow us to devise concrete action measures
associated with those scenarios. This task is already being carried out by
means of the Multi-criteria Decision Analysis (MCDA) methodology (see
Figueira et al., 2016; Doumpos et al., 2019) and with the participation of
the stakeholders involved in the management of the UPV/EHU. Results
are expected in the near future.

4. Conclusions
In this study, data collection and the evaluation of environmental

and social impacts derived from the academic activity of the University
of the Basque Country UPV/EHU have been presented in detail.
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Although this work is focused on a specific case study, we truly believe
that both the proposed methodology and the set of conclusions could be
applied to other academic institutions and organisations.

The results provided by the environmental footprint of the UPV/EHU
indicate that the contribution of transport is very significant and close to
60% in most of the environmental impacts considered, while energy
consumption, materials consumption and waste treatment present
smaller contributions. A very relevant part of these impacts was located
outside the Basque Country. Regarding social impacts, the contribution
of labour activity at the UPV/EHU stands out. For that reason, social
impacts are mainly located in the Basque Country. But the life cycle of
the academic activity also includes socioeconomic activities abroad, and
this has led to the detection of traces of child labour and illiteracy in the
social footprint of the UPV/EHU.

The calculation of the organisational footprint is a powerful tool to
evaluate possible measures aimed at reducing the environmental and
social impacts of the academic activity, and can be helpful in moving
towards sustainability. There seem to be a wide variety of measures of a
very varied nature that may bring about significant reductions of envi-
ronmental and social impacts, not only in the Basque Country, but also
abroad. These measures should include a shift to renewable energy
sources and renewable electric air conditioning (ozone layer depletion,
climate change, photochemical oxidation and acidification potential may be
reduced by more than 30%); the lengthening of the useful lifespan of
computer equipment (depletion of abiotic resources-elements may reduce
by 10% with a two-year extension); improving separate collection of
residues to increase recycling and composting and to avoid waste
incineration; modal shift from private car to public transportation
(human toxicity may reduce by almost 20% if half of private car transport
moves to bus and coach).

This work shows the margin for improvement still existing at the
UPV/EHU in order for it to become a more sustainable university. The
implementation of concrete measures needs an in-depth analysis that
will be addressed in the future by means of the MCDA methodology and
with the participation of stakeholders involved in the management of



G. Bueno et al.

Table 10

Comparison of the UPV/EHU’s impacts in some environmental and social cat-
egories with other global or regional benchmarks. Environmental results are also
shown in terms per user (UPV/EHU) and per capita (global/region).

Impact category Impact for UPV/

EHU

Impact reference

Ozone layer depletion 8.88 kg CFC-11 eq Global CFC-11 emissions in

(0.192 g CFC-11eq/  2019:
user) 52.10° kg CFC-11 (6.78 g CFC-
11/cap)

Montzka et al. (2021)

GHG emissions in ACBC (2016):
8.57 t COqeq/cap (Ihobe, 2020)
Global SO, emissions in 2006:

Climate change 56.0 kt COzeq (1.22
t COzeq/user)

Acidification potential 2.57-10° kg SO, eq

(5.55 kg SO eq/ 100 Tg SO,
user) (15.4 kg SO, eq/cap) (Lee et al.,
2011)

7.31-10% kg PO3~ eq
(1.54 kg PO3~ eq/

Eutrophication Global P transport to ocean in

2000: 9 Tg P (4.51 kg PO3 ™ eq/

user) cap) (Beusen et al., 2016)
Depletion of abiotic 757 TJ (16.4 GJ/ Primary energy supply in ACBC
resources - fossil fuels user) (2016):

120.3 GJ/cap (EVE, 2017)
Global abiotic depletion
potential in 2016:

818 g Sbeq/cap (Van Oers et al.,
2020)

Impact from the urban
metabolism of the city of
London in year 2000, in per
capita terms:

35.2 kg 1.4-DB eq/cap (
Goldstein et al., 2013)

World disease burdens
measured in DALY per thousand
person in 2011, derived from
injuries and diseases: 400 DALY
(Gao et al., 2015)

Background rate of biodiversity
loss due to complete extinction:
2 E/MSY or 3.6 species annually
lost worldwide; average rate of
vertebrate species loss over the
last century: 360 species
annually (Ceballos et al., 2015)
Percentage of population over
15 years of age who cannot read
or write correctly in ACBC:
0.36% (Erauskin-Tolosa et al.,
2021)

Percentage of minors between 7
and 14 years old who carry out
at least 1 h of work activity per
week in Spain: 0.0% (
Erauskin-Tolosa et al., 2021)
Annual rate of fatal accidents in
ACBC:

2.19 accidents/yr-100000 empl.
(Erauskin-Tolosa et al., 2021)
Annual rate of non-fatal
accidents in ACBC:

1719 accidents/yr-100000
empl. (Erauskin-Tolosa et al.,
2021)

Depletion of abiotic
resources - elements,
ultimate reserves

446 kg Sbeq (9.6 g
Sb eq/user)

2.97-10* kg 1.4-DB
eq (0.645 kg 1.4-DB
eq/user)

Freshwater aquatic
ecotoxicity

Human Health 118 DALY (2.54
DALY/thousand

user)

Ecosystems 0.569 species-yr
(temporal

biodiversity loss)

Illiteracy 5.8%

Child labour 2.8%

10 accidents/
yr-100000
employees

Fatal accidents

1963 accidents/
yr-100000
employees

Non-fatal accidents

the UPV/EHU, but here we outline some of them as follows, differenti-
ated according to the areas studied:

e Transport: (i) work/study one day a week from home, thus reducing
the presence at the faculties; (ii) encourage greater use of ICT for
meetings, seminars, classes, etc. Both measures would lead to higher
electricity consumption due to the increased use of ICTs, which
should be compensated by reduced mobility.

e Energy: (i) prioritising power supply from renewable sources in
buildings (actually, these are the conditions of contract at the UPV/
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EHU since 2018); (ii) insisting on the adoption of measures to reduce
electricity and gas consumption by faculties, implementing envi-
ronmental management plans at all the centres; (iii) installing sys-
tems of electricity self-consumption by faculties (e.g., by means of
photovoltaic systems); (iv) restoration of the envelope of buildings,
replacement of gas-oil or natural gas boilers by air source heat
pumps, LED light replacement and lighting control systems.
Materials: (i) establishment of environmental and social clauses for
suppliers (e.g., in the acquisition of computer equipment, ensuring
that their materials come from conflict free areas); (ii) measures to
extend the useful lifespan of computers (periodic control, technical
updates, maintenance, etc.); (iii) greater coordination between uni-
versity bodies when supplying computers to users.

Waste: (i) to encourage the separate collection of all municipal waste
fractions; (ii) to promote the composting of organic food waste
within the UPV/EHU; (iii) to completely avoid the incineration of
waste collected without separation, as is currently the case on the
Leioa campus.

All these specific measures must be complemented, on the one hand,
with significant improvements in the methodology for collecting in-
ventory data on the different flows in a normalised and systematic way,
and on the other hand, with information and awareness campaigns for
university managers, staff and students.
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