Journal Pre-proof

SCience OF THE
Total Environment

The carbon footprint of a UK University during the COVID-19
lockdown

Viachaslau Filimonau, Dave Archer, Laura Bellamy, Neil Smith,
Richard Wintrip

PII: S0048-9697(20)37495-7

DOI: https://doi.org/10.1016/j.scitotenv.2020.143964
Reference: STOTEN 143964

To appear in: Science of the Total Environment

Received date: 25 September 2020

Revised date: 30 October 2020

Accepted date: 14 November 2020

Please cite this article as: V. Filimonau, D. Archer, L. Bellamy, et al., The carbon footprint
of a UK University during the COVID-19 lockdown, Science of the Total Environment
(2020), https://doi.org/10.1016/j.scitotenv.2020.143964

This is a PDF file of an article that has undergone enhancements after acceptance, such
as the addition of a cover page and metadata, and formatting for readability, but it is
not yet the definitive version of record. This version will undergo additional copyediting,
typesetting and review before it is published in its final form, but we are providing this
version to give early visibility of the article. Please note that, during the production
process, errors may be discovered which could affect the content, and all legal disclaimers
that apply to the journal pertain.

© 2020 Published by Elsevier.


https://doi.org/10.1016/j.scitotenv.2020.143964
https://doi.org/10.1016/j.scitotenv.2020.143964

The carbon footprint of a UK University during the COVID-19 lockdown
Viachaslau Filimonau'*, Dave Archer', Laura Bellamy", Neil Smith?, Richard Wintrip*

'Faculty of Management, Bournemouth University, Talbot Campus, Fern Barrow, Poole,

Dorset, BH12 5BB, UK

Viachaslau Filimonau, email: vfilimonau@bournemouth.ac.uk
Dave Archer, email: darcher@bournemouth.ac.uk

Laura Bellamy, email: Ibellamy@bournemouth.ac.uk

Neil Smith, email: nsmith@bournemouth.ac.uk

Richard Wintrip, email: rwintrip@bournemouth.ac.u.”

*Corresponding author

Abstract

The COVID-19 pandemic has provideu a unique opportunity to compare the carbon intensity
of higher education delivered en- ard off-campus. This is attributed to governmental
lockdown orders that have fc.~ed Jniversities to close their campuses, ban business travel
and move all teaching ana 'e2/ning activities online. This study represents a first known
attempt to compare e ~aivon footprint of a mid-sized UK University produced during the
COVID-19 lockdown (April-June 2020) against that generated within the respective time
period in previous years. Although the overall carbon footprint of the University decreased by
almost 30% during the lockdown, the carbon intensity of online teaching and learning was
found to be substantial and almost equal to that of staff and student commute in the pre-
lockdown period. The study contributed to an emerging academic discourse on the carbon
(dis)benefits of different models of higher education provision in the UK and beyond. The

study suggested that policy and management decisions on transferring education online


mailto:rwintrip@bournemouth.ac.uk

should carefully consider the carbon implications of this transfer.
Highlights

e An initial proposal on how to scope GHG emissions from work/study from home

e Carbon benefits of online education can be less significant than anticipated

e Work/study at home generates as much carbon footprint as the University commute

e Complete closure of University campuses does not result in low GHG emissions

e The model of blended teaching and learning may have Inw carbon efficiency
Keywords
Higher education, Online teaching, Sustainable developmdnt, (JHG emissions, Pandemic

1. Introduction
In their capacity of the key providers of higher :ducction Universities and colleges are
increasingly recognised as important prom~fers and advocates of the global agenda for
sustainable development (Figueiro and i>2ufflet 2015). This is because they can shape the
mindsets of future decision-makers in Losiness, academia and politics, thus being important
sustainability knowledge multipl’e:c t-indler et al. 2019). This is also due to their ability to
‘lead by example’ which implie. <lose integration of the principles of sustainability in day-to-
day operations of many i~..t"tuuons of higher education worldwide (Caeiro et al. 2020). Such
integration signals comimitment of Universities and colleges to the sustainability goals
(Disterheft et al. 2015) and can, therefore, empower the key stakeholders concerned, i.e.
students, staff and suppliers (Dentoni and Bitzer 2015), to pursue these goals outside the
sector of higher education, thus creating a positive spillover effect (Cebrian et al. 2015).

The role of Universities and colleges as agents of positive societal transformations and

enablers of worldwide progress towards the goals of sustainable development will become
even more important in the future (Ceulemans et al. 2015). This is attributed to the envisaged

continuous growth of the global sector of higher education (HM Government 2013) and



rising student expectations for sustainability actions embraced by Universities and colleges
worldwide (Students Organising for Sustainability 2018). This is further assigned to the
growing anticipation by various (inter)national stakeholders of the wider scope and larger
extent of the sustainability work which should be undertaken by institutions of higher
education. For example, in the UK, a student-led initiative, the People & Planet’s University
League (2020) has been established. The league ranks all UK Universities by their
environmental and ethical commitment and performance, thus informing current and
prospective students about sustainability credentials of their hos: institutions. At a global
scale, the Higher Education Sustainability Initiative (2029) .>as been created by the United
Nations Organisation. This initiative aims to engage ! 'ni ersities and colleges worldwide in
the fulfilment of the United Nations Sustainable Devzlo,ment Goals (UNSDG), in particular
UNSDGL17: Partnerships for the Goals. Such ~irn stakeholder expectations/anticipations
imply significant responsibility held b irstitutions of higher education in terms of the
adoption and promotion of sustainau.'ity initiatives, now and in the future (Genus and
Theobald 2015).

Although Universities «nd colleges represent important facilitators of sustainable
development, they can also ~~.ceably contribute to global unsustainability (Lozano et al.
2013). This contributios. is primarily exemplified by the exploitation of natural resources with
its related detrimental environmental externalities, particularly climate change (Scheuer et al.
2003). It is well recognised that institutions of higher education produce large amounts of
greenhouse gas (GHG) emissions due to student (Shields 2019) and staff (Wynes et al. 2019)
mobility, but also because of excessive on-campus consumption of energy (Hawkins et al.
2012) and water (Parece et al. 2013). Most Universities and colleges possess significant
capital assets whose embodied carbon footprint can be large albeit difficult to estimate

(Robinson et al. 2018). To support on-campus operations, institutions of higher education



procure extensive inventories of goods and services, and these procurement practices can be
carbon-intense (Filho et al. 2019). Lastly, Universities and colleges generate substantial
volumes of waste, especially organic, whose collection and treatment requires energy with
associated GHG emissions (Ridhosari and Rahman 2020).

Research on the assessment of the carbon impacts of Universities and colleges is
rapidly emerging (Robinson et al. 2015). To date, it has been represented by case studies
focused on the institutions of higher education operating in Chile (Yanez et al. 2020), China
(Li et al. 2015), India (Sangwan et al. 2018), Indonesia (™idnosari and Rahman 2020),
Mexico (Mendoza-Flores et al. 2019), the Netherlands (v."steijlen et al. 2017), Norway
(Larsen et al. 2013), Saudi Arabia (Adenle and Alshi"va,“hat 2017), South Africa (Letete et
al. 2011), Spain (Gomez et al. 2016), Thailand /Arcnsrimorakot et al. 2013), the UK
(Ozawa-Meida et al. 2013) and USA (Bailey anc ! aPoint 2016). Research has demonstrated
the disproportionate contribution made L/ student (Barros et al. 2019) and staff (Arsenault et
al. 2019) travel, as well as on-site ene. a2y consumption (Clabeaux et al. 2020), to the GHG
emissions of Universities and co''=g.<, thus outlining these operational processes as prime
opportunities for carbon footy.int prevention and mitigation in the global sector of higher
education (Yanez et al. 202", Research has further outlined a wide array of analytical
techniques employeu tu: carbon footprint assessment of Universities and colleges (Findler et
al. 2019), ranging from full-scale life cycle assessment (see, for example, Clabeaux et al.
2020) and environmentally-extended input-output analysis (see, for instance, Townsend and
Barrett 2015) to streamlined/simplified life cycle energy analysis (see, for example, Sangwan
et al. 2018). In line with this methodological diversity, a call to unify carbon footprint
standards in the global sector of higher education has been made to ensure comparability of
all future studies and facilitate wider adoptability of the most effective methods of carbon

impact appraisal (Robinson et al. 2018).



Online education has recently been discussed in light of measures required to reduce
the carbon impacts of institutions of higher education (Caird and Roy 2019; Carr et al. 2019;
Versteijlen et al. 2017). To date, rapid technological progress has provided multiple digital
platforms and created numerous smart tools for online teaching/learning, thus facilitating its
broad(er) uptake by Universities and colleges worldwide (Song et al. 2016). For example, the
Open University represents a popular public institution of higher education in the UK which
specialises in the delivery of online courses and distance-based learning (Sharples et al.
2012). Although online education has a number of shortcominy: related to, for instance,
limited student engagement and retention (Gazza and Hur ke, 2014), it has been increasingly
argued that it should be considered a viable, yet mc-e climate-friendly, alternative to
traditional, rather carbon-intense, on-campus op~ra.ns of Universities and colleges
worldwide (Jarillo et al. 2019). Limited empiric.. @vidence exists, however, to (dis)prove the
carbon (dis)benefits of the different mo.als of higher education provision (Versteijlen et al.
2017).

The COVID-19 pandemic b2s i»posed a number of dramatic impacts on all sectors of
the global economy (Filimonau et ai. 2020). The sector of higher education is no exception as
governmental lockdown oideis have forced Universities and colleges worldwide to
temporarily cease then operations and move teaching/learning provision online (Murphy
2020). It is argued that the recent lockdown regimes represent a ‘once-in-a-lifetime’
opportunity to conduct a ‘reality check’ for carbon impacts of online education in
Universities and colleges. Abandoned campuses and prohibited student and staff mobility,
coupled with teaching/learning delivered fully online, provide scope for a comparative
analysis of the GHG emissions generated by on-campus and off-campus operations of
institutions of higher education. Besides highlighting the carbon (dis)benefits of online and

face-to-face education, such comparative studies can demonstrate the relative contribution of



different operational processes (for instance, student and staff mobility, on-campus and off-
campus energy consumption) to the GHG emissions associated with the provision of
traditional (campus-based) and online models of higher education. This can pinpoint the
extent of policy-making and management interventions required to reduce the carbon impacts
of Universities and colleges.

Based on these premises, this paper reports on the carbon footprint generated by a UK-
based University, during the COVID-19 lockdown and compares it against the GHG
emissions produced by this institution of higher education du.;ing identical operational
periods in previous academic years. The research questic.i1s \hat the paper has set to answer
are, thus, as follows: (1) what is the direct carbon foot~r.* of online/off-campus education in
comparison to face-to-face/on-campus teaching/learaig provision?; (2) what are the main
contributors to direct GHG emissions in “he ec:aline and on-campus teaching/learning
modes?; and (3) what measures can bc applied to prevent and mitigate the direct carbon
footprint of online and on-campus L. iversity education? Next section presents the case
studied University, explains how **s ¢=oon inventories have been created and highlights the
process behind GHG emission. calculations, before and during the COVID-19 lockdown.

2. Materials and methg e

2.1. Bournemouth Univ~rsity

Bournemouth University (BU) is a mid-sized public institution of higher education in
Bournemouth and Poole, Dorset, UK. Founded in 1992, today BU offers a broad range of
undergraduate and postgraduate courses delivered on two campuses, Lansdowne
(Bournemouth-based) and Talbot (Poole-based). As of March 2020, BU had 16283 enrolled
students (including placement students), 728.5 full-time equivalent academic staff and 881.5
full-time equivalent professional/support staff. Most students and staff are domestic and come

from all over the UK. International students and staff mainly come from EU-28 countries, but



also, in the case of students, from the main source markets of China, Taiwan, Thailand,
Vietnam and India.

BU was chosen for analysis due to data availability. BU has committed to sustainable
development and this commitment has been embedded in the University’s strategic vision
(Bournemouth University 2020a). In terms of climate change, BU has had a Carbon
Management Plan since 2009. Refreshed in 2016, it set the target to reduce BU’s GHG
emissions by 40% by 2020/2021 against the 2005/2006 baseline (Bournemouth University
2020b). To achieve this target, considerable decarbonisation *~/estments have been made to
date by installing energy-efficient LED lighting, a biomss “oiler, two ground source heat
pumps and over 1500 solar panels on the institution’s »ou. campuses. Bus travel, cycling and
lift share are encouraged and regularly promoted amony students and staff. To this end, BU
collaborates with a local bus operator to rro.'d. frequent bus service between its two
campuses and other locations in Bourr.»mr.uth and Poole and participates in the Cycle to
Work scheme (Bournemouth Universi.,’ 2020b). To understand the dynamics of the carbon
footprint from staff and student ~~m.ute as well as business travel, BU conducts biennial
staff and student surveys and n.intains an accurate business travel register. The data obtained
from these are routinelv ccverted into GHG emissions for reporting and monitoring
purposes. In 2018/201y, the University sent nothing to landfill and recycled 75% of its waste
on-site with all organic fraction being anaerobically digested (Bournemouth University
2020b). BU works with ethical suppliers to mitigate the climate implications of its
procurement practices, including the reduction of ‘food miles’. In recognition of the
University’s efforts applied towards the integration of sustainability principles in BU’s
operations, the institution was twice included in top 15% of Universities across the world in
the Times Higher Education University Impact Rankings. Further, it was ranked third place

in the UK for its contribution towards UNSDG13: Climate Action and tenth position globally



for UNSDG12: Responsible Consumption and Production (Bournemouth University 2020b).
Lastly, in 2019, BU occupied the 26" position in the UK’s People & Planet’s University
League (2020) out of 154 institutions of higher education assessed.
2.2. UK lockdown
The national lockdown was ordered in the UK on 23 March 2020. As part of the order all
institutions of higher education had to instantly close their campuses and moved all
operations online. Wherever possible, this involved all UK students going back home.
Although many international students remained in the UK, th2v v.ere not allowed to access
University facilities. Whilst a small number of suppor. swtt remained on campuses for
security and maintenance purposes, the absolute majerity ~f University staff and all students
were required to work/study from home. Busiress travel was prohibited and most
procurement activities ceased. All UK Univcrs.ie, remained closed until July 2020 when
some institutions of higher education began *o gradually re-open.
2.3.System boundary set-up for carbor. footprint assessment
The carbon footprint of BU was ~sscesed within the period of 1 April to 30 June 2020 in
academic year 2019/20, i.e. th. lockdown period. It was further compared against the carbon
footprint generated by BU! w,*h:n April-June in academic years 2017/18 and 2018/19, i.e. the
pre-lockdown perious. The comparative analysis was performed in order to set benchmarks
for assessment and gain a better understanding of the temporal dynamics of the institution’s
carbon footprint. Figure 1 provides an overview of the carbon footprint assessment
procedure.

[Insert Figure 1 here]

Importantly, BU experienced no significant changes during all three periods of
assessment. This is crucial to note as, for example, adding another building to its campus or

increasing dramatically the student population can distort significantly the GHG emissions of



a University, thus affecting the comparison results. In the current study, no significant
deviations in the BU’s operational (i.e. student and staff numbers) and non-operational (i.e.
infrastructure) features was observed in all assessment periods.

The choice of the start and end dates for carbon footprint assessment was dictated by
the data availability needs, as on-campus energy and water consumption were recorded on a
monthly basis. The selection of the end date was further driven by the academic timetable of
BU. In line with this timetable, all BU teaching finished at the end of June 2020 and, under
normal circumstances, many students would start going home <*-aight afterwards.

The carbon footprint assessment period included %1 Jcalendar days with 48 days of
teaching/studying. The shorter teaching/studying perina vas attributed to the Easter break
which ran from 6 April to 24 April 2020 inclusive, wnu *wo UK Bank Holidays (8 May and
25 May 2020), which is in addition to weekenu.: v.hen no work/study was assumed to take
place. Same teaching pattern was follow.q by BU in academic year 2017/18 and 2018/19 but,
in previous years, most teaching was elivered to students face-to-face and a very small
fraction of courses was provid>d ~rline. It is important to note that, under normal
circumstances, BU would be (losed during the UK Bank Holidays but many members of
staff, and some students wo'.d continue working/studying on-campus during the Easter
break. In terms of workng arrangements at BU, prior to the national lockdown, a mixture of
on-campus and from-home work was allowed for academic and professional services staff,
i.e. the procedure known as flexible working.

Figure 2 presents the system boundary for carbon footprint assessment which was set in
accordance with the UK Governance’s guidance on corporate GHG reporting (GOV.UK
2020). Following recommendations of GHG Protocol (2020), GOV.UK (2020) divides
corporate carbon footprint into the three scopes of its origin. It further prescribes that the

GHG emissions from Scope 1 and 2 should be mandatory for UK companies to report while



integrating the Scope 3 GHG emissions into carbon footprint assessments is voluntary but
should be considered best practice.

[Insert Figure 2 here]

In line with GOV.UK (2020)’s guidance, this study incorporated the carbon footprint
associated with electricity (Scope 2 GHG emissions), natural gas (Scope 1) and water (Scope
3) consumption as the system’s inputs. Food waste, other solid waste and sewerage (Scope 3)
were integrated into the system as its outputs.

As for operations, in academic years 2017/18 and 2018/™2 a.! University processes that
were required to deliver on-campus teaching, research anu support services to staff and
students (Scope 1) were accounted for in the assessm~nu. Eurther, all instances of (1) use of
BU’s fleet of vehicles for staff travel (Scope 1), /2) ctaff and student daily commute to
University campuses (Scope 3) and (3) staff bu -iress travel (Scope 3) were also included.
The related data were extracted from E'I’s records of fuel consumption, biennial staff and
survey travel surveys and the Universi,”’s business travel register for the appropriate periods
of assessment, i.e. April-June 2017/12 und 2018/19, respectively. For example, according to
the staff travel survey results, ~ar was the most popular means of travel to campus among
BU’s staff members. Likew..» in line with the student travel survey results, most students
travelled to University . campuses by bus (63%) and on foot (24%). Interestingly, a unified
standard for carbon footprint assessment and management in Universities and colleges
proposed by Robinson et al. (2018) recommends excluding staff business travel from analysis
due to insufficient quality of business travel records. It was, however, retained in the current
study given that primary data of good quality were available in the BU’s business travel
register.

In April-June of academic year 2019/20, due to the University’s complete closure and

ban on business travel, the above three processes consumed no energy, thus generating no



carbon footprint. Instead, a number of extra operational processes were added into the system
that related to working and studying from home (Figure 2). These operational processes
represented a pattern of off-campus work/study. To obtain this pattern, the method of online
mini-interviews (Pau et al. 2013) was employed. As the method of primary data collection,
mini-interviews are suitable for the situations whereby recruitment of study participants can
be difficult (Filimonau and Hégstrom 2017). Mini-interviews are also useful in the contexts
whereby the scope of the project does not require extensive data mining (Pau et al. 2013).
Lastly, the application of mini-interviews is feasible for the ~ro)octs that need to obtain a
‘rapid assessment’ of a problem under review due to time an labour constraints (Filimonau
and Hogstrom 2017). Given the uncertainty of COVIMN-12 and its dynamics in the UK in the
time of the national lockdown, mini-interviews were, triorefore, deemed suitable as a method
for primary data collection and analysis in this pi iect.

Fifteen mini-interviews were hel. with BU’s staff members and twenty five mini-
interviews were conducted with its un.=rgraduate and postgraduate students in the last two
weeks of May 2020. May 2020 v2s J=emed most appropriate for interviewing given that it
was the 2™ consecutive moni; of he national lockdown in the UK and the middle of the
online teaching/learning nrocicion in UK Universities. Interview participants claimed that
their pattern of working.~tuuying from home had become routinized by the end May.

The exact number of interviews was determined by the ‘saturation effect’. Data
saturation describes the situation whereby no new information is found to be emerging from
interviews due to interview participants’ contributions becoming repetitive (Saldana 2016).
Saturation is normally reached within 10-30 interviews (Thomson 2010 cited Marshall et al.
2013) and this project meets this criterion. On the basis of interviews conducted with staff
and students, an ‘averaged’ work/study from home pattern was derived (Figure 3).

Importantly, in October 2020, the UK’s Carbon Footprint Ltd consultancy assessed the



carbon footprint of online work in the UK (Carbon Footprint Ltd 2020). The result was a very
similar pattern of working from home as the one established in this current project. This adds
further credibility to this study’s findings.

[Insert Figure 3 here]

Work/study from home was considered in line with the following pattern: all staff
(except for 5% support staff who were maintaining University campuses during the
lockdown) and students (except for 1448 placement students who did not participate in
University teaching due to work in the industry) worked/studiz~ t1.om 9.00 to 17.00, 5 days a
week, from Monday to Friday, excluding holidays. Durinr, a . /pical work/study day, a laptop
or a desk PC was in constant use. It was assumed that ha.® of staff and students used laptops
while the remaining half used a desktop PC. Break”as. and lunch were included as well as
one rest break. For breakfast and lunch, ore n<lance of use of microwave, toaster and
kettle/coffee-maker for preparing food v.as “ssumed. For a rest break, one instance of use of
kettle/coffee-maker was integrated into ‘he assessment. As the period of April-June in the UK
is characterised by mild tempera*ircs, no heating was assumed. However, half a day (4
hours) of lighting was include:' intu the assessment as the mini-interview participants from
among both staff and <tu/~nts claimed they would sometimes keep light on when
working/studying from ~ame. All other instances of energy use while working/studying from
home during the lockdown, such as shopping, laundry and dinner preparation, were excluded
from analysis as these were deemed to not directly relate to University business. The GHG
emissions due to food consumption at home were also excluded due to data availability.
Because of the same reason, water use for breakfast, lunch and rest break was excluded and
so was the related generation, collection and treatment of wastewater, organic and solid
waste. It is acknowledged that these processes, especially waste collection and treatment,

could have added significantly to the overall carbon footprint of work/study from home.



Across all periods of assessment, capital goods and infrastructure at the stage of
material inputs into the system (for example, any energy required to deliver University
supplies by external providers), operations (for instance, any energy embodied in the
University’s buildings and equipment) and outputs from the system (for example, any energy
required to transport waste from BU’s campuses to the point of disposal by contracted waste
collectors) were excluded from analysis due to data availability, Figure 3. This is in
agreement with Robinson et al. (2018) who recommend discounting capital infrastructure
from carbon footprint assessments of Universities and cr!'eges. Data availability also
determined why University procurement (such as food ara ther supplies) as well as travel
home by students and staff not permanently residing i baurnemouth were left aside. This is
also in line with the guidelines provided by Rob’nscn et al. (2018). Lastly, the carbon
footprint of BU’s student halls of residents "va. e.cluded as these properties are primarily
managed and maintained by external cor.'na.ies.

Table 1 highlights the main data.~ts used in the carbon footprint assessment, explains
how these have been obtained, r-av.72s the units of measurement and lists the respective
GHG conversion factors. It i. important to note that two datasets were not available and
approximations had to be male. To assess the carbon footprint of staff and student commute,
the data from BU’s sta’* and student travel surveys were employed. The survey data were
available for 2018 in the case of the staff travel survey and for 2019 in the case of the student
travel survey. Given the lack of staff travel data for 2019, the 2018 dataset was used as a
proxy. Same approach was adopted when modelling student travel in 2018.

[Insert Table 1 here]

3. Results
Table 2 lists inventory data alongside the carbon footprint estimates. Figure 4 presents the

results of carbon footprint assessment. It shows that prior to COVID-19, i.e. in academic



years 2017/18 and 2018/19, student and staff commute held the largest share in the total
carbon footprint of BU, i.e. 54%. This was followed by utilities, i.e. electricity and gas
consumption (35-41%, depending on a year of assessment), and staff business travel (3-10%).
The contribution of such input and output processes as water use, waste and wastewater
treatment to the institution’s GHG emissions was marginal. In terms of the distribution of
carbon footprint per scope of its assessment, Scope 3 accounted for the largest share of BU’s
GHG emissions (Figure 5).

[Insert Table 2 here]

[Insert Figure 4 here]

[Insert Figure 5 here]

During the lockdown, the total carbon footrn.t of BU within the studied period
decreased from 2140 (year 2019) to 1521 (vz2a. 2%20) tonnes of CO,-e, i.e. by circa 29%.
This equals to 33.7 tonnes of GHG emis.'on., generated per each day of University operations
off-campus. The largest contribuncn was made by the processes attributed to
working/studying from home (73°~\ \ *rereby the most significant share was held by students
(66%). The cumulative contri:ution of (academic and professional/support) staff working
from home was only 7% wh,ch was due to their small numbers compared to the BU’s student
population. The reiativ~> snare of electricity (19%) and gas (6%) consumption by the
University’s shut campuses in the total carbon footprint of BU during the lockdown was also
substantial. Interesting is that, despite its completely shut campuses, the overall reduction of
the BU’s carbon footprint due to decreased use of utilities was lower than anticipated, i.e.
45% in the case of electricity and 51% in the case of gas, compared to the reference year
2018/19. This suggests that substantial amounts of energy are necessary to maintain
University campuses even in the absence of staff and students.

In terms of the scope of GHG emissions assessment, the ‘traditional’ Scope 3 carbon



footprint during the lockdown was almost zero (Figure 5). If work/study from home was
considered the ‘new’ Scope 3 GHG emissions under the lockdown conditions, then this scope
would dominate in the total carbon footprint of BU. Its relative contribution would be higher
than the Scope 3 GHG emission in the pre-lockdown years.

Lastly, when the carbon footprint is calculated on a ‘per capita’ basis, 68 kg of CO,-e
were produced during the lockdown period of 48 working/studying days. This equates to 1.41
kg of CO,-e generated per capita per working/studying day. Interestingly, the same amount of
GHG emissions is produced when travelling 34 km by dom~ztic ail in the UK (GOV.UK
2020) which is equivalent to a one-way travel distance f on. Bournemouth to Southampton
where a number of BU’s students and staff reside. A< to. the pre-lockdown period, the ‘per
capita’ GHG emissions within April-June were equal > 130 kg of CO,-e. However, given
that many members of University staff and scmc students went to campus in academic years
2017/18 and 2018/19 during the Easter L-eal,, the per capita per working/studying day carbon
footprint should be calculated accounu.»a for this extra period of time. Excluding the Easter
break gives 65 days of working/=*uc_#ag which results in 1.43 kg of CO»-e generated per
capita/day. This figure is aln.~st 1dentical to the carbon footprint produced on this basis
during the lockdown, as per o~ ve.

4. Discussion

4.1. Carbon footprint under ‘normal’ circumstances (academic years 2017/18 and 2018/19)
The findings of the part of the study which reports on the carbon footprint of BU in the pre-
lockdown period have a number of commonalities but, concurrently, differences with past
academic research on the GHG emissions of institutions of higher education in the UK and
beyond. The differences can be observed when the carbon footprint estimate of BU is
benchmarked and/or compared against the GHG emissions of other UK Universities. For

example, Ozawa-Meida et al. (2013) have estimated the annual carbon footprint of the De



Monfort University as 51000 tonnes of CO,-e, while Townsend and Barrett (2015) have
assessed the GHG emissions of the University of Leeds as 162000 tonnes of CO,-e. This
equates to about 4300 and 13500 tonnes of CO,-e produced per month on average which is
almost six- and twenty times larger than the monthly GHG emissions of BU, respectively. De
Monfort University and Leeds University are, however, significantly bigger than BU in terms
of their student and staff numbers, but also capital assets they have to manage. Further, the
above two studies have adopted different methodological approaches to carbon footprint
assessment. Through the lens of life cycle analysis, Oza2-n"cida et al. (2013) have
meticulously examined the GHG emissions of most op=rational and non-operational
processes, such as visitor travel, energy use in studert 1.2lls of residence and procurement.
These have been excluded in the current project due ‘o u"ta availability. Likewise, Townsend
and Barrett (2015) have applied an extended in,''* output analysis which considers a broad
range of direct as well as indirect GHC er.issions. This method is, therefore, considerably
more detailed compared to the streami.ned carbon footprint assessment technique employed
in the current study. Further, the GFH'C emissions figures obtained by Ozawa-Meida et al.
(2013) and Townsend and Bcrrett (2015) are representative of the 2008/09 and 2010/11
academic years, respective, ' As UK institutions of higher education have achieved
substantial progress In (hen sustainability performance recently (Robinson et al. 2018), any
benchmarking and/or comparisons with the carbon footprint data that are almost a decade old
should be made with caution. This highlights the need for more recent academic research
looking at the carbon footprint of UK universities in order to quantify the progress made in
the reduction of the sector’s GHG emissions within the last decade. Such longitudinal,
comparative studies can demonstrate the carbon savings made, if any, by the national sector
of higher education in pursuit of the UK’s sustainability targets and relevant UNSDGs, such

as UNSDG13: Climate Action.



The commonalities of this study’s findings and past research rest in the estimate of the
relative distribution of carbon footprint across BU in terms of the scopes of its assessment.
While some studies have reported the dominance of electricity (Scope 2) in the GHG
emissions of Universities and colleges around the world (see, for instance, Ridhosari and
Rahman (2020) for Indonesia and Clabeaux et al. (2020) for USA), the bulk of research has
highlighted the disproportionate contribution of the Scope 3 GHG emissions to the total
carbon footprint of institutions of higher education. For example, beyond the UK, Alvarez et
al. (2014) have established the extent of the Scope 3 GHG erissicns as equal to 59% of the
total carbon footprint of a Spanish University. Versteijler, ev al. (2017) have shown that the
Scope 3 GHG emissions account for 40-90% of the total carbon footprint in Dutch
Universities. Lastly, the relative contribution of the Scope 3 GHG emissions is the largest in
the case of institutions of higher education in 'nuia where, according to Sangwan et al.
(2018), these may account for up to 99% of “ne total carbon footprint. In the UK, the Scope 3
GHG emissions are responsible for 51+ and 79% of the total carbon footprint of Universities
and colleges, see Townsend and P~rrott (2015) and Ozawa-Meida et al. (2013), respectively,
which is in line with the result. of trie current study.

Another commonalitv .~r. be observed in the disproportionate contribution of staff and
student mobility to whe ~verall carbon footprint of BU prior to the COVID-19 lockdown as
similar patterns of GHG emissions have been established for Universities and colleges
worldwide. For example, Yanez et al. (2020) have recognised this contribution as being equal
to circa 50% in the case of a University in Chile with similar findings reported in the Dutch
context (Versteijlen et al. 2017). This current study provides further evidence for the need to
reduce the carbon implications of staff and student mobility, especially in terms of the
University commute for face-to-face teaching and learning.

4.2.Carbon footprint under the COVID-19 lockdown (academic year 2019/20)



Although the carbon footprint of BU decreased during the lockdown period, which is rather
intuitive and in line with initial expectations, a closer analysis highlighted some interesting
features in its distribution across major University processes. This interest primarily concerns
the magnitude of the GHG emissions associated with working/studying from home which this
study has revealed as significant. Indeed, within April-June 2020, BU’s staff and students
cumulatively generated 1100 tonnes of CO,-e, which is almost equal to the GHG emissions
attributed to their University commute (1160 tonnes of CO2-e) in the respective period of on-
campus teaching/learning in academic years 2017/18 and 2012/1y. This suggests that, unlike
previous studies have argued (Caird and Roy 2019; Carr :t a! 2019; Versteijlen et al. 2017),
online teaching/learning can be less climate-friendly th=n * is anticipated to be. Indeed, given
that work/study from home can generate as mu:h carbon footprint as the University
commute, a large share of the carbon savings ¢:.‘e* ed by moving education online in pursuit
of avoided student and staff mobility car. he :ffectively negated.

Concurrently, one explicit advan.>ae of non-commuting is reduced air pollution (Ma et
al. 2020). This suggests that envir~nr.»2atal (dis)benefits of work/study from home should be
evaluated on a multi-impact k. sis accounting for local conditions. For example, given poor
air quality in many metronni.*2'¢ areas around the world, especially in developing economies
(Sun et al. 2018), onln.~ waching/learning can be a feasible option for local institutions of
higher education. Not only non-commuting can contribute to the reduction of air pollution in
these areas, but it will also save time for staff/students due to avoided traffic congestion.

In line with the above point, what is also important to note is that the carbon footprint
of working/studying from home assumed in this study can be considered as the ‘best
case’/lowest carbon intensity scenario. This is because it incorporates a bare minimum of in-
home activities required to provide teaching and/or enable learning off-campus, i.e. certain

hardware/energy use and limited occasions of food consumption. If other, supplementary or



support, activities are accounted for, such as any extra occasions of food consumption and,
most importantly, shopping for food as well as the carbon footprint embodied in this food, the
GHG emissions of online education can grow significantly. Past studies have long
highlighted the high, yet increasing, carbon intensity of household activities in the UK
(Druckman and Jackson 2009) and beyond (Sommer and Kratena 2017). This scientific
evidence should not be ignored in the emerging scholarly debate on the relative climate-
friendliness of the ‘traditional’ on-campus and ‘novel’ online education models. This is
particularly important in the context of the temporal boundary =¥ t1.’s current study which was
conducted in spring. Should have the lockdown in the ‘Un taken place during the winter
months, the carbon footprint of work/study from hoice would have been much more
significant due to the increased lighting but especia’ly ~dded heating needs of students and
staff.

Another interesting point is in thot the carbon footprint of (almost completely) shut
University campuses did not reduce to \~ear) zero. This indicates that substantial quantities of
energy are required to maintain U'~ivorsity capital assets/infrastructure regardless of whether
or not these are in actual use. This suggests that the calls for blended learning, whereby
Universities and colleges ~ai. ».ovide some courses online and some courses can be offered
on-campus, as a (more, cnumate-friendly way of teaching/learning delivery (Caird and Roy
2019) should be taken with caution. This is because this will result in the under-utilised
capacity of University campuses during online teaching provision. Despite being not in use,
campuses will still consume substantial amounts of utilities due to their maintenance while
significant additional GHG emissions will be generated by staff and students working from
home.

This study shows that provision of either fully on-campus or fully online

teaching/learning can be more beneficial in carbon footprint terms due to the full utilisation



or, in contrast, due to the complete removal of University’s capital assets, respectively.
Should institutions of higher education move all their teaching provision online, there is no
need to have a ‘proper’ campus due to its high energy and, consequently, carbon intensity.
Renting some offices in energy-efficient buildings in town centers and using these offices as
space for ad-hoc student and staff interaction should be sufficient from the viewpoint of
carbon efficiency. In addition, central location will reduce the GHG emissions of student and
staff mobility or may, at least, encourage use of (more climate-friendly) public transport
which is due to parking restrictions.

This finding also supports the need for better use of 'un ‘ersity buildings during campus
closures and/or their conversion into ‘intelligent’ bui'dings (Stavropoulos et al. 2010). Such
buildings can utilise smart technology for switching »ar. of the buildings on/off to better suit
student/staff needs, thus accounting for tempor.”. often last-minute, variations in demand.
Intelligent buildings may, therefore, rec 'ce significantly the carbon footprint of completely
shut University campuses and minim.ce the GHG emissions of the institutions of higher
education specializing in the provi-ioi ~f online and/or blended teaching/learning.

In terms of carbon footp. int reduction, this study demonstrated the need to discourage
student and staff mobility’ n. ~rder to minimise GHG emissions of BU during on-campus
teaching/learning. This finuing is in agreement with past research (see, for instance, Li et al.
2015; Perez-Neira et al. 2020; Shields 2019) and, therefore, rather conventional. In the case
of BU, bus travel and walking as the means of the University commute are already popular
with students, but not staff. Measures are necessary to popularise these transportation modes
among staff members, such as provision of free bus passes. Interestingly, the case of BU
indicated the relatively small, but growing, carbon footprint of business travel. Whilst BU is
not a ‘classical’ research-led UK University, such as Leeds, it actively strives to develop its

research profile. This study shows that this ambition may come at a cost of increased GHG



emissions attributed to growing research-related staff travel, as showcased by Achten et al.
(2013). Institutional policies are, therefore, required to review staff business travel at BU.
This review should attempt to categorise staff business travel as ‘research critical’ and
‘research desirable’. The former should be allowed, subject to using carbon-efficient
transportation modes, while the feasibility of undertaking the latter should be scrutinised
from the viewpoint of its GHG emissions. The ‘Travel Better Package’ developed by the
Environmental Association for Universities and Colleges provides some useful guidelines for
institutions of higher education on how to reduce air travel = academics and professional
services staff (EAUC 2020).

An interesting and important finding of this stiav .~ in the established need to reduce
the carbon footprint of work/study from home. This is because online education holds
potential to shift significant quantities of GHC €.ni<sions from the sector of higher education
to households. In the case of this study .1is «s evidenced by almost complete replacement of
the carbon footprint of the Universio’ commute with the GHG emissions of in-home
teaching/learning. In addition, sor~ h~.seholds are not always carbon-efficient due to the use
of obsolete and/or energy-inte. se eiectronic devices and electric appliances (Escriva-Bou et
al. 2015). In contrast, ma™ Universities and colleges utilise state-of-the-art energy
technology, infrastructu-e and equipment, thus indicating better carbon efficiency achieved
when working on-campus (Geng et al. 2013). Concurrently, students and staff are less likely
to save energy when on campus compared to working/studying from home (Cotton et al.
2016). This is because energy use at home is closely linked to the cost factor while this factor
is not pronounced in the context of working/studying on campus whereby students and staff
do not pay for the energy consumed. It is argued that students and staff may, therefore, be
more concerned with energy savings at home, and the potential for the reduction of the

related carbon footprint is, thus, higher in the case of online education. This argument needs,



however, to be empirically validated. What is more important is that, with a growing
popularity of online teaching in the aftermath of the COVID-19 pandemic (Bao 2020),
institutions of higher education worldwide should now consider not only encouraging energy-
saving behaviour of students and staff on their campuses, but also in their homes.

Lastly, aside from the carbon (dis)benefits of working/studying from home,
assessments are necessary to establish its effect on mental well-being of students and staff.
Online teaching/learning fails to provide a crucial element of education which is
socialisation, face-to-face interaction and interpersonal comr'mation (Gazza and Hunker
2014). Despite the proliferation of digital productivity «nu communication tools, such as
Zoom and Microsoft Teams, these cannot replace the “human’ touch of education provision.
As a result, while some anecdotal evidence pinpo'nts the improved work life balance of
teaching/learning from home, some highlights th. <*allenges of working/studying in isolation
(Bao 2020). These two dramatically ‘npusite, positive and negative, effects of online
education on students and staff should .~ comprehensively assessed in order to understand its
impact not only on the environm~nte.! Hut also socio-economic dimension of sustainability.
The method of social life cyu @ assessment (see, for example, Dreyer et al. 2006) can be
adopted to address the abmve asearch need.

4.3. Limitations

As in the case of any research, this study had a number of limitations. The main shortcoming
was in the exclusion of some non-operational processes that could have increased the carbon
footprint figures derived in this assessment. However, as this exclusion was consistent across
all periods of analysis and in line with the recommended carbon footprint assessment
standards, it could have affected the overall magnitude of the GHG emissions established, but
not the comparative outcome of analysis.

Another potential drawback was attributed to the limited temporal scope of carbon



footprint assessment which was restricted to a 3-month period. This was dictated by the
length of the lockdown order in the UK but it would have been interesting to estimate GHG
emissions across a full year of University operations under the COVID-19 restrictions. It
would particularly be useful to assess the carbon footprint of blended, i.e. on-campus and
online, teaching/learning during the winter months. The GHG emissions of the model of
blended education are likely to be high(er) due to increased energy use at home but also on
University’s campuses. For example, in the UK, in order to meet the government COVID-19
based advice, institutions of higher education are required to h2~t a,°d ventilate their buildings
more frequently. Significant growth in the on-campu, consumption of electricity (for
ventilation) and gas (for heating) is, therefore, expecter

The assumptions of work/study at home adopted 1. this study may not have represented
the entire student/staff population of BU. The flexibility of working/learning from home
suggests no control over human behavi »ur This implies that some students and staff may
have spent time during a working/sw:dying day on activities that were non-work/study
related. Future research is necs~sa.\’ to establish a more robust, ’typical’, pattern of
working/learning from home "2 aid in the design of future projects on carbon footprint
assessment in the sector of n.>Fer education, especially for the courses delivered fully online
or in a blended mode.

Lastly, the scope of this study excludes the assessment of any energy demand which is
required for the development of specific educational programmes, delivered on-site as well as
online. It further excludes the analysis of the carbon implications of any networking activities
required to facilitate (offline and online) curricula development. The GHG emissions of
online events held by students and academics beyond the scope of their work/study were also
excluded.

4.4. Future research



The study outlined a number of interesting directions for future research. First, studies are
required to measure the long(er)-term impacts of the COVID-19 pandemic on the carbon
performance of institutions of higher education. Most UK Universities will adopt a blended
model of teaching provision in academic year 2020/21 and, possibly, longer. As this model
incorporates some on-campus and off-campus activities, future research should aim at
understanding the implications of such rather unconventional operational models for
corporate GHG emissions. In particular, studying the effect of preventative and protective
measures implemented on University campuses in light of th~ pondemic is necessary. For
example, social distancing rules may require Universisies to increase the frequency of
teaching which implies extended working timetables o, more frequent use of University
facilities and amenities, such as libraries, research la.~ratories and sport halls. This will
affect energy consumption in University bu’la.~0s. Likewise, social distancing rules will
have to be adhered to on public transpc 't v ith the related growth in the carbon footprint of
the University commute due to increcsed bus frequency. In fact, bus may become less
popular as a University commute mo.'= due to the public fear of public transport as a means
of spreading the virus. This me._/ prumpt students and staff to make more frequent use of cars
with an associated growth 1. ~aurbon footprint. Further, increased water use for disinfection
and enlarged quantiues 71 packaging and other solid waste (for instance, single-use cutlery,
face masks and gloves) on University campuses will impact the GHG emissions of
institutions of higher education in the UK and beyond. These impacts should be closely
monitored and accurately quantified.

Second, a dedicated stream of research is necessary to investigate and compare the
carbon implications of different teaching/learning modes such as fully offline, blended, fully
online. Although this current study has provided some initial evidence towards the GHG

emissions of online education, this evidence should be reinforced with a larger number of



dedicated case studies. These case studies should target Universities and colleges of different
size and specialisation, in the UK and beyond.

Although not directly related to the sector of higher education, tailor-made research is
required on the carbon footprint of working from home for office-based companies to
understand the carbon implications of shifting all service jobs online, including education.
Such research can enable comparisons of the carbon savings achieved, if any, across the
different sectors of services. This is to justify, or deny, the need to move traditional office-
based/on-campus occupations to the in-home work eniron.ment. Such research is
necessitated due to mounting evidence which shows ‘na. many employees in services
industries are willing to remain working from home.

Lastly, it is important to note that future resear:h . work/study from home should aim
at evaluating its phenomenon in a wider socizte. cuntext and from the perspective of urban
ecology and (smart) cities. Work/study frrm home can aid cities in re-thinking mobility
patterns of their residents and in re-uosigning urban environment. By moving work/study
online can reduce not only the c~rhc footprint, but also air pollution. Further, work/study
from home can benefit pubi.~ health and contribute to subjective well-being of urban
residents. Reduction in crm, e can free public space in cities which can be re-purposed.
For example, urban pcrks can be set instead of highways as these have proven their
importance as places of relaxation and self-reflection during national lockdowns. Future
studies should consider these indirect, spill-over effects.

5. Conclusions

This study shed light on the carbon footprint of a University during the COVID-19 lockdown.
From the practical perspective, it contributed to the growing bulk of research on the GHG
emissions of institutions of higher education with further empirical evidence collected in the

UK context and with a case study of the forced shutdown of University operations. From the



theoretical viewpoint, the study made a contribution to the emerging academic debate on the
carbon (dis)benefits of online education compared to a ‘traditional’ model of on-campus
teaching provision. The findings indicated that the carbon savings achieved from moving
teaching/learning fully online are lower than initially anticipated, at least in the case of a mid-
sized UK University committed to sustainability, BU. Further, this holds implications for the
design of future educational courses in the sector of higher education and beyond. As this
study demonstrated, blended teaching may be less carbon beneficial than fully online or fully
on-campus teaching. The educators responsible for the design =f CUniversity curricula should,
therefore, be considerate of the climate implications o7 u.=Ir decisions and undertake a
thorough review of potential carbon implications of dn.~rent models of teaching delivery.
The methodological contribution of this study is ir aiofting an initial proposal on how to
scope the GHG emissions attributed to workir.g:.tuying at home. In light of potential future
growth in online education, carbon foot; vin* assessment methodologies and standards should
consider the most effective way to co..~eptualise and quantify the related carbon footprint.
This study proposes that the GHC en.i<sions from in-home work/study should be considered
within the Scope 3 carbon foctorint but this proposal is in no way conclusive but aims to
spark an academic debate nn :n's topic instead.

References

Achten, W.M.J., Almeida, J., and Muys, B., 2013. Carbon footprint of science: More than
flying. Ecological Indicators, 34, 352-355.

Adenle, Y., and Alshuwaikhat, H., 2017. Spatial estimation and visualization of CO,
emissions for campus sustainability: The case of King Abdullah University of Science and
Technology (KAUST), Saudi Arabia. Sustainability, 9, 15.

Alvarez, S., Blanquer, M., and Rubio, A., 2014. Carbon footprint using the Compound

Method based on Financial Accounts. The case of the School of Forestry Engineering,



Technical University of Madrid. Journal of Cleaner Production, 224-232.

Aroonsrimorakot, S., Yuwaree, C.; Arunlertaree, C.; Hutajareorn, R.; Buadit, T., 2013.
Carbon footprint of faculty of environment and resource studies, Mahidol University, Salaya
campus, Thailand. APCBEE Procedia, 5, 175-180.

Arsenault, J., Talbot, J., Boustani, L., Gonzales, R., and Manaugh, K., 2019. The
environmental footprint of academic and student mobility in a large research-oriented
university. Environmental Research Letters, 14, 095001.

Bailey, G., and LaPoint, T., 2016. Comparing Greenhouse Gas =n.~sions across Texas
Universities. Sustainability, 8(1), 80.

Bao, W., 2020. COVID-19 and online teaching in high~r ¢ ucation: A case study of Peking
University. Human Behaviour and Emerging Techne’og. s, 2(2), 113-115.

Barros, M., Silva, B., Piekarski, C., Luz, L., .~wnino, R., and Tesser, D., 2019. Carbon
footprint of transportation habits in a Brazilian university. Environmental Quality
Management, 28, 139-148.

Bournemouth University, 2020a. ' 12°75: our vision, values and strategic plan. Available
from: https://www.bournemou..» ac.uk/about/bu2025-our-vision-values-strategic-plan#
[Accessed 26 August 2021

Bournemouth Universiy,” zu20b. What will you do to transform our world? Available from:
https://www.bournemouth.ac.uk/about/sustainability [Accessed 26 August 2020].

Caeiro, S., Hamon, L.A.S., Martins, R., and Aldaz, C.E.B., 2020. Sustainability Assessment
and Benchmarking in Higher Education Institutions—A Critical Reflection. Sustainability,
12(2), 543.

Caird S., and Roy R., 2019. Blended Learning and Sustainable Development. In: Leal
Filho W. (eds), Encyclopedia of Sustainability in Higher Education. Springer, Cham.

Carbon Footprint Ltd 2020. Sustainable Business Network-Rocky Road to Sustainable



Recovery from COVID-19. Available from:

https://www.youtube.com/watch?v=cRq2MB2Y Dbc&feature=youtu.be [Accessed 30
October 2020].

Carr A., Modesto S., Balasubramanian K., Ortlieb K., Lesperance J., 2019. Delivery
Mode and Learner Emissions: A Comparative Study from Botswana. In: Leal Filho W.,
Hemstock S. (eds), Climate Change and the Role of Education. Climate Change
Management. Springer, Cham.

Cebrian, G., Grace, M., and Humphris, D., 2015. Academic st~* e;.jagement in education for
sustainable development. Journal of Cleaner Production, "uv, 79-86.

Center for Sustainable Energy, 2020. How much electi~ity am | using? Available from:
https://www.cse.org.uk/advice/advice-and-support/hr w-.,much-electricity-am-i-using
[Accessed 15 August 2020].

Ceulemans, K., Molderez, I., and van Li.dekerke, L., 2015. Sustainability reporting in higher
education: a comprehensive review of v e recent literature and paths for further research.
Journal of Cleaner Production, 1n5 177 -143.

Clabeaux, R., Carbajales-Dale, M., Ladner, D., and Walker, T., 2020. Assessing the carbon
footprint of a university camy < using a life cycle assessment approach. Journal of Cleaner
Production, 273, 122602

Cotton, D., Shiel, C., and Paco, A., 2016. Energy saving on campus: a comparison of
students' attitudes and reported behaviours in the UK and Portugal. Journal of Cleaner
Production, 129, 586-595.

Dentoni, D., and Bitzer, V., 2015. The role(s) of universities in dealing with global wicked
problems through multi-stakeholder initiatives. Journal of Cleaner Production, 106, 68-78.
Disterheft, A., Caeiro, S., Azeiteiro, U.M., and Filho, W.L., 2015. Sustainable universities —a

study of critical success factors for participatory approaches. Journal of Cleaner Production,



106, 11-21.

Dreyer, L.C., Hauschild, M., and Schierbeck, J., 2006. A framework for social life cycle
impact assessment. International Journal of Life Cycle Assessment, 11(2), pp.88-97.
Druckman, A., and Jackson, T., 2009. The carbon footprint of UK households 1990-2004: A
socio-economically disaggregated, quasi-multi-regional input—output model. Ecological
Economics, 68(7), 2066-2077.

EAUC-Environmental Association for Universities and Colleges, 2020. Travel Better
Package. Available from: https://www.sustainabilityexcharz=.ac.uk/travel _better package
[Accessed 17 September 2020].

Escriva-Bou, A., Lund, J.R., and Pulido-Velazquez, M <215, Modeling residential water and
related energy, carbon footprint and costs in California. Environmental Science and Policy,
50, 270-281.

Figueiro, P.S., and Raufflet, E., 2015. St “tai"iability in higher education: a systematic review
with focus on management education. .2urnal of Cleaner Production, 106, 22-33.

Filho, W.L., Skouloudis, A., Bran~'!i, . ., Salvia, A.L., Avila, L.V., and Rayman-Bacchus,
L., 2019. Sustainability and prc ~urement practices in higher education institutions: Barriers

and drivers. Journal of Cleai,2r Production, 231, 1267-1280.

Filimonau, V., and Hogs.'6m, M., 2017. The attitudes of UK tourists to the use of biofuels in

civil aviation: An exploratory study. Journal of Air Transport Management, 63, 84-94.

Filimonau, V., Derqui, B., and Matute, J., 2020a. The COVID-19 pandemic and
organisational commitment of senior hotel managers. International Journal of Hospitality

Management, 91, 102659.

Findler, F., Schonherr, N., Lozano, R., and Stacherl, B., 2019. Assessing the Impacts of
Higher Education Institutions on Sustainable Development—An Analysis of Tools and

Indicators. Sustainability, 11(1), 59.



Gazza, E.A., and Hunker, D.F., 2014. Facilitating student retention in online graduate nursing
education programs: A review of the literature. Nurse Education Today, 34(7), 1125-1129.
Geng, Y., Liu, K., Xue, B., and Fujita, T., 2013. Creating a “green university” in China: a
case of Shenyang University. Journal of Cleaner Production, 61, 13-19.

Genus, A., and Theobald, K., 2015. Roles for university researchers in urban sustainability
initiatives: the UK Newcastle Low Carbon Neighbourhoods project. Journal of Cleaner
Production, 106, 119-126.

GHG Protocol, 2020. We set the standards to measure anc ma."age emissions. Available
from: https://ghgprotocol.org/ [Accessed 15 August 2020]

Gomez, N., Cadarso, M-A., and Monsalve, F., 2016. C=ru2on footprint of a university in a
multiregional model: the case of the University of Cestn.~-La Mancha. Journal of Cleaner
Production, 138(Part 1), 119-130.

GOV.UK, 2018. Greenhouse gas reg tiig: conversion factors 2018. Available from:
https://www.gov.uk/government/publicctions/greenhouse-gas-reporting-conversion-factors-
2018 [Accessed 15 August 2020]

GOV.UK, 2019. Greenhouse qas reporting: conversion factors 2019. Available from:
https://www.gov.uk/governn,2r./publications/greenhouse-gas-reporting-conversion-factors-
2019 [Accessed 15 Auy.'st £020].

GOV.UK, 2020. Greenhouse gas reporting: conversion factors 2020. Available from:
https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-
2020 [Accessed 15 August 2020].

Hawkins, D., Hong, S.M., Raslan, R., Mumovic, D., and Hanna, S., 2012. Determinants of
energy use in UK higher education buildings using statistical and artificial neural network
methods. International Journal of Sustainable Built Environment, 1(1), 50-63.

Higher Education Sustainability Initiative, 2020. Providing higher education institutions with



a unique interface between education, science, and policy-making. Available from:
https://sustainabledevelopment.un.org/partnerships/hesi [Accessed 23 August 2020].

HM Government, 2013. International Education-Global Growth and Prosperity: An
Accompanying Analytical Narrative. UK’s Department for Business, Innovation and Skills,
July 2013.

Jarillo, M.P., Pedraza, L., Ger, P.M., Bocos, E., 2019. Challenges of Online Higher Education
in the Face of the Sustainability Objectives of the United Nations: Carbon Footprint,
Accessibility and Social Inclusion. Sustainability, 11(20), 558"

Larsen, H.N., Pettersen, J., Solli, C., and Hertwich, E.G., 201 Investigating the Carbon
Footprint of a University-The case of NTNU. Journal ~f C'eaner Production, 48, 39-47.
Letete,C., Mungwe,N.W., Guma, M., Marquad, A., 2J1. Carbon footprint of the University
of Cape Town. Journal of Energy in Southern Ai.*c7%, 22, 2-12.

Li, X., Tan, H., and Rackes, A., 2015. C. *be.1 footprint analysis of student behavior for a
sustainable university campus in China. lournal of Cleaner Production, 106, 97-108.

Lozano, R., Lukman, R., Lozano. = J., *{uisingh, D., and Lambrechts, W., 2013. Declarations
for sustainability in higher «lucadon: becoming better leaders, through addressing the
university system. Journa! o, ~'eaner Production, 48, 10-19.

Ma, X., Longley, I., Gun. u., and Salmond, J., 2020. Assessing schoolchildren's exposure to
air pollution during the daily commute-A systematic review. Science of the Total

Environment, 737, 140389.

Marshall, B., Cardon, P., Poddar, A., and Fontenot, R., 2013. Does sample size matter in
qualitative research?: A review of qualitative interviews in IS research. Journal of Computer

Information Systems, 54(1), 11-22.

Mendoza-Flores, R., Quintero-Ramirez, R., and Ortiz, I, 2019. The carbon footprint of a

public university campus in Mexico City. Carbon Management, 10, 501-511.



Murphy, M.P.A., 2020. COVID-19 and emergency eLearning: Consequences of the
securitization of higher education for post-pandemic pedagogy. Contemporary Security
Policy, 41(3), 492-505.

Ozawa-Meida, L., Brockway, P., Letten, K., Davies, J., and Fleming, P., 2013. Measuring
carbon performance in a UK University through a consumption-based carbon footprint: De
Montfort University case study. Journal of Cleaner Production, 56, 185-198.

Parece, T., Grossman, L., and Geller, E., 2013. Reducing carbon footprint of water
consumption: a case study of water conservation at a universit’ ~ai.>pus. Climate Change and
Water Resources, 25, 199-218.

Pau, A., Jeevaratnam, K., Chen, Y.S., Fall, A AA., Khra. T, and Nadarajah, V.D., 2013. The
Multiple Mini-Interview (MMI) for student selectior. in health professions training. A
systematic review. Medical Teacher, 35(12), 10./-".041.

People & Planet’s University League, 2 \20. How sustainable is your University? Available
from: https://peopleandplanet.org/unive.<ity-league [Accessed 23 August 2020].

Perez-Neira, D., Rodriguez-Ferna~de. M., and Hidalgo-Gonzalez, C., 2020. The greenhouse
gas mitigation potential of ur.7ersity commuting: A case study of the University of Leodn
(Spain). Journal of Transnni. = 2ography, 82, 102550.

Ridhosari, B., and Rahi.»an, A., 2020. Carbon footprint assessment at Universitas Pertamina
from the scope of electricity, transportation, and waste generation: Toward a green campus
and promotion of environmental sustainability. Journal of Cleaner Production, 246, 119172.
Robinson, O., Kemp, S., and Williams, 1., 2015. Carbon management at universities: a reality
check. Journal of Cleaner Production, 106, 109-118.

Robinson, O.J., Tewkesbury, A., Kemp, S., and Williams, 1.D., 2018. Towards a universal
carbon footprint standard: A case study of carbon management at universities. Journal of

Cleaner Production, 172, 4435-4455.



Saldafia, J., 2016. The Coding Manual for Qualitative Researchers (3rd ed.). London: Sage

Publications Ltd.

Sangwan, K.S., Bhakar, V., Arora, V., and Solanki, P., 2018. Measuring Carbon Footprint of
an Indian University Using Life Cycle Assessment. Procedia CIRP, 69, 475-480.

Scheuer, C., Keoleian, G., and Reppe, P., 2003. Life cycle energy and environmental
performance of a new university building: modeling challenges and design implications.
Energy and Buildings, 35(10), 1049-1064.

Sharples,M., McAndrew, P., Weller, M., Ferguson, R.,Fitzse~la, E., Hirst, T., Mor, Y.,
Gaved, M., and Whitelock, D., 2012. Innovating Fedatogy 2012: Open University
Innovation Report 1. Milton Keynes, The Open Univr.is:*v.

Shields, R., 2019. The sustainability of internatinnz higier education: Student mobility and
global climate change. Journal of Cleaner Praducuon, 217, 594-602.

Smarter Business, 2019. How Much k.7 rgy Do My Appliances Use? Available from:
https://smarterbusiness.co.uk/blogs/h~w-, ~uch-energy-do-my-appliances-use-infographic/
[Accessed 15 August 2020].

Sommer, M., and Kratena, <., ?017. The Carbon Footprint of European Households and
Income Distribution. Ecciugical Economics, 136, 62-72.

Song, G., Che, L., and 2hang, S., 2016. Carbon footprint of a scientific publication: A case
study at Dalian University of Technology, China. Ecological Indicators, 60, 275-282.
Stavropoulos, T.G., Tsioliaridou, A., Koutitas, G., Vrakas, D., and Vlahavas, I., 2010. System
Architecture for a Smart University Building. In: Proceedings of the International
Conference on Artificial Neural Networks, Thessaloniki, Greece, 15-18 September 2010; pp.
477482

Students Organising for Sustainability, 2018. Student expectations for action on

sustainability as strong as ever. Available from:



https://sustainability.nus.org.uk/articles/student-expectations-for-action-on-sustainability-as-
strong-as-ever [Accessed 23 August 2020].

Sun, C., Luo, Y., and Li, J., 2018. Urban traffic infrastructure investment and air pollution:
Evidence from the 83 cities in China. Journal of Cleaner Production, 172, 488-496.
Townsend, J., and Barrett, J., 2015. Exploring the applications of carbon footprinting towards
sustainability at a UK university: reporting and decision making. Journal of Cleaner
Production, 107, 164-176.

Versteijlen, M., Salgado, F.P., Groesbeek, M.J., Counotte, A.. 2017 Pros and Cons of Online
Education as a Measure to Reduce Carbon Emissions in H.gn.v Education in the Netherlands.
Current Opinion in Environmental Sustainability, 28, 209,

Wynes, S., Donner, S.D., Tannason, S., and Nabo’s, ', 2019. Academic air travel has a
limited influence on professional success. Jou'ne. ©: Cleaner Production, 226, 959-967.
Yanez, P., Sinha, A., and Vasquez, M., 202.0. Carbon Footprint Estimation in a University

Campus: Evaluation and Insights. Susta:nability, 12(1), 181.



Table 1. Data requirements for carbon footprint assessment, GHG conversion coefficients and their sources.

Scope of GHG emissions | Process Unit Primary GHG conversion coefficient | Source of GHG Remarks

data source (COqe) conversion

2018 2019 2020 coefficient if

2+3 Electricity kwh University 0.3072 | 0.2773 0.2£419 | GOV.UK (2018, Includes transmission

energy and 2019, 2020) and delivery losses
1 Gas Kwh water meter "5 18396 | 0.18385 | '18:37 | -
3 Water supply m° readings 0.344(0 -
3 Water treatment | m° 0.:80¢ -
1 Fleet kg CO2e University - \ - -

fleet |
3 Food waste kg University ' 1J.2039 Sent for anaerobic
3 Other solid kg waste A.u 2. °L67 | 21.3538 | 21.3167 Sent for combustion
3 Employee kg COe Unive ssitv - - - 2018 data were used

commute Jtaff tra el to model staff travel
3 Student kg COe |, rersity - - - 2019 data were used
commute ( Siedent to model student
3 Business travel | Rail (Eurostar) tm | University 0.01226 | 0.00597 - -
3 Business travel | Rail (Domesi 7). 'm business 0.04424 | 0.04115 - -
3 Business travel | Flight /D¢ mesi.z) km travel 0.03267 | 0.13483 - Excludes radiative
3 Business travel | ¢ 'igl t (In erngational) km | register 0.01533 | 0.073195 - forcing; economy
3 Business travel | Fh 't <lhort Haul) km 0.0175 0.08233 - class
3 Business travel | Flic it (Long Haul) km 0.01783 0.0792 -
Work/Study from home (see Figure 2 for details)

- Microwave KW per use Assumptions 1 Smarter Business -
- Toaster kW per use based on 1.2 Center for Sustainable | -

mini- Energy (2020)
- Kettle KW per use interviews 0.11 Smarter Business -
- Laptop kWh with staff 0.05 Smarter Business -
- Desk PC kwh and students 0.1 Smarter Business -
- Light bulb kWh 0.06 Smarter Business -




Table 2. Inventory data and carbon footprint estimates.

ltem Unit of primary data Primary data (see appropriate units) Carbon footprint data (kg CO2e)
April-June April-June April-June Apr-June Apr-June Apr-Jun
Electricity kWh 2153514 2036539 1233087 661560 564732 312205
Gas kWh 1161083 1058149 512735 213593 194541 04277
\Water supply m3 11076 9734 4549 3810 3348 1565
\Water treatment m3 10522.2 9247.3 432155 7450 6547 3060
Fleet kg CO2e 5666 3262 o 5666 3262 0
Food waste kg 12690 15080 o 129 154 0
Other solid waste kg 102100 98900 P00 2176 2112 53
Employee commute kg CO2e 285932 - D 285932 285932 0
Student commute kg CO2e - 772068 N 0 873568 873568 0
Business travel Rail (Eurostar) km 6010.55 (11341.44 0 74 71 0
Business travel Rail (Domestic) km  RC7/21  [194011.28 0 8880 7984 0
Business travel Flight (Domestic) km [3961 45 8259.59 0 129 1114 0
Business travel Flight (Internationa!, 242699.69 662441.51 0 12919 18488 0
Business travel Flight (Short Hz: ||)'_<m ‘i’:‘147456.28 388547.21 0 37580 31989 0
Business travel Flight (Lorg 1 'aul, km [342866.1 1462006.4 0 6113 115791 0
Work from home, academic staff kgCO2e - - [ I B 19316
Work from home, professional and support |k SCe - B a I B 56690
Study from home, students “kxcoze - B a I B 1004224
TOTAL l 2119580 2139633 1521390




Figure 1. Carbon footprint assessment procedure.

Figure 2. System boundary for carbon footprint assessment. Orange colour indicates Scope 1 GHG
emissions; green colour — Scope 2 and blue colour — Scope 3. Red colour indicates operational
processes related to work and study from home during the COVID-19 lockdown (see Figure 2 for

details). Grey colour indicates processes that have been excluded from analysis.

Figure 3. An ‘averaged’ pattern of working/studying from home during the COVID-19 lockdown and

the related instances of energy use.

Figure 4. Comparative analysis of carbon footprint in April-June 2022, 2u19 and 2020 (in kg of CO,-

e).

Figure 5. Breakdown of GHG emissions per scope of asse s nt.
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| Stage | Purpose Method/Approach | Output |

1 To obtain inventory data for | Direct measurements (utilities and | Inventory data of
carbon footprint assessment | outputs) on-site carbon
of on-site operations impacts

Surveys (staff and student travel)
Register analysis (business travel)

2 To establish the pattern of | Mini-interviews with staff and Inventory data of
working/studying from students at-home carbon
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